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O. Additional LCCA Analysis

Board Cuestion/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, and other properties
sufficient to provide assurance that
the entire spectrum of postulated
loss-of-coolant 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 staf f
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 add cceed
the demonstrated inadequacy of
protection against small LCCA's.104

Board Guestion
Regarding UCS
Contention 8: The board directs the staff and the

licensee to present experts and the

104 ECNP Contention 1(e) was accepted by the Board to the
extent tha t it relates to a further analysis of the spectrum
of small-break LOCAs, and ECNP was permitted to adopt UCS
Centention 8. First Special Prehearing Conference Order,
LBP-79-34, 10 N.R.C. 828, 844 (1979). Consequently, the ECNP
contention was not addressed separately in the hearing and it
is not quoted here. See Board Memorandum and Order,
September 8, 1980, at 3. We note that ECNP did not appear to
participate in any of the evidentiary sessions at which this
issue was heard.

_
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fundamental documents involved in the
small break LCCA 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 LCCA
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 proper.

333. The TMI-2 accident was equivalent to e -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 LOCA analyses pe'rformed 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-l conducted both before and after the

TMI-2 accident, and the development of operator guidelines and

procedures for small-break LCCA mitigation on the basis of

these analyses. Mr. Jones has performed both large and small

break ECCS analyses under AEC and NRC regulatory criteria and

is responsible, within B&W, for the calculation of large and

small break ECCS evaluations, evaluations of mass and energy

releases to the containment during a LOCA, and the performance

of best-estimate pre-test predictions of LOCA experiments. He

; has also been personally involved in the preparation of B&W

operator guidelines for small-break LOCAs and inadequate core
cooling mitigation. Jones and aroughton, ff. 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 prior to
the i.-u-2 accident to demonstrate compliance with the

.

requirements of 10 C.F.R. S 50.46 and Appendix K to 10 C.F.R.

Part 50. Licensee Exhibits 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 Operating 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-l emergency procedures for

small-break LCCAs, which implement the B&W guidelines.105

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 r, applicable to licensees, in

NUREG-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
1979). Jones and Broughton, ff. Tr. 5039.

337. The NRC Staf f provided for the record docu-

'

mentation on the results of its review of the B&W small-break
LOCA analyses performed in response to 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, including the Staf f'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. I at Cl-12 to Cl-16. See also, Staff Ex. 1 at C2-16

(IE Bulletin 79-05C short-term action on small-break LCCA
analyses); Staff Ex. 1 at C8-48 and Staff Ex. 14 at 43-44

(NUREG-0578 recommendation 2.1.9.a on analysis, emergency

procedures and training to substantially improve operator
performance during a small-break LOCA). Long-term action 2 of

the Commission's Order and Notice of Hearing (10 N.R.C. at 145)

recommended that Licensee should be required to "give 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 Staf f '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 presented testimony on 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-talated riquirements imposed or recommended by
the Staff. Ross and Capr,a, 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.R. 5 50.46 (accep-

p 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).a

340. Prior to the TMI-2 accident, small-break LOCA

evaluations had been performed to verify conformance of TMI-1

to 10.C.F.R. S 50.46. In order to perform these analyses, the

break location which imposes the most severe requirements on

the ECCS was identified. As a result of this identification,

an analysis was performed of the core flood line break, which;

results in only one core flood 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

i using the B&h ECCS evaluation model which has been approved 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 rupture were calculated to occur.
-
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Therefore, conformance to 10 C.F.R. S 50.46 was demonstrated.

Jones and Broughton, ff. Tr. 5038, at 2, 3 and 12; Lic. Exs. 3

and 4, and oral summary at Tr. 5047-64 (Jones); Jensen, ff. Tr.

5496, at 4-6. TMI-1 continues to be in compliance with 10

C.F.R. S 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 analyse's for TMI-1

remain valid. Staff Ex. 1 at Cl-13.

341. 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.106 These analyses assumed no mitigat-
'

ing operator actions within ten minutes of the initiatingi

event, except that operator action to cross-connect the HPI

system was determined to be required in the event of a small

break in the reactor coolant pump dischart piping and the

postulated failure of the HPI train which discharges into the
unbroken coolant loop. 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 and Broughton, ff. 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 reliability of the emergency feedwater system. In the
event of a loss of all feedwater, however, the feed-and-bleed
mode of emergency cooling 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 to understand why these
additional analyses were performed. Because the severity of

the TIII-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 1-1. This

purpose is evident from the language of the Commission itself

in short-term action 1(d). See paragraph 337, sucra. These

analyses performed after the TMI-2 accident were not done to
demonstrate compliance with 10 C.F.R. 5 50.46. Jones and

Broughton, ff. Tr. 5038, at 5; Tr. 5131, 5194 (Jones). Indeed,

in an effort to develop an improved set of operator cuidelines,
these analyses go beyond the scope of Appendix K to 10 C.F.R.

Part 50 (for example, in the types and numbers of failures

assumed). Tr. 5194-95 (Jones).
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
coolant pump trip. Jones and Broughton, ff. Tr. 5038, at 5.

344. The generic analyses performed oy B&W are ;_

applicable to TMI-1. Jones and Broughton, ff. Tr. 5038, at 9,
,

I
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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-l 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-break 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;
.

i

while reactor coolant system pressure continues to increase,

the PORV does not open and the pressurizer safety valves open;

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,107 are that operatcr action

within 20 minutes either to establish emergency feedwater or tc '

i

actuate manually the BPI system is sufficient to assure

107 Appendix K modeling 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 experiments,
have demonstrated that the 1971 ANS value used in ApLandix K
is conservative, so that a core decay heat value of n 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 cooling. Jones and Broughton, ff. Tr. 5038, at 5

and 13 (Table 2); Lic. Ex. 9, and oral summary at Tr. 5064-73

(Jones).

346. The recond 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 t ips on
low reactor coolant system pressure; there is a loss of

off-site power and a loss of main feedwater coincid".ar 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 results of the

analysis show that for break sizes greater than 0.01 f t2,

emergency core cooling is initiated automatically and no

operator action is required to assure adequate core cooling.
2For break . sizes equal to or less than 0.01 f t 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 astsure adequate core cooling. Jones and

108 Two EPI 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 thisevaluation, 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 LCCA and the loss
of off-site power, but also the unavailability of all main and
emergency feedwater. As we _ind below, the TMI-l emergency
feedwater system is safety-grade for a LOCA. See section
II.C, paragraph 406, infra.

-
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Broughton, ff. Tr. 5038, at 5, 6 and 14 (Table 3); Lic. Exs. 5

and 8, and the oral summary at Tr. 5074-85 (Jenes).

347. The third case evaluated is a loss of main
feedwater event with a pressurizer PORV failure. This basi-

cally represents the TMI-2 accident. In this scenario, it was

assumed that: a loss of main feedwater occurs; the anticipa-

tory reactor trip on loss of main feedwater fails and reactor

coolant system pressure increases; the PORV opens and does not

close (an equivalent break area of 0.007 ft2); 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 adequate core cooling.

Jones and Broughton, ff. Tr. 5038, at 6 and 15 (Table 4); Lic.
Ex. 5, and the oral summary at Tr. 5087-90 (Jones).

348. The fourth case considered is a pressurizer
PORV failure followed by a loss of all feedwater. In this

scenario, it is assumed that: the PORV fails open and does not

close; the reactor trips on low reactor coolant system pres-
sure; of'-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

ANS value;109 and a single failure occurs in the HPI system.

-

109 See n.107, supra.
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The results of the analysis show that automatic actuation of

HPI provides sufficient reactor coolant inventory to assure

. adequate 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-break LOCA (0.005 to 0.01 ft2) 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 breaks of this size,

which cause a loss of coolant inventory at a rate in excess of

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

;
t

|

| hot legs, and primary system pressure will increase. However,

i the subsequent establishment of steam condensation by the steam
i

i
} generators as a heat removal mechanism controls the repres-

surization, and automatic actuation of HPI provides sufficient
1

reactor coolant inventory to assure adequate core cooling. _{
:

|
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Jones and Broughton, ff. Tr. 5038, at 6, 7 and 17 (Table 6);

Lic. Ex. 5, and the oral summary at Tr. 5C94-97 (Jones).

350. The next case examined is a small-break LOCA

with a delayed reactor ecolant pump trip. Analyses have shown

that if the reactor coolant pumps operate continuously

throughout the LCCA, 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 ft2), however, adequate core

cooling has not been demonstrated if the reactor coolant pumps
remain in operation and are subsequently tripped at certain

times in the transient. The system behavior which' leads to

this result is that while continued pump operation provides

forced circulation cooling of the core, it also 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 fraction is reached, the
available liquid in the reactor coolant system would not be

sufficient to keep the core covered, and the ECCS may not

provide reflooding of the core at a rate which assures that

cladding temperatures are maintained within the criteria of 10
C.F.R. S 50.46. Jones and Broughton, ff. Tr. 5038, at 7-9 and

18 (Table 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. S 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 coolant system pressure safety

injection signal) assures that adequate core cooling is
provided. Jones and Broughton, ff. Tr. 5038, at 9. Conse-

quently, the NRC Staf f issued IE Bulletin 79-05C to all

licensees which, among other things, required the imple-

mentation of plant operating procedures directing that all

operating reactor coolant pumps be immediately tripped upon

reactor trip and initiation of HPI caused by low reactor
coolant system pressure. The bulletin also required an

additional operator to 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. While other, non-LCCA

events may lead to a 1cw 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 Staf f, Licensee and the rest of the 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 of re-
quired trip times is on the order of 3 minutes. Tr. 5189 (Jones). -
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automatically. Staff Ex. 1 at C2-18; Jensen, ff. Tr. 15,808,

at 4; Jones and Broughton, ff. Tr. 5039, at 13 (citing Lic. Ex.

1, supplement 1, Part 3, response to Question 11) and 26; Ross

and Capra, ff. Tr. 15,806 at 52-56. The pursuit of this

issue, including 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 lace case examined in 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 ft2) 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 not provided to the steam

generators; core decay heat is 1.2 times the ANS standard

value; both HPI trains function 111; reactor coolant system

repressurization results in the pressurizer PORV opening and
failing to close. The results of the analysis show that

operator action within 20 minutes to initiate emergency

feedwater (which will subsequently result in high pressure
injection) or to actuate EPI 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 oral summary at Tr. 5103-04 (Jones).

1

111 See n.108, 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. S 50.46,

and that small-break LCCAs 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 LCCA

is the only reliance on non-safety-grade equipment and the only

short-term operator action assumed in these analyses of
small-break LCCAs.ll2 Tr. 5204 (Jones); Jensen, ff. Tr.

The operators will be traidhd to perform this15,808, at 4.

action (tripping the reactor coolant pumps), which is clearly
indicated and requires no diagnosis. Tr. 5204-06 (Jones); Tr.

5302-03 (Broughton); Jensen, ff. Tr. 15,808, at 4; Staff 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 acceptable.
355. As we have previously noted, the results of the

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

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

112 The need for manual HPI actuation in 20 minutes arises
only for events which are beyond the design basis of the
plant. In any case, the operator has unambiguous indications
upon 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-1, 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 LCCA analyses
to identify the anticipated system
performance for breaks in this range.
These analyses serve aa an adequate
basis for developing improved operator
guidelines for handling small break
LCCAs. In addition, 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 above, B&W

has developed operator guidelines for managing small-break
LCCAs. These guidelines contain two parts: Part I provides

the guidelines which define operator actions during a small-

break LCCA; Part II prov' des a description of plant behavior

during a small-break LCCA 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 and the

subsequent filling of the steam generators to a higher level
following reactor coolant pump trip to enhance natural circula-
tion. Staff Ex. 1 at C2-17. See also, id. at Cl-14, 15.

357. TMI-1 plant emergency procedures have been

developed to implement these B&W guidelines. Jones and
~

,

i 1
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Broughton, ff. Tr. 5038, at 10, 11. These procedures include
,

,

instructions on starting and stopping reactor coolant pumps,
,

terminating high pressure injection, verifying proper operation
,

of the emergency feedwater system, and monitoring core cooling.
Id.; Staff Ex. 1 at Cl-15. Licensee revised the procedures as

a result of Staff comments generated during its review, and the

Staf f concluded that the TMI-1 procedures adequately reflect
the B&W guidelines. Staff Ex. 1 at Cl-15.

358. In 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,i

the Staff has concluded that Licensee has made reasonable

progress toward the satisfactory completion 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, adequate analyses have
1

been performed to 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 operater action or
on non-safety-grade equipment. In response to the Commission's

.

Order, which imposed requirements with respect to small-break
~

I
,
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LOCAs which we find to be both necessary and sufficient,

analyses have been performed which demonstrate adequate core

cooling capability and which serve as a basis for appropriate

guidance for operator action, which has been developed and
provided . Consequently, the Board finds that TMI-1 can safely
mitigate small-break loss-of-coolant accidents.ll3

P. Systems Classification and Interaction

UCS Contention No. 14: The accident demonstrated 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, flow and/or reactiv-
ity. This issue is discussed at
length in Section 3.2, " System Design
Requirements," of NUREG-0578, the
TMI-2 Lessons Learn Task Force Report
(Short Term). The following quote
from page 16 of the report describes
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 to a loss of feedwater and
initiated the sequence of events
that eventually resulted in

113 We note that since the TMI-2 accident another licensing
board, in a special proceeding on the adequacy of NRC-ordered
modifications-at an operating B&W plant, reviewed the
capabilities of natural circulation, these same B&W small-break
LCCA analyses and operator guidelines, and concluded that the
analyses and guidelines were adequate, and that the plant can
safely respond to and mitigate small-break LCCAs. See,
Sacramento Municipal Utility District (Rancho Seco Nuclear ,

|Generating Station), LBP-81-12, 13 N.R.C. , slip op, at 59
(May 15, 1981).

1-
,

!
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damage to the core. Several
nonsafety systems were used at i

various times in the mitigation
of the accident in ways not t

,

considered in the safety
|analysis; for example, 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, requir6ments for nansafety
systems may be needed to reduce
the frequency of occurrence of
events that initiate or adversely
affect transients and accidents,
and other requirements may be;

needed to improve the current
capability for use of nonsafety
systema during transient or
accident situations. In its work
in this area, the Task Force will
include a more realistic assess-
ment of the interaction between
operators and systems.

I 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.ll4

:

360. This contention by intervenor UCS involves a

frontal and generic attack on the entire licensing scheme

114 In its First Prehearing Conference Crder, dated December
18, 1979, the Board limited UCS Contention No.14 to the " core
cooling system." LBP-79-34, 10 N.R.C. 828, 837 (1979). -

4

>
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employed by the Commission. The concern raised in UCS

Contention No. 14 is common to all licensed nuclear power
planta in the United States. Tr. 8125 (Pollard). UCS chal-

1enges 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 "(alll

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." 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.o., UCS

Contentions 2 (reactor coolant pumps), 3 (pressurizer heaters),

and S (PORV and block valve). The Board will address those
contentions elsewhere in this decision, en the basis of the,

evidentiary record compiled specifically to meet those issues.
361. UCS Contention No.14 makes use of the terms

"non-safety-related," "nonsafety 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,

ff. Tr. 8091, at 14-3, 14-4. In 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 classification terms employed in the contention,

as well as the general design approach employed at TMI-1.

362. The general design approach used at TMI-1 to

assure the safety of the public is to provide multiple levels
of control or protection features for expected operational

events, expected transient conditions, or severe equipment
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

phenomena, 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 standard

lies in the reduced consequence if these systems fail during a

transient or normal operation, and the fact that the resulting
event is less severe than (i.e. , bounded by) the design basis

events for the systems relied upon to protect the public. In

the event that these normal control systems fail to perform

their function, they are backed up by the equipment fully

capable c1 meeting 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, described how
-

the Staff licensing process employs the classification of

1

-244- |

|
l



_ . . . . . ._
. . _ . . . .

1

structures, systems and components. The Staff's review appears

to recognize the general design approach 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 "important to safety" is meant to apply
generally to all structu;os, systems and components addressed
in the GDC. Conran, ff. Tr. 8372, at 4.

364. 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,

ff. Tr. 8091, at 14-3, 14-4. According to the Staff, this is

wrong. While the term " safety-grade" is widely used in the

Staff's safety review process, it is not defined explicitly in
the regulation = 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. Specifically, 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 quality

levels corresponding to relative safety importance) by

identifying explicitly a select sub-class of structures,

systems and components (out of the broad class "important to

safety") that are required for the performance of specific,
critical safety functions (e.g., safe shutdown, accident

prevention and consequence mitigation). Specifically, section -

III.c of Appendix A to 10 C.F.R. Part 100 defines the Safe

Shutdown Earthquake (the most severe seismic event analyzed for

a nuclear power plant), and requires that certain structures,

systems and components (important 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 coolant 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
potential offsite exposures comparable to the
guideline exposures of this part.

Very high quality standards must be applied to plant features
required for such purposes, 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 required 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 2res, systems and components addressed in the General

Design Criteria. While all structures, systems tnd components

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 f acility can be operated without undue risk to

the health and safety of the public), only " safety-grade"
structures, systems and components are required for the

critical accident prevention, safe shutdown, and accident

consequence mitigation safety functions identified in 10 C.F.R.
Part 100. Conran, ff. 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 distinction made by the Staff between

" safety-grade" and "important to safety." Tr. 8096 (Pollard).
He further argued that if the Staf f's classification scheme is

correct, then there should 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. Pollard's experience, the Board cannot appreciate why

he might expect to see equipment uninportant to safety in the

regulations or documents of the Nuclear Regulatory Commission

-- an agency whose sole charter is safety.115 Tr. 8398

(Conran) . * The Staf f's explanation of these terne, which was

not even attempted by others, appears well founded from the
regulations discussed. It is no less sound because it has not
previously been articulated so clearly and concisely. The fact

is that the nuclear power plants in operation 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 Cummission's classification
scheme. The first asserted error is that because some
non-safety-grade systems were used to mitigate the accident,

this illustrates that those systems were erroneously classified

115 The NRC Staff does review equipment and components which
|are important to safety, but not safety-grade. See Tr. 7689-90 {(Keaten); Tr. 8394-96 (Conran).

-
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and should be safety-grade. Pollard, ff. 8091, at 14-4 to |

14-6. It is acknowledged 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 ecle only after improper operation of installed

safety systems had resulted in severe core damage and other

beyond-design-basis conditions. Conran, ff. 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 to have a given system unavailable because
4

there are other systems which can protect the health and safety
of the public, but the systen 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 operable safety-grade systems which

were fully capable of preventing core damage. Tr. 7703

(Keaten).

370. Another classif cation error UCS contends was

revealed by the TMI-2 accident is the failure to require that
systems classified as important to safety meet all the

requirements applicable to safet -grade equipment. Pollard,j

ff. Tr. 8091, at 14-6. Of course, this position assumes that

the classification of a system as "important to safety"
dictates the applicability of all " safety-grade" design

-
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criteria. The Board has already rejected this view.116 y,

further reject emphatically the idea that the Staff faces an

'"all-or-nothing" choice of directing the upgrade of non-safety
systems to fully safety-grade, or making no improvements
whatsoever. In some instances (as has been tre 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 decide as a prudent measure to require

upgrading of the system or component in question, but not to
fully safety-grade. This might be done in order to improve the

availability of 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 of ten 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 t

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, did 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
coolant system pressure. Tr. 7570-71 (Keaten). |

,

_
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8403-04 (Conran). Whether or not it is a new practice is

irrelevant. The Board believes it is a wise one. The Staff

should have the flexibility of ordering improvements short of

fully safety-grade, and we do not understand how anyone

sincerely interested in enhancing the safety of nuclear power

plant operation could oppose such a policy.

372. UCS also asserts that the TMI-2 accident

disclosed errors in the determination of the design basis event

for which safety-grade systems must provide protection.117

Pollard, ff. Tr. 8091, at 14-6, 14-7. In sum, UCS witness

Pollard does not believe that the General Design Criteria,

which are Commission regulations, are adequate to protect the
health and safety of the public. Tr. 8115 (Pollard). There

were, however, 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. If operator action

had not interfered with the prcper functioning of the in' stalled

safety systemt 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 been used; it simply was preferred
at tha t time to use other core cooling modes. Further, steps
have been taken at TMI-l to ensure that the decay heat removal
system could ce used even if the primary coolant contained very
high levels of radioactivity. 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

serious core damage and other outside-design-basis effects that
resulted. Conran, ff. Tr. 8372, at 11.

373. In 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
systems, or that there were unacceptable interactions of

non-safety-grade equipment with safety systems. In fact, it

provided additional 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. Cae 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. 4907 (Keaten ) . Contrary to UCS Contention No.

14, the Board finds that it is not nacessary or appropriate
that all systems and components which can either cause or

aggravate an accident or can be called on to mitigate an

accident be identified and classified as components impor tant

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 impor tant to safety, and that not all I

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, then, for any of the

non-safety systems or components that contributed to the TMI--2

accident, or that were called upon in the accident recovery
process, to be made safety-grade. Reliance can still be placed

at TMI-l on the capability of safety systems currently provided

in the TMI-l design to assure adequate safety, without resort

to the general upgrading of non-safety systems and components

which would be required by the contention, if proper 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, ff. 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 sof tware --

operator training and procedures -- rather than in the plant
hardware, which was capable of preventing core damage. See Tr.

7748 (Keaten). The endorsement of UCS Contention No. 14 would

require unknown upgrades to unknown systems and components,

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
af termath of the TMI-2 accident to better assure that operators
will not interfere with the proper functioning o# installed safe-
ty systems in the future. See Conran, ff. Tr. 8372, at 12, 13.

,
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for the operator 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
question 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-

sifications in view of the leesons learned from the TMI-2
accident. Conran, ff. 8372, at 14, 15. The Staff already has

ef forts underway in this regard at the Lawrence Livermore,

Brookhaven National, and Battelle Northwest Laboratories. Tr.

8375-78 (Conran). Thece appears to be no disagreement among

the parties that such efforts should be pursued. The dis-

agreement lies in the schedule for such studies vis-a-vis the
proposed restart of TMI-1. Tr. 8172 (Pollard).

376. Board Question 3 inquires in detail into the

Staff's Interim Reliability Evaluation Program, and Board

Guestion 2 explores the sufficiency generally of the short-term
and long-term actions recommended by the Staff for THI-1. See

section II.T, infra. The Board is convinced, on the basis of

its inquiry here and on Board Guestions 2 and 3, that it is not

necessa. to postpone the restart of TMI-l for several years
until such studies are completed. The existing safety analyses

_
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for the plant and the substantial improvements which have been

made and will be made pursuant to this decision are more than

adequate to provide reasonable assurance of safe operation

until the systems interaction issue is explored in more
depth.120 See Tr. 7574-75 (Keaten). The Board agrees with the

Advisory Committee on Reactor Safeguards that a study to

examine the plant, from the standpoint of systems interactions

that may degrade safety, should be conducted on a timely basis,

but that its completion should not be a condition for restart.

Staff Ex. 14, Appendix C at 2.

Q. Emergency Feedwater Reliability

Board Cuestion No. 6: a. Is a loss of emergency feedwater
following a main feedwater
transient an accident which must
be protected against with i

safety-grade equipment? Kould
such an accident be caused or
aggravated by a loss of non-
nuclear instrumentation, such as
occurred at Cconee?

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
of safety grade emergency
feedwater systems, if they have
such systems in other power
plants?

120 We note that the Commission has chosen not to impose on
TMI-1, or any other licensee to date, a requirement to perform
the specific evaluation recommended in section 9, NUREG-0585
(Review of Safety Classifications and Gualifications). Tr. 8701
(Conran). ' ,

!
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d. What operator action is required
to operate in a feed-and-bleed
mode following a loss of
emergency feedwater?

e. 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.

f. Can the system be taken to cold
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-bleed mode?
The board would like an eval-
uation cf the reliability of the
feed-and-bleed system. Has there
been any experience using that
system?

g. If there is a loss of steam in
the secondary system which
results in failure of the
turbine-driven feedwater pumps,
will both motor-driven pumps be
required to supply the requisite
amount cf feedwater? Does this
meet the usual single-f ailure
criterie since it appears that a
redundal.t system requires
multiple components to operate?

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

i. Will the reliability of the
emergency feedwater system be |greatly improved upon 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
back-up is not required? ~
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j. Will the short-term actions |

proposed 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), ;

ALAa-603, (July 30, 1980), i.e.
whether loss of emergency
feedwater is a design basis event
notwithstanding whether design
criteria are met.

.

377. Board Cuestion No. 6 was first identified by

the Board during the prehearing conf erence of August 12 and,13,
1980. See Tr. 2394-96. The Board reduced the question to

writing in its Memorandum and Order of September 8, 1980 (at
A-31 to A-33), and in its McLorandum on Board Questions, dated
September 12, 1980. Board Question 6 is entitled, " Emergency

Feedwater Reliability," and is divided into parts "a" through

"k", which are quoted above.

378. In response to Board Cuestion 6, Licensee filed
,

and presented the following direct evidence:

1. Licensee's Testimony of Gary R. Capodanno, Louis
C. Lanese and Joseph A. Torcivia in Response to
Board Questions 6.a, 6.b, 6.c, 6.'g, 6.h, 6.1,

, 6 . j and 6 . k , following Tr. 5642;
i

i 2. Licensee's Testimony of Robert C. Jones, Jr. in
; Response to Board Cuestions 6.e and 6.f,

followir? Tr. 4588; and,

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

i
Feedwater System."

| Part 6.d 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 Cuestion 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

planned for the TMI-l EFW system. The exhibit discusses the

reliability of the EFW system both before and af ter these

modifications, and compares the system against the NRC General

Design Criteria ( Appendix A to 10 C.F.R. Par t 50) directly
applicable to the system design.

380. In response to Board Question No. 6, the NRC

Staff filed and presented the "NRC Staff Testimony of J.
Hermeil, W. Jensen, E. Lantz, and B. Boger Regarding Emergency

Feedwater System Reliability (Board Question 6)," following Tr.
5616 and 6035. No other party filed direct testimony on Board
Question 6.

381. At the hearing session of November 5,1980,

before the evidence identified above was offered 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 address all of the issues the Board
intended to be covered by the question. The Board clarified

the issues which it intended to be addressed in Board 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 cooling mode, such as
restoration of emergency feedwater,
initiated in order to bring the plant to
cold shutdown?

See Tr. 4812, 4813.

382. In 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

Cuestion No. 6 (Emergency Feedwater Reliability)," 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 testimony, and before the

parties had responded to the November 5th clarification of

Board Question 6, Administrative Judge Jordan stated his views

on the deficiencies he perceived in the evidentiary record on
emergency feedwater reliability. The postulates advanced and

concerns raised by Administrative 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, 1980, 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 Robert W. Keaten in Response to Board Question No. 6

(Emergency Feedwater Reliability)," following Tr. 16,612. Th2

Staf f 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 rirdings of fact on Board Question

No. 6 will be divided into the following three parts , to

reflect the evolution of the question 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
i

November 5, 1980; and Part III, the issues raised by

Administrative Judge Jordan at the hearing session of November
20, 1980. First, however, it is appropriate to discuss the

reasons why the Board posed its Cuestion 6, and to establish,

in summary fashion, the role and design of the TMI-l EFh

system, and the modifications which have been and will be

undertaken.

Emergency Feedwater at TMI-l

386. 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 the likelihood of proper functioning of the system upon
demand. This re-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 identify significant modifica-

tions specifically related to the EFW system, although many of

their general recommendations will tend to improve the reli-

ability of EFh along with other plant systems. Wermeil and

Curry, ff. Tr. 16,718, at 2.

387. The NRJ Staf f 's early evaluation of the TMI-2

accident led it to the view that B&W designed reactors appear
to be unusually sensitive to certain off-normal transient

conditions originating in the secondary system and that,
,

because of features of the B&W design that contribute to this

sensitivity, B&W designed reactors place more reliance on the

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 lil, 142-143 (1979). Consequently, several of the

short and . ang-term actions recommended by the Director of

Nuclear Reactor Regulation go to improvements to the TMI-l EFW
system. Short-term action 1(a) calls for the performance of i

specified items to upgrade the timeliness and reliability of
_
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the EFW system. Short-term action 1(b) recommends the

development and implementation of operating procedures for
.

in'itiating 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 2.1.7.a on autcmatic

initiation of the EFW system, and item 2.1.7.b on EFW flow

indication to the steam generators. See, generally, Commission

Order and Notice of Hearing, CLI-79-8, 10 N.R.C. 141, 144-145

(1979), and Staff Ex. 1.

388. None of the contentions raised by the inter-

venors challenge the reliability of the TMI-l 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-l emergency feedwater system is

sufficiently reliable to permit restart of the plant.

121 This modification is also discussed 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, be modified to prevent operator
intervention after automatic initiation. The Board, however,
has already rejected this UCS proposal. See section II.D,
supra.

_
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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 r;4 tem. 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 coolant 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 plant
systmas at TMI-1.

390. The two steam generators are large, vertical,

tube-in-shell heat exchangers that transfer the primary system

heat through tubing walls into the secondary system. The

primary coolant passes through the inside of the steam gen-
erator tubes. Heat is transterrFd~ through the tube surface to

the outer, or secondary, side of the tubes where the cooler,
secondary fluid is heated. The secondary coolant boils in the

steam generators. Keaten et al., ff. Tr. 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 located in the turbine

building which supply the two steam generators. Af ter the

reactor has tripped, this system can supply enough feedwater to

remove residual heat with only one main feedwater pump, 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 liquid
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. -

392. The emergency feedwater system at TMI-l is an

alternate source of steam generator secondary side water
supply. In the -event main feedwater is not available (for
example, the prope combination of the condensate pumps,

condensate booster pumps, main feedwater pumps, or the main

condenser are not available), the EFW system would supply water
123from either or both of the conJensare storage tanks to the

secondary side of the steam generators. The steam produced

would be removed through the turbine bypass 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 of two feed

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

123 Each of the two interconnected condensate storage tanks
has a capacity of 250,000 gallons; and, by Technical Spec-
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.
!

)

I
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pumps with common suction sources. Prior to the modifications I
!

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
pumps.124 The turbine-driven pump is started automatically

,

either.on loss of both main feedwater pumps or on loss of all
' four reactor coolant pumps. In t6e case where the

turbine-driven EFW pump is not available, prior to the

modifications the two motor-driven pumps would be started
manually by an operator. Lic. Ex. 15 at 1, 4-5. The two '

motor-driven EFW pumps can be powered from either on-site or
off-site AC power sources. The steam-driven EFW pump requires

neither off-site nor on-site AC power 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., ff. Tr. 16,552, at 4. See also, Tr.

5662-72 (Capodanno); paragraphs 415 and 416, infra.

394. The flow of emergency feedwater to each steam

generator is controlled by air-operated modulating 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.125 The valves are also interlocked

124 A common discharge crosstie permits any of the three,

pumps to feed either or both of the steam generators through'

a piping system that is independent of the normal main,

'

feedwater system. Lic. Ex. 15 at 1, 2.

125 If all four reactor coolant pumps are tripped, the valves
.

will open and control to the setpoint for reactor coolant
(continued next page)

,
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with pressure switches so that 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.

39L. A number of modifications will be made to the
TMI-l emergency feedwater system prior to plant restart. See,

generally, Staff Ex. 1 at Cl-1 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 modification 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 pump and
both motor-driven pumps upon:

(a) loss of both main feedwater pumps, or

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

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

(continued)
pump trip. If at least one reactor coolant pump 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, both
valves are directed to remain closed. Manual control ofvalve position is also available in the ICS in the control room.
Lic. Ex. 15 at 5.

126 Previously, the loss of off-site power concurrent with
ESFAS actuation would have inhibited starting of the motor-
driven EFW pumps. Lic. Ex. 15 at 6.

_

-266-
,

-

,



_ - - . . _.

'

.

t

are - independent 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 j
that all EFM pumps automatically start on loss of feedwater or i

,

,

loss of four reactor coolant pumps. Staff Ex. 1 at Cl-1. In .

addition, all EFW pumps can be started manually from the
;

control room. With these modifications, 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 f

the inability to actuate the emergency feedwater pumps on a

loss of main feedwater or less of off-site power. Staff Ex. 1

at C8-35.

396. The original EF% system design did not have any '

provision for indication in the control room of emergency
.

feedwater flow. Safety-grade, redundant indication of EFN 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.

i

Licensee has committed to perform a functional test of the new,

EFW flow instrumentation prior 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 control 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 lir.e break in the Intermediate Building, the Staff has

concluded that Licensee is in compliance with the NUREG-0578

recommendation, in item 2.1.7.b , for emergency feedwater flow

indication to the steam generators. Staff Ex. 1 at C8-40;

Staff Ex. 14 at 39. The Staf f 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 EF%

flow control valves will be changed in order to assure that

emergency 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-1, 2. The

modification we disucss next (paragraph 398, infra) will enable

the operator to switch to manual control in the event of a loss
of control power.

398. Short-term Commission Order item 1(b) requires

that Licensee develop and implement operating procedures for

initiating and controlling EFW independent of ICS control. In

addition to providing automatic initiation of the EFN pumps
independent of the ICS, Licensee will provide, in the control

iroom, a separate manual EFW control station independent of ICS )
for each control valve. When this manual control is selected, I

!

| all active components of the ICS are bypassed. Power for each
i
;
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control valve from the backup control station will be derived
t

from the redundant emergency power supplies. Lic. Ex. 15 at 6,

7; Staff Ex. 1 at Cl-ll. 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-ll, 12.

399. A support system which affects EFW system

reliability is the air supply for certain air-operated valves.
The TMI-l air sypply system consists of two 60 hp compressors.
Lic. Ex. 15 at 3. One of the restart modifications for the EFW
system will be the provision of a redundant, two-hcur air

supply system that will supply instrument quality air to the
pressure control valve that regulates steam supply to the

turbine, and to the two EFN flow control valves, for a two-hour

period in the event of a loss of all AC power. Lic. Ex. 15 at

7. The Staff has verified that EFW system initiation and

operation is assured independent of any AC power source for at
least two hours. Staff 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

operator will have a minimum of twenty minutes before 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 l

power supplies for each level transmitter loop will be provided
i

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-grade. 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-l emergency feedwater system to achieve a

single-failure-proof, safety-grade design. Included within the

scope of that effort will be:

Safety-grade automatic system start:127a.

b. Safety-grade system flow indication in the
control room;128

| 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;

!
f. Safety-grade steam generator high level alarm;
g. Safety-grade isolation of main feedwater on

|
overfill of an affected steam generator;

h. Upgrade Main Steam Rupture Detection System to
isafety-grade. '

Lic. Ex. 15 at 10, 11. '

403. Item 2.1.7.a of NUREG-0578 recommends, as a

long-term action, the instaJ iation 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 be unable to meet this schedule as to the safety-
grade EFE flow control system. In response to the Staff's

request to provide the detailed design of this long-term
modification, Licensee has documented, and the Staff has

reviewed, the status and major problems being encountered in

finalizing the complete, safety-grade EFW system design.129

While the Staff still will require submittal of the final
detailed design for its review prior to system installation,
the Staf f 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 evaluations performed
pursuant to item II.E.1.1 of NUREG-0737, are recommended for
implementation prior to January 1, 1982. However, it is
probable that Licensee will be unable to implement certain j

aspects of this long-term upgrade until the Cycle 6 refueling
outage, 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 satisf actory completion of this long-term
action. Staff Ex. 14 at 36-38. The Board agrees.

Part I of Board Question 6

404. Subpart "a" of Board Question 6 askE whether

loss of emergency feedwater following a 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. Kermeil

e t al . , ff. Tr. 6035, at 1. Because the TMI-l emergency

feedwater aystem will be safety-grade for a loss of main

faedwater transient at the time of restart, the loss of both

feedwater systems is an accident which is beyond the design
basis. Tr. 6082, 6200-01 (Wermeil). In 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. Nermeil et al., ff. Tr. 6035, at 1,

2. Licensee has not been able to identify any single failure
.
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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). Tr. 7038-40 (Joyner). However, Licensee will

provide, prior to restart, steam generator level and EFW flow

indication independent of the ICS, control room indication of

failed power supplies, and a manual switch, operable from the
i

control room, to transfer the ICS supply bus from the inverter

bus to the regulated AC supply. In cddition, TMI-l will have
i

the capability, prior to restart, to operate 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. Question 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 qualification 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-l 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; Hermeil et al., ff. Tr.

6035, at 3.

407. Board Question 6.c asks about the experience in

other power plants with failures of safety-grade emergency
feedwater systems. The NRC Staff reviewed 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

functional capability of the system. The Staff reported four

cases where sufficient emergency feedw2ter was not available,

although EFN was not required at the time to cool the reactor

(plant in startup operations or testing).130 Wermeil et al.,

ff. Tr. 6035, at 3, 4. In addition, the Staff explained that

at least some of the EFN failures it reported could not occur
at TMI-1. Tr. 6136-37 (Wermeil). All plants perfoi routine

4

periodic EFW system surveillance testing. It is important to

130 Losses of function due to misalignment and operator errors
were not included in this list. Wermeil et al., ff. 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. Subpart "d" of Board Cuestion 6 asks for an

identification of the operator action required to operate in a
feod-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 opening of the PORV;
and (3) if a low level in the Borated Water Starage Tank is

reached, switchover of the HPI suction to the containment sump
via the low pressure injection system.1 Keaten and Jones,

ff. Tr. 4588, at 12; Tr. 4859-62 (Jones). See also, Hermeil et

al., ff. 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 adequate 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

l131 Any complexities and problems involved in the operation '

and termination of the feed and bleed cooling mode are
discussed below in response to Part II of Board Question 6.
See paragraphs 426-429, infra. ,

_

-275-

__



__
_ _ _ _ _ _ _ _ , __ _ _ _ _

.

the feed-and-bleed mode to provide adequate core cooling. See

paragraphs 345, 346, 348 and 3F3, supra. The only action

required of the PCRV and safety valves in feed-and-bleed,

cooling is that one or more o'f these valves open to provide a

fluid discharge path. Jones, ff. Tr. 4588,132 at 1, 2. The

bases for the Board's conclusion that these valves can be
expected to open upon such a demand are presented in section

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 cooling 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 cooling operation, and

asks specifically whether it alone can take the plant to cold

shutdown and whether two BPI pumps are 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
shutdown condition.133 Jones, ff. Tr. 4588, at 2; Tr. 4774-75

132 " Licensee's Testimony of Robert C. Jones, Jr., in Response
to Board Questions 6.e and 6.f"; and not Keaten and Jones, '

which also follows Tr. 4588.
133 It may be possible, however, to use the PORV 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.136, infra.

-
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(Jones). However, feed-and-bleed operation can be continued,

as required, to assure adequate core _ cooling until secondary i

side cooling is available and/or the primary system can be
,

'

depressurized to allow the Low Pressure Injection system to
provide' core cooling directly.134 Jones, ff. Tr. 4588, at 2,

3.

411. One or two HPI pumps are calculated to be

required for adequate feed-and-bleed cooling, depending on the
specific scenario postulated. Jones, ff. Tr. 4588, at 3;

Wermeil et al., ff. Tr. 6035, at 6. See also,-paragraph 346,

n.108, supra. For a loss of all feedwater event without a
small-break LCCA, however, only one HPI pump is required to

assure adequate core cooling. Jones, ff. Tr. 4588, at 3;

paragraph 345, supra.

412. A quantitative assessment of the reliability of
the feed-and-bleed mode of operation has not been performed.

134 Sufficient water is available in the Borated Water
Storage Tank for at least 19 hours of feed-and-bleed
operation, assuming two HPI pumps are used. Af ter 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 to the steam generators.
The majority of the components of these systems are located
outside containment and would be available fnc service. Cnce
feedwater flow was established, the primary system would be
cooled and depressurized utilizing the steam generators.
Wermeil et al., ff. 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, h. 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 conditions 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,

fe'ed 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 some experience which shows that

feed-and-bleed operation can provide adequate core cooling.

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 operability
of feed-ard-bleed cooling. It should also be noted that detring
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,

ff. Tr. 4588, at 3, 4. See also, Jensen-1, ff. Tr. 4913, at 9,
10.

414. The Board is also aware that the individual
systems and ccmponents required for feed-and-bleed cooling

,
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(e.g., EPI, LPI and the safety valves) are routinely operated
and/or tested to assure their functionability. 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. Tr.

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,cem which results in failure of the turbine-

driven pump, and whether this meets the single f ailure crite-
rion. Licensee's witness explained the flow capacity of the
EFW pumps and the system flow requirements for the most severe

plant heatup transient (loss of main feedwater) and 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 Staff also testified that one motor-driven EFW pump
can supply adequate feedwater for decay heat removal for all

postulated accidents and transients, so that the single failure
criterion is satisfied. Wermeil et al., ff. Tr. 6035, at 7, 8.

416. Board Question 5.h asks whether the turbine-
6

driven pumps and valves can be operated en direct current, or

-
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whether they are dependent upon the alternating current safety

buses. The record shows that the TMI-1 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. Capodanno et al., ff. Tr.

5642, at 9, 10;.Wermeil et al., ff. Tr. 6035, at 8.
.

417. Subpart "i" of Board Question 6 asks whether

i the reliability of the EFW system will be greatly improved upon

conversion to safety-grade, and whether it is the position of -7

! Licensee and the Jtaff 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 emergency;

feedwater system to respond to anticipated transients, and many

other accidents, will not be substantially improved upon

conversion to safety-grade, because the principal deficiencies

in the existing EFW system are in the environmental quali-

fication of equipment for relatively improbable, non-LOCA
events. Capodanno et al., ff. Tr. 5642, at 11. Licensee also

testified, however, that the restart upgrading of the EFW
system to safety-grade for small-break LOCAs and loss of main

; feedwater transients sufficiently improves the reliability of
the EFW system that reliance need not be placed on the feed-

i

and-bleed cooling mode. Tr. 5786 (Lanese). See also, Tr. !
i

4816-18 (Keaten). Based on knowledge of the improvement in

reliability gained by eliminating first order failure sources, I

it is the Staff's judgment tha t 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 SPI pumps and

primary safety valves which comprise the feed-and-bleed mode

are required, by Technical Specifications, to be arcilable.

Wermeil et al. , ff. 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 permitted.

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 findings on all of the
evidence presented.

419. Subpart "k" advises the parties to address

Board Cuestion 6 with reference to the decision in Florida
Power 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-l EFW system were the subject of
additional evidence presented in Part III of Board Question No.

6, we will defer our finding on this aspect of the question
until we address that additional evidence.

-
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Part II of Board Question 6

420. The oral clarification of Board Question 6
provided by the Board at the hearing session of November 5,
1980, posed three questions. See paragraph 381, supra. The

first question asks how the emergency feedwater system, if

relied 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? aperature and pressure), depending on the remaining operable
equipment. It is important to note, however, as Licensee

points out, that the plant can remain in the hot condition for
extended periods with any of these methods if the cecision 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 and heat removal paths.
422. In the case of a normal reactor trip, the

process of removing the decay or residual heat from the primary

or reactor coolant system would be through the steam generators

to secondary coolant 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 turbine bypass
valves, and the main condenser. This is accomplished by taking

manual control of the turbine bypass valves and opening the
valves to a position where the resulting steam flow to the

condenser yields the desired cooldown rate of the reactor
coolant system. This method can be maintained despite single

active failures in the process train including single failures
in off-site power feeds. The reactor coolant system can be

cooled by tais 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 shutdown are
reached (reactor coolant system temperature less than 200*F).
Keaten et al., ff. Tr. 16,552, at 9.

.

424. If main feedwater is unavailable, the EFW
_

system will provide sufficient secondary coolant. 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 both of the steam generators. The turbine-driven

pump has a rated capacity of 920 gym, and each motor-driven

pump has a rated capacity of 460 gpm. Either one 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 one motor-driven pump were available initially,
adequate heat removal would also be provided.135 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 bypass valves to

the condenser and water drawn from the condenser by the

emergency feedwater pumps and returned to 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 above for the

135 In 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 restore normal conditions.
Keaten et al., ff. Tr. 16,552, at 7.

-
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turbine bypass valves in order to ar.hieve the desired cooldown

eate. In this cooling mode water from the condensate 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,

hace 150,000 gallons in each tank during reactor operation.

This amount of water is more than adequate to allow the reactor

coslant system to be cooled to the temperature and pressure

where the decay heat removal system can be placed in operation,

prior to the depletion 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 alarification question posed by the
Board asks what complexities and probleris are involved in the

operation and termination of the feed-and-bleed cooling mode.

Initiatior. of the feed-and-bleed cooling mcde is a very simple
operation. If neither main nor emergency feedwater is avail-

able, the operator will initiate and maintain full high pres-
sure injection until feedwater is resto.ied. 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 10.

136 It is als'o possible to take the reactor to cold shutdown,
to the sint where the LPI system is operable, without emer-
gency . dwater, by depressurizing with the PORV. Tr. 16,575(M. Ross); Tr. 16,685 (Keaten). See also, Tr. 16,725 (Wermeil),and paragraph 410, n.133, supra.

_
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427. Once initiated, the feed-and-bleed cooling 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 valves and
closing four valves, all of which can be done at the main

control console. If ESFAS has not automatically initiated, the
LPI pumps must be started manually, but this also can be

accomplished from the main control console. KcAten et al., ff.

Tr. 16,552, at 10.

428. Termination of the feed-and-bleed cooling mode
is also very simple. Once the appropriate criteria are met the

HPI discharge valves are throttled and eventually the HPI pumps
are turned off. These actions are also performed 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 cooling would be performed by an operator

assigned to this portion of the control panel. Any parallel

actions 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-l 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 to the portion

of the console from which HPI and LPI are controlled, and the

other operator goes to 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.,

ff. Tr. 16,552, at ll.

430. The third clarification question posed by the

Board asks how an alternative cooling mode, such as restoration

of emergency feedwater, is initiated in order to bring the
plant to cold shutdown. If no feedwater is available, and the

plant is operating in the feed-and-bleed mode, the normal steps

taken would be directed at restoring emergency feedwater flow,

as described in the follow-up action section of TMI-l 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 correct

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 available,

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, and the steam-driven

emergency feedwater pumps can be started locally. With the

steam generator in operation, primary system temperature can be

reduced 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 PCRV or
primary safety valve (s) to close. The normal makeup system can
be used. Once the bubble has been reformed in the pressurizer ,

the plant has been returned to a normal shutdown condition and

cooldown may continue using normal plant cooldown procedures.

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

Part III of Board Question 6
.

432. The original Board Question 6 concluded as

follows:

l

6.k. Guestion 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 feedwater is
a design basis event notwithstanding
whether design criteria are met.

| The Board's concerns with emergency feedwater reliability were

inspired to a great extent by the Atomic Safety and Licensing
-
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Appeal Board's decisio,n 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. (December 12,

1980).

433. As a part of its review of licensing board

decisions authorizing the issuance of a construction permit for

St. Lucie-2, the 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 be connected with the grids of
other utilities only to the north. This
suggested -- and the applicant's operating
history tended to confirm -- that EP&L's
grid might be less reliable than ones
interconnected with 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 occasion to explore the
matter.

ALAB-603, supra, 12 N.R.C. at 31. Consequently, 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
an evidentiary hearing was needed to
explore our questions about the stability
of Florida Power and Light's electrical
grid and the reliability of AC power 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 staf f's opinion that offsite
power was less assured for St. Lucie than
for nuclear plants in nonpeninsular areas,
and (c) the lack of compensation for tha t
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-2 is the product of two f actors: (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 yielded a combined probability in the
-4range of 10 to 10-5 per year. Id. at 45.

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
f ailure rate data presented in the '3 actor Safety Study,

% ASH-1400 (the Rasmussen Report), that diesel generators are

relatively unreliable pieces of equipment, compared to other

equipment to which the single failure criterion la 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 protection in this
state of affairs." Id. at 48-52.

436. The Appeal Board compared the probability range
-4 -5for station blackout at St. Lucie-2 (10 to 10 per year)

-
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with certain guidelines 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, or (2) a conservatively calculatedI

-6probability of 10 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 incredible
for design purposes.137 Id. at 45-46, and 52.

437. As the Appeal Board acknowledged, and as the

Commissicn subsequently observed, SRP section 2.2.3, used in

ALAB-603 as some sort of benchmark fer assessing whether events

are " design basis,"138 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

. TMI-l EFW system will perform during a two-hour station
i blackout. In 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, AC power-

for Three Mile Island can be obtained from off-site combustionturbines within two hours. Capodanno et al., ff. Tr. 5642,
at 13, 14.

138 " Design bases" means that information which identifies
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

See id. at 45, n.53; CLI-80-41, supra, slip op, atmearures.

1. One of the generic issues in ALAB-603 wh3'.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
guidelines 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 memorandum issued after CLI-80-41, supra,

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, ALAB-603. The Appeal Board stated that

it was the very magnitude of the probability values, indepen-

dently assessed by the Appeal Board from the evidentiary

record, which served as the basis for its ultimate determina-

tion that the station blackout sequence must be considered as a
design basis event. Florida Power and Light Company (St. Lucie

Nuclear Power Plant, Unit 2), Appeal Board Memorandum (December
22, 1980), Docket No. 50-389.

439. Consequently, ALAB-603 now appears to have

limited precedential value for other plants and other plant

(continued)
of values chosen for controlling parameters as reference bounds
for design. These values may be (1) restraints derived from
generally accepted " state of the art" practices for achieving
functional goals, or (2) requirements derived from analysis
(based on calculations and/or experirents) of the ef fects of a
postulated accident for which a structure, system, or component _

must meet its functional goals., 10 C.F.R. S 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

This was compounded by a second unusual circumstance,areas. a

finding based on WASH-1400 estimates that diesel generators

were sufficiently unreliable to warrant a deviation from the

single failure criterion. ALAB-603 apparently does not stand

-6for the proposition that a failure probability of 10 per year

should be used generically to classify a scenario 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 plant such as a
postulated less of emergency feedwater. Wermeil et al., Tr.

6035, at 10. See also, Rosenthal and Check, ff. Tr. 11,158, at
21. The NRC has not yet established a numerical safety goal.

Wermeil 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

claritication of, the St. Lucie decision), with the testimony
.

-293-



..

that neither Licensee nor the NRC Staff has a quantitative

reliability goal against which the TMI-l emergency feedwater
system has been compared. Tr. 5789-98, 5948 (Capodanno); Tr.

6168, 6178 (Wermeil). Applying, by way of analogy, the Appeal

Board's analysis in ALAB-603 of the St. Lucie electrical power

system, Administrative Judge Jordan postulated, at the he& :ing
session of November 20, 1980, tha t:

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 vulnerabilAty to loss of
off-site power.139

b. Emergency feedwater systems, on an industry-wide

basis, have experienced a failure rate of 1 in 25 per reactor-

year -- which is so high that reliance on safety-grade criteria
should be rejected. Tr. 6169, 6179-80, 6182-83 (Administrative

Judge Jordan). This could be viewed to be analogous to the

Appeal Board's findings, in St. Lucie, on diesel generator
reliability e-d 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 tha t specific
plant with instabilities in of f-site power supplies. We now
know f rom the record here that there is no evidence that TMI-l
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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c. Consequently, it should be demonstrated that the

overall reliability of the TMI-l decay heat removal systems is
-6such that the probability of failure is less than 10 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 tha t the S t . 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-l emergency
feedwater (or overall decay heat removal) system. First, the

linkage postulated between the B&W 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 B&W once-through steam generator ("OTSG"),

which results in a mcre rapid effect (compared to the U-tube '

steam genera 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&W plant.

The close coupling of the primary and secondary systems in the

B&W design, combined with the relatively s call liquid volume in
the secondary side, creates the characteristic of the OTSG

referred to as " sensitivity" or " responsiveness," which has
i

been considered in the safety analyses for TMI-1. While the

design and operating characteristics of the OTSG are important

and must be understood, they have little bearing on the
_

i
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question of how of ten main feedwater is lost or the emergency
feedwater system is challenged. Keaten, ff. Tr. 16,612, at 4,

S. In other wcrds, the OTSG design affects the dynamics of

primary system response to a secondary 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
<

j. there are serious limitations to a comparison of the operating
experience with the TMI-l EFW system to the experience at other
B&W plants, or on an even broader 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 n/E or owner, the NSSS supplier control system

interface needs, and the type of main turbine-generator chosen.

There are several significant issues that impact the number of

loss of main feedwater transients reported, and the signifi-
cance of partial losses of main feedwater. These, in turn, are

important in considering the challenges to the emergency feed-
water system. Keaten, ff. Tr. 16,612, at 5.

443. The degree of redundancy built into the feed-

water-condensate train and the normal controls of redundant
components directly influence the number of transients.

Systems that have no redundancy in components will either trip
or runback if any of the major components in the train are
lost. TMI-1 has redundant components (three) in the conden-

-

sate, condensate booster and heater drain pumps such that the
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standby pump should start if one of the two operating pumps
fail, without a resulting trip or runback. If one of the two

main feedwater pumps trip, the plant will runback or trip.
Keaten, ff. Tr. 16,612, at 5, 6.

444. In the event of a trip, the residual heat of

the reactor is normally removed via the steam generators. The

method of feedwater makeup, post-trip, is also a function of
the A/E, owner, NSSS supplier interfaces. Many (if not most)

non-B&W NSSSs are designed such that on a turbine trip or

reactor trip, the post-trip supply is usually from the emer-
gency (or auxiliary) feedwater system. Additionally, these

systems operate for normal plant startups and shutdowns. The

TMI-l design is capable of providing the necessary low flow
requirements during post-trip, startup and shutdown with the
main feedwater system. Only in the event of a total loss of

the main feedwater system is the emergency feedwater system
required. Therefore, the number of actual demands on the TMI-1

system is substantially lower than for other designs. Keaten,

ff. Tr. 16,612, at 6.

445. Nevertheless, in November, 1980, the Board used

liUREG-0560, " Staff Report on the Generic Assessment of Feed-

water Transients in Pressurized Water Reactors Designed by the

Babcock & Wilcox Company" (May 7, 1979), as a basis for the

postulation that the challenge rate to EFW systems at B&W
plants is approximately three per year. Tr. 5971 (Administra-

|tive Judge Jordan). NUREG-0560 documents an NRC Staff study,
_

|
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conducted shortly af ter the accident at TMI-2, to assess the

effect of feedwater transients on B&W reactors. For the

one-year period from March, 1978, to March, 1979, the Staff

reports that there were 9 B&W plants that had 27 "feedwater

transients" -- or 3 per year, per plant. While on closer
scrutiny the Board cannot confirm this figure from the incident
chronology in NUREG-0560, the important error in our use of

this data was to construe "feedwater transient" as a challenge
to the EFW system. The record shows that in NUREG-0560 the

Staff was not reporting an EFW challenge (or demand) rate of 3
per year at B&W plants. Rather, it was reporting cases where

forced plant shutdown resulted from some feedwater system
malfunction. Thus, the feedwater transient frequency of 3 per

B&W plant per year, reported in NUREG-0560, does not represent

the frequency of demands upon the EFW system at TMI-1, or at
B&W plants generally.140 Keaten, ff. Tr. 16,612, at 7, 8.

446. Further , the record shows that for the calendar

years 1978 and 1979, the frequency of main feedwater losses

140 The study documented in NUREG-0560 has been described
by Staff personnel as cursory in nature," designed to see if

"

"a vast difference" in feedwater related malfunctions existedfor the various vendors. While the Staff found a somewhatlarger number of transient events for B&W plants, it was
not felt to be an appreciably higher frequency than for
the other venoors. The Staff also expressed the thought
that the greater number of feedwater transients may have been
due to the generally younger age of B&W plants. The somewhatgreater frequency of feedwater related transients was not
by itself, however, considered by the Staff to be a safetyconcern. Keaten, ff. Tr. 16,612, at 8.

_
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reported at B&W plants was substantially less than 3 per year
,

per plant (i.e., 0.3). Keaten, ff. Tr. 16,612, at 9. From

January, 1979, through August, 1980, there were no instances

where the emergency (or auxiliary) feedwater system at any

ptvssurized water teactor was incapable of performing its
essential functions. Koppe, ff. Tr. 13,335, at 40. In

addition, Staff witness Ross informed us that a more recent

Staff survey shows that the arrival rate of feedwater

transients is not dependent upon the NSSS design -- i.e., B&W

plants are no more likely to have a feedwater transient than

Westinghouse or Combustion Engineering plants. Tr. 15,769-70

(D. Ross). We now view that the EFW system experience at TMI-l

is a much more appropriate tool to use here than the statis-

tically temperamental data on systems at other plants. The

unavailability of the TMI-l emergency feedwater system was zero
for five years of operation.141 Koppe, ff. Tr. 13,335, at 41.

ThI-l has not experienced a loss of main feedwater transient,

or a total loss of feedwater, during its operating history. f
Keaten, ff. Tr. 16,612, at 9; Tr. 6175-76 (Wermeil).

447. The basis for the Board's postulation that the

probability of failure of an EFW system is 1 in 25 per reactor-

year was testimony by NRC Staff witness Lantz, during
)
!

I

141 The reliability of the TMI-l EFW system also has been demon-
strated by ten manual EFW initiations which exhibited no com-
ponent failures, and by surveillance testing of individual
components which did not reveal conditions in excess of
allowable technical specification limits. Capodanno et al.,
ff. Tr. 5642, at 12. -
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cross-examination, that Licensee Event Reports indicate 8

failures of safety-grade EFW systems in 200 reactor-years. Tr.

6093-94 (Lantz). Mr. Lantz also testified that for all plants

there were 9 EFW failures in 280 reactor-years. Tr. 6106-08

(Lantz).

448. There are several reasons why this data is not

useful and cannot be tied to an EFW demand rate. First, Mr.

Lantz was not reporting EFW system failures upon demand. He

was providing routine LER data on system availability. This

includes testing experience. Keaten, ff. Tr. 16,612, at 10.

In fact, NRC Staff witnesses have testified that data on EFW
system succ.ess on demand is not available. Wermeil et al. , ff.

Tr. 6035, at 3, 4. Consequently, the data tells us nothing
about the probability that the TMI-1 EFN system will fail if it-
is called upon or demanded. Keaten, ff. Tr. 16,612, at 10. In

short, failure data without accompanying demand data cannot

yield a number for EFh failures upon demand. Tr. 16,693-94

(Keaten) .

449. Second, the data is not applicable to TMI-1.
Four of the eight failures reported by Mr. Lantz involved
normal start-up operations. Tr. 6095-96 (Lantz). In contrast,

the EFW system at TMI-l is not nor3 ally used for plant startup
or shutdown. The data also includes failures of associated
systems which are not found at TMI-1. Keaten, ff. Tr. 16,612,

at 10; Tr. 6136-37 (Wermeil). This illustrates the severe
limitations on the application of industry-wide EFW system

_
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experience to a specific p_ ant. Just as EFW system demand

frequency is a function of plant specific factors, EFW system

availability and operation upon demand is dependent upon plant

specific EFW components, EFW support services, component and

system testing , and maintenance. Keaten, ff. Tr. 16,612, at

10. The Staf f testified that the historical data would
indicate that the TMI-l EFW system is more reliable than the
average. Tr. 6219 (Wermeil). For all of these reasons the
Board now finds that there is no sound basis upon which to

attribute to the TMI-l emergency feedwater system a failure
rate of 1 in 25 per reactor-year.142

450. The NRC has used principally deterministic

criteria, supplemented by elements of probabilistic analysis,

in licensing nuclear power plants and in judging the accept-
ability of a plant system. Rosenthal and Check, ff. Tr.

11,158, at 17-18, 20-26; Tr. 11,200-02 (Check, Rosenthal); Tr.
11,253 (Check). S e e .. ' s_o , section II.S (Accident Design
Bases), infra. The Board acknowledged early on that use of a

probabilistic analysis in conjunction with some numerical

acceptance criterion, in answer to Board Cuestion 6, would not
be necessary in the absence of a special situation. Tr.

6187-88 (Administrative Judge Jordan). See also, paragraph

142 While at this point we are not terribly interested in
pursuing the futile exercise of sorting out numbers, the Board
notes that others have reported availability figures of 10
to the minus 5 (Koppe) and 10 to the minus 3 (B&W). Tr.16,674-76 (Keaten). See paragraph 459, infra. -
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513, infra (probabilistic techniques should not be relied upon
aus the sole basis for regulatory decisions) . We now see that

there is no special situation with the emergency feedwater

system at TMI-1 -- either in terms of the rate of challenge to

the system or in terms of the likelihood that it will fail.143
See Keaten, ff. Tr. 16,612, at 11. Consequently, the Board now

finds that the. St. Lucie decision, ALAB-603, supra, to the

extent that it has any precedential value beyond the plant

specific record developed there, abould not be applied to

require a quantitative assessment of the reliability of the
TMI-1 emergency feedwater or decay heat removal systems, or to

require that loss of emergency feedwater be considered to be a

design basis event at TMI-1.

451. Nevertheless, in response to the concerns

expressed by the Board early in the proceeding, the Staff

presented testimony wnich reports the results of a quantitative
estimate of EFW system reliability at TMI-1. Estimates pro-

vided were for the TMI-1 ErW system as it existed in mid-1979,

at the time of restart, and after the full safety-grade
modifications are completed. See, generally, Wermeil and

,

Curry, "f. Tr. 16,718, at 31-42; Tr. 16,732-34 (Curry). We

understand that the Staff provided these numbers specifically

143 At TMI-1, EFW system reliabi3 ity at restart will be com-
parable with some other operatinc plants. Indeed, it is not
inconsistent with the industry average estimate based on a
Licensee Event Report survey. Tc. 16,722 (Curry).

-

'
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in response to the Board's request. Tr. 16,740 (Curry). At

the same time, the Staff witness candidly acknowledged the

serious limitations on the exercise he had performed, and

warned us of the danger in misusing, or placing too muc.h
reliance upon, his results.

452. First, the analysis was conducted to estimate

the reliability of the EFW system in a five-minute period af ter
the occurrence of the transient, and mission success was

defined as delivery of required EFW flow to the steam genera-

tor (s) within five minutes. The Staff chose a five-minute time
period because of the estimated time for steam generator dryout
in a B&W plant if no feedwater is provided. The Sta'ff believes
that, in terms of plant operation, steam generator dryout is
significant due to the unstable system condition it induces.

Wermeil and Curry, ff. Tr. 16,718, at,32, 33. The Staff also

acknowledged that it chose this success criterion (i.e.,

avoidance of steam generator dryout) in order to make the study
consistent with those for other PWRs, even though it is a
slightly more severe criterion for B&W plants. Tr. 17,068

(Curry). Licensee points out, however, that the ebsence of EFW

flow for five minutes does not result in core damage, and that

the significance of dryout at B&W plants is not necessarily the
same as for other plants since EFW is sprayed into the steam

,

generator at a very high point and immediately starts to cool
the primary system when it is re-established. Tr. 16,613-15

, (Keaten).
'

-

! -303-

t



-

- . .

453. A major implication of the reliability estimate-

for a five-minute period is that the number and type of

operator actions that may be expected to be accomplished to
rectify an EFW system fault is very limited. Consequently,

system reliability becomes largely a function of the probabil-
ity of the system being in the proper configuration at the time

.

of demand, and the inherent reliability of mechanical and
'

electrical components to function on demand. Wermeil and
Curry, ff. Tr. 16,718, at 33. This analysis really just

characterizes the EFW system's innate reliability as a function
of its hardware reliability. It does not recognize (or gives
essentially no credit for) improved operating procedures and
operator training. Tr. 16,744-46 (Curry); Tr. 16,700-02
(Keaten). Neither does it credit the hardware changes made at

TMI-l to facilitate operator action to recover feedwater. Tr.

17,016 (Curry). Yet, the need to improve procedures and

training is the main lesson learned from the TMI-2 accident..

Tr. 16,701 (Keaten) . As a general rule, the Staff believes

that consideration of operator recovery actions would certainly
improve the reliability. Tr. 16,940 (Curry). '

454. Because of the smaller inventory of B&W steam

generators, dryout would occur much sooner if all feedwater
j were lost than would occur unde / similar circumstances for a

Westinghouse steam generator. Tnis results in a more stringent
response requirement for an emergency feedwater system asso-

; ciated with a B&W NSSS than one associated with a Westinghouse
-
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NSSS because significantly less reliance on operator

intervention to rectify system faults can be credited for the

B&W response than the Westinghouse. Thus, again, tne selection

of steam generator dryout prevention as the benchmark for

successful EFW system operation influenced the analysis, and

places some bias against the B&W design.144 Wermeil and Curry,

ff. Tr. 16,718, at 41; Tr. 16,741, 17,075-76 (Curry).
455. A Staff witness testified that if the Staff had

used a more realistic mission success criterion -- such as the
capability of the EFW system to deliver minimum feedwater flow

for mitigating a transient -- the potential bias associated

with the criterion could have been corrected. He expressed

confidence tha t if the Staff had used this sounder basis for
comparison, the upgraded TMI-l EFW system would have looked

very similar to the Westinghouse plants. Tr. 17,080 (Wermeil).

Accord, Tr. 17,068, 17,095 (Curry).
456. Second, as with any other such analysis, the

construction of the f ault tree here was limited by the resolu-
tion of available data or by the level of system detail under-
stood by the analyst. Wermeil and Curry, ff. Tr. 16,718, at

33. The Staff used industry-wide averages for component
,

144 The analysis for a five-minute period is also influenced
by the fact that S&W systems utilize only two steam generators,
rather than the three or four present in Westinghouse designs.
If the analysis had been conducted to consider prevention of
core uncovery, sizes or numbers of differing steam generators
may have taken on less importance. Wermeil and Curry, ff.
Tr. 16,718, at 41, 42; Tr. 17,080-81 (Wermeil). .

-
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failure and human error rates to estimate the reliability of
the TMI-1 emergency feedwater system since plant specific data

1

is limited. Jd. at 38. When the fault tree development was !

limited by the level of detail availabic to the Staff, conser-
vative reliability assumptions were made. Id. at 34. See

also, paragraphs 442-444, supra (limitations on industry-wide
comparisons of EFN systems).

457. The third limitation of the analysis, and the

most important one to keep in mind, is that it represents a
ough assessment of the potential of the EFN system to accom-

!plish a given mission under given conditions. See Wermeil and
Curry, ff. Tr. 16,718, at 39. There is not necessarily a

perfect correlation between the comparative reliabilities of

various plant auxiliary systems and the comparative risk

associated with the operation of those plants. To draw

conclusions about the comparative risks of operating various

nuclear piants, consideration needs to be given to ^he inte-
, grated response of all plant systems to cope with potential
s

transients and loss-of-coolant accidents. Id. at 39, 40; Tr.

16,722 (Curry). This point was consistently preasei upon us by
a number of witnesses. See, e.g., Tr. 4822 (Jones) (need to
consider the reliability of the main feedwater system and

feed-and-bleed operation, in addition to the EFW system); Tr.
16,674-76 (Keaten) (if one is looking for a number tt..t

represents the probability of major core damage occurring due

to lack of heat removal, one would have to multiply the
_
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irequency of demands on the EFW system times the probability

that the EFW system woitld not be available, times the probabil-

ity that no other method of heat removal would be available);

Tr. 16,748 (Curry) (analysis does not represent overall

probability of core darage); Tr. 17,079 (Curry) (plant risk

should take into account not only the fact that successful EFW

system operation will occur even if flow is secured much later

than five minutes, but also the fact that TMI-l is equipped:

with a feed-and-bleed mode of operation which can successfully

cool the core).
458. Nevertheless, the Staff witness expressed his

judgment that with the EFW reliability estimate he presented,

and based upon his knowledge of the additional system reli-

abilities to be considered in a sequence that would lead to

core damage and his familiarity with reliability analyses of
other plants, the probability of core damage at TMI-l is less

than or certainly no greater than in all other operating
plants, and that it is not inconsistent with the numerical

safety goals now under consideration by the Commission. Tr.

17,089-92 (Curry).

459. Prior to the Staff's reliability evaluation

prepared in response to Board Question 6, an evaluation of the

reliability of the TMI-l EFW system as it existed in mid-1979

had been performed in 1979 for Licensee by Babcock & Wilcox.145

-

145 B&W performed reliability analyses of all operating B&W
plant emergency feedwater systems in response to a Staff _

(continued next page)
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Lic. Ex. 15 at 9. The B&W analysis considered the same

transients the Staff considered, but also considered reli-

ability for the time periods 5, 15 and 30 minutes. The Staff

testified that because of the more detailed design and opera-

tional information used by B&W for its analysis, that analysis
was necessarily more rigorous and more detailed than the

conservative type of analysis performed by the Staff as a
check. Wermeil and Curry, ff. Tr. 16,718, at 36; Tr. 17,022-23

(Curry). While the B&W analysis was not intended to establish

ical reliability value for the TMI-l EFW system, it dida nun

compare the 1979 system with those at Westinghouse and Combus-

tion Engineering plants and found tha t the TMI-l system fell in
the mid-range.146 Tr. 5948, 5984-85 (Capodanno); Tr. 6157-59

(Wermeil). The Staff reviewed this study and approved its
methodology and results. Wermeil and Curry, ff. Tr. 16,718, at

5.

460. While the Board now is uncertain of the value
of the actual numbers produced by these evaluations, we believe

the analyses are adequate to accomplish their intended purpose,
which is:

(continued)
request of the utilities to do so. Tr. 6158 (Wermeil); Wer-
meil and Curry, ff. Tr. 16,718, at 36; Tr. 16,766-67 (Curry).
146 It should be noted tha t the original B&W analysis and
the Staff review of it assumed that both electric-driven
pumps were required for successful EFW system operation.
Later analysis, however, indicates that only one electric
driven EFW pump is needed for successful heat removal.
Wermeil and Curry, ff. Tr. 16,718, at 38.

i_
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the assessment of the reliability of a
given auxiliary feedwater system compared
to other designs and the identification of
major contributors to a given auxiliary
feedwater system unreliability so that
system upgrading can be most effectively
undertaken, if desired.

Wermeil and Curry, ff. Tr. 16,718, at 39; Tr. 6134-35

(Wermeil). In fact, the 1979 B&W analysis identified the major
contributors to TMI-l EFW system unavailability, and led

directly to several of the restart modifications to the system
design and to plant procedures. See Lic. Ex. 15 at 9, 10;

Wermeil et al., ff. Tr. 6035, at 10; Wermeil and Curry, ff. Tr.
16,71,8, at 4, 5.

461. Prior to the B&W analysis, Licensee itself

performed a re-evaluation of the TMI-l EFW system design and

operation in order to determine where upgrades in the timeli-
ness and reliability of the system could be made. This

evaluation resulted in eight items that the Staff agreed would

result in improvement to the EFW system reliability, and that
were subsequently included in short-term action 1(a) of the

Commission's Order and Notice of Bearing. Hermeil and Curry,

ff. Tr. 16,718, at 3. Subsequent to the B&W study, four

additional short-term recommendations were developed based on

the Lessons Learned Task Force review and the B&O Task Force
review of B&W operating plants. Id. at 5. As a final approach

to re-examining the reliability of EFW systems in operating
plants, the B&O Task Force performed a c,omparison of the EFW

system designs against the current Standard Review Plan
-

-309-

-.



___ _ _ _

criteria for a safety-grade sysetm in order to provide further
insight into possible areas for improvement that were not
identified in previous evaluations. The EFW system review

effort was later consolidated into the NRC TMI Action Plan.
Id. at 11.

462. Staff witness Wermeil provided the Board with a

detailed discussion of the evolution of the Staff's criteria
related to the EFW system, and of the manner in which system

reliability has been improved as a result of implementation of
these criteria at TMI-1. See, generally, Wermeil and Curry,

ff. Tr. 16,718, at 1-30; Tr. 16,719 (Wermeil). The E?% system,

review ef fort since the TMI-2 accident is substantially more

detailed and exhaustive than the Staff's standard deterministic
evaluation against the acceptance criteria of the Standard
Review Plan. Based upon its review and evaluation of the

requirements and of Licensee's compliance with them in terms of

the resulting hardware, procedural and technical specification
changes to be implemented, the Staff has concluded that the

TMI-l emergency feedwater system meets the requirements

identified for implementation at the time of restart, and that
with these changes the system will be sufficiently reliable to
allow restart. Wermeil and Curry, ff. Tr. 16,718, at 12; Tr.
17,017 (Wermeil).

Conclusion
|
\.

463. The Board now agrees with Licensee and the
_

S taf f that the acceptability of a design should not be based
.
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exclusively on a numerical cetimate of its reliability. See

Tr. 17,026 (Curry); paragraph 513, infra. There is no special

circumstance here which would warrant the Board's reliance
upon, or need for, such an estimate in the case of TMI-1. We

have learned that there is no basic difference between B&W

plants and other PWRs in protecting against a loss of main

feedwater transient, Tr. 17,064 (Wermeil), and that operating
history shows that the arrival rate for feedwater transients

does not depend upon the NSSS design. Tr. 15,769 (D. Ross).

That is, B&W plants are no more prone to have feedwater

transients than are other PWRs. Tr. 15,770 (D. Ross).

Further, there is no reason to suspect that EFW systems at B&W

plants are less reliable than at other plants. Tr. 16,687-88

(Keaten); Tr. 17,068-69 (Curry). Yet, many other PWRs do not

have the back-up feed-and-bleeo cooling capability which exists
at TMI-1. Tr. 17,064 (Wermeil).

464. Experience with the TMI-1 main and emergency
feedwater systems has been excellent. There have been no

failures of the EFW system on demand, nor have there been any

total loss of main feedwater events ( o the r than required tests)
which would challenge the EFW system. Thus, the TMI-l design

has provided a stable, reliable main feedwater system that is
capable of all normal operating and shutdown feedwater ser-

vices, and it has in reserve a reliable EFW system fully
capable of performing the necessary services under abnormal

transient or accident conditions. Keaten, ff. Tr. 16,612, at
_-
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11. The historical-data indicates that the TMI-l EFW system
has been more reliable than the average. Tr. 6219 (Wermeil).

465. The Board is impressed that the Staff EFW

system review effort has employed a number of diverse eval-

uation techniques, including fault-tree probabilistic analysis,
to identify design and procedural improvements to the reli-

ability of- the TMI-l emergency feedwater system. While the

TMI-l emergency feedwater system appears to have been a very

reliable system previously, the modifications identified by the

Staff and Licensee as a result of this intensive review effort
will further enhance the reliability of the EFW system. See

paragraphs 395-401, supra. See also, paragraphs 498-505, infra

(Staff event tree analysis of a loss of main feedwater tran-

sient and events initiated by a loss-of-collant accident). No

party has challenged the necessity or sufficiency of the
modifications to the TMI-l EF% system proposed in the Commis-

sion's Order and Notice of Hearing, and all of the witnesses

who testified in response to Board Cuestion 6 expressed the

view that the system will be sufficiently reliable to support
restart of the plant. Based upon the foregoing detailed

findings of fact, and the uncontroverted and exhaustive

evidentiary record we have reviewed on this subject, the Board
agrees with that assessment.

t

1

466. The Board finds that the short-term actions
reccmmended in the Commission's Order and Notice of Hearing to

improve the timeliness and reliability of the TMI-1 emergency
,
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feedwater system are necessary and sufficient to provide

reasonable assurance that the facility can be operated without

endangering the health and safety of the public, and should be

required before resumption of operation should be permitted.

The Board also finds that the recommended long-term actions

with respect to the EFW system are necessary and sufficient to

provide reasonable assurance that the facility can be operated

for the long term without endangering the health and safety of
the public, and should be required of Licensee as soon as
practicable.

R. Valve Testing

Board Question /UCS
Contention No. 6: Reactor coc.'. ant system relief and

safety valves form part of the reactor
coolant system pressure boundary.
Appropriate qualification testing has
not been done to verify the capability
of these valves to function during
normal, transient and accident
conditions. In the absence of such
testing and verification, compliance
with GDC 1, 14, 15 and 30 cannot be
found and public health and safety
is endanger:a.

Board Guestion
Regarding UCS
Contention 6: The board wants more than just a

schedule for testing of reactor coolant
system safety and relief valves, as is
required pursuant to NUREG-0578. Is
there reasonable assurance that the
tests will be successful, e.g. , that
there is good evidence that the valves
will indeed perform in an accident
environment?,

-
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'467.- 'In'its Contention No. 6, UCS had alleged that-
'

appropriate qualification testing had not been performed to

verify the capability of reactor coolant system relief and
,
.

safety valves. UCS withdrew its sponsorship of Contention No.-

61on July 31, 1980. Subsequently, the Board not only retained

the contention as a Board question, but also posed its own

. question, quoted above, regarding the former UCS Contention No.
16 . Consequently, an evidentiary record on the qualification

testing of reactor coolant system relief and safety valves was
compiled only' because the Board, in the exercise of its discre-
tion, chose to pursue. the issue. r

468. Former UCS Contention No. 6 asserted that

appropriate qualification testing has not been performed to
! verify the capability of the reactor coolant relief and safety
j valves. We have already noted that the pressurizer safety

valves are part of the reactor coolant pressure boundary and

functionally provide overpressure protection for the reactor
'

coolant system. The valves were designed for, and protect the

integrity of .the reactor coolant system at, the design condi-,

tions of the primary system -- 2500 psig and 670*F. The
*

reactor . coolant system . is adequately protected by either of the

} two safety valves, since each is capable of relieving the
i

required capacity. Correa et al., ff. Tr. 8746, at 5

(Urquhart).

469.- The relief capacity of the safety valves was.

established consistent with the applicable edition and addenda
.

,
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of Section 9 of Section III of the ASME Boiler and Pressure
vessel Code. This included certification by the valve manufac- I

turer of the capacity of the valves utilizing prototypical ;

testing to establish discharge factors and analytical veri-

fication of the ability of the valves to withstand design and
|

cperating pressures. Correa et al., ff. Tr. 8746, at 5 t

(Urquhart). i

470. The safety valves were also designed in accor-

dance with the requirements of Section III of the ASME Code to

assure reactor coolant pressure boundary integrity. Testing

and examination of the valves during and following manufac-

turing and testing included the following :
; (a) Chemical and mechanical testing of the mate-

rials.

(b) Volumetric examination of the materials.
(c) Surface examination of the materials.

>

(d) Hydrostatic pressure testing of the completed
valves at the manufacturer and af ter installa-"

tion.

(e) Verification of set pressure.
>

(f) Seat leakage testing following opening and
closing.

Correa et al., ff. Tr. 8746, at 5, 6 (Urquhart). See also,

Zudans, ff. 8824, at 4, 5.

471. Also of significance with regard to the
capability of the pressurizer safety valves is the transient
which occurred February 26, 1980, at the Crystal River nuclear

unit, a plant with a B&W nuclear steam supply system and
-
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components similar to TMI-1. During the transient, one of the

two safety valves lif ted at approximately 2400 psig and flowed
saturated steam, two-phase fluid and liquid water. The water

flow rate was up to 700 gpm and the valve reseated at approxi-

mately 2300 psig, a blowdown of about 4% below the opening
pressure. Correa et al., ff. Tr. 8746, at 6 (Urquhart).

472. Subsequent to the transient, the affected valve

was subjected to detailed laboratory inspection and testing to
determine if any damage had been sustained. The set pressure

of the valve was checked three times and determined to be
approximately the 2400 psig experienced during the transient.

Leakage was measured at about 1.1 gpm. Disassembly and

inspection identified steam cutting of the valve disc and a
damaged bellows assembly. The steam cutting was most likely
caused by leakage that was present prior to the transient. The

damage to the bellows das not appear to be due to the February
26, 1980 transient. Neither the steam cutting of the disc nor

the damaged bellows impaired the intended pressure relief

function of the valve. In summary, no damage detrimental to

the proper operation of the valve was discovered even though it
had experienced flow conditions other than saturated steam.

Correa et al., ff. Tr. 8746, at 6, 7 (Urquhart); Tr. 8787-88,
8806, 09 (Urquhart); zudans, ff. Tr. 8824, at 7.

473. The pressurizer PORV was designed for the same

system conditions as the safety valves -- 2500 psig and 670*F.

The valve design was governed by the same ASME Code require-
_

ments as the safety valves as it related to pressure boundary
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integrity, and the valve was tested and examined in a manner

similar to the safety valves. Because the PORV is power

operated in response to an independent pressure signal, verifi- |

cation of set pressure was not applicable. Verification of 1

valve opening and closing was performed, however, both prior to
shipment and following installation. Correa, et al., ff. Tr.

8746, at 7 (Urquhart); zudans, ff. Tr. 8824, at 5. The PORV is

seismically qualified, and its solenoid operator is qualified
0for up to 300*F and 2 x 10 R. The PORV block valve is envi-

ronmentally and seismically qualified, as is its control
circuitry. The control circuitry for the PORV itself is

environmentally qualified. Tr. 8768 (Correa); Tr. 8800-01,

8997 (Urquhart).

474. The PORV which will be installed in TMI-l prior
to restart is the TMI-l spare PORV. This valve was ordered per
the original PORV requirements, was manufactured in 1978, was
"N" stamped per Code Case 1581, and in general satisfies the

1977 Edition with the Winter 1979 Addendum of Section III of
the ASME B&PV Code for fabrication requirements. Correa et

al., ff. Tr. 8746, at 8.

475. The valve is being modified per the manufac-

turer's latest design features to ir' rove seat tightness. The

modification is being performed per the latest ASME B&PV Code,
Section III, requirements. As part of the modification effort,

the valve will be disassembled and all critical dimensions will
be recorded and checked against drawing requirements. In addi-

tion, all moving parts will be inspected for surface finish and
-
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signs of wear caused by the original testing of the valve prior

to its shipment in 1978. This inspection of the valve inter-

nals will ensure that the valve parts meet all requirements.

After reassembly of the valve, it will be seat leak tested and

opened at its setpoint. This will ensure that the valve will

function properly. Correa et al., ff. Tr. 8746, at 8; Tr.

8809-10 (Correa).

476. Prior to being installed in TMI-l the valve

will again be seat leak tested. During hot functional testing

the valve also will be actuated to ensure its functional

ability and to test all downstream instrumentation. Correa et

al., ff. Tr. 8746, at 9. *

477. A valve testing program is also in progress in

response to recommendation 2.1.2 of NUREG-0578. The perfor-

mance testing of PWR relief and safety valves is being con-

ducted by the Electric Power Research Institute (EPRI) .

Licensee has submitted its plant specific data to EPRI for

inc.lusion in the test program, and B&W-supplied operational

transient and postulated accident sequence data is being used

in defining test parameters for the EPRI test matrix. One of

the relief valve types chosen to be tested is the same model as

the TMI-l relief valve, and one of the safety valve types

chosen to be tested is the same model as the .TMI-1 safety
1

valve. Therefore, the EPRI test results can be directly

applied to TMI-1. Correa et al., ff. Tr. 8746, at 9-12. See

also, Zudans, ff. Tr. 8824, at 5; Tr. 8922 (Zudans).
-
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478. The NRC Staff has concluded that the PORV and

safety valve test program is scheduled to be completed on the

schedule required by NUREG-0737, and that the NUREG-0737

technical requirements for relief and safety valves, associated
piping _and supports, can be met. The Staff has found that

Licensee has committed to the requirements of this item

(NUREG-0578, 2.1.2) consistent with other operating reactors,

noting that Licensee is participating in the EPRI program and

is monitoring the program to assure that the test results apply

to TMI-l plant specific valves and associated piping and
supports.147 Staff Ex. 14 at 25, 26.

479. There are several reasons why Licensee believes>

that, in the absence of a completed EPRI valve test progJam,

there is reasonable assurance that the valves will perform in
an accident environment. See Tr. 8789-91 (Urquhart). The only

function required of the safety valves in order to provide
overpressure protection or for feed and bleed operation is to
open and discharge fluid. The disc lifts in response to the

system pressure force on the disc f ace. The pressure at which

the disc lifts -- i.e., at which the valve opens, or functions

-- is dependent on the opposing force applied by the valve
spring. Because of the construction of the valves there is no

147 Block valve qualification is a new recommended require-
ment added by NUREG-0737, which was not in NUREG-0578. EPRI andthe Staff are still discussing a formulation for such a test
program. S* ff Ex. 14 at 25, 26; Tr. 21,223-24 (Jacobc).

_
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reason to expect that liquid or two-phase flow conditions would
: l

have a detrimental effect on the ability of the valves to!

perform their required function. Correa and Urquhart, ff. Tr.

8746, at 2.

480. This conclusion is specifically supported by

the experience at Crystal River on February 26, 1980, and the

examinations subsequent to that transient. See paragraphs 471

and 472, suggy,. The valve opened at 2400 psig; was open~for

approximately 20 minutes; experienced saturated steam,

two-phase fluid and water at 2400 psig, 410*F with a maximum

flow rate of 700 gpm; and reseated at 2300 psig (4% blowdown).

These conditions are similar to those in one of the valve tes'ts
in the EPRI test program, in which the valve is set to open at

2500 psig, pass 450*F water at a maximum flow rate of 1000 gym,

and reseat at approximately 2375 psig (5% blowdo m). Correa

and Urquhart, ff. Tr. 8746, at 2.

481. Alro, safety valves are used ext.nsively in
fossil power applications. Many of those valves are similar in

basic design to the valves at TMI-1 and have experienced flow

conditions other than steam. There is no known power industry

incident of a properly set and maintained safety valve failing
to open upon demand, even though liquid and two-phase flow
through tnese valves has occurred. Correa and Urquhart, ff.

1

Tr. 8746, at 2, 3; Tr. 8778-79 (Urquhart). See also, zudans,

ff. Tr. 8824, at 7.

482. The Staff is sufficiently confident in the
-

outcome of the EPRI tests that it believes restart of TMI-l
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should be permitted before the tests cre completed. Tr. 8838

(Zudans). In addition to the fact that analysis of a

stuck-open PORV shows that no fuel damage is predicted to

occur, the Staff relies on the following: improved FORV

position indication; TMI-l procedures which require closure of

the block valve early in a LCCA; the emergency power supplies

for the PORV and block valve; and the generally upgraded TMI-l

emergency procedures for small-break LOCAs. Further, the

setpoint changes and installation of anticipatory reactor trips
will considerably lower the PORV challenge rate. This has been

verified by operating experience. Zudans, ff. Tr. 8824, at 6,

7; Tr. 8838-39 (Zudans).

483. Neither the Commission nor the Staff has

ordered any pressurized water reactor shut down pending

completion of the EPEI valve test program. Tr. 8841 (Zudans).
The Board finds that, contrary to former UCS Contention No. 6,

the TMI-l pressurizer relief and safety valves have been
appropriately designed and tested. In addition, actions are

being taken to provide further assurance that the valves will
function properly and reliably. The Board also finds that

recommendation 2.1.2 of NUREG-0578 is necessary and sufficient

to provide reasonable assurance that TMI-l can be operated in
:

the long-term without endangering the health and safety of the

public, and that pending the completion of the tests called for
by that recommendation there is reasonable assurance that the

valves will perform in an accident environment.
_
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S. Accident Design Bases

Board Question /UCS |
Contention No. 13: The design of TMI does not provide

protection against so-called
,

" Class 9" accidents. There is no
'

basis for concluding that such
accidents are not credible. Indeed,
the staff has conceded that the
accident at Unit 2 falls within that
classification. Of the realm of
possible accidents, the Staf f 's method
of determining which fall within the,

design basis accidents and those for
which no protection is required is
faulty in that the design basis
accidents for TMI do not bound the
credible accidents which can occur.
Therefore, there is not reasonable
assurance that TMI-1 can be operated
without endangering the health ,and
safety of the public and resumption of

-

operation should not be permitted.148
|

148 In addition to UCS Contention No.13, the Board admitted
" Class 9" accident contentions advanced by ECNP [ECNP-4(b) and
-4(c)] and by Mr. Sho11y [Sho11y-17), which identified particu-
lar accident sequences with a nexus to the TMI-2 accident. For
reasons discussed in paragraph 19 of our general Introductory
Findings, supra, we rejected other " Class 9" contentions advanced
by UCS, ECNP, ANGRY, and CEA. However, we permitted ECNP, ANGRY,
and CEA each to adopt UCS Contention No.13 in place of their
rejected contentions. ECNP and CEA subsequently lost their
rights to adopt UCS Contention No.13, upon def ault on Board;

orders. Mr. Sholly withdrew his Contention No. 17 oy memo-
randum dated December 23, 1980, and UCS, lead intervenor on
its contention, withdrew its eponsorship of UCS Contention No.
13 by letter dated January 5, 1981. The Board did not adopt
Sholly Contention No. 17, or ECNP Contentions 4(b) and 4(c) on
which ECNP had defaulted, Tr. 11,025-26, but retained UCS
Contention No. 13. ANGRY, the sole remaining intervenor with
an interest in UCS Contention No. 13, conducted limited
cross-examination of Licensee's witness and departed, and did
not attend the evidentiary session at which the Staff presented
its testimony on the issue. Compare Tr. 11,088 and Tr. 11,103.

-
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- 464. UCS Contention No. 13 mounts a frontal attack

on the Staff's methodology for determining which accidents, in

the realm of possible accidents, fall within the design basis.
Pointing to the Staf f's determination that the TMI-2 accident

was a " Class 9" accident, UCS asserts that there is no longer a
basis for concluding that " Class 9" accidents are not credible.

UCS further asserts that the design of TMI-l does not provide

protection against " Class 9" accidents, and that resumption of
operation should not be permitted.149

485. The Board begins by reviewing briefly the

foundation of UCS Contention No.13 -- the Staf f's determina-
tion that TMI-2 was a " Class 9" accident. We then discuss

UCS's allegation that the design of TMI-l does not provide
protection against " Class 9" accidents. We next consider the

specific measures employed at TMI-l to provide protection

against those events with a nexes to the TMI-2 accident.

Finally, the Board examines the methcdology used by the Staff

to deters.ine whether a particular accident is characterized as

" credible" and included in the design basis envelope, or as

"not credible" and excluded as " Class 9" accident.
.

486. The term " Class 9" event is derived from a
proposed rule published by the Atomic Energy Commission in

149 While UCS Contention No. 13 specificalAy refers to TMI-1,
the Board has been presented with no evidence to suggest that
TMI-l is unique, among pressurized water reactors, either in
the manner in which the Staff determined the design basis of
the plant, or in the plant's capability to provide protection
against " Class 9" accidents.

|
-
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1971. The proposed rule, which has now been withdrawn by the

NRC, set forth a spectrum of accidents divided into nine

classes ranging from the most trivial to the most severe, for

purposes of evaluating environmental risk pursuant to the

National Environmental Policy Act. Class 8 events were
characterized as:

those considered in safety. . .

analysis reports and AEC safety
evaluations . .-used, together with.

highly conservative assumptions, as
the design-basis events to establish
the performance requirements of
engineered safety features.

Since the highly conservative assumptions and calculations used

in safety evaluations would, if used in environmental evalua-

tions, result in a substantial overestimate of environmental

risk, the proposed rule provided that Class 8 events were to be
evaluated realistically. " Class 9" events were described as:

involv[ing] sequences of. . .

postulated successive failures more
severe than those postulated for the
design basis for protective systems
and engineer'ed safety features. Their
consequences could be severe.
However, the probability of tneir
occurrence is so small that their
environmental risk is extremely low.

The rule provided that it was not necessary to discuss such

events in applicants' Environmental Reports or in Staff envi-
ronmental impact statements. Rosenthal and Check, ff. Tr.

11,158, at 6, 7.

487. The Class 1 through 9 classification scheme was

formally used only in the evaluation of environmental risk.
.

,
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For purposes of safety evaluation, events are determined to be

either " credible" or "not credible." Credible events are

required to be considered in determining tne adequacy of the
design of a facility; incredible events are not. Tr. 11,196

(Rosen thal) . See generally, Tr. 11,127-28 (Levy). "Incred ible

events" under the safety classification scheme (i.e., those

beyond the design basis 150) were thus, by definition, " Class 9"

events in the terminology of the environmental classification

system. The term " Class 9" has come to be used generally to

describe events beyond the design basis. The Board so uses the
term infra.

488. In responding to'the inquiry of the licensing
board in another proceeding, the Staf f reviewed the sequence of

events in the TMI-2 accident, and determined that the TMI-2

accident " involved a sequence of successive failures (i.e.,

small break loss-of-coolant accident and failure of emergency
core cooling system) more severe than those postulated for the
design basis of the plant." Considering that information in

light of the definition of " Class 9" events in the proposed
rule discussed supra, in paragraph 486, the Staff concluded

that the TMI-2 accident was a " Class 9" accident. Rosenthal

and Check, ff. Tr. 11,158, at 8. However, the off-site

radiological consequences of the TMI-2 accident were inconsis-

tent with the severe radiological consequences previously
:

.

150 The term "dosign basis" is defined in paragraph 437,
footnote 138, in section II.Q, supra, and is further discussed
in paragraphs 490 and 491, infra. _

|
1
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-generally assumed to be attendant to " Class 9" accidents. The !

radioactive material actuclly released to the environment

during the TMI-2 accident represented a minimal risk to public

health and safety, with consequences far less severe than 10

C.F.R. Part 100 guidelines. Tr. 11,195 (Rosenthal); Rosenthal

and Check, ff. Tr. 11,158, at 8, 10. The Staff's clas-

sification of the TMI-2 accident as a " Class 9" accident was
thus based solely on the number of equipment failures, and not

on the severity of the consequences of the accident. Tr.

11,237 (Rosenthal); Tr. 11,128 (Levy). The classification was

a difficult judgmental datermination, and was the subject of
dissent within the Staf'f. In fact, there are still a spectrum

of opinions within the Staff. Tr. 11,238-39 (Check). While no

party has as';ed the Board to reconsider the Staff's of ficial

position on the matter, and we proceed below to examine the

merits of UCS's allegations, we remain conscious of the rather

equivocal nature of the Staff's classification of the TMI-2

accident, the sole asserted basis for former UCS Contention No.
13.

489. The Board first assesses UCS's allegation that

the design of TMI-1 does not provide protection against " Class
9" accidents.151 We initially note that UCS's simplistic

151 UCS does not seem to claim that TMI-1 is required to be de-
signed against " Class 9" events. Rather, the apparent thrust
of the concention -- reading all the allegations together -- is
that since the Staff's methodology for enveloping design basis
events is " faulty," TMI-l should be designed against " Class 9"
events.

)-

1
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reliance on the classification of the TMI-2 accident as a

" Class 9" accident as a basis for its contention does not
support this particular allegation. Since the of f-site

radiological consequences of the TMI-2 accident were well below

established 10 C.F.R. Part 100 guidelines (see, paragraph 488,

supra), one can no more argue that the accident proved that the

design of nuclear plants provides no protection against " Class

9" accidents than one can argue that the accident proved that

the design of nuclear plants provides protection against all
" Class 9" accidents. As the evidence.on the merits of UCS's
allegation indicates, the truth lies somewhere between the two

extremes. See generally, Tr. 11,272-73 (Check).

490. In the licensing process, a nuclear plant and
its various safety systems are performance-tested to meet the

criteria for design basis events, the set of prescribed antici-
pated operational occurrences and accidents used to assess the

responses of specific systems to upset conditions.152 Specific

event sequences have been developed over the years to determine

conservative requirements for various safety systems.153 Plant

152 Anticipated operational occurrences are events or con-
ditions expected to occur one or more times during the life of a '
nuclear plant; accidents are events expected to occur less fre-
quently, if at all. Rosenthal and Check, ff. Tr. 11,158, at
4.

153 For example, uncontrolled rod withdrawal, moderator dilu-
tion, and the ejected rod events represent a spectrum of events
which challenge the reactivity control system. Similarly, a
spectrum of reactor coolant pipe breaks are postulated to
specify the design requirements for the emergency core cooling
system (ECCS). We briefly discuss the development of the en-
(continued next page) -

'
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response to the design basis events is assessed against the

requirements of 10 C.F.R. Part 50 (e.g., Appendix A, General

Design Criteria) and other regulatory standards (such as

Regulatory Guides). The potential radiological consequences of

the design basis events are calculated to ensure conformance

with the guidelines of 10 C.F.R. Part 100. Rosenthal and

check, ff. Tr. 11,158, at 4, 5; Tr. 11,056-57 (Levy).

491. Each of the design basis events, and particu-

larly the design basis accidents, imposes severe performance

demands (or loading conditions) on the various safety systems

which must function in response to such events if the plant
design is to meet regulatory requirements. Rosenthal and

Check, ff. Tr. 11,158, at 4-5, 8-9; Levy, ff. Tr. 11,049, at
2-4. Moreover , each of the events is analyzed using conserva-

tive assumptions regarding equipment availability and per-

formance capability, as well as conservative values of process
variables. The plant is thus tested not only against a set of
challenges to its safe operation, but also under additional

conservative assumptions regarding plant conditions before and
during those challenges.154 This results in a design

(continued)
velope of design basis events in paragraph 506, infra. The design
basis events for TMI-l are delineated in Chapter 14 of the FSAR,
and include loss-of-coolant flow, steam-line break, ejected rod,
and loss-of-coolant accidents. Rosenthal and Check, ff. Tr.
11,158, at 4, 5; Levy, ff. Tr. 11,049, at 2-4.

154 A few of the many conservative assumptions employed are:(1) the assumption of the worst or most limiting single f ailure
in any safety-related system or function utilized in the -

(continued next page)
!
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capability with multiple and redundant systems for coping with

very severe performance demands (or loading conditions), and

provides protection against unforeseen events, including

multiple equipment failures and operator error. Rosenthal and

Check, ff. Tr. 11,158, at 9; Levy, ff. Tr. 11,049 at 4, 5.

492. Further, design basis events do not establish

the limits of a plant's performance. For example, the pos-

tulated steam-line break and the postulated loss-of-coolant

accident are used to establish minimum requirements for the

containment with respect to differential pressure. The actual

design pressure of the containment always exceeds the pressure

required by the design basis analyses, to provide design
margin. Due to the conservative requirements of the ASME code,

the failure pressure of the containment is well beyond the
design pressure. As a result, the Staff is finding that

, containments subjected to uniform static pressure loadings
probably have ultimate capabilities of at least two-and-one-

half times design pressure. Rosenthal and Check, ff. Tr.

11,158, at 9; Levy , f f . Tr ., 11,0 4 9 , at 10 .

493. The inherent flexibility incorporated into many
!

, lant systems and the multiplicity of installed systems afford |
p

(continued)
required analyses; Tr. 11,070 (Levy); (2) the assumption that
whenever Depar.ture from Nucleate Boiling occurs, the fuel,

' ;cladding fails; Tr. 11,067-69 (Levy); and (3) licensing |calculation methods which overpredict by approximately 500* to
1000* F the temperatures measured at the Loss-of-Fluid Test

facility during simulat'd loss-of-coolant accidents; Tr.(LCFT) e
11,069 (Levy). See generally, Levy, ff. Tr. 11,049, at 4, 5.,

;,

|
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additional margin for overall safe response to unforeseen
:

events. Thus, the plant design can tolerate unforeseen event

sequences through appropriate use of installed emergency safety

features, as well as through other equipment not credited in

the design baiis analyses. (For example, alternative systems

configurations -- i.e., valve line-ups, electrical interconnec-

tions, etc. -- may be used, or equipment may be manually

initiated if automatic logic circuits do not initiate action).

Rosenthal and Check, ff. Tr. 11,158, at 10.

494. Finally, the source terms used in dose calcula-

tions for TMI-l are cased on the assumptions that 100% of the

core noble gases and .25% of the core iodines are released to

the containment atmosphere. However, analyses of containment

air samples indicate that, during the TMI-2 accident, 60 to 70%

of the core noble gases but only 0.6% of the core iodines were -

present in the containment atmosphere (due to a number of

chemical and physical attenuation phenomena which are not

considered in current dose calculation assumptions. See

generally,.Levenson, ff. Tr. 19,525. We discuss these phe-

nomena further in the portion of this Initial Decision on

emergency planning). There is thus a spectrum of severe core

damage scenarios for which adequate radiological protection has

been provided, as long as containment integrity is maintained.

Rosenthal and Check, ff. Tr. 11,158, at 10; Levy, ff. Tr.
11,049, at 7, 9-10; Tr. 11,098-100 (Levy).

495. In addition, Licensee's expert witness tes-
.

tified extensively en the general theory of "de f ense-in-dep th "
!
!
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in the design and licensing cf nuclear plants, which relies

upon multiple physical barriers designed to prevent the release |

of radioactive fission products to the environment. The first

barrier- of defense-in-depth is the ceramic form of fuel and the

fuel cladding employed, which limit the release of radioac-

tivity from the fuel, even in extreme cases of fuel melt. Any

radioactivity which is released from the fuel is confined by
the reactor coolant system piping and vessel, the second

barrier, as long as they remain intact. Finally, even if the

reactor coolant system boundary is breached, the containment

building is designed to confine any radioactivity escaping from
the reactor coolant system, and so serves as a third

barrier.155 Thus, defense-in-depth ensures further inherent

155 As Licensee's witness noted, the factors of
defense-in-depth are sometimes listed as (1) the multiple
physical barriers to the release of radiation, (2) siting, and
(3) emergency planning. These last two can be particularly
important in mitigating the consequences of beyond design basis
events. Levy, ff. Tr. 11,049, n. at 9; Tr. 11,052 (Levy).
Licensee's witness did not attempt to quantify the protection
afforded by either siting or emergency planning at TMI-1, but
observed that the regulatory policy of siting nuclear plants in
areas of relatively low population density per se reduces in
some measure the consequences that might otherwise attend a
release of radioactivity (if, for example, plants were sited in
the middle of large metropolitan areas). This is true for
all licensed plants, including TMI-1, even though -- solely
considering population density -- the TMI site does not provide

~

as great an advantage as that of the average operating reactor.
;Tr. 11,052-53, 11,056-58, 11,064 (Levy). Though Licensee's j

i

witness was not conversant on the specifics of TMI-1 emergency
!planning, he was sufficiently f amiliar with emergency planning

regulations to know that Licensee's compliance with those
requirements would per se provide some measure of additional
protection to the public in the event of an accidental release

i
,

of radioactivity from TMI-1. Tr. 11,051, 11-057-58, 11,060-61
l

,

; (Levy). We discuss emergency planning in great detail in a _

|
'

later portion of the Initial Decision.
i

!
i
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reserve design capability, since the integrity of at least one

physical barrier is preserved and is available for protection

following a design basis accident. Levy, ff. Tr. 11,049, at

8-10, 12-13.

496. The Board therefore rejects UCS's broad asser-

tion that "[t]he design of TMI does not provide protection

against ' Class 9' accidents." We find, to the contrary,. . .

that, while no nuclear plant can provide protection against all

possible " Class 9" accidents, the design of TMI-l -- particu-

larly the combination of the use of conservative assumptions in

design basis analyses; the difference with respect to equipment

between design basis analysis requirements and actual design

specifications, and the differences between design specifica-

tions and ultimate capability; the inherent flexibility and
multiplicity of plant systems; the conservatisms in dose

calculations; and th.e underlying philosophy of defense-in-depth

-- provides prctection for a wide range of " Class 9" events.

Indeed, as we have discussed supra, at paragraph 488, the TMI-2

accident, a " Class 9" event, was mitigated with radiological
consequences far less severe than 10 C.F.R. Part 100 guide-

lines.

497. Moreover , since the TMI-2 accident, many
|

actions have been taken to reduce the likelihood of " Class 9"
events. Immediately following the TMI-2 accident, the Staff

issued a number of bulletins and orders, which were followed by

the formulation of a TMI Action Plan which included extensive
.

recommendations related to operator training and procedures,,
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I
instrumentation, equipment reliability and hardware modifica-

tions - . generally " lessons learned" from the TMI-2 accident.

Rosenthal and Check, ff. Tr. 11,158, at 11. We generally

review the sufficiency of these actions in our findings on

Staff Review and Recommendations, in section II.T, infra.

498. Further, the Staff constructed event trees for

the anal sis of event sequences with a nexus to the TMI-2

accident, and correlated those events with the measures taken

in response to various requirements related to the restart of

TMI-1 which will reduce the probability of the occurrence of

the identified sequences.. The Staf f also identified the

actions taken to reduce the probability of occurrence of each

functional failure, relating each functional requirement to

systems performance and, in turn, to equipment performance. In

addition, the Staff prepared a list of actions taken which

would mitigate the failures of functions shown on the event

trees. The Staff's analyses are documented in Staff Exhibit 3,

TMI-l Potential Core Damage Accident Sequences and Preventive

and Mitigative Measures.156 Rosenthal and Check, ff. Tr.

11,158, at 11.

156 In the Board's First Special Prehearing Conference Order,
LBP-79-34, 10 N.R.C. 828, 835 (1979), we directed the Staff:

to inform this Board and the Commission |
.

whether or not (and the reasons therefor) |

any specific accident sequence, which
has a reasonable nexus to the TMI-2 accident

' and which heretofore may have been regarded
as a Class 9 accident, should be considered
in the analyses of the acceptability of ~

returning TMI Unit 1 to operation.
(footnote continued next page)
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499. Two event trees were considered. Event Tree T

has as its initiating event a loss of main feedwater (LMFW)

transient; Event Tree S is assumed to be initiated by a

loss-of-coolant accident (LOCA). Given the two initiating

events, the method presented in Appendix I to WASE-1400 was

followed. Thus, the Staff identified the functions which must

be performed by systems and equipment following the initiating
event in order to preclude core damage. Each tree proceeds

from lef t to right by the addition of branches corresponding to
two alternatives: successful performance of function (upper

branch) and failure (lower branch).157 After Event Trees T and

S were drawn, the Staff traced a path across each tree by
choosing successive branches. Each path corresponds to an
accident-sequencu. As indicated on Event Tree T, some se-

quences initiated by LMFW transients result in LCCAs. In those
f

(continued)
Our March 31, 1980 Memorandum and order to NRC Staff Regarding
Class 9 Accidents further directed the Staff to specify
and describe each of the critical accident sequences that it
would analyze in order to assure that the proposed short- and
long-term actions necessary and sufficient to provide adequate
protection to public health and safety have been taken. StaffExhibit 3 was compiled in response to the Board's orders.
157 The Staff identified the potential functional failures
ralated to Event Tree T as: loss of main feedwater, failure of
emergency secondary heat removal, requirement for primary
system pressure relief, failure of primary system pressure
relief, and failure of primary system integrity. The potential
functional failures related to Event Tree S were identified as:failure of emergency ecolant injection, failure of
post-accident radioactivity removal, failure of post-accident
heat removal from containment, and failure of emergency coolant

i

recirculation.
i
!

-
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caset; it is necessary to move from Event Tree T to Event Tree

S to complete the accident sequence. Staff Ex. 3 at 2-3, 6,

11, 13-14.

500. The Staf f addressed each node in the event

trees, to ensure that action has been taken at each step to

reduce the likelihood of progressing beyond that node. Tr.

11,250-51 (Check, Rosenthal); Tr. 11,252-53 (Rosenthal). The

specific bardware mooifications which the Staff identified

which will improve the reliability of the emergency feedwater
(EFW) system for Event Tree T include: automatic initiation of

EFW, modification of EFW control valves, automatic block

loading of motor driven EFW pumps en diesels, indication of EFW

to each steam generator, indication of EFW supply water,

automatic termination of EFW flow to a depressurized steam

generator with automatic supply to the intact steam generator,
and planned separation of EFW from ICS.158 The modifications

which will reduce challenges to the pressure relief valve for

Event Tree T include raising the relief valve setpoint and
reducing the high-pressure reactor trip setpoint, and the
installation of anticipatory trips for loss-of-feedwater and
turbine trip. The mi nifications which will improve the
reliability of the pressure relief valves and increase the

', probability of maintaining primary system integrity for Event

$f6 We have examined the modifications to the TMI-l EFW system
la detail in section II.Q, supra.

-
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Tree T include testing of relief and safety valves, the

installation of direct indication of valve position, and the

provision of emergency power to relief and block valves and

associated instrumentation control. Rosenthal and Check, ff.

Tr. 11,158, at 13-15; Staff Ex. 3 at 42, 51-52, 54, 56.

501. The specific hardware modifications related to

Event Tree S which the Staf f identified which w211 provide the

operator with enhanced information for proper initiation and

termination of emergency core coolant injection systems, and

which will also enhance availchility of emergency coolant

recirculation, include the installation of a subcooling meter

' and instrumentation to detect inadequate core cooling (to be

implemented on a schedule consistent with requirements of other

operating reactors). Rosenthal and Check, ff. Tr. 11,158, at

15; Staff Ex. 3 at 61-62, 75-76.

502. In addition to these specific hardware

modifications, the Staff identified many other modifications

and improvements .(e.g . , procedural changes) which it related to
specific nodes of the event trees. Rosenthal and Check, ff.

Tr. 11,158, at 12; Staff Ex. 3, Tables 7-15. The Staff further

identified a number of measures taken which are generally
,

applicable to all nodes on Event Trees T and S, including

requirements for licensee review of operating experience,

operational quality assurance, verification of management and
,

technical capability, verification of capability for safety
review and operational guidance, training of operators, review

_

L
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of facility procedsrce, review of plant maintenance e fability,
requirements for shift turnover procedures, requirements

related to shif t manning, requirements for an onsite safety

engineering group, systematic assessment of licensee safety,
and requirements for a shift technical advisor. Rosenthal and

Check, ff. Tr. 11,158, at 13; Staff Ex. 3 at 77, Table 16. The

effect of these changes is, first, to enhance the maintenance

and operation of the systems involved in each step of the

identified event sequences, thus diminishing the probability of
malfunction of the various components of these systems; and

second, to upgrade significantly the ability of the operators
and the operating organization to recognize and to take the

proper remedial action to cope with malfunction should it
occur. There is a combined effect from improvement in both

these aspects on each and every step in the event sequences.

Thus, the cumulative effect of both of these aspects is a
'

substantial increase in the overall likelihood of successful
safe termination of the initiating events. Rosenthal and
Check, ff. Tr. 11,158, at 13.

503. As discussed in paragraph 509, infra, the Staff

of ten uses quantitative probability assessments to focus its
attention on weak systems (i.e., those with dominant contribu-
tions to total risk) . However, in analyzing events with a

nexus to the TMI-2 accident, as presented in Event Trees T and
S, the Staff did not limit its attention to a perceived
dominant sequence but rather took a " broad brush" approach and

-
4
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proposed remedial actions which affect many systems involved in

the entire chain, from initiating event to potential core melt.

The Staff's comprehensive approach to these nexus events

obviated the need for a probabilistic assessment screening to

focus attention on particular sequences. Rosenthal and Check,

ff. Tr. 11,158, at 16; Tr. 11,263-65 (Rosenthal). (While the
Staff did not quantitatively evaluate the nexus events and

corresponding remedial actions, Licensee's witness generated a

quantitative estimate -- based on his professional engineering

judgment and experience -- of the increase in the margin of

safety, achieved by specific modifications, in typical accident

sequences with a nexus to the TMI-2 accident. Though the Board

believes the Staf f 's comprehensive approach to be a suf ficient.

basis for the findings here, we note that Licensee's witness

concluded, for example, (1) that certain identified actions

provide for an overall improvement factor of approximately two

to three orders of magnitude for a TMI-2 type accident

initiated by a LMFW; (2) that similar substantial improvements

hav'e been made for other overpressure transients involving

relief valves; and (3) overall, substantial action has been

taken to ensure that event sequences with a nexus to the TMI-2

accident will be terminated long before the core reaches a

degraded condition. Levy, ff. Tr. 11,049, at 14-18.)

504. The Staff believes that Licensee's imple-

mentation of the identified measures reduces the analyzed event

sequences from " dominant contributors to total risk" to a level
_
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of risk " consistent with other contributory risks of the

facility as a whole." Thus, the Staf f concludes, the probabil-

ity of the event sequences with a nexus to the TMI-2 accident

occurring and leading to a core melt, with concurrent or

consequential containment failure such that 10 C.F.R. Part 100

quidelines are exceeded, is sufficiently low that the event

sequences may be considered not " credible," and there exists

reasonable assurance that TMI-1 can be operated withott

endangering the health and safety of the public. Rosenthal and

Check, ff. Tr. 11,158, at 16. Moreover, the Staf f 's qualita-

tive evaluation of the post-TMI-2 " fixes" indicates that they
result in an overall improvement in plant safety, beyond events

with a nexus to the TMI-2 accident. Tr. 11,218 (Rosenthal).

Cf., Tr. 11,094 (Levy). Finally, al rhough the Staff 's Event

Trees T and S only follow sequences to the stage where either

severe core damage or core melt is indicated, the Staff has

also identified extensive measures, both short-term and

long-term, which are being implemented by the Staff and by

Licensee and which will result in an enhanced ability to deal

with and mitigate the consequences of degraded core conditions,

as well as situations involving inadequate core cooling. Staff

Ex. 3 at 83, Table 17; Tr. 11,270-74 (Rosenthal).
505. The Board therefore finds tha t the Staff has

identified and analyzed -- through detailed event tree proce-
dures -- those critical event sequences with a reasonable nexus

to the TMI-2 accident. Based on the Staf f 's analyses of these
_
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event trees, and the corresponding preventive and mitigative

measures prescribed by the Staff and implemented by Licensee to

address potential failures at each node of the event trees, the

Board concludes that the event sequences with a nexus to the

TMI-2 accident represent risks consistent with other contribu-

tory risks of . the facility as a whole.

506. Finally, the Board examines UCS's allegation

that the Staff's methodology for determining which events fall

within the design envelope and which do not is "f aulty in that
the design basis accidents for TMI do not bound the credible <

accidents which can occur." Reactor regulation is necessarily

an evolving process, with new information and techniques

incorporated into the process as they are developed and

verified.. Historically, in the early days of reactor safety
assessmentc, the accidents against which plants were designed

were determined through group assessment of potential failures.
'

Efforts focused on bounding those events that might reasonably

be expected to occur -- the " credible" events -- by postulating
the failure of each major system in tusn, and requiring that

the plant mitigate the consequences, te ensure that predicted

off-site doses were within 10 C.F.R. Part 100 guidelines. The

process of identifying the bounding conditions frequently took
the form of extended discussion, and debate -- both oral and

written -- among the S taf f , the Advisory Committee on Reactor

Safeguards (ACRS), and nuclear industry experts. Increasingly

sophisticated saf ety assessments, refined by continuing
.
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analyses and experience, were performed through the 1960s and

early 1970s. By the mid-1970s, the Staff had developed the

basic set of design basis events (anticipated operational

occurrences and accidents) now used by the Staff in all case

reviews to assess the overall adequacy of the design of a
plant. Rosenthal and Check, ff. Tr. 11,158, at 17, 18.

507. The Staff's fundamental methodology for

determining whether a particular sequence is " credible" or

" incredible" for design review purposes is thus based primarily
on engineering judgment, informed by engineering assessment of

the performance characteristics of the various reactor systems

and components, and by engineering evaluation of the system and

component failures that may occur. The judgment as to whether

a given sequence is " credible" or " incredible" does not rest

upon the application of a specified numerical criterion er a

particular definition. Rather, the Staff's approach, generally
charucterized as a mechanistic" or " deterministic" approach,

relies upon the composite of the engineering experience and

technical expertise of the Staff, supplemented by that of the

ACRS, with substantial contribution from the experience and

expertise of the designers, builders and operators of nuclear
power reactors. Rosenthal and Check, ff. Tr.11,158, at 17;.

Tr. 11,180-81 (Check); Tr. 11,203 (Rosenthal, Check); Tr.

11,247-48 (Check); Levy, ff. Tr. 11,049, at 2.
.

508. However, though the Staff's accident clas- '

sification methodology can be generally characterized as a
_
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" mechanistic" or " deterministic" approach, elements of

"3robabilistic" analysis have historically been included. Tr.

11,201, 11,253 (Check). The most comprehensive use of risk

assessment to date appears in the Reactor Safety Study,

WASE-1400.159 Rosenthal and Check, ff. Tr. 11,158, at 25. In

the development of the envelope of design basis events, the

probability associated with calculated sequences was given

limited (generdily quantitative) consideration, and some
.

elements of probability were reflected, primarily in the

selection of event sequences to be analyzed. Rosenthal and<

Check, ff. Tr. 11,1~9, at 20. Other examples of Staff use of

quantitative probabilistic technique include: (a) the

development of a numerical probability criterion (described in

Section 2.2.3 of the Standard Review Plan) for the assessment
of consequences of accidents arising from external hazards to a

plant; (b) the preparation of an analysis of pressure vessel
reliability; (c) the assessment of probabilities associated

159 Af ter the issuance of the " Lewis Report," the Commission
issued a polic;< statement accepting the Lewis Committee's major
findings and disulaiming endorsement of the Executive Summary
of WASH-1400. Tha policy statement provided, inter alia, that
the NASH-1400 absolute values of risk should not be used un-
critically in the regulatory process, but that the Staff should
use components of NASH-1400 where the data base is adequate and
analytical techniques permit. See, Florida Power & Light Co.
(St. Lucie Nuclear Power Plant, Unit No. 2), ALAB-603, 12
N.R.C. 30, 47 n.60 (1980). Cf., Tr. 11,124-25, 11,173 (Smith);
Tr. 11,153 (Smith, Baxter); Rosenthal and Check, ff. Tr.
11,158, at 24, 25. The use of WASH-1400 by the witnesses of
Staff and Licensee was consistent with this guidance. Tr.
11,146, 11,172-74 (Levy); Tr. 11,160-61 (Check. nnsenth:1).

_

l
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with BWR rod drop events; and (d) the consideration of the

Anticipated Transients Without Scram (ATWS) issue. Rosenthal

and Check, ff. Tr. 11,158, at 21-25; Tr. 11,249 (Check). See

generally, Tr. 11,205-12 (Rosenthal, Check).

509. Moreover, there has been a gradual, continuing

increase in the employment of probabilistic risk analysis
techniques to augment the Staff's traditional deterministic

methodology. Tr. 11,175 (Rosenthal)'; Tr. 11,177 (Check). For

example, the Staff now often uses quantitative probabilistic

assessment to identify areas of relative strength and weakness
(i.e., relative contributions to total risk), and to focus

ret;urces and attention on areas which should be subject to
detailed engineering review. Rosenthal and Check, ff. Tr.

11,158, at 17, 20; Tr. 11,182 (Rosenthal). In addition, Staff

engineers are making ir.areasing use of event and fault tree

methodology in specific analyses, particularly in examining
isolated elements of larger problems. In this context,

probabilistic risk assessment serves as a systematic construct

for studying plants and understanding plant behavior. Tr.

11,175, 11,183 (Rosenthal). Quantitative probabilistic
,

assessment techniques were also used in the recent Staff

evaluations of certain alleged "high risk" sites -- Indian

Point, Dresden and Limerick. Tr. 11,183 (Check).

510. Further, the Staff plans to broaden its use of

quantitative risk assecsment techniques in the future. As

indicated in the TMI Action Plan (NUREG-0660, Section II.C.2),
|

,
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a wide-ranging National Reliability Evaluation Program (NREP)
is planned. The initial stage (the first four planc eval-

uations), known as the Integrated Reliability Evaluation

Program (IREP), is underway, and steps are being taken to
broaden the study.160 NREP is designed to include all plants

(including TMI-1), using common data bases, recognized tech-

niques, peer review process, and comparable methodology (i.e.,

event tree and f ault tree methodology) . Rosenthal and Check,

ff. Tr. 11,158, at 27; Tr. 11,259 (Rosenthal). Finally,

although the Commission does not presently have a numerical

safety goal, it recently approved a document entitled Plan For

Developing Safety Goal (NUREG-0735). The safety goal itself is

a socio-political, economic decision which will not involve

; employment of quantitative probabilistic assessment techniques.-

However, the development of such a goal may have a great effect

on the regulatory process as a whole, including the use of
'

probabilistic techniques. Rosenthal and Check, ff. Tr. 11,158,

at 27; Tr. 11,178 (Check); Tr. 11,193 (Rosenthal).
511. With the increasing use of risk assessment, and

with a perception of event sequences as a continuum of

probabilities with an associated continuum of consequences, the

160 IREP is designed to provide information to allow the
Commission to make sound judgments on the value and scope of
planned subsequent phases of comprehensive reliability
assessment programs. Tr. 11,190, 11,259 (Rosenthal); Tr.
11,261 (Check). We discuss IREP further in section II.T, -

infra.

.
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Staff has recently begun to extend its consideration of failure

sequences, to include events which have not previous 1v been

considered to be design basis events. Thus, the Staff now

explicitly considers a much wider range of event sequences than

were considered prior to the TMI-2 accident, some involving

multiple failures and some involving systems not traditionally
considered safety systems. Rosenthal and Check, ff. Tr.

11,158, at 18, 19; Tr. 11,196-98, 11,246-47 (Rosenthal); Tr.
11,248 (Check).

512. The Staff addresses those event sequences

designated as design basis events primarily by reque, tg

installation of engineered safety features, though administra-
tive controls have also been employed in some cases. Event

sequences not designated as design basis events are " fixed"

through a variety of requirements, including increased surveil-

lance and testing of existing equipment, procedural modifica-

tions, and improved operator training, as well as some equip-'

ment modifications. In addressing sequences not designated as .

design casis events, the Staff focuses on modificationa which

eliminate the initiating event or improve the capability of
some other systems to compensate for or cope with the initial

malfunction, as well as on improvements in mitigating system
characteristics. These " fixes" are designed to diminish the

likelihood of the particular sequence to a low level relative

to other potential reactor safety system malfunctions, or to
reduce the potential consequences of such an event to a level

-

;
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less severe than those associated with analyzed design basis
i
'

events. Rosenthal and Check, ff. Tr.11,158, at 18,19.

513. Though the Staff believes that probabilistic

risk assessment techniques can be employed profitably to

augment. the more traditional deterministic techniques used by
the Staff, the Staff believes it would be ill-advised at this

time to rely solely upon probabilistic techniques as a basis

for regulatory decisions. Tr. 11,177, 11,181-82, 11,201-02,

11,253 (Check). Licensee's expert witness agrees. Tr.

11,090-91 (Levy). The Staff's reservations about the exclusive
use of probabilistic techniques reflect three basis concerns.

First, due to a lack of suf ficient failure-rate data and

difficulties in developing complete system models, compre-

hensive assessments which have been adequately tested are rare

( though the available data base is improving ) . Cf., Tr. 11,164

(Check); Tr. 11,168, 11,176-77, 11,182-83, 11,190, 11,235

(Rosenthal); Tr. 11,240-43 (Check). Second, the Staf f pre-

sently has no numerical probability goal against which to

assess compliance; moreover, any such numerical goal would be

difficult to apply given the range of uncertainty in cal-
culating probabilities. Cf., Rosenthal and Check, ff. Tr.

11,158, at 26, 27; Tr. 11,178 (Check); Tr. 11,193-95, 11,198-99

(Rosenthal). And, finally, the Staff believes its current
!

approach -- which utilizes composite engineering experience and
| judgment,- as well as probabilistic techniques -- provides a

sound, ccmprehensive basis for its decisions. Cf., Tr.
-
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11,180-81, 11,247-49 (Check). See generally, Rosenthal and

Check, ff. Tr. 11,158, at 20.

514. The Board haard no evidence whatsoever -- other

than a discussion of the Staff's equivocal classification of

the TMI-2 accident as a " Class 9" accident, which we reviewed

supra, at paragraph 488 -- which would suggest that the

methodology used by the Staff to determine the envelope of

design basis accidents is " faulty" as alleged by UCS. Rather,

the totality of the record on the issue leads us to conclude

that the Staff has historically engaged the nuclear community

-- including industry experts and the ACRS -- in a continuing

dialogue designed to systematically identify, through

methodical analysis and the evaluation of operating experience,

those accident sequences that might reasonably be expected to
occur. Moreover, since the TMI-2 accident, the Staff has

expanded its reviews to include consideration of certain-

sequences traditionally considered to be beyond design basis
events. Further, while the Staff's methodology is primarily
based on composite engineering experience and technical

expertise, the Staff has in the past incorporated probabilistic
risk assessment techniques into its methodology, and plans to

make increasing use of probabilistic assessment in the future.

The Board believes that there is great utility in probabilistic
risk assessment, and encourages the Staf f to continue to

incorporate such techniques into the regulatory process
,

wherever appropriate. However, in light of the present lack of
.
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an adequate data base, appropriate models, and a numerical

safety-goal, the wholesale substitution of probabilistic risk

assessment for professional engineering judgment (including use

of probabilistic techniqu'es) would be at best premature at this
time. We nevertheless note that the Commission's overall

safety goal, now being developed, may have far-reaching

liplications on the use of probabilistic techniques in the
regulatory process.

515. In summary, then , the Board rejects the broad

implication of UCS Contention No.13 -- that the Staff 's

equivocal classification of the TMI-2 accident as a " Class 9"

accident in and of itself undermines the Staff's methodology +

'for enveloping design basis accidents. We similarly reject

UCS 's allegation that the design of TMI-1 does not provide
.

protection against " Class 9" accidents and find , to the

contrary, that the TMI-1 /arign provides protection for a wide
range of " Class 9" events. We further find that, based on the

Staff's analyses of the event sequences with a nexus to the

TMI-2 accident, as well as the corresponding preventive and

mitigative measures being implemented to address each potential,

failure in each sequence, the risks represented by the nexus

sequences are not dominant contributors to the total risk but,

rather, represent risks consistent with other contributory
risks of the facility as a whole. Finally, we reject as

without basis UCS's allegation that the Staff's methodology for
enveloping design basis accidents is " faulty." he believe

!
-
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there is great value in probabilistic risk assessment

techniques, however, and encourage the Staff to continue to

incorporate them into the regulatory process as appropriate.

T. Staff Review and Recommendations

Board Question
No. 1: Prior to the opening of the evidentiary

hearing, the staff should inform the
t 'ard as to when the staff will take
a position on the applicability to
this proceeding of NUREG-0694,
"TMI-Related Requirements for New
Cperating Licenses". The following
items in NUREG-0694 and/or NUREG-0660,
" Action Plans for Implementing
Recommendations of the President's
Commission and Other Studies of TMI-2
Accidebt", are of particular interest
to th/. board :

a. I.D.1 -- Control Room Design
(following a human factors analysis),
b. II.E.1.1 -- Auxiliary Feedwater
System (reliability evaluation using
event-tree logic).

c. II.B.8 -- Rulemaking proceeding
on degraded core accidents.

d. II.B.7 -- Analysis of response of
containment structures to hydrogen
explosions. Do the proposals for
hydrogen control for Sequoyah, which
include " spark plugs", have any
applicability to TMI-l?

Board Question
No. 2: The board istated its concern with having

an adequate record on the cufficiency
of the proposed short-term and
long-tai.m actions to protect the

>

health and safety of the public.

Without further explanation the
question may appear to invite conclu- ~

sionary testimony on the ultimate

.
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factual issues to be decided by the
board. (Commission's August 9, 1979
order, 10 NRC 141, 148.) This is not
what the board has in mind as a
response to the question. Our
concerns were expressed in part in the
June 23, 1980 memorandum on the
staff's report on TMI-1 accident
sequences. To explain further: We
assume that the staff and licensee may ;

present evidence that each Category A
and each Category B recommendation in
Table B-1 of NUREG-0578 (order items
ST 8 and LT 3), and that each preven-
tative and mitigative measure
identified with respect to a given
accident sequence in the staff 's TMI-1
Core Damage Accident Sequence Report
will be, at least, sufficient to
resolve the related safety problem or
accident sequence. However, nowhere
have we seen in the Restart Report,
SER, the accident sequence report, or
elsewhere, an explanation as to how
the staff or licensee has determined
that all of the necessary TMI-2
related recommendations have been
identified and that all the appropri-
ate accident sequences have been
addressed. The board wants testimony
or other evidence which explains, if
such be the case, how the licensee and
the staf f have concluded that the
NUREG-0578 short and long-term
recommendations, other subsequent
safety recommendations, and the
identified accident sequences (with
their respective preventative or
mitigative measures) are in their
totality sufficient to provice
reasonable assurance that TMI-1 can be
operated without endangering the
health and safety of the public. The
question is not intended to enlarge
the scope of the hearing . The
response may be limited to considera-
tion of accidents following a
loss-of-feed-water transient.

Board Question
No. 3: The results of the Interim Reliability ~

Evaluation Plan (IREP), as applied

-350- i
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to Crystal River, was scheduled for
completion in July 1980. (The board
wants to receive a copy of this
report.)

a. When will the IREP be applied to
TMI-l?

b. Does the IREP address the adequacy
of the proposed actions for B&W
plants?

,

Board Cuestion
No. 5: When does the staff plan to report on

its review of NUREG-0660 as applied to
TMI-1? (The board and the parties
should be kept informed as quickly as
the staff has identified any addi-
tional action plans that should be
required for implementation, either
before any proposed restart or for the
long-term.)

Board Cuestion
No. 7: Following the investigation of the

Crystal River incident, the staff
issued NUREG-0667, " Transient Response
of Babcock & Wilcox-Designed
Reactors". Which of the recom-
mendations in Table 2.1 of that report
does the staff believe should be
implemented for TMI-1 prior to
start-up, which should be included in
the long-term actions, and which, if
any, are not needed for TMI-l and why
not?

516. The Beard views these questions, which we,

!

propounced during tne prehearing conference of August 12-13,

1980, as inquiring generally into the sufficiency of the
actions. recoramended by the Staf f in the wake of the TMI-2

accident and, specifically, as to the sufficiency of the
-
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actions recommended (both short and long-term) for TMI-1. In

this portion of the Initial Decision, the Board will first

address the mechanisms employed by the Staff to determine what

actions are necessary in order to adequately protect the public
health and safety, the criteria used to determine whether these

actions are required prior to the restart of TMI-l and, for

those actions which the Staff concluded are not required prior
to restart, the criteria by which the Staff found that the

actions taken by Licensee constituted " reasonable progress".

Finally, the Board will examine the necessity and suf ficiency
of the individual actions ref erenced in our questions.161

517. In the af termath of the THI-2 accident, a

number of independent groups, as well as separate groups within

the hRC Staf f, conducted investigations into the causes of the

accident and recommended actions to be taken by all licensees

in order to prevent or mitigate the consequences of a similar
event. The recommendations of each of these groups were

collected, assessed and consolidated into one discrete set of

161 The Board has previously made findings of necessity, suf-
ficiency and reasonable progress on a number of items which
were litigated by the parties. Board questions as to certain
specific recommended actions are addressed elsewhere in this
decision, along with closely-related issues raised (at least
once-) by the intervenors, or in the case of Board Cuestion 6
(Emergency Feedwater Reliability), where no party has
challenged a system of interest to the Board. We do not

; repeat these individual findings here. Additionally, the
| Board has addressed the matter of the suf ficiency of the
; accident sequences examined (as raised in Board Cuestion

No. 2) in Section II.S, supra.
|

| -
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recommendations and published by the Staff as NUREG-0660, "NRC

Action Plan Developed as a Result of the TMI-2 Accident" (the

" Action Plan") in May, 1980.162 Prior to its publication,

- draf ts of the Action Plan were reviewed by the Commissioners,

the ACRS, the NRC Executive Director for Operations and the

directors of NRC's program offices. The Staff believes that

the recommendations contained in the Action Plan,16 in view of

their promulgation and assessment by persons having expert

knowledge over a broad range of technical disciplines, provide

reasonable assurance that the causes of the TMI-2 accident and

their associated corrective measures have be2n completely and

adequately identified. Ross, ff. Tr. 15,555, at 3'-5; Tr.

15,622-23 (D. Ross). The Board agrees that the inclusion in'

the Action Plan of the recommendations of the various inves-

tigatory groups, in combination with the ongoing Staff review

efforts (see paragraph 522, infra), provides adequate assurance
that all important TMI-related recommendations have been

identified.

162 Investigations of the TMI-2 accident which the Staf f
considered in formulating the Action Plan include those per-
formed by: the President's Commission on the Accident at
Three Mile Island; Congress; the General Accounting Office;
the NRC Special Inquiry Group; the Advisory Committee on
Reactor Safeguards (ACRS); the Staf f 's Lessons Learned
Task Force; the Bulletin and Orders Task Force; and , the
Office.of Inspection and Enforcement's Special Review
Group. Ross, ff. Tr. 15,555, at 3, 4.

! 163 Fif ty-four of the Action Plan recommendations are
encompassed within the scope of the long- and short-term
actions contained in the Commission's Order and Notice of
Hearing of August 9, 1979. Ross, ff. Tr. 15,555, at 8 and
Table 2. -
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518. In concert with the publication of the Action

Plan, the Staff undertook an assessment of these recom-

mendations to identify those that were known to have signifi-

cant safety improvement potential and required that these items

be implemented by applicants prior to the issuance of a new

operating license.164 Those Action Plan items which the Staff

identified as required for NTOLs were subsequently officially

Published as NUREG-0694, "TMI-Related Requirements for New

Operating Licenses." Earlier in this proceeding, the Staff had

taken the position that TMI-l was to be treated as an NTOL and

would be required to comply with the requirements of NUREG-0694

on a schedule consistent with that of other NTOLs (i.e. , the

" fuel-load" or " full-power" requirements of NUREG-0694 were to

be met prior to restart or prior to exceeding 5% power). Ross,

ff. Tr. 15,555, at 8, 9; Tr. 10,525-26 (Ramirez); Tr. 15,647,
15,656-57 (D. Ross).

519. Of the forty-eight requirements contained in

NUREG-0694 which the Staff believed were applicable to TMI-1,

thirty were encompassed by the requirements contained in the

Commission's Order and Notice of Hearing of August 9, 1979. It

was the Staf f's position that the remaining eighteen items
should L, completed prior to the restart of TMI-1.165 Ross,

ff. Tr. 15,555, at 9, 10.

164 These items have commonly been referred to throughout
the course of this hearing as the "ATOL (near-term operating
license) requirements."

165 Of these eighteen items, all but three have been required -

to be completed by all operating rea: tors, albeit on a different
(continueo next page)
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520. The Commission, in its Order of March 23, 1981

(CLI-81-3), stated that it believed that TMI-l "should be

grouped with reactors which have received operating licenses,

rather than with the units with pending operating license
,

applications" except where the Board finds to the contrary when

the record so dictates. 13 N.R.C. , CLI-81-3, slip op. at

7. Pursuant to this directive from the Commission, the Staff

reassessed its previous position that Licensee should be

required to comply with all NTOL requirements outside the scope

of the Commission's Order and Notice of Hearing. The Staff

reviewed these eighteen NTOL requirements and concluded, based

upon the safety significance of the requirements, that five of
the NTOL items should remain as prerequisites for the restart
of TMI-1. The Staff is now of the position that the remaining
items should be implemented on the same schedule as other

operating reactors, as set forth in NUREG-0737. Tr. 21,325-29

(Jacobs, Silver); Staff Ex. 11. The Staff has reviewed

Licensee's actions taken in response to these five additional

pre-restart requirements derived from NUREG-0694 and has

concluded that the requirements of these items have been or
will be met prior to restart. Jd.; see also, paragraph 538,

infra.

521. The Staff believes that the combination of the

short-term Order items and the five NUREG-0694 recommendations

(continued) .

| schedule (see, for example, Tr. 15,650-51 (D. Ross, Capra)). Ross,
! ff. Tr. 15,555 at 9. _

!
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provide the most significant improvements in safety, and thus

is proposing that these actions be implemented at TMI-1 prior

to restart. Ross, ff. Tr. 15,555, at 12; Tr. 21,327-30

(Silver). Further, the Staf f has reviewed Licensee's actions

taken pursuant to the short-term Order items and the applicable

NUREG-0694 items and has concluded that Licensee has completed

the actions called for by these items (or will complete these

actions prior to restart). Since those actions which are vital

to safety will be completed prior to restart, the Staff has

concluded that there is reasonable assurance that TMI-1 can be

restarted without posing a threat to the public health and

safety. Ross, ff. Tr. 15,555, at 6; Tr. 21,045, 21,118-19

(Silver); Staff Ex. 14 at 3; Staff Ex. 11.

522. The Staff anticipates that, as part of its

on-going review of the Action Plan and its continual efforts to

improve plant safety, additional requirements will be issued to
all licensees, including TMI-1. Such was the case with

NUREG-0737, " Clarification of TMI Action Plan Requirements,"

issued by the staff in October,1980. NUREG-0737 provides a

preliminary clarification of all Action Plan recommendations

which have been approved for implementation by the Commission;

modifications to the scope and/or schedule of several previous-

ly issued Action Plan and long-term 0,rder items are included in
NUREG-0737.166 The Staff has stated that these modifications

.

166 The Board notes that many of these items are outgrowths of
NUREG-0578 recommendations and IE Bulletin requirements and have ~

; been the subject of previou's clarifications issued by the Staff.

1
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will now be binding on applicants and licensees, and supersede

the requirements of its predecessor documents. NUREG-0737 has

also imposed an additional eleven TMI-related requirements for

TMI-1. Ross, ff. Tr. 15,555, at 10, 11; Staff Ex. 14 at 3.

523. The Staff, pursuant to the Commission's

guidance to treat TMI-l as an operating reactor, has stated

that TMI-l will be required to implement the additional

NUREG-0737 requirements on the same schedule as other operating

reactors. Several of the implementation dates for NUREG-0737

items f all due before the earliest estimated restart of TMI-l

(October, 1981); the Staf f, therefore, has taken the position

that these items should be completed prior to restart.167

Ross, ff. Tr. 15,555, at 11; Tr. 21,049 (Silver); see

generally, Staff Ex. 12. The Board notes that these NUREG-0737

items are not being required by the Staff prior to restart

because of their safety significance, but simply because the

proposed implementation dates f all due prior to the estimated

time of restart.168 Tr. 21,048-49, 21,323-24 (Silver).

524. The last group of restart requirements which

e been proposed by the Staf f are those recommended by the

167 te paragraphs 526 through 528, infra, for the Board's |

| findit s on several of these items.
168 NUK 1-0737 implementation dates af ter June 30, 1981, have
not yet been reviewed by the Staff, and are subject to being
amended generically. If the dates for those NUREG-0737 items
which the Staff has identified as prerequisites for restart
are extended past the estimated restart date, the Staff would

|no longer consider these items to be restart requirements. '

Tr. 21,049, 21,136-38 (Silver); Staff Ex. 14 at 12, n.(1).
-

i

1
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Division of Human Factors Safety of the Office of Nuclear

Reactor. Regulation, as documented in NUREG-0752 and Supplement

No.1 thereto (Staff Exhibits 2 and 15, respectively). Based

upon its review of the TMI-1 control room and the control

room / human factors documentation submitted by Licensee (see

Section-II.N, supra, for a complete examination of this issue),
,

the Staff has recommended that certain modifications be

implemented by Licensee prior to restart, prior to escalation

beyond 54 power or as long-term modifications. The Staff

believes the modifications which it has recommended to be
implemented prior to restart and prior to escalation above 5%

power will sufficiently reduce the potential for operatot error

leading to serious consequences due to human factors defi-

ciencies to permit restart of TMI-1.169 Staff Ex. 15 at 12,

13.;

525. The Board, upon review of the Staff's proposed

restart requirements, agrees generally with the Staff's view

that the combination of the short-term Order items with certain ,

4

of the additional pre-restart items derived from NUREG-0694 and

NUREG-0752 comprise that subset of post-TMI requirements whichi

are of sufficient importance to require that they be satis-
factorily completed prior to restart of TMI-1. We do, however,

169 At the time that Staf f Exhibit 15 was published, Licensee
had not yet committed to implement all of the recommended modi-
fications; however, at the May 14, 1981 hearing session, Licensee's
counsel committed, on behalf of Licensee, to implement the modifi-! -

cations in accordance with the schedule set out at page 13 of
Staff Exhibit 15. Tr. 21,431-32.

; -

,
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question the basis for the Staff's imposition of certain other

recommendations, as discussed more fully below. To the extent

that any of the Staff's proposed pre-restart requirements are

not addressed below and, subject to the limitations expressed

in n.168, supra (i.e., that the implementation dates of several !
'

of the NUREG-0737 pre-restart items are subject to being

generically extended), the Board finds that these actions are

necessary and sufficient to provide reasonable assurance that

TMI-1 can be restarted without endangering the public health

and safety, and therefore finds that Licensee must implement
these items prior to restart.

i

526. Staff Exhibit 12 documents the Staff's eval-
uation of Licensee's compliance with those items in NUREG-0737

whose current implementation date falls due prior to October 1,
1981 (see n.168, supra). The Board initially notes that the

Staff has not made a great deal of progress in evaluating the
responses of other operating reactors, i.e., while the Staff

has reviewed Licensee's compliance with all NUREG-0737 items
,

due for implementation prior to October,1981, only a fey of
those items have been evaluated for any other operating
reactor. Further, Staff witness Jacobs knew of no instance in

4

which the Staff had imposed any of the NUREG-0737 items as

license conditions for any other operating reactor. Tr.

21,433-34 (Jacobs).

527. NUREG-0737 items II.K.,2.14/II.K.3.7 required

all B&W licensees to pr. ovide analyses documenting that the PCRV
_
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will open in less than 5% of all anticipated overpressure
transients. Licensee submitted the requested analysis (per-

formed generically oy B&W for all B&W licensees); however, as

documented in Staff Exhibit 12, the Staff has requested that
Licensee provide, prior to restart, additional information in

order to respond to Staff. concerns regarding the data base

utilized in the analysis. Staff witnesses Jacobs and Silver
testified that no other B&W operating reactors have been

reviewed for compliance with this item, nor has the Staff

communicated its concerns about the analysis to any other B&W

licensees, nor has any enforcement action been taken against

any other B&W licensee with respect to this item. Tr.
'

21,436-37 (Jacobs, Silver); Staff Ex. 12 at II.K.2.14-1 through
-3. On this basis alone, the Board could find that the Staff

has discriminated against TMI-1 (in light of the Commission's

Order, CLI-81-3) by requiring that Licensee submit this

additional information before it would be allowed to restart,
while at the same time allowing similar B&W plants to remain in
operation. The Board further notes, however, tha t the Staff

witnesses testified tha t the submission of this additional
information will not affect the safe operation of the plant and
that, if the same criteria were being used to evaluate TMI-l as
were being applied to other plants, the submission of the

initial analysis would constitute reasonable progress toward

completion of this item., Tr. 21,438 (Silver), 21,441 (Jacobs).
For these reasons, then, the Board finds that completion of

.

|
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this item is not required. in order to provide reasonable

assurance that TMI-l can be restarted without endangering the

public health and that safety, and that therefore Licensee need

not be required to complete this item prior to restart.

528. A situation similar to that described in

paragraph 527, supra, exists with respect to NUREG-0737 item

II.K.3.2, which required the submission by all licensees of an

analysis of the probability of a small break loss-of-coolant

accident caused by a stuck-open PORV and of safety-valve

failure rates. The identical set of facts is involved with
this item as with item II.K.2.14 (i.e., the B&W report sub-

mitted by Licensee caused the Staff to request additional
information; the Staf f has not reviewed other B&W licensees for

compliance, nor initiated any type of enforcement action; and,

the Staff witnesses do not believe that the submittal of the
requested additional information prior to restart will have an

impact upon the public health and safety) . Tr. 21,438-41

(Jacobs); Staff Ex. 12 at II.K.3.2-1 through -4. Therefore,

the Board finds that the completion of this item prior to
restart is not necessary in order to reasonably assure that the
public health and safety is not endangered.170

170 NUREG-0737 iten II.K.3.1 calls for the submittal of design
documentation for an automatic PCRV block valve closure system
by July 1, 1981, if such a system is found to be necessary based
upon the analysis conducted pursuant to item II.K.3.2. Staff
Ex. 12 at II.K.3.1-1. In that the Board has found that item,

'

II.K.3.2 need not be completed prior to restart, it follows then
that item II.K.3.1 also need not be completed prior to restart.;

-
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529. The Commission's August 9, 1979 Order and

Notice of Mcaring included both short-term and long-term

recommended actions. In addition to these long-term Order I

Jacommendations, the Staff has proposed a number of other

long-term TMI-2 related recommendations.171 The long-term

actions are not as narrowly defined, specific or urgent in
nature as C.;e pre-restart requirements. Certain of these items

will require detailed and complex engineering analyses prior to

identifying any additional modifications to plant systems or

components which may be necessary; others require procurement-

of components or systems which are still in the developmental

stage; still others require research studies er rulemaking cn
the part of the NRC. It is the Staff's belief that such long-

term items need not be completed prior to restart in light of
the enhanced margin of safety provided by the short-term
requirements. Further, the ,ts if relieves that deliberate,

planned improvements wot tc is sf erable to imposing short-terma

actions that have not been well theyqht out. Ross, ff. Tr.

15,555, at 6; see, e.g., paragraph 541, infra, and Tr. 15,587

(D. Ross). The completion of these longer-t',5m actions will

result in a gradually increasing improvement in safety as they
are completed and the initi-1, short-term modifications are

171 These recommendations are documented in the Action Plan
and NUREG-0737. A number of the long-term actions contained
in the Commission's Order and Notice of Hearing of August 9,
1979, are incorporated within the scope of these additiccal
Action Plan items (see Ross, ff. Tr. 15,555, Table 2).

_
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replaced or supplemented by long-term, more durable improve- |
|

ments. Ross, ff. Tr. 15,555, at 6.

530. With respect to those long-term actions which

are included in the Commission's August 9,1979 Order and

Notice of Hearing, the Board notes that the completion dates

for some of these actions have changed since the Commission's

Order. As originally recommended, the completion dates for

certain Category B items in Table B-1 of NUREG-0578 would have

become due prior to the estimated restart of TMI-1. The

completion dates now recommended by the NRC Staff for these

items are those established by NUREG-0737 fer other operating

reactors, many of which fall due well after the expected date

of restart. Completion of these items would be recommended

prior to restart only if restart occurs af ter the completion

dates 'specified in NUREG-0737. Ross, ff. Tr. 15,555, at 11;

see also n.168, supra. In light of the Commission's Order of

March 23, 1981 (CLI-81-3), which expressed the Commission's

intention that NUREG-0737 implementation schedules be the same

for TMI-l as other operating reactors, the Board accepts the

Staff's preecnt recommendations for implementation of these

items.
|

531. The Staff has assessed, in its safety eval-

untion reports and supplements, whether Licensee has demon-
! strated " reasonable progress" towards completion of the

recommended long-term actions. The concept of what constitutes

reasonable progress and the criteria utilized by the Staff in
_

i
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determining whether Licensee has made reasonable progress has

been the subject of extended examination by the Board and

parties in this hearing. See, e.g., Tr. 10,880-83; 15,594,

15,970-79; 15,985-87; 16,019-31; 21,042-50; 21,207-09;

21,434-35. The Staff, in Supplement 3 to NUREG-0680, has

stated that "[t]easonable progress toward completion of the

long-term actions required by the Order for TMI-1 will be

considered to be a degree of progress consistent with that of

the other operating reactors, except as noted in individual

evaluations, so tha t the re is reasonable assurance that the

action will be completed on the NUREG-0737 schedule as it may
be amended. " Staff Ex. 14 at 3; Tr. 21,042-44 (Silver).

532. As the Commission held in its Order of March
23, 1981 (CLI-81-3), TMI-1 is to be treated the same as other

operating reactors with respect to the NUREG-0737 imple-

mentation schedules (unless the record dictates to the con-
trary). Further, the Commission stated that it intended to

retain its flexibility with regard to these implementation

dates, where developments occur which could affect the ability

of Licensee to comply with the requirements recommended by this
Board or imposed by the Commission. CLI-81-3, slip op. at 7,

8. Based upon this guidance by the Commission, with which the

Board concurs, the Board views the criteria expressed by the

Staff (see paragraph 531, supra) as an appropriate means by

which to judge whether Licensee has made reasonable progress

toward the completion of the long-term Crder items.1 2
_

172 The Staff has not followed this general definition of
reasonable progrest in one case. See section II.B (Detectionof Inadequate Core Cooling), supra.

:
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533. In conjunction with the examination conducted

.by the parties with respect to the Staff's findings of reason-
able progress and reasonable assurance that TMI-1 is suffi-

ciently safe to allow restart, questions were raised regarding
the Staff's reliance on Licensee's " commitments," the enforce-

ability of those commitments and the need for license condi-

tions to assure that these commitments are carried out. See,

e.g., Tr. 21,145-53, 21,282-92 and 21,350-56.

534. Initially, the Board would note that, with

respect to any concerns the parties may have regarding

Licensee's commitments to implement any of the short-term items

contained in the Commission's Grder and Notice of Hearing, the
Order itself requires that the Director of Nuclear Reactor

Regulation must certify to the Commission that all short-term

actions have been satisfactorily completed. CLI-79-8, 10

N.R.C. 141, 148-149 (1979).

535. It is with respect to the long-term actions

committed to by Licensee that the question of enforceability is
of more concern. The Staff has stated that it will assure that
all licensee commitments made in response to the NUREG-0737

requirements are appropriately enforceable and will, as needed,
issue Confirmatory or Show Cause Orders to enforce these items.
Ross, ff. Tr. 15,555, at 10. Further, the Staff's project

manager for TMI-l assures us that, to the extent that the

Staff's conclusions concerning the operation of TMI-l are based

'

upon Licensee's commitments, where any changes to those
.
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commitments would cause a concommitant change to the Staff's

conclusion, the Staff would "most definitely" take appropriate

enforcemwnt action to assure that the Staff's conclusions could
be substantiated. Tr. 21,168-89 (Silver).

536. The Commission's August 9, 1979 Order and

Notice of Hearing expressly granted this Board the authority,
similar to that provided in 10 C.F.R. 550.57(b), to impose such

-limitations or conditions on the restart of TMI-1, with respect
to any uncompleted items, as it believes necessary to protect
the public health and safety. CLI-79-8, 10 N.R.C. 141, 148-149

(1979). The Board does not believe it necessary, however, to

impose as license conditions the requirement that specific

long-term modifications must be completed by a date certain.

Our reasons for this position are two-fold: (1) the Staff has

provided adequate assurance that the commitments to implement

the required long-term modifications will be enforced (see

paragraph 535, supra); (2) the Commission's Order of March 23,

1981, left to the Commission itself the flexibility to con-
sider , on a case-by-case basis, any developments which impact

Licensee's ability to comply with the implementation dates
imposed by the NUREG-0737 requirements. CLI-81-3, slip op, at

7, 8. Therefore, the Board rejects the proposition that dates
! certain for the completion of these actions should be imposed

as license conditions.
537. The Board turns now to consideration of the

specific individual actions which are referenced in Board
-

Questions 1, 3 and 7.
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538. Board Question No. 1 requested the Staff to

provide its position as to the applicability of NUREG-0694 and

NUREG-0660 to TMI-1. This subject is discussed generally in

paragraphs 517 through 523, supra. The Board also indicated

its particular interest in the status and applicability of the

following four Action Plan items. Item I.D.1 in NUREG-0694

calls for NTOLs to perform a preliminary control room design
review in order to identify significant human factors and

instrumentation problems and establish a schedule for correct-
ing these deficiencies.173 Licensee has conducted a control

room / human factors review (see section II.N, supra), which the

Board believes meets the requirements of this item. See also,

Staff Exs. 11 and 15. NUREG-0737, item I.D.1, will require all

licensees to perform a detailed control room design review;
this detailed review is not required prior to restart. Staff

Ex. 15 at 5 and App. I. Item II.E.1.1, Auxiliary Feedwater

System, contains both long- and short-term components; the

Staff has determined that Licensee has completed the short-term

items and has made reasonable progress toward the completion of
the long-term actions. Tr. 15,562-65 (Capra); Staff Ex. 1 at

Cl-1 through Cl-ll; Staff Ex.14 at 13-14 and Tables B-1 and
B-2. A detailed discussion of the modifications being made to

Licensee's emergency feedwater system can be found at para-

graphs 395 through 401 of our consideration of Board Question

173 NOREG-0694 item I.D.1 is one of the five NTGL requirements
which the Staff has proposed as a pre-restart requirements.
See paragraphs 518 through 520, supra. _
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No. 6 (Section II.Q). Item II.B.8 calls for the Staff to

. initiate a rulemaking proceeding on degraded core consider-

ations. Subsequent tc the promulgation of this question, the
,

Commission published its Advanced Notice of Proposed Rulemaking

on the Consideration of Degraded or Melted Cores. in Safety

Regulation (45 Fed. Reg. 65474, October 2,1980) . Item II.B. 7

calls for an analysis of hydrogen control measures. We

. inquired further as to whether the Sequoyah " spark plug"
proposal is applicable to TMI-1. Although no testimony was

presented on the applicability of the Sequoyah proposal to
TMI-1,174 we are informed tha t the spark plug method of

hydrogen control is not applicable to TMI-1. See Tr. 15,759-60

(Cutchin). Further, we note that the Commission on October 2,

1980 published its Proposed Rule on Interim Requirements

Related to Hydrogen Control and Certain Degraded Core Condi-

tions, which requires licensees to perform analyses of the
ability of their coritainment structures ~ to withstand uncon-

trolled hydrogen-oxygen recombination without the loss of

safety function or to show that such recombination would not
take place in the containment. 45 Fed. Reg. 65466 at 65472.

The Board finds that the actions taken by the Staff and

Licensee with respect to these items adequately address our
concerns.

174 Th'e pre-filed direct testimony of Robert W. Reid on behalf
of the NRC Staff in response to Board Question Nos.1 and 5,
which did specifically respond to this item, was not offered
into evidence. ~

.
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539. Board Question No. 3 inquired as to the status

of the Staff's Interim Reliability Evaluation Plan ("IREP") (in

particular, the IREP study performed on Crystal River-3), its
applicability to TMI-1, and whether IREP will assess the

adequacy of the modifications proposed for implementation st
B&W plants. A draf t of the IREP report on Crystal River-3

("CR-3") was subme.tted to the Staff in May,1980. However,

reviews of that report discovered certain deficiencies (such as

IREP's inability to predict loss of NNI/ICS power supply events

similar to those which have occurred at Rancho Seco and CR-3)
in the methodology employed by IREP. The contractor who

performed the study, Science Applications, Inc. , has been

requested to revise the report and the Staff expects ultimately
to publish the results of the CR-3 study. Rowsome, ff. Tr.

16,307, at 2, 3; Tr. 16,908-10, 16,913, 16,920 (Rowsome).
540. The identification of the deficiencies in the

CR-3 study did prove helpful to the Staff in evaluating the
adequacy of the IREP approach and has resulted in a modifica-

tion of IREP procedures to assure that such weaknesses do not

recur .in future studies. Tr. 16,913 (Rowsome). Four addi-

tional IREP studies,175 begun in September, 1980, have incor-

porated these revised procedures. Tr.16,908 (Rowsome).

.
541. Staff witness Rowsome testified that the event

1

tree / fault tree technique currently being utilized in the IREP
!

.175 One of the four plants being studied is a B&W reactor,
Arkansas Nuclear One, Unit 1. Tr. 16,908 (Rowsome).

,

f

!
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studies will be a proper method by which to investigate inter-

actions between safety and non-safety systems, a subject in

which both the Board and the ACRS have expressed great inter-

est. Tr. 16,914 (Rowsome); see also Staff Exhibit 14 at 54 and

Appendix C. However, the Staf f is also investigating other

methodologies for performing systems interactions studies and

will develop a policy on the best method for conducting such

studies prior to requiring licensees to conduct systems
interactions studies. Staff Ex. 15 at 54; Tr. 15,615-18

(D. Ross), 16,915 (Rowsome). One of the principal goals of the

IREP program is the development, " debugging" and trial use of

standard procedures for performing studies of systems interac-
tions and multiple failure scenarios. Tr. 16,915 (Rowsome).

As Dr. Ross pointed out, it would be premature to order
i

licensees to perform these studies prior to the Staf f endorsing
a single best method. Tr. 15,618 (D. Ross).

542. At the present time, the Staf f has not formally

issued a requirement that each licensee perform an IREP-type
study of their plants. Any such decision will be made after

the Office of Research has developed a standard set of proce-

dures and a determination of what constitutes an adequate

method of performing such studies; it is expected that the

Office of Research will complete this task by the end of 1982.

The Office of Nuclear Reactor Regulation will then determine

the plants which will be requested to perform the.next phase of
IREP-type studies and the schedules for such studies. Tr.

, ,

16,923 (Rowsome).
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543. The IREP studies currently being conducted do

not assess the adequacy of the proposed actions for B&W plants, j
!

nor has there been any probabilistic risk assessment to deter-

mine if the lessons learned requirements are necessary and

sufficient. Rowsome, ff. Tr. 16,907, at 3; Tr. 16,928

(Rowsome). However, the Board notes that the IREP studies

performed to date have not discovered any potential failure

mode that has not been addressed in the modifications being

undertaken at TMI-1. Tr. 16,924 (Rowsome).

544. Based upon our review of the record, the Board

believes the Staff should continue its efforts to develop an

appropriate method which would allow adequate investigations to

be conducted of systems interactions; further, the Board

concurs with the Staf f that requiring such a study at TMI-l

prior to the development of a standard methodology would be

premature and, most likely, insufficient.

545. Board Guestion No. 7 requested the Staff to

identify those recommendations contained in Table 2.1 of the

Staff's investigation of the Crystal River-3 transient,

published as NUREG-0667, Transient Response of Babcock & Wilcox

- Designed Reactors, which should be implemented at TMI-1.
f
'

546. The study documented in NUREG-0667 is a deter-

ministic review of the transient response of B&W reactors,
i
'

which resulted in the development of a number of recom-

mendations which have been presented for consideration to the

.

Director of Nuclear Reactor Regulation. Tr. 15,784 (Capra).
.
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Under the management structure in the Office of Nuclear Reactor

Reg ulation , the Director was then required to endorse or reject

the recommendations contained in the report. The Director

requested the Division of Safety Technology (" DST") to evaluate

the safety significance of the recommendations and recommend

wh "ner they should be implemented. DST reviewed, among other

factors, the risk reduction potential of each recommendation

and devised the following prioritization. system for imple-
menting these recommendations:

o Priority one recommend 4tions, which should be

implemented as soon as possible;

o Priority two recommendations, which should he

implemented consistent with existing priorities
and resources;

Priority three recomrendations, <.hich DST dido

not believe would make a significant contribu-

tion to reactor safety and therefore should not
be implemented.

Tr. 15,786-87 (D. Ross); Staff Ex.'9.

547. DST's recommendations were forwarded to the

Director of NRR on August 3, 1980; in September, 1980, the

Director endorsed the prioritized implementation scheme

developed by DST and authorized the Division of Licensing to

proceed with the implementation of these recommendations. At

the time that Dr. Ross testified in this proceeding, the
implementation plan had not yet been completed or forwarded to

,
_

licensees. Tr. 15,786-87 (D. Ross).
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548. In order to respond to Board Question No. 7,

Staff witness Capra' prepared a chart, Staff Exhibit 9, which

indicates the celationship of the NUREG-0667 recommendations to

the requirements of NUREG-0737 or other actions being under-

taken by the Staff cr Licensee. Tr. 15,788 (D. Ross); Staff

Ex. 9. As Staff Exhibit 9 sauvs, all Priority One items which

are applicable to TMI-1 have either previously been completed,

or are being implemented in conjunction with Licensee's

response to the NURSG-0737 requirements, or have been committed'

to be implemented in response to other Staf f requirements.

With respect to the twelve' Priority Two items, the four which

are applicable to TMI-l have been or are being implemented by

Licensee; the eight remaining items are the subject of Staff

actions, for which evaluations are being performed by the Staff
as part of its Action Plan studies. Staff Ex. 9.

549. In view of the evidence presented on this

matter, the Board concludes that the Staff has taken appropri-
ate action to assure that those safety significant NUREG-0667

recommendations which can contribute to the protection of the

public health and safety are being implemented at TMI-l in a
timely fashion.

550. The Board, in promulgating these questions,
'

realized that their scope went to the totality of the hardware
and procedural modifications being implemented at TMI-1 in

response to the recommended industry-wide improvements which,

have grown out of the investigations of the TMI-2 accident.
_

!
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While a record compile.d on these modifications was lengthy, !
I

we believe that these questicns have provided an opportunity

for an overview' of the sufficiency of the Staff's response to

the lessons learned from the TMI-2 accident. Based upon our

review of the record, both in response to ther; particular

Board Questions and of the totality of evidence presented on
'

plant design and procedures issuas, the Board finds that the

requirements recommended by the Staff have identified all the

significant lessons learned from the TMI-2 accident and that

the implementation of chese requirements at TMI-l will provide
reasonable assurance that the plant can be restarted and

operated without endangering the health and safety of the
public. Additionally, the Board concludes that those items

which the Staff has proposed as prequisites for restart (with
f

the exceptions and limitations noted in paragraphs 525, 527 and

528, supra) are, indeed, the most safety-significant of the

requirements recommended by the Staff and therefore must be

implemented by Licensee prior to restart in order to provide

reasonable assurance that TMI-l can be restarted without
endangerinti the health and safety of the public. Further, the

Board finds that the long-term actions recommended by the i

Staff, with the exception of the Staff's recommendation calling

for the installation of a reactor vessel water level instru-
mentation systen (see section II.B, supra), will provide an
-additiona) margin of' safety and, thus, the Board finds that the

long-term actions are necessary and sufficient to provide
. ~
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reasonable assurance that TMI-l can be operated on a long-term

basis without endangering the public health and safety.

Respectfully submitted,

SHAW, PITTMAN, POTTS & TRONBRIDGE

/LM n

George F. Trowbricge
Thomas A. Baxter
Delissa A. Ridgway

Counsel for Licensee

1800 M Street, N.W.
Washington, D.C. 20036

(202) 822-1000

Dated: June 12, 1981
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