
.

,- tD

6

L ,hL Staff 6/1/81
:

}'?" |
'

g'O UNITED STATE 3 0F AMERICAs

NUCLEAR REGULATORY C0ffilSSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of ) ,

)
METROPOLITAN EDISON COMPANY ) Docket No. 50-289
(Three Mile Island Nuclear Station, ) (Restart)
Unit No. 1) )

NRC STAFF PROPOSED FINDINGS OF FACT AND
CONCLUSIONS OF LAW REGARDING PLANT DESIGN AND

MODIFICATION ISSUES

'

Joseph Cosgrove, Jr.

Lucinda Low Swartz
James M. Cutchin, IV

James R. Tourtellotte

Counsel for NRC Staff

,

Intervenor copy
|

8106020$k, C-r

'
.

,, - -- ,



.

. .

1

INDEX

INTRODUCTION............................................................. 1 i

!
P ROP OS E D F I N DI NGS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 i

;

Natural and Forced Ci rcul ati on. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
UCS 1
UCS 2

* Add i ti o na l LOCA An a l y s i s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
UCS 8
ECNP1(e)

De tection of I na dequa te Core Cooli ng. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
UCS 7

-

ANGRY V(B)
Sholly 6(b.'-

E C CS Byp a s s a n d 0ve rri de . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 6
UCS 10
Sholly 3

Sa fe ty Cl a s s i fi ca ti o n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ,84
UCS 3

*UCS 14

Val ve s a n d Ya l ve Tes ti ng . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92
UCS 5

*UCS 6

In te g ra te d Con t rol Sys tem. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100
Sholly 6(a)

Connecti on to P ress uri ze r Hea ter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105
UCS 4

Con ta i nmen t Is ol a ti o n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112
Sholly 1

;

F i l t e rs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 2 3
Lewis
ANGRY V(D) ;

Control Room Design - Human Factors Engi neeri ng. . . . . . . . . . . . . . . . . . . . . 135 |Sho11y 15 :
ANGRY V(C) j

| C app u t e r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 4 7
$ holly 13
ECNF1(a)

!

| Safe ty Sys tem S ta tus Pa ne1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 151 ;

! UCS 9

ECNP1(c)
!

I ns trume n t Ra n ge s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 173
Sholly 5
ECNP 9(d)i

\

|

.
-

_ - y - -.----- -. - 7_.s --wr-'7-g--w--w r-"a 7 ' +- *



l

|
'

11
.

.

* Accident Sequences to be Considered in Plant Design / Class 9.........184
UCS 13
Sho11y 17
ECNP4(b.c)

Boa rd Q ues ti o n s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 00
* Board Question 2
* Board Question 6
Board Question 11

Short- and Long-Term Order I tems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 221

CONCLUSIONS OF LAW....................................................... 222

* items to be filed on June 12, 1981.

,

|

_ __ . _ . _ _ _ . _ . _ _ . . - . .. .._ _



. .

Staff 6/1/81
i

UNITED STATES OF AftERICA

NUCLEAR REGULATORY CQti1ISSI0ft

BEFORE THE ATOMIC SAFETY AND LICENSING BOAR _D_

In the Matter of )

METROPOLITAN EDISON C0f1PANY Docket No. 50-289
(Three Mile Island Nuclear Station. ) (Restart)
Unit No.1) )

NRC STAFF PROPOSED FINDING 3 0F FACT AND
CONCLUSIONS OF LAW REGARDING PLANT DESIGN AND

MODIFICATION ISSUES

1. In its August 9,1979 Order (CLI-79-8), the Commission set

forth several short and long tenn actions which concerned plant design and

modification.E In addition, the Licensing Board admitted numerous con-

tentions on this subjectU and developed its own Board Questions.E The

if Specifically, Short-tenn actions 1 (a-d), 2 and 8 and Long-term
actions 1, 2, and 3 deal with plant design and modification.

,2f The contentions admitted are: UCS 1-10, 12-14; ECNP 1(a, c, d, e)
and 4(b, c); ANGRY V(B,C.D); Sholly 1, 3, 5, 6(a, b),13,15, and 17;
and the Lewis contention.

3f The Board set forth numerous Board Questions in its September 12,
1980 "Menorandum on Board Questions" and in its September 26, 1980
" Board Question No.11."

i
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. short and long term actions, the contentions, and the Board Questions are -

set forth in the discussion below.

2. The findings are considered in terms of the grouping of con-

tentions developed by the licensee. This same grouping was used by the

Board and parties during the hearing on these issues. Thus, the findings

will be presented as follows:

Natural and Forced Circulation
UCS 1
UCS 2

Additional LOCA Analysis
UCS 8

ECNP1(e)

Detection of Inadequate Core Cooling
UCS 7
ANGRY V(B)
Sholly 6(b)

ECCS Bypass and Override
UCS 10
Sholly 3

Safety Classification
UCS 3
UCS 121/
UCS 14

Valves and Valve Testing
UCS 5
UCS 6

Integrated Control System
Sholly 6(a)

Connection to Pressurizer Heater
UCS 4

4/ The record on UCS Contention 12 is not complete. Thus, findings""

on this issue are not included.

,
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Containment Isolation
Sholly 1

Filters
Lewis
ANGRY V(D)

Control Room Design - Human Factors Engineering
Sholly 15
ANGRY V(C)

'

Canputer
Sho11y 13
ECNP 1(a)

Safety System Status Panel
UCS 9
ECNP 1(c)

Instrument Ranges
Sholly 5
ECNP 1(d)

Accident Sequences to be Considered in Plant Design / Class 9
UCS 13-

Sholly 17
4
^

ECNP4(b,c)
. t

Short and long term 1;. Jes and Board Questions which are not addressed

within this context will be addressed separately.;

PROPOSED FINDINGS

NATURAL AND FORCED CIRCULATION

3. The Licensing Board admitted two contentions, UCS Contentions 5

j. and 6, concerning natural and forced circulation. These contentions will

be addressed seriatim.
.

4. UCS Contention 1 states:

The accident at Three tiile Island Unit 2 denonstrated that reliance
on natural circulation to remove decay heat is inadequate. During

.
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the accident, it was necessary to operate at least one reactor
coolant pumo to provide forced cooling of the fuel. However,
neither the short nor long term measures would provide a reliable

method for forced cooling (of the reactor in the event of a smallloss-of-coolant accident "LOCA"). This is a threat to health and
safety and'a violation of both General Design Criteria ("GDC") 34
and GDC 35 of 10 C.F.R. Part 50, Appendix A.

,

F

UCS Contention 2 asserts that:

Using existing equipment at TMI-1, there are only 3 ways of pro-
viding forced cooling of the reactor: 1) the reactor coolant
pumps; 2) the residual heat removal system; and 3) the emergency '

core cooling system in a " bleed and feed" mode. None of these
methods meets the NRC's regulations applicable to systems important
to safety and is sufficiently reliable to protect public health
and safety:

a) The reactor coolant pumps do not have an on-site power supply (h))(GDC 17) their controls do not meet IEEE 279 (10 C.F.R. 50.55a
and they are not seismically and environmentally qualified
(GDC 2 and 4).

'

b) The residual heat removal system is incapable of being utilized
at the design pressure of the primary system.

c) The emergency core cooling system cannot be operated in the
bleed and feed mode for the necessary period of time because
of inadequate capacity and radiation shielding for the storage
of the radioactive water bleed from the primary coolant ;

system.

5. The Licensee submitted testimony in response to UCS Contentions 1

and 2 by Robert W. Keaten and Robert C. Jones (follows Tr. 4588); he Staff '

submitted testimony by Walton L. Jensen, Jr. in response to both con-
'tentions (follows Tr. 4913). UCS presented no direct testimony but rather

attempted to rely on cross-examination to present its case. (See generally

Tr. 4592-659, 4669-830, 4892-908, 4915-5002, 5021-28.) The Commonwealth

of Pennsylvania also participated in cross-examination of both the Staff

and licensee witnesses. (See generally Tr. 4832-48,5003-16.)

~
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UCS Contention 1

6. Natural circulation is the phenomenon by which circulation uf

reactor coolant is maintained through the coolant loops under conditions

when the primary coolant punps are not available to provide forced circula-

tion. .The flow through the loops is produced by unequal fluid densities in

the section of the primary coolant loop that is heated by the core and in

that section which is cooled by the steam generators. The unequal fluid

densities produce an unbalanced force. This unbalanced force produces

circulation of the reactor coolant as predicted by flewton's Law of fiction.

The rate of natural circulation flow is a function of the core decay heat

rate. That is, the greater the core heat rate, the less will be the density

of the water in the core and hot legs, and the greater will be the unbalanced

force. Also, the cooling rate of the steam generators acts to increase

natural circulation by increasing the density of the water in the steam

generator and cold-legs. Jensen (Natural Circulation), ff. Tr. 4913, at 3-4.

7. Natural circulation is an inherent design feature and is the

normal means of providing core cooling for pressurized water reactors (PWR's)

when all reactor coolant pumps (RCPs) are inoperative. Keaten and Jones,

ff. Tr. 4588, at 3-4. In sum, natural circulation is the period where the
,

RCPs are off, the system is basically full of liquid, excluding the pres-

surizer, and the driving force is the difference between the hot and cold

regions of the system. Tr. 4682-83 (Jones).

,
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8. Responding to UCS Contention 1, the licensee stated that the T?il-2

accident did not demonstrate that natural circulation is inadequate to

remove decay h?at and th:t reliable methods exist to remove core decay heat
'from the primary system following a small-break loss of coolant accident

(SBLOCA). Keaten and Jones, ff. Tr. 4588, at 2, 9. The licensee demon-

strated that, in cases where the RCPs become inoperative, natural circula-

tion is a reliable means of maintaining core cooling, if excessive voiding

does not occur in the Reactor Coolant System (RCS). However, the licensee

recognized most SBLOCA's lead to such RCS voiding and thus natural circula-

tion cannot be maintained throughout an accident. The licensee stressed

that adequate core cooling during a SBLOCA is provided by the Emergency Core

Cooling System (ECCS) and that despite the fact that natural circulation I

cannot be maintained for all SBLOCA's, other means are available to remove

the energy added to the primary systen fluid by the core decay heat. There-

fore, it was licensee's position that forced cooling of the reactor during a
I

SBLOCA is not necessary. Keaten and Jones, ff. Tr. 4588, at 2-3, 5-8.

9. To understand how adequate core cooling is provided for SBLOCA,

the licensee described the heat removal process. The energy within the core !

must be transferred into the primary system coolant. This transfer is

initially done in the transient by the forced circulation cooling inherently

provided by RCP coastdown which removes the stored energy in the core. As
,

long as the core remains covered by liquid coolant or a two-phase mixtura,

adequate core cooling can be maintained indefinitely. Tr. 4624, 4852 (Jones).
{

If che fuel rods become uncovered for a limited extent and time, cooling the .

.

- -
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uncovered portion of the cora is provided by the steam generated within the

portion of the core covered by the two phase mixture. The licensee noted

that the ECCS is designed to provide makeup fluid to the primary system to

assure adequate core cooling. Keaten and Jones, ff. Tr 4588, at 6.
|

n
10. The energy added to the primary system must be removed to prevent

2excessive system pressure. But, for breaks greater than .02 ft , the energy f

discharged through the break is sufficient to prevent a pressure increase,

regardless of whether natural or forced circulation occurs. Thus, secondary

2heat removal is not required. For breaks smaller than about .02 ft , during

the time the primary system remains sufficiently void free, natural circu-

lation will be established and the steam generator will remove the added
2energy, if a secondary heat sink is available. Breaks of .005 ft or less

do not involve voiding. Tr. 4600 (Jones). If primary system voids increase
,

to a volume sufficient to fill the inverted U-bends at the top of the hot

legs, natural circulation is interrupted. Tr. 4634 (Jones). However, a
,

boiler condensor process would occur which provides further heat removal, i

If feedwater is not delivered to the steam generators, primary system heat
,

removal can be accomplished by the " feed and bleed" mode of coolic;. Keaten !

.

and Jones, ff. Tr. 4588, at 6-8.
!

11. Mr. Keaten and Mr. Jones testified that during the TitI-2 accident, j

there were periods when adequate core cooling was not maintained. They

submitted, however, that this did not occur because on the inability of |

natural circulation to remove decay heat, but rather because the high pres- !

sure injection (HPI) was prematurely reduced, resulting in inadequate ECCS
|

|

_
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injection to keep the fuel rods covered by a two-phase mixture. The wit-

nesses noted that af ter adequate injection was restored the damaged core was

effectively cooled even though natural circulation was not occuring in the

primary system. The RCP was initiated at about sixteen hours after the

Tiil-2 accident started, to reestablish a uniform temperature distribution in

the primary system by removing voids and to establish heat removal via the

steam generator. The licensee's witnesses testified that about one month

after the THI-2 accident, the RCP was tripped and since that time natural

circulation has provided adequate core cooling, even with the core blockage

which is believed to exist. Keaten and Jones, ff. Tr. 4588, at 8-9.

12. fir. Keaten testified that the operators kept the RCP on for a

month after the TMI-2 accident because they were returning to the mode of

core cooling they were most familiar with, which was the use of the RCPs.

After the licensee reestablished that cooling mode, it was retaineo.

Tr. 4641-42 (Keaten). The RCP was shut off one month after the TMI-2 acci-

dent as part of the operating emergency procedures since, with the system

solid (full of water) and the plant in the natural circulation mode, there

would have been no opportunity for an inadvertent pressurization transient

i due to operation of coolant pumps. In essence, further evaluation found

; that there was less risk in operating in the natural circulation mode. -

Tr.4642-43(Kaaten).

i 13. Mr. Jones testified that since there was a steam and/or hydrogen
i

,

' bubble or void in the 180 degree U-bend at TMI-2, natural circulation did !

! !
! !

i



.

.g.

not occur. To establish natural circulation, the RCP can be " bumped," which

was done at TMI-2, or by opening the high point vents that are being installed

in the hot legs at TMI-1. " Bumping" did get rid of some of the void at

THI-2. Tr.4616-18(Jones). " Bumping the RCPs" means turning on the pumps

and quickly turning them off in a short period of time (ten or fifteen

seconds). Tr. 4622 (Jones).

14. Mr. Jones explained that by using natural circulation as a liquid-

solid system, forced cooling need not be provided in order to reestablish

natural circulation. Tr.4623-24(Jones), tir. Jones acknowledged that

bumping the RCP was utilized at THI-2 and testified that it is the preferred

mode to utilize the RCP. But, he noted that with the high point vents which

are going to be installed at TMI-1, a function can be performed where the

vents are opened while the system refills, allowing the steam or gas in that

part of the system to be bled out while the water level rises, so the system

can be refilled and natural circulation can be reestablished. Tr. 4623-24

(Jones).

15. Mr. Keaten emphasized that during the first few days after the

TMI-2 incident there was high priority placed on getting rid of the hydrogen
,

in the system because natural circulatior, might not be established. Bu t,
I

following that point in time, he saw no reason why natural circulation would

not have been completely adequate to cool the system. Tr. 4654-55 (Keaten).

16. Mr. Jones suggested that natural circulation is not a core cooling

l function and he made a distinction between the core cooling and removal of

i
!
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heat from the primary system. After a reactor trip, if the core is covered

by a least a two-phase mixture or solid water, adequate core cooling is

provided even though natural circulation is lost and energy is not removed

from the primary system by means of that mode. Tr.4617(Jones). The

natural circulation or heat removal process out of this system is needed to

prevent excessive system pressure from occurring due to the continued energy

addition to the core. Mr. Jores testified that during the THI-2 accident

sequence there were time periods during which the core was adequately cooled

without the RCP running. Tr.4647-48,4851(Jones).

17. Mr. Jones testified there was adequate core cooling at THI-2

before the RCP was restarted (16 hours into the accident) because there was

no substantial increase in radiation which would be indicative of core

danage. Thus, he concluded there must have been adequate cooling. Tr. 4655

(Jones).

18. The natural circulation capability of the TMI-1 design has been4

verified by analyses, testing, and unplanned occurences where natural circu-

lation maintained the plant in safe condition. Keaten and Jones, ff. 4588,

at 4-5; Tr. 4688, 4702 (Jones). There were unplanned occurrences at Oconees

on January 4,1974; at Arkansas Unit 1 on February 22, 1975; at Davis Besse

on flovember 29, 1977; and at Crystal . River in February,1980. Tr. 4704-05

(Jones). At Crystal River, the power operated relief valve (PORV) was

opened as a result of loss of power, but at TMI-1, by the time of restart,

the PORV would fall closed on a loss of power. Tr. 4707 (Xeaten).

'

|
!

|
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19. Responding to questions from the Board, Mr. Jones testified, that

natural circulation and, if needed, the condenser cooling mode, are adequate

to remove all core decay heat, provided primary system inventory is main-

tained. Tr. 4695, 4697 (Jones).

20. In its testimony, the NRC Staff stated: a) that natural circu-

lation provides adequate and effective cooling to remove decay heat which is

about 7% of full power, and b) that forced circulation is not necessary to

adequately cool the core following a SBLOCA. Moreover, the Staff argued

that reliance on natural circulation to remove decay heat following a SBLOCA

is not a violation of General Design Criterion (GDC) 34 because that regu-

lation does not specify the means or equipment utilized for decay heat

removal. Similarly, such reliance is not a violation of GDC 35 which also

does not specify the means or systems to be used to meet system requirements.

Jensen (Natural Circulation), ff. Tr. 4913, at 4-5,11-13.

21. The Staff clarified that natural circulation during a transient

which caused RCP trip removes all decay heat, while in the case of a LOCA,

some or all of the decsy heat (depending on break size), would be removed

from the break by being carried out with the lost coolant. Specifically, for

break sizes greater than about .01 ft.2, enough energy would be discharged

through the break so the system could be depressurized without reliance on :

| natural circulation. Fgr break sizes smaller than approximately .01 f t.2 [
,

only a part of the decry heat would be removed through the break and natural

circulation would remove the remainder of the decay heat. ihese processes

cool and depressurize the primary system. Jensen (Natural Circulation),

i
!

<

!
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f f. 4913, at 4-5.M Mr. Jensen also testified that data collected at oper-

ating B&W plants has demonstrated that natural circulation is an effective

means of removing decay heat following a reactor trip during conditions

where there were no steam voids in the primary coolant loops. Jensen

(Natural Circulation), ff. Tr. 4913, at 5.

222. Analyses by B&W have indicated that for break sizes of .01 ft and

smaller, sufficient steam could be found in the hot leg to temporarily block

natural circulation. The Staff, however, believes that this would not be

significant because the core would continue to be adequately cooled as long

as it was covered by li pid. When additional water was lost from the pri-

cary system through the break, the voiding region was shown by analysis to

dip into the steam generator to the point where two-phase natural circula-

tion was shown to be established by the condensation of steam produced by

the core on the inside of the steam generator tube surfaces. Jensen (Natural

Circulation), ff. Tr. 4913, at 5-6, citing B&W report " Evaluation o# Transient ;

,

Behavior and Small Reactor Coolant Assembly Breaks in the 177 Fuel Assembly

Plant," May 7, 1979 (Licensee Ex. 5).

23. An important factor in establishing natural circulation is a steam

condensing surface in the steam generator before the core begins to uncover.

y As noted gbove, the licensee testified that for breaks smaller than
.02 feet, during the time the primary system remains sufficiently

,

void free, natural circulation will be esgablished (Tr. 4600 (Jones))
'

and the Staff used the figure of .01 feet . However, the exact break
has not been determined for which emergency feedwater would be required
to depressurize ghe system. The critical point is somewhere between
.01 and .02 feet , Tr. 4931 (Jensen).

!
.
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This occurs for lowered loop plants such as TMI-1 because the energency

feedwater (EFW) enters the steam generator from the top. Assurance that EFW

will be available is being provided by improvements to the reliability of

the EFW system. Jensen (Natural Circulation), ff. Tr. 4913, at 6-7, citing

Staff Ex. 1, at Cl-1, C1-12, C2-6, C2-9, C8-34, C8-40.

24. Supporting the licensee's reasoning, the Staff stated that natural
,

circulation did not occur at THI-2 when the RCP initially tripped because of

insufficient coolant inventory. This occured when the HPI was prematurely

terminated while coolant was being lost through the PORV. The Staff agrees

I with the licensee that since adequate coolant inventory was restored, the

core has been cooled by natural circulation in spite of expected severe flow

! blockage in the damaged core. Jensen (Natural Circulation), ff. Tr. 4913,

at p. 7; Tr. 4952 (Jensen). The Staff also testified that the natural

i circulation occurring at TMI-2 is a demonstration of the system's ability to
i

I maintain natural circulation through a wide variety of decay heat conditions.
|

Tr. 5017-18 (Jensen).

25. An increased assurance of a sufficient coolant inventory for

natural circulation at THI-1 has been achieved by the improved termination

icriteria for the HPI system. There are now saergency procedures instructing

the operator against premature HPI termination in a SBLOCA. Jensen (Natural
.

Circulation), ff. Tr. 4913, at 8, citing Staff Ex.1, at C2-4, C2-5.
I

26. The Staff concurred with the licensee that if natural circulation
,

cannot be established because of loss of both main and energency feedwaters,
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THI-I has the capability to cool the core in the feed-and-bleed mode which

is the injection of water into the primary system (coldleg) by the HPI
f systen and the core decay heat is removed through the PORV and possibly the

safety valves. Jensen (Natural Circulation), ff. Tr. 4913, at 8-9.
.

27. A Staff study concluded that the expected w1ounts of non-condensable

gases that could accumulate in the primary system during a SBLOCA are small

compared to amounts needed to: (1) block natural circulation flow; (2)

significantly degrade stean generator condensation heat transfer, and (3)

invalidate single-fluid analysis models. As an additional precaution, a

safety grade vent system for the removal of non-condensable gases is being

installed at Till-1 prior to restart at the reactor high points. Jensen

(Natural Circulation), ff. Tr. 4913, at 10; Tr. 4992-93 (Jensen).

28. The Staff and Ball performed separate analyses of over-cooling

transients which formed steam voids in the system. Both these calculations

found that a non-condensable steam bubble of about 360 cubic feet would

block natural circulation in one primary loop. In a SBLOCA, approximately

22 cubic feet of non-condensable gas could form in the primary system as a

result of the depressurization brought about by the accident which is not

sufficient to block natural cMrculation. Tr. 5018-20 (Jensen).

29. The Staff stated that natural circulation will be adequate to

remove decay heat after a SBLOCA because the plant conditions required for .

natural circulation to be effective have been determined and improvements in

the plant operating procedures and in the emergency feedwater system at

i

- _ .
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T!11-1 will be accomplished to ensure that the necessary conditions for

natural circulation will be present whenever natural circulation is required.

Forced circulation is not necessary to adequately cool the core after a

SBLOCA. Jensen (Natural Circulation), ff. Tr. 4913, at 11. The Staff

emphasized that natural circulation, as far as the primary system is con-

cerned, is a reliable phenomena caused by basic physics, a passive system

that does not require active components as does forced cooling, other than

presence of EFW. The Staff position is that natural circulation is more

reliable than forced cooling. Tr.4994-95,4999(Jensen). The Staff did

acknowledge that natural circulation might not cool a sufficiently damaged

The Staff believes, however, that forced cooling might also be inade-core.

quate because a path for the coolant to go through could be blocked if the

core were sufficiently damaged. Tr.4994-95(Jensen).

30. Based on the facts presented on the record, the Board finds that

UCS did not meet its burden of going forward with the evidence on UCS Con-

tention 1. In sum, the TMI-2 accident did not demonstrate that natural
4

circulation is inadequate to remove decay heat and reliable means exist to

remove decay heat from the primary system following a SBLOCA. The reliance

on natural circulation to renove decay heat following SBLOCA does not vio-

late GOC 34 or 35. Simply, forced cooling following a SBLOCA is not neces-

! sa ry. The evidence showed natural circulation capability has been verified,
I

especially at THI-2. Also, we note increased assurance of sufficient coolant

has been achieved by improved HPI termination criteria. The requirement to

| install high point vents will take care of non-condensable gas voiding

.

f
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problems, since analysis has shown that only 22 cubic feet of such gas

occurs in primary system which is not enough to block natural circulation.

Finally, we conclude natural circulation is more reliable than f reed cool-

ing since it is a natural passive physical phenomena which does not rely on

active components.

UCS Contention 2

31. Contrary to the assertions in UCS Contention 2, the licensee

stated that reliable methods exist to provide adequate core cooling. Further,

the licensee's witnesses tastified that (a) operation of the reactor coolant
| pumps is not required to assure adequate core cooling and th'erefore the '

design criteria listed by UCS are not applicable; (b) the residual heat -

'

removal systen is not required to operate at the design pressure of the

primary system and therefore, the syster.: does not need to be designed for

such conditions; and (c) the ECCS can be operated in the feed and bleed mode
:

with adequate capacity and radiation shielding for s;orage and recirculation [
.

of the radioactive water. Keaten and Jones, ff Tr. 4588, at 13-14.
f

32. The licensee testified that the RCPs at PWR's have never been |
i !
j classified by the NRC as "important to safety" within the meaning of GDC 2, |
|

4, and 17 except to the extent that the pump casings form part of the reactor

,
coolant pressure boundary. Current regulations require that adequate core

| i
*

! cooling be provided assuming a loss of offsite power which results in the ;

tripping of the reactor coolant pumps. Analyses have demonstrated that

required core cooling is assured when forced circulation by the reactor i

,

I

I
t

!
'
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coolant pumps is not available. The licensee contended that since the

reactor coolant pumps are not required to assure adequate core cooling, the

regulatory items cited by UCS are not applicable to the operation of the

pumps. Keaten and Jones, ff. Tr. 4588, at 10; Tr. 4708 (Jones).

33. The witnesses for the licensee also addressed the residual heat

removal system on low pressure injection (LPI). While the LPI cannot oper-

ate at the design pressure of the RCS, there currently exists the capability

of providing forced cooling to the core at the design pressure of the primary

system, without reliance on the LPI at pressures exceeding the design limits

of the LPI -- namely, feed and bleed cooling. The licensee submitted that
|
'

there is no need for the residual heat removal system to be capable of

operation at the design pressure of the RCS. Keaten and Jones, ff. Tr. 4588,

at 10-11.

34. Contrary to 43 0C0 Contention 2(c), the licensee stated that

adequate capaci+; :n o, alding is provided for the water bled from the
;

primary system. featen aad Jones, ff. Tr. 4588, at 11. Feed and bleed

operation, as licensee witnesses explained in detail, results in the fluid L

| discharged from the RCS being initially received by the pressurizer relief

quench tank. If this cooling mode contin 6es. the mass of fluid bled from
,

the primary system will exceed the capacity of the quench tank and will be :
r

| discharged into the containment after the quench tank over-pressure protec-

tion rupture disk ruptures. If feed and bleed is continued, the initial
:

source of HPI cooling water to the RCS, the barated water storage tank
{
l

*

I

r

!
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(BWST), will be emptied and supply for the HPI will be changed to the con-

tainment sump, by means of the LPI. Throughout this sequence the contain-

ment, by design, provides adequate capacity and shielding for the discharged

fluid. Tr. 4734 (Jones). The LPI is operated consistently with the design

of the system (i.e., pressure, temperature, etc.) to transfer water from the

containment to the HPI. Keaten and Jones, ff. Tr. 4588, at 11-12.

35. Mr. Keaten testified that alnhough the necessary RCS cooling water

will be stored inside the containment, the feed and bleed cooling mode does

result in the transport of some of the coolant through components and piping

located outside the containment building. Responding to a NUREG-0578

requirement to perfom a radiation and shielding design review of the spaces

around systems that may as a result of an accident contain highly radio-

active materials, the licensee perfomed a study to identify any locations

in which personnel occupancy may be unduly limited or safety equipment
,

!

unduly degraded by the radiation fields which might exist after an accident.

The study is described in Section 2.1.2.3 of the Restart Report (Licensee

Ex.1). The study has identified only one concern in using the feed and

bleed mode of cooling even if the coolant were very highly radioactive: a

;artion of the HPI piping is located near two motor control centers which I

l perfom functions important to safety. Highly radioactive fluid in the HPI
Ipipes would result in radiation levels at these motor control centers suffi-

.

ciently high that the integrity of some of the materials found in the motor
I !
! control centers cannot be demonstrated. Keaten and Jones, ff. Tr. 4588, at

.

12-13; Tr. 4748-50 (Keaten). As a result of this finding, the licensee is |
l i

,

!

_ _ . _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ . _ _ _ _
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|

committed to installing new shield walls between the HPI piping and the

motor control centers which will reduce the radiation levels at the motor

control centers to levels at which material integrity can be assured and to
i

ensure there was no concern in using feed and bleed. Keaten and Jones, ff.

Tr. 4588, at 13; Tr. 4739 (Keaten) .

36. During the first month of the TMI-2 accident, water rose 5-6 feet

in containment and such a figure could be similar for TMI-1. There are

plans to relocate items such as instrument transmitters to a higher eleva-

tion in the Unit I containment to accommodate a feed and bleed mode of core

cooling. Tr. 4730-31 (Keaten). The licensee added that the relocation of

equipment at TMI-2 is being done independent of the feed and bleed cooling

mode; it is done in terms of environmental capabilities of instrumentation
,

for any LOCA. Tr. 4733 (Keaten). The aquipment used for the feed and bleed '

mode are the pressurizer safety valves and the HPI pumps, the latter by

design. Further, the entire ECCS must be designed to withstand the building

being filled with water, which is possible in feed and bleed mode wherever

water is discharged. Tr.4734(Jones). :
,

37. The licensee witnesses stressed that using feed and bleed mode of
,

cooling is not using the system in a different way than it was designed to

| function. High radiation fields are not obtained, except under an assump-

tion that there is substantial core damage which is not predicted to occur

from the use of this mode. Tr.4752-53(Jones).

,

i
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38. Concerning the residual heat removal system, TMI-1, along with

other reactors, is undergoing a systematic program for reducing leakage from

those systems that might transport reactor coolant outside containment

buildings. Tr. 4846-47 (Keaten).
.

39. The Staff explained, in response to Contention 2, that forced

cooling is required any time the reactor is critical. When the RCPs do not

provide forced cooling, the shutdown rods are automatically inserted into

the core. Jensen (Forced Flow). ff. Tr. 4913 at 3. Forced cooling is not

required for safe shutdown or cooldown in the ev6nt of loss of main feed-

water or SBLOCA. Emergency feedwater would be effective in removing decay
)

heat, in the event of a loss of main feedwater, since this heat would be

transmited to the steam generators by natural circulation. N?tural circu-

lation will be effective in removing decay heat even in a SBLOCA. Thus, the

Staff concludes that it is not necessary to operate the RCPs, the residual

heat removal system or the ECCS in the feed and bleed mode (the forced

cooling niethod) following loss of main feedwater or SBLOCA in order to

adequately remove core decay heat. Jensen (Forced Flow), ff. Tr. 4913, at

3-4. The Staff also took the position that feed and bleed will not be

required or necessary at THI-1 because it feels the combination of HPI sys-

ten and EFW will be adequate to protect the core in the event of a SBLOCA.
|

Tr. 5002, 5011 (Jensen).

40. Based on the evidence presented, the Board finds that the opera-

tion of the reactor coolant pumps is not required to assure core cooling

which makes the General Design Criteria cited by UCS inapplicable. Al so,

|
|

|
|

-
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the residual' heat removal system is not required to operate at primary

system design pressure and need not be so designed. Third, the ECCS can be

operated in a feed and bleed mode with adequate capacity and radiation

shielding for storage and recirculation of radioactive water. It is not

necessary to operate any of these methods of forced cooling following loss

of main feedwater or SEl.0CA in order to adequately remove decay heat from

the core.

.

i

!
|

|
'

l
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ADDITIONAL LOCA ANALYSIS

Discussion of UCS 8, ECNP 1(e), and Board Question on UCS 8 deleted.

Pages ?2-39 intentionally deleted.
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DETECTION OF INADEQUATE CORE COOLING

87. The Board admitted three contentions which were concerned with

( the detection of inadequate core cooling: UCS Contention 7, ANGRY Conten-
i

tion V(B), and Sholly Contention 6(b). UCS Contention 7 asserts that:
.

NRC regulations require instrumentation to monitor variables as
appropriate to ensure adequate safety (GDC 13) and that the instru-
mentation shall directly measure the desired variable. IEEE 279,

,

! $4.8, as incorporated in 10 CFR 50.55a(h), states that: j
1

|

.._ _ . . .. ._, _
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|

To the extent feasible and practical protection system inputs
shall be derived from signals which are direct measures of the
desired variables.

TMI-1 has no capability to directly measure the water level in the
fuel assemblies. The absence of such instrum?ntation delayed
recognition of a low water level condition in the reactor for a long
period of time. Nothing proposed by the staff would require a direct
meesure of water level or provide an equivalent level of protection.
The ausence of such instrumentation poses a threat to puolic health
and safety.

ANGRY, in its Contention Y(B), argues that:

the NRC Order fails to require as conditions for restart the following
modifications in the design of the TMI-1 reactor without which there
can be no reasonable assurance that TMI-1 can be operated without
endangering the public health and safety:

(B) Installation of instrumentation providing reactor operators
direct information as to the level of primary coolant in.the-

reactor core.

Finally, Sholly Contention 6(b) states:

that the short-term actions identified in the Commission's Order and
Notice of Hearing dated 9 August 1979 are insufficient to provide the
requisite reasonable assurance of operation without endangering public
health and safety because they do not include the following items:

b. Compl'etion of the installation cf instrumentation for the
detection of inadequato core cooling.

!
'

88. Although UCS and Mr. Sholly ultimately withdrew their contentions

on this issue, both the Staff and the licensee did respond to all three

contentions. The licensee's testimony was prepared by Robert W. Keaten,

Michael J. Ross, and Robert C. Jones (follows Tr. 10619). The Staff pre-

sented its testimony through Lawrence E. Phillips (follows Tr.10807 (two

sets)) and Denwood F. Ross, Jr. (follows Tr.15915). UCS, ANGRY, and

I
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Mr. Sholly did not submit any direct testimony and did not participate in

cross-examination. The Commonwealth of Pennsylvani= did cross-examine both

the Staff and the licensee witnesses. (See generally, Tr. 10728-86,

10866-907,15987-16000,and16036-39). '

89. UCS Contention 7 and ANGRY Contention V(8) call for the installa-

tion of a direct measure of water level in the reactor core prior to restart.

Sholly Contention 6(b) argues that " instrumentation for detection of inade-

quate core cooling" should be installed prior to restart. The Staff and

licensee position on these contentions is essentially the same. First,

both the Staff and the licensee would agree that direct measure of water

level in the reactor core is not necessary and that installation of such

instrumentation prior to restart should not be required. (See, Phillips

(Water level instrumentation), ff. Tr.10807, at 8-9; Keaten, et al., ff.

Tr.10619, at 19). Second, the Staff and the licensee both believe, in

accordance with Mr. Sho11y's contention, that instrumentation to detect

inadequate core cooling has already been installed. (See Phillips (Water

level instrumentation), ff. Tr.10807, at 5; Keaten, et al., ff. Tr.10619,

, at9).
1

90. The Staff and the licensee do, however, have differing viewpoints

with respect to this issue. The Staf f believes that reactor water level

| instrumentation for TMI-1 and other operating reactors is necessary to

provide reasonable assurance of no undue risk to the health and safety of

the public. Ross (Water level instrumentation), ff. Tr.15915, at 2. The

- _
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licensee for TMI-1 and some of the licensees for other B&W reactors are

taking the position that no additional instrumentation is necessary.

91. For the reasons set forth below, the Board agrees with the con-

clusions reached by the Staff and licensee with respect to the contentions

and finds that, contrary to the licensee's position, reactor water level

instrumentation should be required at TMI-1. While reasonable progress

toward compliance with this requirement will be a condition of restart, such

instrumentation need not be installed prior to restart of the unit.

92. When the two-phase froth level (the swollen water level due to the

presence of steam voids) is above the top of the reactor core, there is

adequate core cooling. When the two-phase froth level begins to drop below

the top of the core, the exposed fuel begins to heat up and will ultimately

reach temperatures at which fuel damage occurs. This is inadequate core

cooling. Phillips (Water level instrumentation), ff. Tr.10807, at 3.

Inadequate core cooling results in exceeding the limitations of 10 CFR

550.46. Tr. 10622 (Jones).

93. The most direct indication of inadequate core cooling is an

increase in fuel temperature or surface temperature of the fuel cladding.

Such direct indication is not required, however, because there are serious

problems concerning the feasibility and reliability of the design of a

canmerical PWR core to incorporate thermocouples attached directly to the

fuel cladding surface. Such a design would greatly complicate the

i

,
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installation and replacement of fuel assemblies. Phillips (' ster level

instrumentation), ff. ,Tr.10807, at 3-4.
>

94. There are, however, indirect indicators of inadequate core cool-

ing and of conditions which could lead to inadequate core' cooling. These

indirect indicators include coolant level and quality measurements, core exit

thermocouples, and saturation meters. Such indicators can be monitored more ,

reliably and can provide eqcivalent information to the operator if properly

processed for display and incorp) ration into emergency procedures. Phillips

(Water level instrumentation), f f. Tr.10807, at 4.

95. The instrumentation available at TMI-1 which indicates inadequate
'

core cooling are core exit thermocouples which indicate coolant superheat

associated with excessive fuel cl: :'ing temperature, reactor coolant pressure

sensors, and cold leg and hot leg resistance temperature detectors (RTDs)
,

which provide inputs to compute the margin to coolant saturation conditions;

subcooling meters which will display the margin to saturation; and reactor

coolant pump current which provides indication of increesing coolant quality
,

while the pumps are running. Further, prior to the restart of TP'-1, the

Staff is requiring the licensee to upgrade the existing instrumentation
|

systems, information displays, and operating procedures which relate to the

detection of and response to inadequate core coolir.g conditions. These i

modifications in conjunction with improved operator training will sub-
,

!

| stantially enhance the capability of the operator to recognize and respond !
l

l

.

O
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to conditions of inadequate core cooling. Phillips (Water level

instrumentation), ff. Tr.10807, at 5, 6-7.

96. In addition to the upgrading of existing systems, the licensee has

committed to the. hstallation of a primary coolant saturation meter, has

described two short-tem modifications to existing instruments, and has

proposed new emergency procedures to aid in the detection of inadequat? core

cooling. Phillips (Water level instru:nentation), ff. Tr.10807, at 67 The

two short term modifications involve routing the in-core themocouple sipals

outside of containment and connecting the 52 in-core thermocouples to the

plant computer (for display purposes), and providing an extended range for

reactor outlet (T ) temperature measurement (from 520' -620'F to 120g

-920'F). This modification will be made to four T channels, two in each
H

reactor coolant loop. In addition, it is intended to isolate the new wide

range T signal from the existing control signals. These signals will then
H

be seismic Category I and separated for use as redundant signals. It is

anticipated that all modifications required for existing instrumentation will

be implemented prior to TMI-1 restart. _If, at 7; Keaten, et al . , ff. Tr.

10619 at 8-9.

97. The proposed emergency procedures for inadequate core cooling

(EP-1201-39 and 1202-68) rely on the information available from the core

exit thermocouples, reactor coolant system pressure, reactor vessel outlet

temperature, and the new saturation (subcooling) meters to identify the

approach and existence of inadequate core cooling and to specify the operator



|
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actions required to prevent or recover from inadequate core cooling. These

procedures are under review by the Staff and revised submittals have been

required from the licensee. Although the Staff has not completed its review

at this time, it is confident that procedures acceptable for TMI-1 restart

witho'ut reliance on water level measurement can be developed. The Staff has

found inadequate core cooling energency procedures based on instrumentation

similar to that which will be provided prior to TMI-1 restart to be accept-

able for other PWRs while a level measurement system to further enhance the

operational safety is being developed. Phillips (Water level instrumenta-

tion), ff. Tr.10807, at 6.

98. The licensee has also included specific training in heat transfer

and fluid dynamics, plant operating characteristics, plant response to

transients, and guidance for operator respons to LOCA's in its Operator

Accelerated Retraining Program (0ARP). All of the licensed TMI-1 operators

have completed the OARP. This training, along with the ongoing requalifi-

cation training program, will assure that the operators will recognize and

respond to reactor coolant conditions approaching and following saturation.

The training provided to TMI-1 operators assures that the operators are

aware of available information on the status of core cooling and how to

interpret it correctly. Kaaten, et al . , ff. Tr.10619, a t 7,14-15.,

!

l

;
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99. Absence of direct water level measurement instrumentation does not

conflict with NRC regulations (GDC 13 and 10 CFR 550.55a(h)) as asserted by

UCS in Contention 7 7. GRC 13 states:

,

Instrumentation shall be provided to monitor variables and systems
over their anticipated ranges for normal operation, for anticipated
operational occurrences, and for accident conditions as appropriate to
assure adequate safety, including those variables and systems that can
affect the fission process, the integrity of the reactor core, the -

-

reactor coolant pressure boundary, and the containment and'its
associated systems. Appropriate controls shall be provided to
maintain these variables and systems within prescribed operating
ranges.

For TMI-1 and other PWRs, the normal water level range in the reactor coolant

i system is within the pressurizer and is maintained by the pressurizer level

control system. For transient and accident conditions resulting in low

coolant inventory, the high pressure and low pressure safety injection

systems are initiated on low pressure signal to reflood the primary system.

Reactor vessel water level is not an appropriate input to t'he safety

injection system since the corrective action is initiated by a low pres-

sure signal well in advance of core uncovery. Phillips (Water level

instrumentation), ff. Tr.10807, at 4-5.

|

100. Section 55a(h) of 10 CFR appiles only to protection systems.

Reactor water level instrumentation, if in:talled, will be used for noni-

toring and operator actions only and will not provide input to protection

systems. Additionally,10 CFR 5 55a(h) is applicable only to construction

|

|
|

|
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permits issued after January 1,1971. The TMI-1 construction permit was

issued in 1968. Pnillips (Water level instrumentation), ff. Tr.10807, at 5.

101. Based on the facts presented, the Board fir.ds that absence of a

direct indication of water level in the fuel assemblies does not violate NRC

regulations and does not pose a threat to public health and safety. Further,

TMI-1 has in place or will have in place prior (3 restart instrumentation for

the det;ction of inadequate core cooling. The licensee i.s providing training

which will greatly enhance the reactor operators' ability to recognize and

respond appropriately to an approaching inadequate core cooling condition.

None of the Intervenors submitted any evidence on which contrary conclusions

could be based.

102. While in the short-term the licensee's canmitments to upgrade

equipment and training is sufficient to protect the health and safety of the

public (Phillips (Water level instrumentation), ff. Tr.10807, at 5-8;

Tr.15956 (Ross)), in the long-term the Staff is requiring all licensees of

operating nuclear power plants to provide a description of additional

instrumentation or controls which are oroposed for a plant which give an

unambiguous, easy-to-interpret indication of inadequate core cooling.

Phillips (Water level instrumentation), ff. Tr.10807, at 8. This

requirement is contained in Section 2.1.3.b of NUREG-0578 and is discussed

with respect to TMI-1 in NUREG-0680 (Staff Ex. 1) at C8-14 through C8-21.
,

The evaluation of the new equipment is to include reactor water level

indication. Id. at 8; Staff Ex.1, at C8-19. The purpose of the evaluation

- . . ___ _ .- .-
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1s to determine the feasibility and practicality of direct water level

measurement in the core and to allow the licensees to select the best of

several instrumentation concepts and/or data processing schemes. for obtaining

a clear indication of inadequate core cooling conditions. Phillips (Water

level instrumentatian), ff. Tr.10807, at 8.

103. NUREG-0737, " Clarification of TMI Action Plan Requirements,"

rescheduled and detailed the steps to be taken by licensees and applicants in

response to the requirement for additional instrumentation in 52.1.3.b of

NUREG-0578. These steps included requirements for documentation and a final

design description of additional instrumentation and displays to be submitted

by all licensees by January 1, 1981. A schedule for installation, testing,

calibration, and implementation of proposed new instrumentation was also set

forth. Ross (Water level instrumentation), ff. Tr.15915, at 2.

104. Attempting to comply with this requirement, Met Ed and B&W have

proposed the use of existing instruments to provide an indication of

inadequate core cooling. The basis for this proposal is that there is no

need for additional instrumentation, particularly a reactor vessel water

level measurements to detennine inadequate core cooling. Phillips(Water

level instrumentation), ff. Tr.10807, at 9; Keaten, et al., ff Tr.10619, !

at 11-12. The Staff has reviewed the justification for no additional

instrumentation and found it unacceptable. Thus, the Staff has concluded

that the licensee is not in compliance with the new instrumentation portion

of 9 2.1.3.b of NUREG-0578 and is not in full compliance with Order Item 8

i



4

.

- 50 -

which deals with " Lessons Learned" items. Phillips (Water level instru-

mentation), ff. Tr.10807, at 9; Staff Ex.1, at C8-21; Staff Ex.14, at

29-30. It is the Staff's position that reasonable progress toward com-

pletion of this item must be shown before Unit 1 is allowed to restart.

Tr. 10881 (Phillips); Tr. 21207-09. The Staff believes that reasonable

progress could be shown by the licensee's completion cf the following five

criteria:

(1) Selection of a level measurement system concept or an equivalent
system for development.

(2) Definition of the development program and schedule for develop-
ment and procurement of the selected system.

(3) Evidence of a tangible commitment to performance or participa-
tion in the appropriate test programs to execute the defined
developnent program.

(4) Justification for the concept selected if it results in schedule
delays significantly in excess of what appears to be achievable
by other options.

(5) Contingency plans and schedule for procurement of an alternate
concept if the selected concept does not show acceptable progress
at defined milestones.

Staff Ex.14, at 29-30; Tr. 21207-08.

| 105. In its testimony in response to the contentions' the licensee sets

forth its position with respect to the need for reactor vessel water level

indication. Keaten, et al . , ff. Tr.10619. The licensee describes its OARP

which includes specialized training for responding to LOCA's; its rey'ised

plant procedures which emphasize the importance of maintaining an adequate,

1

saturation margin in the reactor coolant system; its saturation meter and

.

m ~ ~
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associated instrumentation; its connection of all 52 core exit thermocouples

to read-out in the control room; its expansion of the range for the RCS hot

leg temperature measurement; and its new emergency procedure which defines

the use of information available from the core exit thennocouples, RCS

temperatures, and the new saturation meter. Xeaten, et al., ff. Tr. 10619,

a t 7-9. Further, for postulated events beyond the design basis, inadequate

core cocling guidelines have been developed which define appropriate actions

to prevent significant cladding damage and/or hydrogen generation. Id. at

10. The licensee believes that the instrumentation, procedures, and training

described assure that the reactor operators have unambiguous, easy-to-

interpret indication of the approach to inadequate core cooling and the

necessary guidance to take appropriate action to enhance adequate core

cooling. Id. at 11-12. Consequently, it is the licensee's position that

there is no need for additional instrumentation such as reactor vessel level

indication. . Id. at 12.'

106. Although Met Ed and B&W do not believe there is a need for reactor

vessel water level instrumentation, this position is not consistent with the

position taken by other vendors. Other vendors, Westinghouse and Combustion

Engineering, have proposed water level measurement systems which they are

recommending to their customers. Tr. 10808-11 (Phillips). For Combustion
!

, Engineering PWRs, three of eight plants are committed to a core water level
1

! system; four are still reviewing available options and one is taking the

position that nothing is needed. Twenty of the 27 Westinghouse PWR's have

committed to such a system. For B&W reactors, four of the eight have
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selected or will select a system; two are still reviewing available systems

and two be!ieve no additional instrumentation is necessary. Ross(Water

level instrumentation), ff. Tr.15915, at 11-12.

107. While the Staff approves of the equipment that has been installed,

the procedures that have been revised, and the training that has been

conducted by the licensee, the Staff's belief in the need for water level

measurement capability has beer reinforced by two recent incidents at nuclear

power plants for which such capability would have contributed to safe

operation. Ross (Water level instrumentation), ff. Tr.15915, at 3. Those
,

events occurred at St. Lucie in June,1980 and Sequoyah in February,1981.

Id. at 3-4.

,

108. The licensee's procedures for detection of inadequate core cooling
,

rely primarily on the saturation meter and core exit thermocouples. The

saturation meter, while providing a basis for initial actions, does not

distinguish between anomalous transients which can drain the pressurizer and

cause primary loop saturation due to cooling and shrinkage of primary coolant

versus loss of coolant inventory which could leau to inadequate core cooling ,

I if it continues. Phillips (Supplement to Water level instrumentation), ff.
l
'

Tr.10807, at 2.

109. TMI-1 Emergency Procedure 1202-6B describes the different operator

responses to small break LOCA versus overcooling events which cause automatic j

high pressure injection. These procedures now require the operator to

|
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distinguish between the transients based on indirect indicators from existing
I

instrumentation. Vessel level instrumentation, if available, would permit a |

much quicker and more reliable diagnosis of the conditions. For small break

LOCA, an orderly cooldown is required, but not necessarily for an overcooling

transient. In both cases, a vessel level meter if available, would provide

coordinating infonnation to assist the operator in restoring the water solid

primary system (possibly using the upper head vent) and the normal water

level in the pressurizer. Phillips (Supplement to Water level instrumenta-

tion), ff. Tr.10807, at 2-3.

110. For a small break LOCA, the primary system will continue to lose

coolant inventory, at a rate and duration dependent on the size and location

of the break, until the safety injection make-up flow exceeds the rate of

coolant loss. For some conditions, the time interval from the instant of

primary system saturation conditions until the occurrence of superheat

indication on the core exit thermocouples or hot leg RTDs is in excess of 30

minutes, and possibly up to three hours Jr inore. The superheat condition

does not occur until the core is partially uncovered and fuel heat up has

begun. Phillips (Supplement to Water level instrumentation), ff. Tr.10807,
,

at 3.

111. If level instrumentation were available, the effectiveness of HPI

in recovering the system and the trend of level indication (continuing to

lose coolant or refilling the system) would provide valuable diagnostic

information on the nature of the transient before the ievel drops into the

- - .- _ . - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .-
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core. The level indication would also provide evidence that the core is

covered-during recovery from a TMI-2 type flow blockage condition, even

though superheat may persist at the core exit thermocouples. None of the |

process parameters monitored by existing ins *:rumentation provide equivalent

information on a continuous basis. Phillips (Supplement to Water level

instrumentation), ff. Tr.10807, at 3.

.

112. Finally, vessel level information is important and possibly

essential to proper emergency procedures relating to use of the reactor

vessel head vent required by the TMI Action Plan. Vessel level information

would indicate the existence of a void in the upper head so that the need for

vessel venting could be evaluated. The NRC Staff has not evaluated the

conditions for which the head vent should be opened and has requested that

procedures for use of the vent be provided by the licensee. However, the

staff is aware of at least one vent design for which the designer insists on

the coupling of level information to the safe operation of the vent. Phillips

(Supplement to Water level instrumentation), ff. Tr.10807, at 4-5.

113. The Staff considers level measurement systems necessary for display

of additional reactor coolant system status information which is needed by

the operator for diagnosis of an event or condf cion both during the course of j

l

the event and after it has occurred. During the event, the operator needs

this information either as the basis for initiating energency actions or as a

confirmatory signal to complete the otherwise indicated action. The Staff

believes that the use of all pertinent status information as input to

,
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-operator actions is one of the lessons learned from THI-2. Accordingly,

the Staff will require that level information, when that display becomes

} available, to be appropriately incorporated into the emergency procedures

for inadequate- core cooling.' After recovery from an event, liquid level

information can be used to assess whether core uncovery and fuel damage

occurred. This f s valuable input for decisions concerning the safe'ty

implications of restarting a reactor after a transient event with possible

core uncovery. Ross (Water level 'nstrumentation), ff. Tr.15915, at 5; Tr.

10877(Phillips).

114. The Staff believes that while existing equipment may be sufficient

to respond to TMI type accidents, it may not be sufficient to respond to

other unidentifiable accidents. Tr. 10892 (Phillips). One of the lessons

learned from the TMI-2 accident was that there need to be more diverse

instruments that would let operators cope with anomalous transients for

which procedures and training do not exist. Tr. 15994 (Ross). Thus,

instrumentation other than that currently being used, is needed. Reactor

vessel level is an additional and diverse method of determining inadequate

core cooling. Tr. 15995 (Ross).

115. Based on the facts presented on the record, the Board finds that

the licensee should be required to develop and subsequently install an

instrument which will measure water level in the reactor core. Such

instrumentation is, in the long-term, necessary to aid the operators in

!
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recognizing and dealing with inadequate core cooling conditions. Reasonable

progren toward this goal will be a condition of the restart of Unit 1.

ECCS BYPASS AND OVERRIDE

116. The Licensing Board admitted two contentions relating to ECCS

bypass and override. UCS Contention 10 states that:

the design of the safety systems at TMI
is such that the operator can prevent the
completion of a safety function which is
initiated automatically; to wit: The operator
can (and did) shut off the emergency core
cooling system prematurely. This violates
54.16 of IEEE 279 as incorporated in 10 CFR
50.55(a)(h)whichstates:

The protection system shall be so
designed that, or.ce initiated, a protection
system action shall go to completion.

The design must be modified so tht no
operator action can prevent the completion of
a safety function once initiated.

This contention was limited, however, to the core cooling (ECCS, EFW) an:

containment isolation systems. "First Special Prehearing Conference Order,"

LBP-79-34,10NRC828,836(1979).

Mr. Sholly's Contention 3 asserts that:

As a result of Licensee's Operating Procedures, the emergency core
cooling system can be defeated by operator actions during the course of
a transient and/or accident at Unit 1, such defeat consisting of either
throttling back the high-pressure injection pumps or tripping these pumps.

! It is further contended that under the conditions of a loss-of-feedwater
|
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transient / loss of coolant accident at Unit 1, defeat of the emergency core
cooling system high-pressure injection system by pump throttling and/or j
pump trip results in signficant cladding metal-water reaction, causing the '

production of amounts of hydrogen gas in excess of the amounts required by
NRC regulations to be considered in the design and accident analysis of
nuclear power plants. It is contended further that such production of
hydrogen gas results in the high risk of breach of containment integrity
due to the explosive combustion of the hydrogen gas in the containment.
Inasmuch as the emergency core cooling system is an engineered safety
feature which is relied upon to protect the public health and safety, and
because proper operation of the emergency core cooling system is required
to provide reasonable assurance that Unit I can be operated without
endangering the public health and safety, it is contended that the
emergency core cooling system operating procedures must be modified in
order to ensure compliance with the GDC 35 requirement of negligible clad',

metal-water reaction following a loss-of-coolant accident (LOCA). It is
further contended that the emergency core cooling system operating pro-
cedures must be appropriately modified prior to restart in order to pro-
vide for protection of the public health and safety.

117. The Licensee's testimony on this subject was submitted by Philip R.

Clark, Michael J. Ross, and E.S. Patterson (follows Tr. 6225). UCS also

submitted testimony prepared by Robert D. Pollard (follows Tr. 6410).

Mr. Sholly did not present direct testimony but did participate in cross-

examination on this i m e. The Staff's testimony was presented through

Walton L. Jensen, Jr. (Sholly Contention 13, follows Tr. 6600) and Donald F.

Sullivan (UCS Contention 10, follows Tr. 6602).

UCS Contention 10
|

118. In its testimony, the licensee stated that UCS had misinterpreted

IEEE 279 and that operator intervention in a safety function after the

initiation of a protective system action does not violate applicable cri-

teria. The licensee's witnesses testified that operator intervention in a

safety system operation is desirable, enhance!. safety, and may be necessary

in certain circumstances . According to Mr. Clark and Mr. Ross, appropriate

- - -
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instrumentation, procedural guidance and training have been provided to TMI-1

operators on situations where they should intervene in the automatic opera-

tion of the ECCS, containment isolation, and EFW systems. Clark, et al.,

ff. Tr. 6225, a t 2-3,11-12.

119. Mr. Patterson testified that 6 4.16 of. IEEE 279 applies only in the
,

context of the protection system scope addressed in 6 1 of IEEE 279-1968,

" Proposed IEEE Criteria for Nuclear Power Plant Protection Systems", (UCS

Ex.16), which remained essentially unchanged in the 1971 version of IEEE

279, "IEEE 279 Standard Criteria for Protection Systems for Nuclear Generating

Stations" (Licensee Ex. 16). Both IEEE 279-1968 and IEEE 279-1971 are incor-

porated into 10 CFR 6 50.55a(h). Compliance with this regulation is manda-

tory for plants receiving their construction permits (CP's) after January 1,

1971. The CP for TMI-1 was issued on May 18, 1968. Sullivan, ff. Tr. 6602,

at 2-3.

120. Section 1 of IEEE 279 - 1968 defines the scope of the protection

system:

For purposes of these criteria, the nuclear power plant protection
system encompasses all electric and mechanical devices and circuitry
(from sensors to actuation device input tenninals) involved in
generating those signals associated with the protective function.

| These signals include those that actuate reactor trip and that, in the
| event of a serious reactor accident, actuate engineered safeguards
i such as containment isolation, core spray, safety injection, pressure

reduction, and air cleaning.

Mr. Patterson gave the example that in a condition requiring ECCS, the

| protective system shall be so designed that, once initiated, nothing within

the protection system can prevent the signal from completing its specified
|
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action (actuation of the ECCS). For support, Mr. Patterson quoted 94.16 from

the 1971 version of IEEE 279, which he stated clarified the section cited by

UCS. Section 4.16 states that "the protection system shall be so designed

that once initiated, a protective action at the system level shall go to

completion." The term " system" in both versions of IEEE 279 refers to the

nuclear power plant protection system, as defined in the scope section of the

criteria. Mr. Patterson noted the major change in the 1971 version was the

addition of "at.the system level". But, he testified there was no change in

scope of IEEE 279. Tr. 6269-70 (Patterson). The licensee believes that UCS's

application of IEEE 279 is without factual support. The licensee also views

IEEE 279 as being directed at the initiation of a protective action, and not

at completion of the subsequent safety function. Clark, et al . , f f. Tr.

6225, at 3-4.

121. Licensee witness Mr. Clark strongly disagreed with the basic under-

lying philosophy of UCS Contention 10. Mr. Clark testified that the UCS

contention implies that automatic circuitry is needed to prevent the operator

from modifying any protective action once initiated. The licensee believes

this is impractical and could complicate the plant, detracting from safety,

since the devices could fail or complicate the operator's ability to com-

prehend the event. In Mr. Clark's view, the real need is to prepare the

operators to correctly diagnose the plant condition and take the proper

actions. Clark, et al . , ff. Tr. 6225, at 4; Tr. 6235-37, 6292 (Clark).

|
|
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,

122. According to the licensee, from the beginning of the nuclear power

industry, the necessity of relying ultimately upon the operator as a required.

element in correct plant operation has bee recognized. It has also been

recognized that it is impossible to build a plant which would operate cor-

rectly under all-conditions, not all of which are possible to foresee, and

that a properly trained operator in control of the plant is the best con-

tinuing guarantee of correct operation. The properly prepared operator

has the advantage of being infinitely more flexible in responding to the

unexpected than any automatic control mechanisms. Clark, et al . , ff. Tr.

6225, at p. 5; Tr. 6235-37 (Clark).

123. Mr. Clark recognized that certain rapid actions require immediate

response to sudden changes in plant conditions (e.g., immediate actions of

protective systems reactor trips, ECCS actuation and containment isolation)

and thus are automated, leaving the operator to verify the functioning of the

circuitry. However, Mr. Clark, pointed out that subsequent bypass of such

circuits, on the other hand, proceeds on a much more deliberate basis, where

operators have ample oppportunity to verify conditions for bypass, refer to

operating procedures and consult with their immediate supervisor before

activating the bypass. Mr. Clark stressed the appropriateness of this type

of action remaining under operator control. Clark, et al., ff. Tr. 6225, at

5-6.

124. As indicated, Mr. Clark testified that addition of automatic

circuits adds complexities to the plant that may be counter-productive to

i

!
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safety. He also set out examples of when deliberate operator intervention is

desirable and necessary (e.g., following inadvertant actuation, the operator

should have the ability to bypass the protective action). Clark, et al . , f f.
j

Tr. 6225, at 6-7, Tr. 6251 (Clark).

125. Met Ed and B&W have analyzed all design basis accidents and

developed operator procedures to cope with those transients. Tr. 6245

(Ross);Tr. 6247, 6250 (Clark). The procedures are quite specific and

operators are instructed to follow and not depart from those directions.

Tr. 6246 (Ross). Design basis accidents were defined by Witness Clark as a

defined class of extremes and explicitly do not allow for every possible

sequence of failures. Tr. 6247 (Clark). The operator is to follow the

procedures as written, with one overriding principle, that if in the

operators's judgment, the safety of the public or personnel requires him to

take action not in the procedure, he should do so. Tr. 6248 - 49 (Clark).

126. The operators, including control room operators, senior reactor

operators, and shift technical advisors, have greater capability to deal with

the unforeseen or unusual than does any preprogrammed device. The operators

have the actual situation information being presented while, in order to

preprogram, all possible calculations must be recognized. Tr. 6232-33, 6283

(Clark). The licensee stated that it is better to have a system which permits

operator flexibility in unforeseen events than to have a system which pre-

vents operator error by intervention in all events, foreseen and unforeseen.

Tr. 6285-86 (Clark).
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127. As a result of the TMI-2 accident, training has been broadened to

provide training in heat transfer, thermal hydraulics, and understanding

plant systems for response and interaction. There is new additional

expertise available to the operator in the form of a shift technical adviser,

a graduate engineer, who will be able to give the reacto operators advice.

This is a signficant improvement over the pre-a:cident situation. Tr. 6301-03

(Clark). Responding to the Board, Mr. Clark concluded that, f6r unforseen

events, the human with a proper background is clearly superior to a machine.

Tr. 6301-04 (Clark). Designers have in mind that if the design does not

perform properly, an operator will in'terrupt. The licensee believes that

this concept is implicitly recognized in the IEEE standards such as 279

and 603. Tr. 6309 (Clark).

128. Mr. Clark has an extensive background in the naval reactor program

with responsiblity for all navy reactors, including reviewing the impli-

cations of the TMI-2 accident for the naval reactor program. He was also

involved in safety system designs modifications (e.g., cpgrading ECCS) at

the Shipping Port plant, a PWR. Tr. 6257-60, 6263-64 (Clark); Statement of

Qualifications. Clark, et al., ff. Tr. 6225, af ter 12. The Board recognizes

Mr. Clark's superior qualifications and expertise in this area.

129. Robert D. Pollard who testified for llCS, argued that the TMI-1

design is unsafe and violates the NRC's regulations because the protection

system is not designed in accordance with 64.16 of IEE 279, "as properly ,

interpreted" from an engineering point of view Tr. 6491, 6496. (Pollard) .

,
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UCS argued that another THI-2 is invited if TMI-1 is not designed according

to UCS Contention 10. Tr. 6442-44 (Pollard). UCS con *anded that the operator

should not be allowed to prevent the initiation or completion of the safety

functions of the ECCS, EFW and containment isolation systems. UCS concluded

that TMI-1 must be modified to the extent that no operator action can prevent

completion of an initiated safety function. UCS submitted Met Ed's and the

Staff's position is inconsistent with the basic purpose of Commission

requirements, the developmental history of these requirements, and the

lessons learned from the TMI-2 accident. Pollard (UCS Contention 10), ff.

Tr. C410, at 3, 22.

130. Mr. Pollard argued that utder the purpose of IEEE 279, the ECCS,

AFW and containment isolation systems would be part of the protection systen.

Pollard (UCS Contention 10), ff. Tr. 6410, at 4. According to Mr. Pollard,

the correct interpretation of the purpose of IEEE 279 is to ensure that when

a protection system (a redundant, diverse, testable, environmentally and

seismically qualified, reliable system meeting the single failure criterion)

detennines a safety function is needed, such function will be initiated and

go to completion . Pollard (UCS ' Contention 10), ff. Tr. 6410, at 5.

131. Mr. Pollard contended that there is technical support for a

functional performance position that is if the protection system determines a

need for protective function, it should be ensured it will be done. That is,

the operator cannot prevent the initiation and completion of the functions.

For example, if there is a need for ECCS, the core should be adequately

|
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cooled and not just the fact the ECCS actuation signal is sealed in. Pollard

(UCS Contention 10), ff. Tr. 6410, at 12.

132. UCS also argued that the lessons learned from the TMI-2 accident

support its position. UCS cited examples in the TMI-2 accident of the

operator preventing the initiation and/or completion of a safety function.

Specifically, Mr. Pollard testified the operator violated emergency pro-

cedures by terminating HPI flow to the RCS when the recctor still required

ECCS and the closure of both auxiliary feedwater valves. Mr. Pollard did

acknowledge that in response to these incidents there has been a development

of new emergency procedures (e.g., operators have been instructed not to shut

off HPI unt11 the protective function has been completed) or design changes

a t TMI-1. Pollard (UCS Contention 10), ff. Tr. 6410, at 1-2,16-17.

133. Mr. Pollard attempted to refute the position of the Staff and

Het Ed that continued operation of a safety system may be a hazard, by

arguing (1) if safety function completion is properly determined, such unsafe

conditions should not arise until the safety function is completed, and (2)

if such conditions pose an undue risk, the protection system should be

designed to automatically prevent then, from occurring. Pollard (UCS

Contention 10), ff. Tr. 6410, a+ 21-22.

134. Mr. Pollard admitted that for his interpretation of IEEE 279, the

scope language has to be ignored to find licensee in violation of 9 4.16.

But, he argued, the scope language has been previously ignored and applied to

_
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the actutted system and after TMI-2 he believes it is desirous to apply

IEEE 279 requirements to the equipment actuated by the protection system.

Tr.6492(Pollard). Although Mr. Pollard could not recall a specific

instance, he testified the Staff in the review of the applications,. in

"positione" sent to the applicant would indicate appitcations of IEEE 279

beyond the " scope" limitations. Tr. 6574-75 (Pollard). UCS could not cite

any written document where the Staff generally advised the industry that

IEEE 279 applies beyond its own defined, stated scope. Tr. 6502-03

(Pollard).

135. UCS conceded that it is possible in unforeseen events that a system

designed in accordance with UCS Contention 10 would prevent the operator from'

interfering in that unforeseen event. UCS believes that the advantage of

allowing the operator to intervene in foreseen and unforeseen events is

outweighed by operator interference violating instructions in foreseen

sequences. Tr. 6564 (Pollard).

136. Mr. Pollard acknowledged that there is not a single canmercial

nuclear power plant in the United States with an ECCS or EFW system which is

designed such that the operator cannot prevent the completion of the safety

function once it is automatically initiated. Therefore, he believes that all

United States commercial nuclear power plants violate 10 C.F.R. 50.55a(h), as

Mr. Pollard construes it, and are unsafe and "probably should be shut down

and modified" to conform to his interpretation. Tr. 6469-70, 6493 (Pollard).

.. . _ -.
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137. Mr. Pollard has never been licensed by the NRC or AEC and has never

desiped a reactor protection system. He has never performed any actual

calculational analyses' for safety analyses of performance requirements for

the ECCS, containment isolation, or EFV systems. Tr. 6467-68, 6564

(Pollard). The Board takes into account Mr Pollard's lack of expertise in

this area in weighing the evidence presented on UCS Contention 10.

138. Licensee's witness, Mr. Patterson, was involved in the' preparation

of the IEEE 279-1968 and 1971 versions. Statement of Qualifications, Clark,

et al . , ff. Tr. 6225, after 12. Mr. Patterson disagreed with Mr. Pollard's

description about the experience of the IEEE 279 authors. Specifically, Mr.

Pattersori noted the authors were familiar with engineered safety features

like emergency cooling sytems. He further noted the scope of both versions

indicated that IEEE 279 applies to emergency / engineered safety features. Tr.

6229(Patterson) Disagreeing with UCS, Mr. Patterson testified the purpose

of 94.16 of IEEE 279 was to force the operator to take some action to reset

the protection system af ter trip, and force the designer to in some manner

incorporate a latching or reset mechanism in a protection system. Tr. 6228

(Pa tterson).

139. Mr. Patterson testified that the reason IEEE-279 reads, "Once

initiated, a protection system action shall go to completion", is that the

authoring committee was quite sensitive in writing principles in a way not to

force designers into doing specific things in their designs. He added that

the original consideration was to use a phrase like, "the system shall seal

m
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in or lock in". But, this was considered as leading to an interpretation of

forcing the designer to use specific mechanical techniques and so the words

now in the document were used to give the designer a wider range of freedom

to accomplish the intent of the criteria. Tr. 6230 (Patterson).

140. Mr. Patterson testified he was not aware of any safety system which

is cesigned to go to completion of the protective function without the

opportunity for operator intervention. He also noted the problem of defining

completion, citing the example, once the control rods have dropped, depending

on the initiating event, there is nothing that prevents the operator from

pulling the rods out of the core. Tr. 6230-31 (Patterson).

141. Mr. Patterson testified that when Mr. Pollard was associated with

the. authoring committee, it was considering replacing IEEE 279 with IEEE 603.

IEEE 603 was defective, however, so it was put in trial use. Since that time

the Committee has reaffinned IEEE 279 for another four years. IEEE 603 has

beer. revised and is now an approved full standard. However, there is no

evidence of intention to replace IEEE 279. To Mr. Patterson's knowledge, the

NRC has not taken any position on the use of IEEE 603. Tr. 6231-32

(Pa tterson) . ,

142. According to Mr. Clark, it is particularly important not to

introduce interlocks which complicate the operator's ability to understand

the event and could prevent the operator from taking action in an unforeseen
!

sequence when it would be desirable. He stated an underlying philosophy of

!
|
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the whole nuclear power industry is that controls / circuits or interlocks are

only added when the operator cannot be relied upon because he does not have

adequate time or information. Mr. Clark argued that TMI-2 accident'

investigations support this position. He testified thet the investigations

promoted better operator procedures and none commented on the need to prevent

the operator from being able to take action or control when he has the needed

time and information. Tr. 6237-38 (Clark).

143. Mr. Sullivan, for the Staff, noted that IEEE 279, like IEEE 603, is

a design document addressing only capability. He argued IEEE 279 and IEEE

603 are not operations documents since these standards cannot mandate actual

operation or that a certain function will inevitably occur. In regards to

the seal-in of logic circuits of the protection system, Mr. Sullivan

testified such a design is consistent with the protection system's purpose,

which is to initiate the safety function. According to the Staff, this

mandating of design capability is not inconsistent with operator

intervention. Tr. 6605-06 (Sullivan).

144. The Staff confirmed that IEEE 603-1977, the trial use standard, has

not been given any regulatory force by the NRC. IEEE 603 has not been
,

codified in the regulations and has not been endorsed by a regulatory guide.

There is no intention to do so according to the Staff. Like the licensee,

the Staff submitted that IEEE 603-1977 is partially deficient. The Staff has
r

objections to incorporating the 1980 version of IEEE 603 into the NRC rules
;

|
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or as a Regulatory Guide which do not have the force of regulations. Tr.

6607-09 (Sullivan).

145. The Staff disagreed with the UCS position that 94.4 of IEEE

603-1977, if applied, would support UCS and prevent operators from

interfering with completion of safety function. Mr. Sullivan, reemphasized

that IEEE 603 is a design standard and can mandate'only design capability,

not operation, which is not inconsistent with the operators ca'pacity to

interrupt. Mr. Sullivan quoted the standard, " Deliberate operator action

shall be required to return the safety sytem to normal," which he stated,

|
implies it is permissable to have operator intervention capability. Tr.

6609-10 (#111 van).

146. Contradicting the UCS position, the Staff argued that if 64.4 of

IEEE 603-1977 were adopted there would be no design changes required at TMI-1

because TMI-1 already has systems designed to go to completion if there is no

intervention. The system may have the intervention capability, but Mr.

| Sullivan testified this does not militate against the design capability. Tr.
|

| 6616(Sullivan).

,

147. Besides refuting the above UCS arguments, the Staff took these

basic positions on UCS Contention 10: (1) the TMI-1 design does not violate

94.16 of IEEE 279, but in fact the TMI-1 protection system is in conformance

with those provisions and (2) although fully automatic safety systems might

in theory be designed which preclude operator intervention, it would require

.
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a determination of all accident sequences and this objective is unlikely to

be achieved. The Staff believes that it is prudent to rely on a well trained

operator, with adequate information to be be an integral element in an

emergency response. Sullivan, ff. Tr. 6602, at 3-5; Tr. 6635 (Sullivan).

148. Mr. Sullivan testified that even though compliance with IEEE

279-1968 is not mandatory for THI-1, the plant's design does not violate

94.16 of IEEE 279. Sullivan, ff. Tr. 6602, at 3. Mr. Sullivan did the

safety review for TMI-1 at the OL stages where IEEE 279-1968 served as a

basis for review even though the standard was not officially promulgated

until after THI-1 received its CP and TMI 1 was not bound by law to comply.

Tr. 6632-34 (Sullivan). The reactor protection system of TMI-1 was designed

and built to IEEE 279 - 1968. Tr. 6271 (Sullivan).

.

149. Mr. Sullivan recognized that operator action prematurely reduced

the effectiveness of ECCS at TMI-2. But, he testified there is a real

distinction between a safety function, (e.g., actual pumping of water into

the reactor) and the protection system that actuates the equipment (e.g.,

motors and pumps) which performs the safety functions. Mr. Sullivan said

this distinction is made in the " scope" section of IEEE 279-1968, 91.

Sullivan, ff. Tr. 6602, at 3.

150. The IEEE 279 Standard in the Staff's view does not address motors,

| pumps, etc., that actually perfonn the safety functions. The Staff reasoned
! t

; from this that a design giving operator the capability of prematurely
|

|

{
!
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terminating a safety function does not violate 94.16 of IEEE 279. Sullivan,

f f. Tr. 6602, a t 3-4. Mr. Sullivan stated that conformance to 64.16 requires

a protection system be designed that, once initiated, the protection system

action shall go to completion. The Staff believes that this implies a design

where the actuation circuitry is " sealed in" in the sense a return of the

initiating parameter to a normal level does not automatically reset the

protection system and terminate the safety function. Instead, the actuation

circuits are designed to demand the safety function until subsequent

deliberate operator intervention to return to operation as set out in 94.16.

The TMI-1 protection systm is designed with the " seal-in" feature so that

the protection system action goes to completion, all in conformance with

94.16 of IEEE 279-1968. Sullivan, ff. Tr. 6602, at 4.

151. As indicated, the Staff took a position against the contention that

the TMI-1 design must be modified so that no operator action ca.1 prevent

completion of an initiated safety function. The Staff generally does not

require engineered safety feature (ESF) systems designs to preclude operator

interruption of the safety function anytime after initiation. The reasoning

| of the Staff is that the safety advantages of such an uninterruptable from

going to completion system must be weighed against the possible adverse

effects on safety that could result from continued operation of the system.

| . Mr. Sullivan gave the example where it may be necessary to shut off a damaged

ESF pump prior to completion of the safety function to prevent loss of its

physical integrity. This was coupled with the Staff conclusion it is

unlikley to achieve the theory of a fully automatic safety system and such a
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system would be susceptible to misoperations during unpostulated events.

Sullivan, ff. Tr. 6602, at 4-5.

152. The one design exception that Mr. Sullivan knew of where the Staff

requires a design such .that the operator cannot interrupt the safety function

after initiation is in the case of tripping of the rods in boiling water

reactors, where there are timers which interlock out the reset switch for

about 10 seconds. Tr. 6639-40 TSullivan). He added the rods are part of the
,

-safety system but not part of the protection system. Tr. 6640 (Sullivan).

153. The Staff understood the UCS contention to call for a physical

interlock against any operator intervention except in a few cases that might

be specified in the design basis on throttling and only a few others under

highly prescribed conditions would be incorporated into the design. The

Staff took the position that there-is no need for the interlock system to

meet a IEEE 603 designed to go to completion system. Tr.6618(Sullivan).

154. The Staff recognized that the principles of IEEE 279 have in

general been applied to the remainder of the safety system because the

principles usually represent universal design principles. Tr. 6626-27.

(Sullivan). Mr. Sullivan noted that standards usually lag behind Staff and

industry practice. Tr. 6653 (Sullivan).

i

j 155. Mr. Sullivan testified that the advantage of the TMI-1 system is
!

l that it permits operator flexibility to cope with unforeseen events. Tr.
1

, -
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6646,6654(Sullivan). The Staff took the position that the probability of

an unforeseen event is greater than zero, citing the TMI-2 accident and

reasoned that a specific safeguard against an unforeseen event cannot be

provided. This does not preclude using common sense to give the operator the
Tr.capability of using his human intelligence to cope with the unusual.

6647-49,6653(Sullivan). Mr. Sullivan estimated there is a 50-601,

-probability that there will be a system in the plant available to help the

operator mitigate an unforeseen event. Tr. 6651 (Sullivan).

156. Mr. Sullivan disagreed that only those deliberate operator

interventions which are identified in 63.10 of the design basis are permitted

and he testified $4.4 of IEEE 603 does not preclude operator interventions

except those listed in $3.10. For example, deliberLte operator action is

required to return the safety system to normal and Mr. Sullivan repeated the

design standard can only mandate design capability. He simply explained the

safety system shall be designed so that after initiation, the intended

sequences of system level protection action shall continue until

completetion. In the Staff's view, deliberate operator intervention

Tr. 6656-59capability does not in any way contradict design capability.

| (Sullivan).

157. Mr. Sullivan contended it is not accurate to read 53.10.4 of the

f design basis with 64.4 of IEEE 603 to mean a design is required which

prohibits deliberate operator interventions except those which have been
,

'

!
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identified a.fter the point in time when it is appropriate to return the

system to nomal. Tr. 6659 (Sullivan).

158. Mr. Sullivan testified as had Mr. Pollard, that the purpose of IEEE

603 is to extend the design criteria principles of IEEE 279 beyond the strict

definition of protection system in the scope of IEEE 279 to cover the whole

safety system, including the protection system. By safety system Mr. Sullivan

meant ESF like EC',S and included the actuators, the motor, pumps and piping

into the system. Tr. 6625-26 (Sullivan).

159. Responding to the Commonwealth, Mr. Sullivan testified that a
,

design that would allow the operator to press the bypass button that resets

the ESFAS signal and prevent the pumps from starting and valves from

realigning would not violate IEEE 603 because the system is designed to go to

completion. He explained that if the operator does not interfere with the
'

system, it will go to completion. The Staff submitted that manual inter-

ruption capability is not a contradiction in tems of design capability.

There would be a conflict if the standard were an operations standard that

mandated operation, like technical specifications, but not when it is only a,

| design capability standard. Tr. 6673-74, 6682, 6746 (Sullivan).

160. The Staff position is that the scope of IEEE 279 only includes the

protection system which only initiates and with the seal-in feature, once the

| system is initiated, it is sealed. Tr. 6678 (Sullivan). As for $4.4 of IEEE
|
| 603, the Staff responded to the Board that protection action at the system

)

'
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level refers to the pum,9s. The seal-in feature of the protection system is

consistent in Mr. Sullivan's view with the requirement of the remainder of

the safety system's design going to enmpletion. By example, the protection

system locks-in and keeps a sustain 'gnal barring interruption on the

controls, which turn on the pumps, valves and motors and if the operator does

not intervene, the system is designed to and will go to completion (e.g.,

fill the vessel). .Tr. 6678-80 (Sullivan).

161. Mr. Sullivan argued that it would not be a violation of IEEE 279 to

have a design at TMI-1 where the protection system signal used to initiate

ECCS is sealed-in and the operator is allowed to prevent the ECCS from

starting. (Capability to prematurly terminate a safety function could be*

done even before it is turned on by virture of maintenance bypasses.) Tr.

6687(Sullivan). Nor in the Staff's view would a design where the operator

could prevent the starting of the HPI violate IEEE 603. Tr. 6688 (Sullivan).

162. The Staff submitted that a UCS type design would not violate IEEE

603 or IEEE 279 but the standards do not demand such a design. Mr. Sullivan

noted a system without an interlock will also meet IEEE 279 which is a
'minimum design standard. Tr. 6731 (Sullivan). Mr. Sullivan also testified

that the UCS desion would meet IEEE 279 but he argued that does not mean it

is a good design. Tr. 6621-22 (Sullivan). He commented that deliberate

operator intervention identified in $4.4 of IEEE 603 would be prohibited by

UCS Contention 10 until certain parameters are met. Mr. Sullivan contended

;

I

|
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this is not a sound idea and intervention should be allowed. Tr. 6622-23

(Sullivan).

163. The Board finds, based on the facts presented on the record, that

UCS interpretation ~of IEEE 279 is incorrect. The Board finds that operator

intervention subsequent'to initiation of a protection system and prior to

completion of a safety function does not offend the applicable criteria,10

C.F.R. 5 50.55a(b). The Board believes the better reasoned view from a

health and safety standpoint is that in some unforeseen circumstances it is

better to have operator intervention capability or flexibility, rather than

to be bound to irreversable complex automatic circuitry or interlocks 'or all

circumstances. We find that better operator training and proceduras have

strengthened operator intervention ability. The scope of IEEE 279 is not as

broad as UCS reads the standard. It plainly and only reaches the initiation

of the protection system and not the equipment actuated. The Board

recognizes that the principles of IEEE 279 have been applied to other

equipment, but never to the extreme that UCS desires. The Board does not

find sufficient bases from a health and safety viewpoint to app'y IEEE 279 to

the core-cooling and containment isolation systems in such a manner. This is ;

emphasized by the fact, acknowledged by UCS, that there is not a single
!
' commerical nuclear power plant in the United States with an ECCS or EFW

system which is designed such that the operator cannot prevent the completion

: of the safety function once it is automatically initiated. IEEE 603 may or
! ,

may not support the UCS position but it is not a NRC regulation nor has the

Staff applied it in the manner sought by UCS. The Board finds no reason to

,

>
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compel the licensee to comply to IEEE 603. Moreover, both IEEE 279 and IEEE

603 are design standards, mandating only design capability and not actual

operation. Operator intervention capability is not inconsistent with such

design capability. The TMI-1 design does not violate IEEE 279, 54.16. The

TMI-1 design need not be modified so that no operator action can prevent the

completion of a safety function once initiated.

Sholly Contention 3

164. Mr. Ross testified for the licensee, responding to Sholly

Contention 3, which is concerned with the modifying ECCS operating

procedures. Besides additional instrumentation added to TMI-1 to provide

better primary system conditions information to the operator, the operators
'have been provided with specific instructions as to when it is necessary or

allowable to intervene and override the automatic operation of the ECCS. The

TMI-1 emergency procedures governing ECCS operation have been modified as

recommended in Mr. Sholly's Contention 3. Clark, et al. , ff. Tr. 6225, at

7-9.

165. Operator training at TMI-1 emphasizes importance of following

procedures and the training / testing also gives assurance that the operators

are aware of procedural requirements. Without the help of the procedures,

the operator must show during testing that they know the immediate action

requirements of emergency procedures. During the Operator Accelerated

Retraining Program the importance of consultation and comunication between

individuals on the shift is stressed for significant operations (e.g., manual

--
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actions of reducing ECCS flow, overriding containment isolation on specific

lines, and manipulating steam generator secondary level). Clark, et al., ff.

Tr. 6225, at 10-11.

166. With the emphasis in the training program, there is going to be a

tendency for operators to be very sure before they bypass an emergency system

and would move quickly only in the event they judged they.were approaching

another situation involving some safety implication such as driving the plant

solid. Tr. 6347-48 (Clark).

167. There are disadvantages to an interlock. Such a system could

prevent an operator from bypassing a safety system. The operator's knowledge

and training prevent him from prematurely teminating a safety function.

Operator actions (e.g., turning something off) are not irreversible in the

sense an interlock. Tr. 6348-49 (Clark). The operators teminating safety

systems was not the cause of confusion at THI-2 but the cause was prior

training which kept the operator from properly detemining the accident and

focused him on keeping the pressurizer from going solid. Tr. 6350 (Clark).

168. Operators in the control room are licensed and undergo extensive
r

training. The training includes diagnosing the situation and entering the

procedures which are readily available at the console. The operator does not

act alone in going through the procedures but works with a team. There is an

operator for the primary side of the plant and an operator for the secondary

side. During this time there is a shift supervisor making an independent;

i

:
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I
assessment of the action being carried out in the control room. The STA

would also join the group and make another independent assessment of the

action being taken. Tr.6360-61(Clark).

169. All teams graded in a simulator under accident conditions passed.

In addition, operators have been given a course in decision-making and there

was a walk-through in a full ;cale mock-up under observation by human factors

engineers. The licensee is in the process of implementing some changes in

the control room to improve its human engineering aspects. Tr. 6362-63

(Clark). Before the accident, teams were r.ot graded as teams or taken to

simulators. Tr. 6381 (Ross).

179. During the sessions at the B&W simulator, use of the procedures was

emphasized, specifically, reading the procedures out loud, reverifying

critical procedure points and the proper method of handling an emergency if

it happens to get outside the procedure. Tr. 6364 (Ross). At the point of

departing from a procedure the operator is taught to consult with the shift

supervisor, the shift technical engineer and develop a plan to protect the

plant based on his training and experience. As noted above, when the

situation is not covered by a procedure, the operator is instructed to do
,

what is needed to protect the public health and safety. Tr. 6365 (Clark).

171. The TMI accident was reviewed with all operators and in that sense

the consequence of intervening in the safety systems was reviewed. There was

an accident walk through in the classroom and at the B&W simulator where

.
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accident was shown with no operator action and then where proper action was

taken. Tr. 6366-67 (Clark).

172. The team concept is being stressed more and since the accident two

new members have been added, the shift technical advisor and full time shift

supervisor. Tr. 6380-81 (Poss).

173. Mr. Clark testified that, based on his experience, the more complex

the system, the more he favors the operator in the sense all the operators

would be more or as reliable as the automatic system. Tr. 6380 (Clark).

174. Members of the shift crew have a better idea who does what now and

there are better communications between operations and headquarters. Tr.

6382-83 (Ross, Clark). '

175. The Staff stated in response to Sholly Contention 3, that the

operating procedures at TMI-1 have been changed to prevent the premature

throttling of the HPI. This was accomplished by retraining operators to

recognize SBLOCA symptoms and the small break emergency procedures (approved

by the NRC) have been rewritten so that HPI flow will not be throttled solelyi

i s
' on the pressurizer level, which alone, is an unreliable indication of core

coverage. The Staff believes that the instrumentation available to the

operator to indicate the core is cooled after a SBLOCA has been improved.

The Staff also agreed that if the operator follows the modified procedures r

using the modified instrumentation, there is no reason to believe the TMI-2
l
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clad metal-water reaction will occur at TMI-1 following a SBLOCA. Jensen

(Sholly Contention 3), f f. Tr. 6600, at 6-7.

176. To support the above positions, the Staff explained the HPI system

in detail. The principal function of the HPI system is to provide emergency

coolant water to the reactor in the case of a SBLOCA. The discharge pressure

of Loe HPI system pumps must be greater than reactor system pressure so that

water can be delivered to the reactor system following a SBLOCA. If the

reactor system were liquid full, the HPI water would compress the reactor

system fluid causing the system pressure to increase for very small breaks.
.

The primary system might contain a large amount of steam in larger break

cases and the HPI would reduce pressure by condensation. Jensen (Sholly

Contention 3), f f. Tr. 6600, at 4.

177. Mr. Jensen testified that in cases of very small breaks and

transients which actuate safety injection, the HPI causes the reactor system

flow to repressurize so that break flow equals HPI flow. Continuous HPI

operation causes the reactor to stay at a high pressure and leads to a

continuous discharge of primary coolant through the relief and/or safety

valves (which cpened if the break was small enough) into containment. It is

desirable to limit such reactor coolant to containment. Jensen (Sholly

Contention 3), ff. Tr. 6600, at 5. It is desirable to limit such somewhat

radioactive coolant to containment from both a convenience and health and

safety viewpoint. Tr. G689-90 (densen).

|

|
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178. To minimize discharge of primary coolant for very small breaks, the

operator should reduce HPI flow and maintain at least 50*F subcooling, as set

out in SBLOCA procedures. 50*F subcooling means the reactor system water is

50*F below its boiling point and means the reactor core is covered with water

- and subcooled. Mr. Jensen explained that the operator will also reduce

secondary system pressure by operation of the turbine bypass valves or

secondary relief valves which cools and depressurizes the primary system.

The operator adds HPI water to keep the reactor water 50*F subcooled. Jensen

(Sholly Contention 3), ff. Tr. 6600, at 5.

179. Although it is desirable to minimize unnecessary discharge of

reactor coolant through relief and/or safety valves, modification of the HPI

system to preclude high pumping pressure is not favored. For example, once

the HPI system was actuated for very small breaks the HPI system still needs

to be throttled to permit the operator to depressurize the system.

Additional considerations pointed out by Mr. Jensan is that for a lower

pressure HPI design the ECCS alone could not protect the core and for a

postulated loss of main and auxiliary feedwater, the feed and bleed mode to

remove core decay heat would not be available. Jensen (Sholly Contention 3),

ff. Tr. 6600, at 6.

180. Mr. Jensen testified in detail as to the instrumentation

improvements available to the operator to indicate the core is cooled

following a SBLOCA. Two subcooling meters will be installed at TMI-1 and the

reactor hot leg instrumentation will have an expanded range which along with
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the in-core thermocouples readings will be available to the operator in the

control room, unlike THI-2. Tr. 6695 (Jensen).

181. The Staff stated that there are no small break accident scenarios

where an operator follows the small break procedures and clad metal-water

reaction limits in 10 C.F'.R. 650.44 are exceeded. Mr. Jensen noted that for

metal-water reaction to take place, the cladding temperature must be

increased to a threshhold reaction temperature of 1700-1803*F. All the small

break analyses that has been done for TMI-1, assuming the mitigating systems

are operable, predict temperatures a good deal less than the cladding

reaction temperatures. Tr. 6696 (Jensen).

182. Mr. Jensen is familiar with the small break emergency procedures,

and is aware the criteria for terminating HPI flow is in the procedures, and

finds the criteria will be adequate. Tr. 6698 (Jensen). Mr. Jensen

testified that the instrumentation, according to design specifications given

by the licensee, will indicate to the operator whether or not the reactor
,

system is 50 degress subcooled, saturated or superheated, and will give the-

operator information to determine what the primary system situation is and to

be able to follow the procedures. Tr. 6698-99 (Jensen).

183. The Board finds that the licensee's operating procedures govern'ag

ECCS operation have been modified as recommended by Mr. Sholly. Furthermore,

there has been an improvement in instrumentation ar.d training to aid the

operators. The Board favorably notes the addition of the STA and shift
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supervisors and strengthening the crew concept as further positive

supplements to the procedures. The premature throttling of the HpI concern

has been alleviated, as has the concern for metal-water reaction. Mr. Sholly

did not meet his burden of going forward with the evidence on his

Contention 3.

SAFETY CLASSIFICATION

UCS Contentions

184. UCS Conte..t. ion 3 states:

The staff recognizes that pressurizer heaters and associated
controls are necessary to maintain natural circulation at hot stand-by
conditions. Therefore, this equipment should be classified as
" components important to safety" and required to meet all applicable
safety-grade design criteria, including but not limited to diversity
(GDC 22), seismic and environmental qualification (GDC 2 and 4),
automatic initiation (GDC 20), separation and independence (GDC 3 and
22), quality assurance (GDC 1), adequate, reliable on-site power
supplies (GDC 17) and the single failure criterion. The staff's

,

proposal to connect these heaters to the present on-site emergency '

power supplies does not provide an equivalent or acceptable level of
protection.

;185. In this contention UCS implies that the ability to maintain natural

circulation at hot stand-by conditions is necessary to adequately

protect the public health and safety and thus that the pressurizer

heaters and associated controls necessary to assure that capability must

be designed to safety-grade requirements.

i

|
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186. The licensee's witnesses, Robert W. Keaten and George J. Brazill,

testified that natural circulation cooling, although the normal and preferred

method of removing decay heat from the fuel if forced circulation cooling

becomes unavailable, is not essential to safety. Nor are the pressurizer

heaters necessary for maintaining reactor coolant system pressure at levels

at which natural circulation may take place. Other methods of effective

decay heat removal using only safety-grade systems and components are

available. Keaten and Brazill, ff. Tr. 7558, at 16-18. The TMI-1 design

includes safety-grade high pres:1re injection pumps that are capable of

maintaining pressure in an intact reactor coolant system and of

| repressurizing the reactor coolant system following the occurence of certain

small breaks. Tr. 7563-7565 (Brazill).

187. The UCS witness, Robert D. Pollard, in his prefiled written

testimony argued that if the reactor coolant boundary remains intact the only

effective method of removing decay heat from the fuel when forced circulation

is unavailable is natural circulation. Pollard (UCS Contention 3) ff.

Tr. 8182, at 3-1 to 3-2. He assumed, but did not attempt to show, that the

_

only method for maintaining reactor coolant system pressure at levels that

permit natural circulation to occur involves the use of pressurizer heaters,

ld,.at3-3to3-4. However, on cross-examination by the licensee, Mr.d

Pollard agreed that natural circulation and adequate core cooling can take
!

place even if pressurizer heaters are not available. Tr. 8243 (Pollard). He

j did not address whether the maintenance of hot stand-by conditions is
|

necessary to the occurrence of natural circulation or to adequate protection

of the health and safety of the public.
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188. The Staff's witness, Walton L. Jensen, Jr., testified that although

pressurizer heaters are needed to maintain hot stand-by conditions the

maintenance of hot ' stand-by conditions is not important to safety and the

heaters are not necessary to the maintenance of natural circulation even at

hot stand-by conditions. The consequence of losing the heater function at.

hot stand-by conditions would be a slow depressurization of the reactor

coolant system, and no credit for pressurizer heater operation is assumed in

the safety cnalysis of design basis accidents. Jensen (Safety

Classification), ff. Tr. 8712 at 3-6; Tr. 8723 (Jensen).

189. On the basis of the record before us we find that pressurizer

heaters are not necessary to the ability to maintain natural circulation;

that the ability to maintain natural circulation is not necessary to assure

adequate core cooling; that although pressurizer heaters are necessary to

maintenance of hot stand-by conditions, the ability to maintain that

condition is not important to adequate protection of the public health; and

thus that the pressurizer heaters and associated controls need nct be

classified as important to safety or designed to safety-grade requirements.

|
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; VALVES AND VALVE TESTING
,

200. The Licensing Board in this proceeding admitted two contentions,

UCS Contentions 5 and 6, concerning valves and valve testing. UCS

Contention 5 asserts that:

Proper operation of power operated relief valves (PORV's),
associated block valves and the instruments and controls for these
valves is essential to mitigate the consequences of accidents. In

'

addition, their failure can cause or aggravate a LOCA. Therefore,
these valves must be classified as components important to safety and
required to meet all safety-grade design criteria.

.
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202. Both the Staff and the licensee presented direct evidence on these

issues. The licensee's testimony was sponsored by James H. Correa, Gary T.

Urquhart, and Robert C. Jones, Jr. (follows Tr. 8746). The Staff's testimony

was sponsored by Walton L. Jensen, Jr. (UCS Contention 5 follows Tr. 8821)

and by John J. Zudans (UCS Contention 6, follows Tr. 8824). No other direct

evidence was ;-nented but UCS and the Commonwealth of Pennsylvania

participated in cross-examination of the Staff and licensee witnesses.

203. The power operated relief valve (PORV) is provided to prevent the

pressurizer safety valves from being operated for mild transients; it is more

desirable to open the PORV than the safety valves because the PORV has a
i

| upstream block valve to isolate it in the event it fails to restart. Jensen

__ _ ___ _ _
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(Valves), ff. Tr. 8821, at 3. The PORV also gives tSe operator a means of

depressurizing the primary system that is independent of the steam generators

and provides a backup to operator action in preventing reactor system*
<

overpressure during low temperature operation. The function of the block

valve is to permit the operator to manually isolate a leaking or failed-open

PORV. M.

204. Proper operation of the PORV, associated block valve, and

instruments and controls is not required to mitigate the consequences of any

design basis accidents. Jensen (Valves), ff. Tr. 8821, at 3; Correa, et al.,

ff. Tr. 8746, at 2. The original design of the PORY was to provide a

pressure relief capability. Correa, et al . , ff. Tr. 8746, at 2. The relief

capability of the PORV was not designed to fulfill a safety function. The

high pressure trip function of the Reactor Protection System and the

pressurizer safety valves provide the required over-pressure protection for

the Reactor Coolant System. The Reactor Protection System and the

pressurizer safety valves are safety-grade equipment ano comply with

applicable criteria. H. a t 2-3.

205. Failure of the PORV or associated instruments and controls which

results in an inability to isolate the flow path ,'irough the valve does cause

the equivalent of a small break loss of coolant accident. Jensen (Valves).

ff. Tr. 8821, at 4; Correa, et al . , ff. Tr. 8746, at 2. The accident would

be terminated by closure of the block valve which is an immediate action to

be taken by the operator in the event of a small break LOCA. Jensen
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(Valves), ff. Tr. 8842, at 4. Even if the block valve were to fail, the

capability of the High Pressure Injection System is sufficient to permit safe

shutdown of the reactor with no core uncovery or core damage. Id. at 4;

Correa, et al., f f. Tr. 8746, at 2, 3. In the event the PORV opened

inadvertently following a small break in the primary system, the effect on

the reactor system would be equivalent to increasing the break size. Jensen

(Valves), ff. Tr. 8821, at 4. The effect of an increase in break size would

fall within the spectrum of small break sizes already analyzed for TMI-1.

Jd_. at 4; Correa, et al. , ff. Tr. 8746, at 3. The analyses showed that the

consequences for all small breaks are significantly below the limits of 10

CFR 650.46. Jensen (Valves), ff. Tr. 8821, at 5. Thus, the failure of the

PORV, block valve, or instruments and controls would not significantly

aggravate a small break LOCA. Id.

206. Although proper operation of the PORV and block valve is not

essential to mitigate the consequences of a LOCA and the failure of these

valves would not significantly aggravate a small-break LOCA, the licensee has

committed to making several changes to these valves. Jensen (Val as), ff.

Tr. 8821, a t 5. First, the licensee has inverted the setpoints for the PORV

and the high pressure reactor trip. Id.; Correa, et al., ff. Tr. 8746, at 3;

1

j Tr. 8753 (Jones). As a result of this modification, actuation of the PORV is

not now expected during operational transients provided that feedwater is

delivered to the steam generators in a timely fashion. Correa, et al., ff.

Tr. 8746, at 3. Thus, the frequency of PORV actuation has been reduced.

| jd,,, Tr. 8753 (Jones).
l

.
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207. Second, changes have been made to enhance the operator's ability to

recognize and terminate a transient caused by a stuck-open PORV. Correa,

et al . , f f. Tr. 8746, at 3-4. An accelerometer which senses discharge line

flow and discharge line flow measurement instrumentation are being provided.

jd_. at 4; Tr. 8799 (Jones). Third, the PORV and block valve have power

supplied by the emergency power system which provides the capability for

closing the block valve upstrcam of the PORV in the event of a stuck-open

PORV and loss of offsite power. Jensen (Valves), ff. Tr. 8821, at 5; Correa,

et al., ff. Tr. 8746, at 4; Tr. 87ti6 (Correa).

208. The availability of emergency power to the block valve, valve

position indication, and changes in setpoint will provide reasonable

assurance that a stuck-open PORV will be an unlikely event which, if it

occurs, will be detected by the operator so the block valve will be closed.

These modifications will reduce the number of challenges to the Emergency

Core Cooling Systam. Jensen (Valves), ff. Tr. 8821, at 5.

,
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turbine trip transients. Thus, the PORV will be cf.J.llenged considerably

less. This has been verified by operating experience in which the PORV did

not open with the new setpoint but would have with the old setpoints. Zudans

(UCS 6), ff. Tr. 8824, a t 6-7.

213. With respect to safety valves, there is no evidence which would

indicate that these valves will not operate properly during the anticipated

transients which produce two-phase and solid fluid flow. Zudans (UCS 6), ff.

Tr. 8824, at 7; Tr. 8878-89 (Urquhart). In fact, the transient which occured.

at the Crystal River Nuclear Unit on February 26, 1980 provides evidence that

the safety valves would perfom their intended functions under two-phase and

solid fluid flow conditions. Zudans (UCS 6), ff. Tr. 8824, at 7; Correa,

et al. , f f. Tr. 8746, at 6. The Crystal River facility has a B&W nuclear

steam system and components similar to those at TMI-1. Zudans(UCS6),ff.

Tr. 8824, at 7; Correa, et al., ff. Tr. 8746, at 6.

214. Based on the facts presented on the record, the Licensing Board

finds, contrary to UCS' assertions, that proper operation of the PORV,

associated block valve, and instruments and controls for these valves is not

required to mitigate the consequences of any design basis accident and that

the failure of these valves would not significantly aggravate a LOCA. These

valves need not be classified as components important to safety.
|

!
-

|
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( INTEGRATED CONTROL SYSTEM

215. Sholly Contention 6(a) states:
,

t

It is contended that the short-tem actions identified in the
Commission's Order and Notice of Hearing dated August 9, 1979 are

; , insufficient to provide the requisite reasonable assurance of operation
without endangering public health and safety because they do not include the'

following items:

a. Completion of a failure mode and effects analysis (FMEA) of the
Integrated Control System.

216. The contention by its plain words merely implies that the health
t

| and safety of the public would be endangered by allowing THI-1 to restart
I
|

before a failure moQs and effects analysis (FMEA) of the Integrated Control
,

System (ICS) has been completed. However, because the Commission in its

Order of August 9,1979 directed that a FMEA be submitted to the Staff, this

Board also allowed the adequacy of any such FMEA to fulfill its intended

purpose to be litigated.

217. The licensee's witnesses were T. Gary Broughton, Gerald J. ;

Sadauskus and Luther L. Joyner. In his prefiled written testimony Dr. Joyner ,

i

provided a brief description of the ICS and its functions, indicated that the

ICS was not involved in the initiation of the TMI-2 accident and that it

;
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functioned as it was designed to function during and following the accident,

stated that a detailed FMEA of the ICS had been performed, noted that the

FMEA was complemented by an evaluation of field data from all operating B&W

plants and by a computer simulation, and presented the overall conclusions of

the FMEA that had been performed and submitted to the Staff. Joyner, ff. Tr.

6949, at 1-3.

218. In their prefiled written testimony Messrs. Broughton and Sadauskus

stated that the FMEA performed by B&W is applicable to the THI-1 ICS, that

the FMEA did not identify any ICS modifications as being necessary to assure

adequate protection of the public health and safety, and that implementation

of the recommendations made by B&W for improving control system re'''bility

and performance and reducing the consequences of control system malfunctions

had been addressed in the TMI-I Restart Report (Licensee Exhibit 1).-

Broughton and Sadauskus, ff. Tr. 6949, at 3.

219. Mr. Sholly, the Intervenor pro j!e; w'ro advanced the contention, did
'

not present witnesses, Instead, as is his privilege under the Commission's

procedures and practices, he chose to rely on cross-examination of the

witnesses of the licensee and the Staff.

220. The Staff's initial witness on this issue, Dale F. Thatcher, in his

prefiled written testimony, also provided a brief description of the ICS and

its functions. In addition he described the purposes for which a FMEA would4

t

be used and useful, indicated that a FMEA applicable to the TMI-1 ICS had

been performed by B&W and reviewed by Oak Ridge National Laboratory (0RNL)

i

!
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and the Staff, and stated the Staff's conclusion that restart is permissible.

prior to implementation of all of the B&W recommendations for ICS

improvements. Thatcher, ff. Tr. 7122, at 2-7.

221. Before cross-examination of licensee's witnesses by Mr. Shelly

began, the Board asked Dr. Joyner to describe the ICS and its functions a

little more fully than he had described them in his prefiled written

testimony and then to explain how the FMEA that is described in BAW-1564

(Licensee Exhibit 18) was conducted. Referring to a diagram labelled

" Simplified Schematic of TMI Unit 1" (Licensee Exhibit 17) and Figure 1 of

Licensee's prefiled written testimony, Dr. Joyner described the ICS and its

functions in detail. Tr. 6950-9 (Joyner) and Joyner, et al., ff. Tr. 6949,

at Fig.1. He also explained how the FMEA had been conducted. Tr. 6962-5

(Joyner).

222. Because the Staff had employed ORN as a consultant to review

BAW-1564 (Licensee Exhibit 18), Mr. Sholly attempted a cross-examination of

licensee's and Staff's witnesses to explore what appeared to be
,

contradictions between the conclusions in the sixth section and the first

five sections of the ORNL report (Sholly Exhibit 2) and between the Staff's

conclusions and ORNL's conclusions as to the acceptability of this FMEA done;

by B&W. Both the licensee's and the Staff's witnesses stated emphatically
,

that in their view ORNL had concluded just as the licensee and the Staff had

concluded that the FMEA reported in BAW-1564 was adequate for its intended

|
purpose and acceptable. Tr. 7045 (Joyner); Tr. 7126-7,7298(Thatcher).

|

|

|
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223. However, after the examination by the Board and Mr. Sholly of

licensee's witnesses and of Staff's witness Thatcher had been completed, the

Board was unsatisfied with the record because it did not clearly show the

extent to which the Staff had relied on the ORNL review in reaching its

. conclusion that the FMEA was acceptable. Nor did the record clearly show why

the Staff had requested that an FMEA of the ICS be perfomed or whether the

Staff was reasonable in accepting the FMEA performed by B&W as adequate to

fulfill the purposes for which it was sought. Because the Staff's witness,

Mr. Thatcher, could not explain to his satisfaction the apparent

contradictions between the views expressed in portions of the ORNL report and

those expressed by Staff and licensee regarding the acceptability of FMEA,

Mr. Sholly sought to have the authors of the ORNL report made available for

examination by him. After much discussion of the necessity and usefulness of

such an action this Board, without ruling, suggested that Mr. Sholly prepare

and submit to the Board and the parties for comment interrogatories addressed

to the au3 ors to solicit the infomation desired by him. He never did so.

Nevertheless, the Staff presented two additional witnesses, Dr. Denwoor F.

Ross and Mr. Robert A. Capra, and additional written testimony to address the

Board's expressed concerns about the state of the record on the FMEA issue.

224. In prefiled written testimony adopted by both of them, Dr. Ross and

Mr. Capra testified that, because of concerns expre',ed by the Staff in the

aftermath of the TMI-2 accident with respect to the possible role of the ICS

in feedwater transients, B&W had committed to perform a reliability analysis

of the ICS. Ross and Capra, ff. Tr.15855, at 2. The requirement to perform

_ _ - - - . _-,



.

I

- 104 -

a FMEA of the ICS was imposed on licensee via the Commission's Order dated

~ August 9, 1979. The report of the reliability analysis performed by B&W,

which included the FMEA, was BAW-1564 (Licensee Exhibit 18). The analysis

resolved the Staff's concerns regarding the role of the ICS in initiating or

exacerbating feedwater transients, and thus it served the purpose for which

it-was intended. M. a t 4. The study showed that the ICS itself is not a

major contributor to reactor trips. E, a t 6. Even so, the licensee has

committed to provide emergency feedwater control that is completely

independent of the ICS. M. a t 6. The Staff considered ORNL suggestions

regarding further study of ICS failure consequences but elected not to

require further studies of the ICS itself. M.at5. The Staff is

continuing to follow the actions of the licensee in response to B&W

recommendations but has not identified any ICS malfunctions that cannot be

adequately mitigated by plant safety systems. M. at 8.

225. On the basis of the record before us, we find that a FMEA of the

ICS has been completed and submitted to the Staff, that the intended purpose

of the FMEA sought by the Staff was to examine the role of the ICS in

initiating and exacerbating feedwater transients, that the FMEA as performed

by B&W is applicable to TMI-1 and is sufficient for the purpose intended, and

that the FliEA and related studies show that the ICS itself is not a major

contributor to plant upsets.

!

|
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CONNECTION OF PRESSURIZER HEATER TO DIESEL

226. UCS Contention 4 states:

Rather than classifying the pressurizer heaters as safety-grade,
the staff has proposed simply to add the pressurizer heaters to the
on-site emergency power supplies. It has not been demonstrated
that this will not degrade the capacity, capability and reliability
of these power supplies in violation of GDC 17. Such a
demonstration is required to assure protection of the public health
and safety.

227. The NRC TMI-2 Lessons Learned Task Force recommended in NUREG-0578,

"TMI-2 Lessons Learned Task Force Status Report and Short-term

Recommendations," that provision be made for connection to the on-site

emergency power supply that number of pressurizer heaters required to

maintain natural circulation in the hot standy-by condition. The Task Force

further recommended that redundant power supply capability be provided, that

each redundant heater group have access to only one Class IE division power

supply, that the emergency power supplies need not have the capacity to

provide power to the pressurizer heaters concurrent witn the loads required

to cope with a loss-of-coolant accident (LOCA), that the interfaces between

Class IE emergency power sources and the non-Class IE pressurizer heaters be

protected by devices that have been qualified in accordance with safety-grade

requirements and that the pressurizer heaters be automatically shed from the

emergency power sources upon the occurrence of an engineered safety feature

actuation signal (ESFAS). Staff Exhibit 1, at C8-3 and C8-6.

228. The licensee's witnesses, Joseph A. Torcivia and Paul J. Shipper,

Jr., in their prefiled written testimony, testified that in response to the
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Staff recommendation in NUREG-0578 the TMI-1 design provides for manual

connection by the operator, upon loss of off-site power, of one group of

pressurizer. heaters to one on-site emergency power source or.a different

group of pressurizer heaters to the other on-site emergency power source

using procedures th3t prevent the connection of but one heater group to the

on-site emergency power supply at any time and that assure that sufficient

. capacity exists at the time of connection to power the heater group without

overloading the diesel. They also testified that the TMI-1 design has

appropriate means, including an ESFAS trip, for automatically separating the

non-Class IE pressurizer heaters from the Class IE emergency power sources to

|
assure that the capacity, capability and reliability of the on-site emergency

power supply is not degraded. They stated that the design complies with GDC

17. Torcivia and Shipper, ff. Tr. 9098, at 2-8.

229. TM UCS witness, Robert D. Pollard, in his prefiled written

testimony testified that the TMI-1 design described in the Licensee's Restart

Report violates GDC 17 because a single failure of safecy-grade equipment can

| result in the loss of both on-site power supplies. Pollard (UCS

Contention 4), ff. Tr. 9607, at 4-2. He reasoned that this conclusion is

compelled because one on-site emergency power source must be assumed to be

inoperable in accordance with the single failure criterion and the other must

be assumed to fail because the pressurizer heaters are not safety-grade and

the isolation device between the heaters and the power supply does not, in

his view, satisfy the guidance of Regulatory Guide 1.75. Id_. at 4-5 to 4-10.
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Thus'he concludes'that the design does not meet the Commission's regulations.

and that TMI-1 cannot be safely operated as designed. M.at4-13.

230. The Staff's witness, Robert G. Fitzpatrick, in his prefiled written

testimony, testified that connection of non-Class IE electrical loads like

pressurizer heaters to the Class IE on-site emergency power supplies is not

prohibited by NRC regulations and is acceptable to the Staff if the design

guidance provided in Regulatory Guide 1.75 and Section 8..~.1 of the Standard

Review Plan for making such connections is followed. He furthcr testified

that the TMI-1 design has been evaluated by the Staff and, as reported at

pages C8-6 to C8-8 of HUREG-0680 (Staff Exhibit 1), found to be_ in

conformance with that guidance. Thus he concludes that connection of the

pressurizer heaters to the on-site emergency power supply will not degrade

the capacity, capability and reliability of that power supply. Fitzpatrick,

ff. Tr. 9700, at 3-5.

231. In rebutting Mr. Pollard's statements that a short circuit in the

pressurizer heaters would result in a loss of the emergency power supply to

which those heaters are connected because the TMI-1 design does not provide

j safety-grade isolation devices between the non-safety-grade heaters and the

| safety-grade on-site emergency power supply, Mr. Torcivia described TMI-1

Idesign provisions for preventing such an occurrence and indicated that the

| main feeder breaxer is a fully safety-grade isolation device. Tr. 9099-9111
l

! (Torcivia); Torcivia and Shipper, ff. Tr. 9098, at Figure 1. He also
|

|
testified that, in his view, the failure scenario postulated by Mr. Pollard

-

,
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and discussed above would involve-failure of not one but two safety-grade

pieces of equipment. Tr. 9120-22 (Torcivia). The licensee also responded to

Mr. Pollard's challenge of the capability of the diesels to reliability power

the pressurizer heater loads that may-be connected to it. Mr. Torcivia

testified that procedures to be in effect at the time of restart will

instruct the operators not to connect the pressurizer heaters to the

emergency power supply unless the loads on it are at, or have been reduced

to, a level at which adding the pressurizer heater load would not cause the

rated capacity of the diesel to be exceeded. Tr. 9122-9124 (Torcivia).

Moreover, in response to an interest expressed by tne Board in hearing

j testimony on the subject and although having expressed the view that such

testimony was outside the scope of the contention the licensee presented

testimony demonstrating that one diesel generator is able without exceeding

its rated capacity to power the pressurizer heater load in addition to all

the safety-related loads required to be powered by it following a loss of

off-site power both with and without an accompanying small-break LOCA.

Hartman and Torcivia, ff. Tr. 16493. Mr. Torcivia also testified that the

diesel generators are tested every month to verify their ability to operate

| at their rated capacities. Tr. 9130, 9175 (Torcivia).

232. In his rebuttal testimony, the UCS witness, Mr. Pollard, disagreed

with the licensee's position that the TMI-1 design provisions for isolation

of the pressurizer heaters from the emergency power supplies comply with GDC
F

17. He did not challenge the provisions for automatic separation of the
,

heaters from the emergency power supply when an ESFAS occurs. His

s ._
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disagreement was based on his view that the guidelines of Regulatory

Guide 1.75 are applicable to those situations involving the need to

autouatically isolate the heaters if they have been reconnccted following an

dCCid'nt rdsulting in the occurence of an ESFAS. Tr. 9611-9615 (Pollard).

He argued that position C.1 of Regulatory Guide 1.75 (UCS Exhibit 29) which

stated that "[ijnterupting devices actuated only by fault current are not

considered to be isolation devices within the context of this document" is

not satisfied by the TMI-1 design in that the main feeder breaker trip signal

relied upon to protect the emergency power supply from electrical faults in

the pressurizer heaters when the main feeder breaker has been reclosed

following the occurrence of an ESFAS would be caused by fault current or the

e'fects of fault current. Tr. 9611-16 (Pollard). However, he recognized

the t the writers of Regulatory Guide 1.75 did not foresee the situation

inv ilving reconnection of non-Class IE loads af ter they had been isolated by

the ESFAS. Tr. 9626 (Pollard).

233. The Staff's witness, Mr. Fitzpatrick, in his rebuttal testimony

d;sagreed with f1r. Pollard's view that Regulatory Guide 1.75 is applicable to

situations involving reconnection of non-Class IE loads to Class IE buses

af ter they have been automatically disconnected on the occurence of an ESFAS.

He testified that it has long been Staff practice to allow reconnection of

such non-Class IE loads to Class IE power supplies if there is sufficient

diesel capacity available and if the systens have stabilized following the

transient which initiated the signal that automatically disconnected those

loads, in Mr. Fitzpatrick's view, Regulatory Guide 1.75 does not address and

,
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,

thus does not apply to reconnection of-non-Class IE loads that have been

automatically disconnected. Tr. s70103 (Fitzpatrick). Moreover, Mr.

Fitzpatrick testified that even if they were to apply to such situations he

disagrees with Mr. Pollard's view that the guidelines of' Regulatory

Guide 1.75 would not be satisfied, because the main feeder breaker between

the C iss IE bus and the non-Class IE pressurizer heaters would open on

undervoltage on the bus caused by a fault in the heaters and such

undervoltage is not really owing to the fault current but is instead the

result of the conformance of the electrical system involved to Ohm's law.

Reliance on -that result is not, in Mr.Fitzpatrick's view, impermissible. Tr.
.

9704-5 (Fitzpatrick).

234. However, on cross-examination by UCS, Mr. Fitzpatrick agreed with

Mr. Pollard that it would not be permirsible in accordance with Regulatory

Guide 1.75 to reconnect the pressurizer heaters to the on-site emergency

power supply af ter their automatic separation upon the occurrence of an ESFA3

signal until stabilization has been achieved following the accider;t that

caused the ESFAS signal. Mr. Fitzpatrick also indicated that he based his

acceptance of the TMI-1 design provisions on the assumption that plant

procedures would prevent such impermissible reconnections. Tr. 9717-9719

(Fitzpatrick).

235. Having considered the record before us, we find that the THI-1

design provisions for connection of the pressurizer heater loads to the
e

on-site emergency power supplies satisfy the single failure requirements of
,

i
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GOC 17 if reconnection of those loads following their automatic separation

upon receipt of an |SFAS signal is controlled by plant procedures to assure

no such reconnection until stabilization is achieved, that plant procedures

for connection of heaters to the on-site emergency power supply will assure

that a diesel has sufficient margin available following a SBLOCA to

accommodate addition of the desired pressurizer heater loads without

exceeding its design capacity, that the capability of a diesel to reliably

power its design rated load is periodically verified by testing, and thus

that the licensee has demonstrated, contrary to the assertions of UCS

Contention 4, that the desired ' pressurizer heater loads can be connected to

the on-site emergency power supplies without degrading the capacity,
|
'

capability and reliability of these power supplies.

236. We direct the Staff to verify prior to restart of TMI-1 that the

plant. procedures include provisions to assure that desired pressurizer heater

loads will not be reconnected to the on-site power supply af ter they have

been automatically separated until stabilization following the event that
|

| caused their disconnection has been achieved.
!

,

CONTAINMENT ISOLATION

237. The Board admitted Sholly Contention 1 which concerns containment

isolation. Sholly Contention 1 reads:

It is contended that in order to adequately protect the public
health and safety, the containment isolation signals for TMI-1
must include the following:

-
.
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1. A safet'y-grade high radiation signal for the reactor
building vent and purge system.*

2. - A safety-grade high radiation signal for the reactor
-building sump discharge piping.

It is further contended that such additions to the containment
isolation signals must be made prior to the restart of THI-1 in
order' to adequately protect the public health and safety.

238. The licensee's testimony on this subject was presented by Louis C.

Lanese (follows Tr. 7349). The Staff's testimony was submitted by Peter C.

11 earn (follows Tr. 7376). Mr. Sholly presented no direct testimony but did

cross-examine the Staff and licensee witness. (See generally Tr. 7350-59,

7375-87).

239. The licensee stated that the TMI-2 accident lessons learned

regarding contain-ment isolation have been correctly incorporated at TMI-1.

A series of diverse containment isolation signals have been defined providing

prompt isolation of lines which could transfer radioactivity out of

containment. Mr. Lanese testified that isolation of the above lines on the

reactor trip signal occurs before radioactivity can be released from

containment. Lanese, ff. Tr. 7349, at 5. The licensee submitted that the

diverse containment isolation signals now used at TMI-1 are superior to a

high radiation signal that Mr. Sholly asserts is necessary for the public +

health and safety. !_d.. a t 1.-

240. Mr. Lanese explained that during the TMI-2 accident some reactor

building sump water was transferred to the auxiliary building. According to
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his : testimony the transfer of water was prior to the time of fuel damage so

that this transfer did not cause a significant radiation release. The plant

radiation monitors substantiated that the very minor releases of the transfer

terminated after the reactor building sump pumps were turned off. According

to Mr.'Lanese, prior to the isolation of containment some gaseous activity

was transferred to the waste gas vent header from the pressurizer relief

quench tank and such gas system leaks resulted in released activity to the

auxiliary and fuel handling building atmosphere. The drain tank releases

were small _in comparison to makeup tank venting releases on subsequent days.

During the accident the predominant release path from inside containment was

a result of using the makeup and letdown systems af ter core damage. The

circulation of water separated radioactive gases in tanks in the auxiliary

building. The later release of these gases primarily resulted from waste gas

disposal system leaks. Lanese, ff. Tr. 7349, at 2.

241. The licensee argued that review of the plant ventilation monitors

indicated that none of the noble gases were released before containment

isolation and thus delayed containment isolation did not cause significant

radioactivity releases. Lanese, ff. Tr. 7349, at 3.

| 242. The licensee acknowledged that the THI-2 accident demonstrated that

significant fuel damage can occur in the absence of high reactor building

pressure and a diverse containment isolation signal should be provided. The

Staff has required, in addition to the present isolation signal on high

containment building pressure, a diverse signal to be added to isolate r
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containment upon initiation of the ESFAS. However, instead of the signal

suggested by the Staff, the licensee has decided to use the reactor

protection system trip signal 'because it occurs before radioactivity could be

released from containment. The Staff has accepted this alternative. Lanese,

ff., Tr. 7349, at 3.
,

243. Mr. Lanese discussed Mr. Sholly's concern regarding the use of the

reactor trip signal. Contrary to the " clearing of the isolation signal"

assertion, if an ESFAS signal and reactor trip isolation were initiated and

RCS pressure later rose about 1900 psig, the RPS isolation signal would not

automatically clear. This result occurs because resetting or bypassing the

RPS trip signal requires a deliberate operator action which is controlled by

operating procedures. After bypass or reset, the isolation valves will not

open unless the operator takes action to open specific valves. Lanese, ff.

Tr. 7349, at 3-4.

244. TMI-1 has always had a non-safety radiation isolation signal on the

containment purge system. During the containment isolation system redesign,

these lines now have a high radiation isolation signal and close on the

reactor trip signal: a) reactor building sump drain, b) letdown line, c)

steam generator, pressurizer and RCS sample lines, d) pressurizer relief

quench tank vent and liquid discharge lines and e) containment purge lines.

Tr. 7371-72 (Lanese). Also, the RCP seal return and intermediate closed

cooling water lines have control room alarms on high radiation. Lanese, ff.

Tr. 7349, at 4. These are all of the direct connections to containment

.

t
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atmosphere or the RCS, with the exception of the steam generator and the

saaple lines which were added because the licensee does not feel it is

appropriate to continue sampling in the middle of a reactor trip. Tr.

7367-68 (Lanese).

245. In the event of a reactor trip signal, the licensee is not closing

all the isolation valves on all the lines but is closing lines that could

result in a direct transfer of radioactivity from inside containment to

outs ide containment. These lines do not include all lines which have

containment isolation valves such as steam lines because the licensee does

not consider them a direct source of radioactivity transfer. Mr. Lanese

defined " direct" as lines that communicate directly with the containment
'

atmosphere or have direct contact with reactor coolant. The licensee noted

that the steam lines have manually operated main steam isolation valves and

that radiation monitors are being added to the steam lines to give indication

of releases. The shell of the steam generator is considered the primary

barrier between the containment atmosphere and the environment. The licensee

is aiding radiation monitors on the steam lines to have an indication of

releases. Tr. 7363 (Lanese).

246. Mr. Lanese also explained that there are other signals (besides the-

reactor trip signal) that the licensee is using to close various other lines

(e.g., high building pressure). These lines do not, however, communicate ,

! directly with the containment atmosphere or the reactor coolant system and

!

|
:
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" are not immediate sources of activity releases requiring isolation. Tr. 7364

(Lanese).

247. The containment air sample line which communicates directly with

the containnent atmosphere and is normally open does not trip on reactor trip

because the technical specifications require it to be available after a

reactor trip to indicate activity levels. This line closes on 1600 psig -in

the RCS and four psig building pressure. Tr. 7369-70-(Lanese).

248. The licensee stated that the non-safety grade radiation isolation

signals are acceptable because of the additional presence of the anticipatory

reactor trip containment isolation signal. Mr. Lanese testified that the

containment purge and suq li1es, the letdown line, sample lines and quench

tank vent lines will be been isolated before any significant radioactivity

could be transferred from containment. Furthermore, plant procedures provide

the operator sufficient guidance to prevent inadvertent opening of these

lines. Lanese, ff. Tr. 7349, at 4-5.

249. Any initiating event that generated the reactor protection system

to trip, for example, high or low pressure, will initiate containment

isolation. Tr. 7353 (Lanese). Under all circumstances reactor trip would

occur before either the PORV or safety valves would lif t, because the high

pressure trip setpoint at TMI-1 is 2300 psig, the PORV setpoint is 2450 psig

and the safety valve setpoint is 2500 psig. Tr. 7354 (Lanese).
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- 250. Even under the assumption that the PORV opens spuriously, the

reactor trip signal is' preferable to the high radiation signal since the trip

signal would be a more timely signal. Mr. Lanese testified there would be a

reactor trip signal generated before the release of radioactivity to

containment atmosphere, the radiation monitors were sensitized and initiated

containment isolation. Tr. 7354 (Lanese).
.

251. Mr. Lanese testified that, if the PORV opens before reactor trip

occurs, radioactivity could not be released to the containment atmosphere

because, until the drain tank pressurized and drain tank relief valves were
;

lif ted, there would be no release and before that would occur, the reactor

would trip on low pressure. Tr. 7355 (Lanese).

252. The licensee stated that operators in general, including the

example of a safety or non-safety grade radiation signal, do not place any

different reliance or make anj distinction on a signal, on the basis of being

safety or non-safety grade. Tr. 7356 (Lanese). An instrument would not be

any more or less reliable if it were called safety grade. The safety grade
'differences do not affect the operators' reliance on the high radiation

signal because it is a trending inexact measurement and that is all the

reliance an operator can place on it. Tr. 7358-59 (Lanese).

253. Regarding valves that were closed by the rise in pressure in lines

necessary to preserve isolation, every valve that was automatically closed on

four psig building pressure will have a safety grade diverse isolation
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signal, which in some cases is 1600 psig in the RCS, in some cases 30 psig in

the building, or an indication of line break. . All the valves did have

closure on four psig but there has been a substantial modification to the'

containment isolation system so that the valves, af ter ar. analysis of the

lines, on a case by case basis, to choose better signals, now have closure on

various diverse isolation signals. Tr. 7365-66 (Lanese).

254. The licensee stated that the reactor trip signal is a more con-

servative way of proceeding than the Action Plan NUREG-0737 as it will result

in sooner containment isolation for a larger spectrum of events. Tr. 7366-67

(Lanese).

255. There have been 17 challenges to the reactor protection system at

THI-1, ten of which occured during startup testing and another four occured

with a few months after startup testing. TMI-1, before the shutdown order,

had one of the highest availability factors of any United States plant and

the licensee believes there would be one reactor trip per year. Mr. Lanese,

responding to the Board, testified it is not an inconvenience for the

operator to have lines close on every reactor trip. Tr. 7368-69 (Lanese).'

!

! :

256. When TMI-1 was licensed, the reactor building dome monitors wera [

considered safety grade. Tr. 7361 (Lanese). The dome monitors are one set s

f. of monitors the operator uses to determine when the valves can be opened I

! af ter containment isolation. There are other non-safety grade radiation

|

| ,
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monitors both in and out of containment that the operator would also use.

Tr. 7362 (Lanese)

257. The Staff stated, contrary to assertions in Sholly Contention 1,

that signals used to isolate the sump and purge lines during an accident need

not be safety grade radiation signals. Hearn, ff. Tr. 7376, at 2. The Staff

noted that by July,1981 the licensee is required to install radiation

monitors but the radiation monitors need not t.ecessarily be safety grade.

Tr. 7380 (Hearn).

258. The Staff recognized that TMI-1 will not have safety-grade high

radiation signals for the reactor building purge lines and sump discharge

lines prior to restart. But, as mentioned, the Staff does not believe the

signals must be safety grade because the diverse parameters selected for

isolating the purge and sump discharge lines after an accident will assure

automatic isolation from the outside environment prior to release of

radioactivity from the reactor building under all postulated accident

conditions. The parameters to isolate the purge and sump discharge lines are

containment high pressure (4 psig) and the reactor protection system trip

|
signals which generated an isolation signal when the reactor pressure drops

| below 1900 psig. Hearn, ff. Tr. 7376, at 2-3.
! z

259. Mr. Hearn explained how the selected diverse parameters assure that

the purge and sump discharge lines are isolated before radioactive releases

occur after an accident. Following a LOCA, before significant radioactivity

i

~
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is released into containment, there must be a failure of reactor fuel

cladding. -The reactor fuel cladding remains intact if the core is covered

with water and the reactor is shutdown. After a LOCA, the reactor primary

system depressurizes to 1900 psig, resulting in the reactor protection system

generating signals to shutdown the reactor and isolate the containment. If

the primary system depressurizes to 1600 psig, the ECCS is initiated and

pumps water into-the reactor vessel keeping the core covered with water. At

this coment in the accident the containment is isolated, the core has

remained covered and the fuel cladding is intact. This sequence of events

leads to the Staff conclusion that since the core remains covered and the

f fuel cladding is intact, there are no significant releases of radioactivity

to containment up to the time the containment is isolated. Hearn, ff. Tr.

7386, at 3-4.
.

260. Mr. Hearn explained the parameters used to isolate the containment

purge and vent isolation lines. Tne containment purge lines are isolated on

the high containment pressure trip, the reactor trip signal, both of wnich

are or will be safety grada and radiation trip which is not required to be

safety grade. These trips can be isolated manually. Tr. 7393 (Hearn).

These trips ate the same signals for the vent line. Tr. 7394 (Hearn). In

all cases, reactor trip would occur either before the opening of the PORV or

shortly thereafter. Tr. 7383 (Hearn).

|

|

| 261. The Staff believes that it would be possible but inprobable to have
|

a containment purge line open and have it fail to isolate on reactor trip.

-. _
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In a' hypothetical concerning a transient that leads to the containment

isolating tne reacter building purge line on a high radiation signal, it does

not make any difference in response to the operator whether the signal was

safety-grade or not because the operator had safety grade instrumentation to

check on the non-safety grade radiation signals. Tr. 7386-87 (Hearn).

262. The Staff has dropped the requirement for safety grade isolation

signals but have not dropped the requirement for a high radiation signal.

The licensee, as indicated above, has planned to install an automatic closure

of the isolation valves that have a direct path from containment. The valves

that would be closed on reactor trip will also be closed on high radiation.

However, there are some valves isolated on reactor trip that are not isolated

cr. radietion signals and vice versa. The reactor purge lines are isolhted by

both the reactor trip signal and the radiation signal. Tr. 7388-7389

(Hearn).

263. The recommendation that containment purge and vent isolation valves

must close on high radiation signal does not mean a high radiation signal in

containment. Tr. 7390 (Hearn). The Staff considers the radiation detectors

in the line inside containment as containment radiation signals and if the.

valves close, the line outside containment would not have radiation.

Tr. 7391 (Hearn).

264. The Staff position is that the proposed modification by the

licensee at TMI-1 meets the requirements of NUREG-0737. The closure of the

1

.
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valves by reactor trip is an additional required modification, as a diverse

atrameter, which would improve safety. The Staff does not specify what the

diverse paranter; should be and the licensee has chosen the reactor trip

signal. The Staff does review to see if the parameters chosen are

acceptable. Tr. 7391-92 (Hearn).

265. The Board finds, btsed on the record, that the licensee has defined
,

a series of diverse containment isolation signals which provide prompt

isolation c.f lines which could transfer radioactivity out of containment. .

These diverse containment isolation signals are superior from a public health

dnd safety viewpoint then the asserted safety grade radiation signal. The

reactor protection systen trip signal, rh?ch has been accepted by the Staff,

is safe because it occurs before radioac.ivity can be released from

containment. Moreover, the Stuff was satisifed with the diverse parameters

chosen by the lice.asee and concluded that the signals used to isolate the

sump and purge lines during an accident need not be safety grade radiation

signals. The licensee has chosen a timely, effective and safe method to

isolate containment.

FILTERS!

266. The Licensing Board in this proceedig admitted two contentions !

which deal with filters. Mr. Lewis' Contention (the Lewis Contention) states

7t:

.

.

.
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There are new filters on the auxiliary building of THI-2. There
are no similar structures on the auxiliary building of TMI-1.
Further, preheaters must be placed on the filters of the
auxiliary building because they got wet during the accident on-

3/28/79 in THI-2. To mitigate a similar accident in TMI-1
preheaters on the filters in the auxiliary building of TMI-1 are
necessary.

In addition, ANGRY Contention V(D) asserts that:

The NRC Order fails to require as conditions for restart the
following modificat.1ons in the design of TMI-1 reactor without
which there can be no reasonable asurance that THI-1 can be
operated without endangering the public health and safety:

...

(D) Installation in effluent pathsays of systems for the rapid
filtration of large volumes of contaminated gases and fluids.

267. The licensee presented testimony by William Itschner, Richard

Barley, James Moore, and Charles Pelletier on both contentions (follows Tr.

9919). The Staff filed testimony by Phillip G. Stoddard (follows Tr. 9963).
,

Neither Mr. Lewis nor ANGRY presented any direct testimony ou r

contentions but did participate in cross-examination.

The Lewis Contention

268. In the period immediately following the THI-2 accident, four

essentially identical trains of a supplemental gaseous effluent treatment

system were installed on the roof of the TMI-2 auxiliary building. Stoddart

(Lewis Contention, ff. Tr. 9963, at 2. At the present time, this

supplemental system is not in use and has been disconnected from the TMI-2

ventilation system. Id.
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269. The supplemental air treatment system was initially installed in

order to minimize releases of iodine-131 from the TMI-2 auxiliary building

and fuel handling building gaseous effluent treatment systems and in order to

reduce future potential exposures to the offsite population. Stoddart (Lewis

Contention), dd. Tr. 9963, at 3. During the first days of the accident, the

licensee did not knov: the location from which iodine was being released and

did not know how well the charcoal filters were operating. Tr. 9935

(Pelletier). The lice.1sec- with NRC approval, located an available treatment

system and had it installed on an expedited basis. Stoddart(Lewis
* Contention, ff. Tr. 9963, at 3). The system was connected in series with the

existing gaseous effluent treatment systems and was placed in operation on or

about May 15, 1979. M.

270. The supplemental air treatement system was successful in reducing

the amount of iodine-131 released from the plant, By the time installation

was complete, however, radioiodine releases were essentially ended. Stoddart

(Lewis Contention), ff. Tr. 9963, at 3).

271. There is no need to install similar filters on the TMI-1 auxiliary

building. Many of the causes of the limited performance of the existing

treatment system at TMI-2 during and following the accident have been

identified and steps have been taken to compensate for deficiencies. M. a t

3-4.

t

:

I
.
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.

272. There is evidence to indicate that at the time of the accident the

charcoal in the filters at TMI-2 had been in place for approximately 18

months. Stoddart (Lewis Contention), ff. Tr. 9963, at 4; Tr. 9947

(Itschner). Although past experience indicates that the efficiency Lf

charcoal. can be demonstrated for up to four or five years Tr. 9976

(Stoddart), the charcoal in the TMI-2 filters had probably been degraded by .

being exposed to paint fumes, solvert fumes, or other organic materials.

Stoddart (Lewis Contention), ff. Tr. 9963, at 4; Tr. 9977 (Stoddart). In

addition, the charcoal in place at the time of the accident had been treated

with a potassium iodine impregnant which is less efficient than other

substances. Stoddart (Lewis Contention), ff. Tr. 9963, at 4.

273. To correct these deficiencies, the licensee has upgraded its

operating practices with respect to testing and inspection. Tr. 9933

(Barley) . In order to prevent degradation of the THI-1 filter systems,

improved testing and maintenance requirements have been adopted. Itschner,

et al . , f f. Tr. 9919, at 7) . These requirements incresie the frequency of

routina testing and require non-routine testing following events such as

fires or painting which may reduce filter performance in an accelerated
i

fashion. Id. at 7-8. These requirements have been incorporated into the'

TMI-1 technical specifications. Stoddart (Lewis Contention), ff. Tr. 9963,

at 4; Itschner, et al., ff. Tr. 9919, at 8; Tr. 9964, 9988 (Stoddart);

Tr. 9923 (Barley); Tr. 9925-26 (Itschner). The flRC Office of Inspection and

Enforcement audits the licensee's compliance with the technical

.

4

6
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specifications; the licensee would be subject to an enforcement action if it

did not comply. Tr. 9926-7 (Barley).

274.- The charcoal is tested in a laboratory and in place. Tr. 9946-7

(Itschner). The laboratory tests demonstrate efficiency of removing iodine

and the tests in place verify the leak tightness of the adsorbers and

housings in which they are contained to assure there is no leakage. Tr. 9946

(Itschner). Once the charcoal is installed, there are test trays with

charcoal which allow the licensee to retrieve an individual sample of what is

within the filter housing and was subject to airflow stream conditions.

These samples are then sent to a laboratory for iodine efficiency analyses.

Tr. 9947 (Barley).

275. Further, at both THI-l and TMI-2 in the future, all charcoal used

in the filters will be treated with a "co-impregnant" substance consisting of
'

potassium iodine and triethylenediamine which is more efficient than the

impregn a.t used prior to the accident. Stoddart (Lewis Contention), ff.

Tr. 9963, at 4; Tr. 9986 (Stoddart). The co-impregnant substance could

improve the capacity of the filters by a factor of two. Tr. 9986 (Stoddart),

j It would principally affect the release of the organic fraction of iodine.

Tr. 9986 (Stoddart). With charcoal that had been treated with the,

| co-impregnant and had not been degraded, the retention of elemental iodire

| would be 98-99%; the retention of organic iodine would be approximately
,

90-95%. Tr. 9987 (Stoddart).

,
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276. The number of inspections that will take place to ensure that the

proper type of charcoal is installed and the testing that will occur will

assure that the filter systems are used properly and that radioactive iodine

will~ not be released in the event of an accident at TMI-1. Tr. 9987-8

(Stoddart). flone of the parties submitted any evidence which would indicate

- that the licensee's proposed testing and maintenance program would be

insufficient to cure the defects in the filtering system which existed at the

time of the TMI-2 accident.

277. In addition to upgrading the testing and maintenance procedures for

the filter systems, the licensee is instituting a leakage reduction program

to reduce the possibility of offsite releases. Itschner, et al . , ff.

Tr. 9919, at 8; Tr. 9951 (Barley). A significant release pathway of

radioactive noble gases during the TMI-2 accident was leakage in the TMI-2

waste gas disposal system to the auxiliary building atmosphere which bypassed

the waste gas decay tanks. Itschner, et at. , ff. Tr. 9919, at 8. The

leakage reduction program will significantly reduce the liquid and airborne
*radioactive contaminent levels outside containment. M. The TMI-1 waste gas

disposal system is included in the leakage reduction program. M. As stated
! in flVREG-0573, the leakage reduction program requires the licensee to inspect

,

systems at normal operating conditions for leakage, to identify and quantify
I

the leakage, and to reduce by maintenance procedures those sourcr.s of leakage
:

to levels as low as reasonably achievable. Tr. 9936 (Barley). The program

consisting of system tests and corrective maintenance will be completed prior

to restart. Tr. 9938, 9940 (Barley). To date, the licensee has performed

.
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nitrogen and pressure drop tests and a helium mass spectrometer test on.the

vent header to identify leakage; these tests indicate that there is no

leakage from the vent header at TMI-1. Tr. 9941-2 (Barley).

278. Although the Lewis contention asserts that the TMI-2 filters "got

wet during the accident," such a condition never existed. Stoddart(Lewis

Contention), ff. Tr. 9963 at 6. The filters did become " saturated" with

xenon and krypton gases during the initial phases of the accident when the

relatively high concentrations of noble gases in the ventilation exhaust,

passing through the charcoal in the filters, resulted in the retention of

noble gas molecules in the charcoal. M. a t 7) . Even in the unlikely event

that filters at TMI-1 "get wet", a preheater would not be effective because

it would not have sufficient neal exchange capacity to accomplish the task of

converting water droplets in the airstream to sub-saturated air during

limited contact with moving air. Id. at 8.

279. Preheaters are useful only if the influent air has a hunidity of

greater than 70% for an extended period of time. Stoddart (Lewis

Contention), ff. Tr. 9963, at 8). High humidity may reduce charcoal adsorber

radioiodine collection and retention efficiency (M.) and using preheaters

to heat the influent air could lower the relative humidity to 70% or less.

M.at9). On the other hand, raising the temperature of the air reduces the

retention efficiency for iodine. M. The use of preheaters would not have

had an effect on the releases from the THI-2 accident and therefore would not

have an effect in mitigating other potential accidents. M. The
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installation of preheaters on the filters at TMI-1 is not necessary. M.

fleither Mr. Lewis nor any of the other parties presented any evidence which

would indicate the need for preheaters at TMI-1.

ANGRY Contention VfD) ,

280. The design of TMI-1 includes systems in the gaseous effluent

pathways for the rapid filtration of large volumes of radioactive gaseous

effluents. Stoddart (ANGRY V(D)), ff. Tr. 9963, at 2. All potentially ,

radioact% qaseous effluent pathways are provided with exhaust air
.

!

filtration systems having the capacity for the rapid filtration of all. of the !

radioactively contaminated gas or air which could be released through those r

pathways. M.

281. The design of THI-1 does not include systems in the liquid effluent

pathways for the rapid filtration of large volumes of radioactive liquid

effluents. Stoddart (ANGRY V(D)), ff. Tr. 9963, at 2). Filtration is only

marginally effective as a treatment method for decontamination of radioactive
,

liquid effluents. M. The. method of treatment used at TMI-1 provides for

the collection, retention, and treatment of all liquid radioactive wastes

prior to either re-use in the plant or release to the environment. M. a t
,

|
| 3). All sources of liquid radioactive waste within the plant are collected
<

and piped to holding tanks where radioactive decay occurs; from the holding

| tanks, fluids are treated as necessary by a combination of treatment systems
,

'

inchding filtration, ion exchange or demineralization, and evaporation and

.

i
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distillation. Id. at 3-4). These methods are much more effective than

filtration alone. _Id.at3).
.

282. In the event of an accident at TMI-1, contaminated gases could be

present in the ventilation exhaust from the Auxiliary Building and the Fuel

Handling Building. If the Reactor Building purge lines were open at the

instant of the accident, this could provide another release path for

radioactive gases until the isolation valves close. Radioactive liquids

would be retained within plant systems, tanks, and sumps in the event of an

accident. There are no postulated accident scenarios in which large volumes

of radioactive liquids might be present as plant effluents. Stoddart

(ANGRY V(D)), ff. Tr. 9961, at 4-5.

283. All of the gaseous release pathways are serviced by high efficiency

particulate air (HEPA) filter systems and by charcoal adsorber sysfems for

iodine retention; there are no anticipated liquid release pathways for large

volumes of contaminated liquids. Stoddart (ANGRY V(D)), ff. Tr. 9963, at 5).

The Reactor Building purge lines are used to periodically remove iodine, to

cleanup building atmosphere before an entry is made, and to control pressure.

Tr. 9983 (Stoddart). The purge lines are filtered when they are being used
,

-Stoddart (ANGRY V(D)), ff. Tr. 9963, at 5); the air and gases removed from

the building are passed through HEPA filters and hard charcoal adsorbers

before being released to the atmosphere. Tr. 9984 (Stoddart). The filter

systems for the Fuel Handling and Auxiliary Buildings operate continuously.

I Stoddart (ANGRY V(D)), ff. Tr. 9963, at 5).
|



-.

.

- 132 -

284. There are three forms of radioactive material present in the

gaseous effluent stream in an accident condition: particulates, radioiodine,

and noble gases. Prefilters and HEPA filters remove particulates from the
'

gas stream such that the dose to the population from particulates released

from a HEPA filter system in an accident approaches zero. Radioiodine is

removed from gaseous effluent streams by' adsorption on activated charcoal

which, at THI-1, F.as been treated with a co-impregnant (potassium iodine and

triethylenediamine). The charcoal adsorbers used at THI-1 have a design

rating efficiency of 90% or greater for all forms of radiciodine. While HEPA

filters and charcoal adsorbers do not remove noble gases !fficiently, there
,

is an effective means for removing noble gases from the effluent path for one

of the potential sources of noble gases. Fission product or noble gases

accumulate in the primary coolant which circulates through the reactor

vessel; to minimize the accumulation of these gases in the primary coolant,

the primary coolant letdown system is used to separate the gas from thei

! liquid coolant. The gas mixture containing the fission product gases is bled

out of the system and compressed into a series of holdup tanks. These gases

are stored in the holdup tanks for 90 days, at the end of which the process
;

of radioactive dacay has resulted in the effective disappearance of 99.8% of

the gases present at the initial removal from the primary system. The only

r3dioactive noble-gas remaining is krypton-85 which is released to the

atmosphere under carefully controlled conditions. Stoddart (ANGRY V(D)), ff.

Tr. 9963, at 6-9. -

t

E

.
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285. Although cryogenic systems have been said to be effective in

reducing releases of noble gases from nuclear power plarts, the cryogenic

treatment of noble gases in high flow rate streams are r.ot cost-beneficial or

practical . Stoddart (ANGRY V(D)), ff. Tr. 9963, at 9. A typical cryogenic

system has a through put of approximately one to three standard cubic feet

per minute; the exhaust system for the ventilation of the TMI-1 auxiliary

building is approximately 150,000 cubic feet per minute. Tr. 9981-2

(Stoddart). Existing cryogenic systems could be increased in size by a

factor of 10 or 20 and still be manageable in terms of size and cost but to

extend the technology of the cryogenic systems to the flow rates required for

ventilation of a building is beyond any logical engineering estimates.

Tr. 9982 (Stoddart). All of the knowr. cryogenic techniques for removing

noble gases from effluent air and gases were considered and analyzed by the

Staff; all of the techniques have approximately the same limitations: high

initial costs, high operating and maintenance costs, and the absence of

applied technology in the design of large volume systems. Stoddart

(ANGRY V(D)), ff. Tr. 9963, at 11.

' 286. The releases of noble gases as as a result of the TMI-2 accident

were largely the result of poor operating practice in permitting the

continued existence of kncwn leaks of primary coolant systems and primary
!

| coolant system cover gas recirculating systems. The NRC now requires
|

|
licensees, including Metropolitan Edison, to minimize potential leakage at

points of origin by more rigid control of system leaks. Stoddart

,

(ANGRY V(D)), ff. Tr. 9963, at 11). The licensee has instituted a leakage
i
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reduction program at.TMI-1. Itschner, et al., ff. Tr. 991), at 8; Tr. 9951

(Ba rley) .

.

287. The design of TMI-1 incorporates sufficient treatment in the

ef f'uent release pathways to reduce effluents to levels which are as low as

reasonabi, achievable. Stoddart (ANGRY V(D)), ff. Tr. 9963, at 12. There is

no cost-effective equipment or systems which could be added to existing plant

systems which could reduce the cumulative population dose at a favorable

cost-benefit ratio. Id. Further, the existing systems at TMI-1 for the

treatment of radioactive effluents meet the requirements of Appendix I to-10

CFR Part 50 with respect to the "as low as reasonably achievable" criteria.

Id. Neither ANGRY nor any other party to this proceeding presented any

evidence as to the inadequacy of the present effluent filtering systems or

the capability of any other feasible system.

_

288. Based on the findings of fact presented above, the Licensing Board'

finds that the existing filtration systems at TMI-1 for the treatment of

gaseous, solid, and liquid effluents are sufficient to protect the health and

safety of the public. New filters or preheaters are not necessary as

asserted in the Lewis contention. Additional systens in effluent pathways

for filtration of radioactively contaminated gases and fluids are not needed

as asserted in ANGRY Contention V(D).

!

,
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CONTROL ROOM DESIGN - HUMAN FACTORS ENGINEERING

289. Two contentions in this proceeding, Sholly Contention 15 and ANGRY

V(C), concern control room design and human factors engineering. Mr. Sholly's

Contention 15 states that:

The design of the Unit 1 Control Room, instrumentation, and controls
is such that operators cannot maintain system variables and systems
within prescribed operating ranges during feedwater transients and
LOCA's. It is further contended that this violates the provisions of
GDC 13 regarding instrumentation and controls. It is contended that
in view of the numerous operating difficulties encountered with Unit
2, and the similarities in design and construction between Units 1 and
2, a thorough human factors engineering review of Unit l's Control
Room is called for in order to provide assurance that the
operator-instrumentation interface is such that the operators can
exercise adequate control over the reactor and prevent off-site
consequences from anticipated operational occurrences and postulated
accidents. It is further contended that in order to assure maximum
protection for the public health and safety, the human factors
engineering review and any necessary changes recommended as a result
of this review must be completed prior to restart.

Further, ANGRY Contention V(C) asserts that:

The NRC Order fails to require as conditions for restart the following
modifications in the design of the TMI-1 reactor without which there
can be no reasonable assurance that TMI-1 can be operated without
endangering the public health and safety:

...

(C) Performance of an analysis of and implementation of
modifciations in the design and layout of the TMI-1 control room
as recommended in NUREG-0560.

' 290. The Staff and the licensee presented testimony on this issue. The

Licensee's testimony was presented by Patrick S. Walsh, William E. Meek,

Herbert Estrada, Jr., Julien M. Christensen, and Thomas B. Sheridan (follows

Tr. 10234). The Staff's testimony was presented by Raymond C. Ramirez and

Harold E. Price (follows Tr.10452). Neither Mr. Sholly nor ANGRY submitted

!
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any direct ;'stimony. Mr. Sholly did, however, conduct cross-examination of

all the witnesses on behalf of himself and ANGRY. Tr. 10245 (Sholly).

291. The Licensee has performed a thorough review of the THI-1 control

room. Wa l s n , e t a l . , f f. Tr. 10234, a t 6. This review involved developing

guidelines and objectives, constructing a full-scale control room mock-up,

walking through key operational and emergency procedures, reviewing -

individual displays and controls on the principal panels and consoles,

viewing alarm systems, and surveying environnental conditions in the control

room. M.at6-8.) This in-depth review revealed significant strengths (M.

at 8) and areas where the design could be enhanced. H.at9.)

292. As a result of the control room design review, the Licensee is

evaluating various modifications. All of the proposed modifications are
<

being evaluated by the control room design review team. Certain improvements

in the controls and displays will enhance the ability of the operators to

react to feedwater transients and LOCA's. In addition, modificatinns to the

controls and displays made as a result of lessons learned from the TMI-2

accident will improve the operator's ability to assimilate information and

act upon such information in transients. Walsh, et al . , ff. Tr 10234, at

10-11. The following improvements are planned:

!

o The emergency feedwater system will have mimic arrangement of

the controls and displays of EFW clearly indicating the flow path r

!

!



137 --

.

from water sources through the pumps and major valves to the steam

generators.

o Instrumentation measuring the flow of emergency feedwater to

each steam generator has been added with the displays integrated

into the above described mimic. ;

o Primary relief valves will have accelerometers attached to each !

valve as well as downsteam flow measuring devices with indicators

located on the main control boards.

o The reactor building sump will have wide range level

instrumentation installed with indicators in the control room.

!

o An unambiguous indicator of the margin to saturation for both
,

reactor hot legs will be installed in the control room.
i

!

o The Engineered Safeguards Features Actuation System status panel in

the Control Room will be modified to have more readable labels and

brighter lights on the status indicators, improving the operators'
,

|
! ability to note abnormal status after system actuation.

.

I

Iji.at11-12.

.

_m_
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293. In addition to the licensee's control room design review, the NRC

Staff performed its own review of the THI-1 control room from July 21-25,

1980. Ramirez and Price, ff. Tr.10452, at 4; Tr.10437-95 (Ramirez). The
-

purpose of the Staff's review was to identify human factors deficiencies and

to require, prior to restart, the correction of those deficiencies which have

an increased potential for causing operator error. Ramirez and Price, ff.

Tr.10452, at 5. The review was performed by means of inspections of control

room layout, environment, and consoles / panels; interviews with operators; and

observation and videotaping of operators as they walked through selected

emergency procedures. Id at 4; Tr.10487-94 (Ramirez).

294. As a result of its review, the Staff did find certain design

deficiencies in the TMI-1 control room. These design deficiencies re
'documented in NUREG-0752, " Control Room Design Review Report for TMI-1"

(Staff Ex. 2). The Staff is requiring the Licensee to correct certain

deficiencies prior to restart. Ramirez and Price, ff. Tr.10452, at 6-7.

The deficiencies to be corrected prior to restart of TMI-1 are:

:

1.0 Annunciators and Alarms

The licensee's system lacks a separate acknowledge / silence control and
permits operators to acknowledge alarms without reading alarm windows.

There is minimal annunciator prioritization. Some blue markings on
ESAF alarm tiles are not readily identifiable.

Some annunciator tiles have busy legends. *

2.0 Process Computer

t

I

_ . _ _ _ _ ,
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The CRT display was of poor quality and could increase the probability
of reading error.

The process computer capability is limited and its vintage rai;9s the
'question of reliability of infor. nation presented to operators.H

3.0- Controls (General)

A number of controls (J handle, etc.) ~ located near the front edge of
the operating console could be inadvertently activated.

Set point knobs on Bailey controllers do not lock, and can be
accidently rotated.

Plant convention is violated for auto / manual positions on some
multiple position rotary controls (Sync. Scope and Voltage Regulator).

; Legend svitch covers are interchangeable.
!

Legend indicators contain numerous buraed out bulbs.
i
' Many illuminated legend switches are difficult to read.

4.0 Displays (General)

Panel legend lights do not provide positive status indication because
of poor contrast with panel background.

,

| Glare is present on all vertical indicators result in reduced
readability:

Bailey controllers indicate denand signal rather than valve position.

|

Normal operating ranges or set points are not indicated on vertical
meters.

'

Most meters fail at mid-scale position.

6/ The Licensee is installing a new process computer. The new computer.
-

will not be fully operational prior to restart but some functions
which will backup features of the original computer are expected to be
operational. Staff Ex. 2, at 7).

|

|

. .
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For some motor driven valves, an open ci:cuit breaker inhibits valve
position indication because indicators are powered from the bus that

-the breaker drops.

Backlighted legends are difficult to read. Room lighting is dim,
contrast is minimal, letrtering is crowded and busy and discoloration
on scratched surfaces is frequent.

flo lamp test capability on control boards or panels.

5.0 Labeling (General)

Color meaning is not consistent.

In general, labels are used only at the component level, not at the
group, function, system, or panel level.

The use of color labels is not consistent, for example, black / white
background and print.

Makeshift labeling was observed on many components including penciled
on switch nomenclature, hand lettered labels and vertical meter scale
values and the use of.dymo tape.

Labels are not all permanently attached.

Little or no use of demarcation lines to separate systems, subsystems,
functional grouping, etc.

Labels are wordy, because the function of a system is repeated on each
switch of a group.

6.0 Control Display Relationship

6.1 General:

Related controls and displays do not consistently have both
nomenclature and component designation.

6.2 Makeup and Purification Syttem:

Makeup pumps are not grouped toge;her. '-

Lacks positive iadication of flow when makeup pump is running in the
make-up node. .

i
|

t

1

__ _ . __.__
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.It is impossible to verify a required reading of 3 gpm flow on the RC
Makeup Flow Meter which has Scale Values of 0 to 16 (x 10).

There is no . sineered Safeguards / Safety injection annunciator window.

Engineered Safeguards Actuation Panel has blue status lights which are
difficult to interpret as being "on".

DHR temp and DHR cooler temp indicators are side by side but have
different scale multipliers.

DH, 5, 6, 7 valve controls are not included in mimic.

6.3 HVAC Systems:

iio separation or demarcation of grouped J Handle control switches (9
in a row).

Labeling does not contain information which indicates time required
for depressing and holding manual fan start control to start fan
(varies by fan, 30 to 90 sec.).

7.0 Sound Levels

Main control board alarm is below ambient noise level.

Panel lef t (PL) alam is only 1 dbA above ambient noise level.

Right Panel Front (RPF) alarm is only 1 dbA above ambient noise level.

Liquid Waste System alarm is below the ambient noise level.

'

8.0 Other Observations

Diesel Generator Governor has no indication on J hcndle switch for
fast / slow speed control which is inconsistent with other speed
controls.

,

On DHR system, controls for loop A and B were not asr alated with
their displays which are located approximately 8 feet away.

One DHR indicator and control switch which are part of loop A panel
are located on loop B panel.

Discrimination between systems and subsystems is difficult because of
lack of use of demarcation lines and color coding.

,
I

|

|
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Auxiliary Feedwater system lacks a flow met,er.

Control / Display arrangements for the ICS (feedwater, steam level) are
not apparent.

9.0 Remote Shutdown Panel (RSP)

Ihe panel is not independent of the Control Room - all actions other
than the starting and stopping of RC pumps are reuqired to be
performed in the control room and local areas of the plant.

'

. Emergency lighting is not provided at this panel.

Communication from the RSP is by sound powered microprone with no
microphone / head set located in the area.

10.0 Communications in the Control Room

Sound powered microphones / headsets are not readily available.

There are weaknesses in the radio communications sytem when
communicating with a technician outside the CR area.

There are some inoperable page telephones in the plant area. Some
areas in the plant are not reachable by telephone.

11.0 Operator Emergency Equipment

Three Scott Air Packs are kept in the CR, however, during emergency ;

operations there are eleven people planned to be in the CR. ;

12.0 Emergency Procedures

Inmediate action steps in some procedures are too detailed and some -

require an excessive number of steps to be completed immediately.

Some immediate action steps which require two operators to implement
are not so noted.

|

Some procedures, have " notes" which are actually immediate action
steps.

!

Some procedures reference control and display labels which have
,

'

functions different from the functions actually used on the labels.
-

13.0 Lighting

i

|
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tiormal and emergency lighting was not specifically designed for
reading labels, displays and meters, i.e., problems with contrast,
glare and illumination levels.

Direct glare from overhead lights on both controls and displays make
readability difficult.

14.0 General Comments

Sub-cooling instrumentation is not in place and operating.

computer, a monitoring pr5g) ram (sof tware) has been written and the
In-core thermocouples (tc have been connected to the process

system is in the checkout process. The applicant's system contains 52
in-core thermocouples with readout range up to 2300 F. Thermocouple
information will be displayed on the Bailey computer console by use of
a CRT, and hard copy printed on demand. A back-up system display with
a capability for selective reading of a minimum of 16 operable
thermocouples, 4 from each quadrent, all within a time interval no
greater than 6 minutes, power from a power source independent of the
process computer /CRTs will be required prior to restart.

Staff Ex. 2, at 6-22.)

295. The licensee has committed to performing all the fiUREG-0752

recommended corrections prior to restart with three exceptions. See

Tr.10281 (Walsh); Tr. 10456-7 (Ramirez). The three exceptions are the

subject of on-going discussions between the Staff and the licensee. Tr.

10456 (Ramirez). These exceptions are: Item 2.b (Staff Ex. 2, at 7) '

involving the installation of the process computer; Item 9.a (Staff Ex. 2, at

138) involving the independence of the remote shutdown panel from the control

Iroom; and Item 14.c (Staff Ex. 2, at 22-23) involving a backup system display

for in-core thermocouple readouts. Tr. 10546-7 (Ramirez). After lengthy '

discussion concerning the process computer (Item 2.b) (Tr. 10510-86), the

Staff testified that, upon hearing the licensee's explanation of its use of
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the process computer, this particular point seemed to be resolved.E Tr.

10586(Ramirez). With respdct to Item 9.a. the remote shutdown panel, the

licensee intends to comply with the newly icted Appendix R to 10 C.F.R.

Part 50 which is also concerned with the remote sht.tdown panel. Tr. 10385

(Walsh). Finally, the licensee argues that Item 14.c is not consistent with

the requirements of NUREG-0737 and that it will comply with NUREG-0737.

Tr.10385(Walsh). . The licensee's position on all these issues will be

contained in its response to NUREG-0752 which will be served on all the

parties to this proceeding. Tr. 10384 (Walsh).

296. With the changes recommended in NUREG-0752 completed, the TMI-1

control room would satisfy all the requirements which an applicant for a new

operating license must satisfy with respect to control room design. Ramirez

and Price, ff. Tr.10452, at 5; Tr.10460 (Ramirez). Neither ANGRY nor Mr.

Sholly presented any evidence which challenged the sufficiency of the

recommended changes to the THI-1 control room.

297. The design of the THI-1 control room does not violate GDC 13.

Ramirez and Price, ff. Tr.10452, at 6; Walsh, et al; ff. Tr. IMM, at

12-13. GDC 13 states:

Instrumentation shall be provided to monitor variable and systems over
their anticipated ranges for normal operation, for anticipated

U Substantial testimony was presented by the Staff and licensee on the
adequacy of the THI-1 plant process computer. (See transcript of
December 4,1980). Proposed Findings and Conclusions of Law have
also been filed on this issue.

I
;
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operational occurrences, end for accident conditions as appropriate to
assure adequate safety, incibJing those variables and systems that can
affect the fission process, the integrity of the reactor core, the
reactor coolant pressure boundary, and the containment and its
associated systems. Appropriate controls shall be provided to
maintain these variable and systems within prescribed operating
ranges.

(10 C.F.R. Part 50, Appendix A.) At THI-1, instrumentation necessary to

monitor an accident has been provided in accordance with GDC 13. Ramirez and

Price, ff. Tr.10452, at 6; Walsh, et al ., ff. Tr.10234, at 12. The

original design process at THI-1 included a careful review of the

instrumentation and controls by both the designers and operators to insure

tnat adequate instrumentation was available for normal and Emergency

operation. Walsh, et al . , f f. Tr.10234, at 13. Although there are some

human factors deficiences in the design of the TMI-1 control rcom (Ramirez

and Price, ff. Tr.10452, at 5-6), they do not coat:.'.z e a violatics of GDC

13 because that criterion is not concerned with human factors engineering

standards and principles. Id.. at 6.) Neither Mr. Sholly nor ANGRY presented ,

any evidence which demonstrated a violation of GDC 13.

298.1.lthough there were problems, from a human factors standpoint, with

the TMI-f control room during the THI-2 accident, the Unit 1 and 2 control
t

rooms are significantly different. Id. at 5; Walsh, et al . , ff. Tr.10234,

at 5, 14-16. The arrangement of the controls and the physical dimensions of

the two control rooms differ. The TMI-1 control room is smaller which !

enhances operator response during transient conditions. In addition, panels

containing reactor coolant drain tank parameters and alarms, reactor building

,

e
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temperature recorders, and reactor building high temperature and high'

pressure alarms are located in the opeating area of the TMI-1 control room

while at THI-2' these panels are not visible from the operating area. Walsh,

et al . , f f. Tr. 10234, at 15-16. During the TMI-2 accident there were

approximately 500 alarms in the first 20 minutes; the THI-1 control room has

only approximately 300 process alarms. Tr. 10,300 (Estrada). TMI-1 was

designed so that fewer annunciators are needed to place information before

the operator. Tr.10300 (Es trada). Finally, the " crossing" type of traf71c

pattern that characterized the first 20-30 minutes of the Til-2 accident

would not occur in the TMI-1 control room. Tr. 10302 (Estrada). While the

licensee did not perform its TMI-1 control room review with respect to

preventing a TMI-2 type accident (Tr.10298 (Walsh)), the licensee did walk

through several small leak scenarios which were similar to the TMI-2

accident. Tr. 10299 (Estrada). In fact, the modifications that are being

considered, in combination with the existing TMI-1 control room, will address

the specific human factors-related problems which occured in the TMI-2

control room during the accident. Tr.10299 (Estrada).

299. Based on facts presented on the record, the Licensing Board finds

as a matter of law that a sufficient " human factors" review has been made of

the THI-1 control room and that the necessr, modifications to that control

room will be made prior to restart. The Board also finds that the design of

the TMI-1 control room is adequate to allow the operators to deal with

feedwater transients and loss of coolant accidents and that the design does

not violate GDC 13.

r

'

.

m
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COMPUTER

300. The Licensing Board in this proceeding admitted two contentions

concerning the TMI-1 plant computer. Mr. Sholly's contention 13 states:

It is contended that the Unit I computer system does not
meet the requirements for instrumentation and control specified
in GDC 13, and is inadequate to insure proper operation of the
Unit I reactor under all conditions of normal operation,
including anticipated operational occurrences and postulated
accident conditions and the lack of sufficient redundancy in the
computer ystem place the public health and safety at significant
risk during accident conditions, especially if computer function
is lost and no back-up unit is available. It is contended that
until the Unit I computer system is upgraded to meet the
standards of GDC 13 and until suitable redundancy is provided

'

within the computer systen to assure real-time printout
capability at all times, permission for restart must be denied on
the basis of risk to public health and safety due to inadequate
availability of operational information to Unit 1 operators.

ECHP's Contention 1(a) asserts that:

The plant computer for TMI-1 is old, obsolete, and
inadequate to respond apprupriately in emergency situations.
During the accident at the adjacent THI-2, the alarm printer on
the similar computer at Unit 2 had a delay time of over two and
one-half hours at one point, and ran more than an hour behind
events for over seven hours. This delay cannot be viewed as
having adequately served the needs of the operators of THI-2, and
there is no reason to believe that a similar accident situation,

with as severe or worse consequences, cannot occur at TMI-1 and
be severely aggravated by slow and ambiguous computer alam
printer readings.

301. The "RC Staff presented testimony by Joseph P. Joyce follows
,

Tr. 7467) and the licensee presented testimony by William P. Hamilton and

; Robert W. Keaten follows Tr. 7397). No direct evidence was presented by

either Mr. Sholly or ECNP although Mr. Sholly did conduct extensive '

cross-examination of both the Staff and licensee witnesses.

. . . ._
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302. The THI-1 computer system is designed to be used only as a tool for

the operators and the fuel management engineers. Hamilton and Keaten, ff.

Tr. 7397, at 3. It makes available to the operator on a convenient basis or

on demand the status of individual plant parameters and certain calculated

values such as heat balance, power level and powt.r tilt, and imbalance which

can affect the efficient perfomance of the plant. M.

303. A computer system such as the one at TMI-1 need not be available at

any nuclear power ger.erating station in order to demonstrate compliance with

General Design Criterion (GDC) 13 requirements or with any other regulatory

requirements. Joyce, ff. Tr. 7467, at 3). GDC 13 requires that

instrumentation be provided to monitor certain variables and systeias but it

does not specify the type of instrumentation or the need for that

instrumentation to have readout capabilities on a computer. Id That

criterion also requires that instrumentation be provided to ensure proper

operation under normal conditions, anticipated operational occurrences, and

postulated accident conditions. M.at3-4). The licensee has complied with

the GDC 13 requirements by providing instrumentation such as meters, gauges,

recorders, alams, and displays to indicate the current status of the plant's

essential systems during nomal and abnomal occurrences. M.at4). This
'

instrumentation, which is all hard-wired and ;afety-grade as required by GDC

13 (Harailton and Keaten, ff. Tr. 7297, at 3), provides the operator with

real-time infomation as to the status of the parameters such as temperature,

pressure, flow rates, liquid level, and radioactive releases of each of the

essential systems. Joyce, ff. Tr. 7467, at 4.
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304. In a transient t'tuation, operators at TMI use the computer very

little and do not rely upen it. Tr. 7413 (Keaten). The operators do rely on

the hard-wire instrumentation that is provided for that purpose; they rely on

the main annunciators rather than on the computer Flams. Tr. 7413 (Xeaten).

The computer historical record is used in a reconstruction of events

following a transient and, in fact, was used for this purpose in the TMI-2

accident. Tr. 7413 (Keaten).
,

305. The operators at TMI-1 have instruaentation available to follow the

course of an accident. An abnormal occurrence initiates an alam alerting

the operators that a significant change has occurred in one of the monitored

parameters; the operators check the instruments to detemine what changes

have taken place. They then rely on their previous training and on approved

emergency procedures to analyze the event and detemine the necessary steps

to follow to mitigate the event. Joyce, ff. Tr. 7467, at 5).

306. The loss of the computer during a transient or accident would not

impede the ability of the operator to carry out the basic functions th't are

necessary to maintain the safety of the plant, the plant personnel, and the

general public. Tr. 7419 (Keaten). All of the infomation the operator

needs in order to make timely decisions to maintain plant safety are readily

available to him, independent of the computer. Tr. 7419 (Keaten). The

licensee trains its operators and writes its procedures to ensure that the

sperators maintain the safety of the plant without reliance on the computer

system. Tr. 7421 (Keaten); Tr. 7474-5 (Joyce). The philosophy of relying on

!
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the hard-wired and safety-grade instrumentation as the basis for making the i

~ decisions that must be made to protect the safety of the public, rather than

on the computer, is communicated to the operators in their training. Tr.

7422(Keaten). The computer could, of course, be used during nomal

operations to call up certain parameters Tr. 7418 (Keaten), to run the plant

more efficiently Tr. 7421 (Keaten), or to compare parameters with those

obtained from t''9 hard-wire instrumentation. Tr. 7477-82 (Joyce).

307. Tne accident at THI-2 demonstrated that the plant computer did not

adequately provide real-time infomation. Joyce, ff. Tr. 7467, at 4). The

TMI-2 computer system as it existed at the time of the accident did not have

the capability of keeping the alam history current and the printout of the

alarm history ran late by varying amounts of time during the accident. Tr.

7399 (Keaten). There was a delay in the printing of the alarms. Tr. 7405

(Hccilton).

308. Although', as explained above , the operators do not rely on the

computer for necessary infomation, the licensee is in tiie process df

developing a new computer system. Tr. 7416 (Keaten). The functions being

developed for the new system are analogous to the functions perfomed by the
,

| original system but the new one will be able to do them in a form that is
1

clearer to the operator. Tr. 7416 (Keaten). The printer output will be much

faster that the older system was. Tr. 7416 (Keaten). The licensee will,
,

!

however, still maintain the philosophy that the reactor operator does not

need to and should not rely on the computer as a necessary part of the
.

.

,
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operation of the plant and that he must be able to do all of the actions and

receive all of the information he needs in order to safely operate the plant,
'

independent of the computer. Tr. 7416 (Keaten.)

309. Based upon the findings of fact set forth above, the Licensing -

Board finds that NRC regulations do not require that a licensee provide a

computer for use by the centrol room operator and that a computer system is

not required for compliance wir.n GDC 13. The operator at TMI-I does have

available, on a real-time basis, the information, necessary to follow the

course of an accident and to safely deal with an accident,
i

SAFETY SYSTEM STATUS PANEL

310. The Board admitted two contentions which concern the safe *v system

status panel. UCS Contention 9 asserts that:

The accident at TMI-2 was substantially aggravated by the fact that the plant :

was operated with a safety system incperable, to wit: two auxiliary ;

feedwater system valves were closed which should have been open. The
principal reason why this condition existed was that TMI does not have an
adequate system to inform the operator that a safety system has been
deliberately disabled. To adequately protect the health and safety of the
public, a system meeting the Regulatory Position of Reg. Guide 1.47 or
providing equivalent protection is required. (This contention was limited to
core cooling and containment isolation systems. See, First Special
Prehearing Conference Order, LBP-79-34,10 NRC 828, 836 (1979)).

|

EL.'!D Contention 1(c) asserts that:

The electronic signals sent to the control r10s in many cases record th?
| wrong parameters and may, thereby, mislead th0 reactor operator. For
|- Instance, in the case of the Electromatic Relief Valve ("ERV", the
|

| c

i

.
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Metropolitan Edison designation is RC-RV2), the signal sent to the control
room to indicate a closure of this valve indicates only the electrical
energizing of the solenoid which closes the valve, not the actual physical

' valve closing itself. This misleading signal aggravated the accident at
TMI-0. There is no reasonable assurance that this same problem, or *

comparable ones, cannot arise many times over at TMI-1. It is the oblig4 tion
of the Suspended Licensee to provide sufficient information on the
performance capability of all_ pertinent components of the control system b
reasonable ensure that electronic signals will record, accurately and in ;
timely manner, all necessary and correct parameters. (This contention was
limited by the Board to " signals sent to the control room" and further
limited to core cooling systems and containment isolation systems. (See,
First Prehearing Conference Order, LBP-79-34, 10 NRC 823, 844 (1979)).

311. Although UCS withdrew its Contention 9 and ECNP did not appear to

litigcte its Contention 1(c), the Board, in its discretion, had witnesses for

the Staff and the licensee appear and be subject to cross-examination. The

liceasee presented its testimony through Patrick S. Walsh and Ronald J. Toole

(follows Tr. 9840). The Staff's testimony was submitted by Donald F.

Sullivan (two sets) and Bruce A Boger (follws Tr. 9893).

'

312. The licensee questioned the underlying assumptions of UCS

Contention 9, arguing that the EFW system was not classified as a safety

system during TMI-2. Tr. 9864-65 (Walsh). The licensee also stated that

closure of the EFW valves did not have a substantial effect on the outcome of

TMI-2. Tne licensee noted an analyses by GPU indicated that even if EFW had

operated correctly, the condition of the plant would have been identical 20

minutes after the accident started. Tr. 9854-55 (Walsh). Other analyses of

TMI-2 concluded that the brief isolation of EFW had no significant effect on

the accident's. outcome. Walsh and Toole, ff. Tr. 9840, at 2, 4.

I

v-- v
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313. The licensee stated that additional administrative controls have

been implemented at TMI-1 since the TMI-2 accident to verify correct status

of critical components after testing, during shift changes and at pre-

Jetermined times during operation. The licensee also stressed that the

addition of an automatic system meeting Regulatory Guide 1.47 (" Bypassed and

Inoperable Status Indication for fluclear Power Plant Safety Systems") is an

unnecessary hardware addition that would not improve the protection of the

public health and safety because such a system would also continue to rely on

administrative controls to assure its effectiveness. Walsh and Toole, ff.

Tr. 9840, at 9.

314. The thrust of UCS Contention 9 is that the main reason the improper

EFW valve position existed during TMI-2 was that there was not an adequate

system to inform the operator that safety systems have been disabled. At

THI-1, the ESFAS has indicating lights on the main control console indicating

if the HPI and LPI protection systems are enabled or whether actuation

bistables are reset or bypassed. Annunciators indicate a "not reset"

condition, and other conditions, alerting the operator to abnormal

conditions, as well as, the unusual status of core flood tank isolation

valves. Also, there is a dedicated control room panel with color coded

lights which indicate the status of all components actuated by the ESFAS.

The color coded lights indicate exceptions to an automatic actuation to the

opera tor. Walsh and Toole, f f. Tr. 9840, at 4-5.

|
|
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315. Besides the above indicator features, the licensee has instituted

new procedures since THI-2 to verify the operational readiness of Engineered

Safeguard Features (ESF) Systems and EFW Systems. Tr. 9855-56 (Toole).

First, there is a checklist which verifies the readiness of both systems on

each eight-hour shift. This checklist, initiated by the offgoing shif t,

verifies positions of control room valves and switches of these systems and

is re"iewed by the oncoming shif t. Second, critical ESF or EFW valves are

either locked or placed under routine surveillance. This surveillance

includes checking of manual override status and locked valves are checked

based on importance and frequency of use. Third, non-control room ESF and

EFW main flow path valves are to be checked at defined frequencies - based on

personnel accessibility. Finally, proper ESF and EFW valve positions will be

verified prior to surveillance tests on ESF and EFW trains and upon

completion of this activity, the position of the mainipulated valves or

switches will be confirmed. Affected components positions will be verified

af ter maintenance and special testing. Walsh and Toole, f f. Tr. 9840, at

5-6; Tr. 9846-47 (Walsh).

316. The licensee stated that the above administrative controls provide

different levels of backup to the primary control method and depending on the

valve, one or more of the backup methods are applied to each valve. Walsh

and Toole, f f. Tr. 9840, at 6. However, the licensee stressed that it does

not rely exclusively upon administrative controls, noting there are various

annunciators in the engineered safeguard systems. Tr. 9841-42 (Walsh).



i

- 155 -

317. Licensee's witnesses testified that these administrative controls

keep the operator informed of. the system status and are effective since the

operator will be required to acknowledge that a safety system is disabled.

Because of the required deliberate administrative action to manipulate

components of the ESF or EFW, these administrative controls are as effective

as automatic annunciation of disabled systems. Walsh and Toole, ff.

Tr. 9340, at 7. Mr. Toole described the major differences between the

administrative procedures that existed at the time of the TMI-2 accident and

how these procedures have been improved. Before the accident, administrative
,

procedures required an operator turnover but did not have a checklist. The

checklist requires an operator to go completely through the status, establish

what the conditions are to the plant and sign off on the status. The

checklist is turned over to the oncoming shift, indicating the present

status. More than one operator dor.s the verification on the offgoing and' ;

oncoming shifts. Tr. 9858-59 (Toole). Before the accident, the turnover

would have been a verbal discussion and was not as complete or systematic as

a checklist. Since the accident, additional requirements in the testing

procedure have been made and now, prior to running system A for tests or

removing system A from service, the licensee will verify by monitoring these |

individual components for position to ensure the redundant side is prepared

to operate if there is a problem. When the test or surveillance is complete,

the licensee has added to the procedure a second redundant verification to

ensure that everything has been restored properly per procedure. Tr. 9857 -

(Toole).
.

{
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318. The licensee interprets Regulatory Guide 1.47 as requiring a

display system that would provide aut'omatic indication and alarm of safety

system availability at the system level. Continuous automatic indication of ;

disabled safety systems provides no guarantee that the operator will !

recognize and maintain awareness of an abnormal configuration. Even if

automatic annunciation is available, Regulatory Guide 1.47 recognizes that

administrative controls still have to be depended on to require operators to

overtly note status on some list or record system. Regulatory Guide 1.47

recognizes the limitations of the concept of automatic indicating systems,

the usefulness of manual capability in displaying inoperable or bypassed

conditions -and that the automatic indication requirement is not practical

except in the design process of a plant under construction. It would be

impractical to apply Regulatory Guide 1.47 in a TMI-1 backfit situation.

Moreover, the Reg. Guide presumes an infrequent need to bypass safety systems

which is not the case in surveillance testing and preventative maintenance.
'

The licensee concluded, providing an automatic consolidated, system level

indication of bypass is not practical because the assumptions which form the

basis for the requirements practicality are invalid for TMI-1. Walsh and

Toole, ff. Tr. 9340, at 7-9.

319. TMI-1 has a status panel but the licensee recognized it does not

have a status panel on a system level as required by Regulatory Guide 1.47.

Tr. 9870 (Toole). The status panel has lights to indicate to the electrical

logic system as to whether it is in an ES or non-ES status. The electrical

lod.ai system is the system which initiates components such as the pumps and
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valves that align and start to perform the ES function. The status panel has

lights to indicate there is power being properly applied to each relay and it

has lights to indicate the position of involved components. Tr. 9865-66

(Toole).

320. The licensee acknowledged that it does not have a Regulatory

Guide 1.47 type design that would have contacts together through a logic

syttem that has another annunciator. The annunciator would indicate a

contact is not in correct position and that the decay heat system is not

properly aligned. Tr. 9868 (Toole). The licensee has a status panel and

individual componets in the control room. The licensee interprets Regulatory

Guide 1.47 as holding that the licensee's component level information

indication alone is unsatisfactory. Tr. 9870 (Toole). Also, to meet

Regulatory Guide 1.47, the licensee would have to provide some additional

information to the control room. According to the licensee, this additional

information is now provided by an operator going from point to point making a

status check. For example, certain manual valves are put in position to

support an ES alignment and are administratively maintained with a chain lock

ano periodically visually inspected to ensure the valve is locked in the

correct position. There is a locked valve listing in the control room which

indicates which valves are locked open or locked closed. Tr. 9870-72

(Toole).

321. Witness Walsh disagreed with Regulatory Guide 1.47 that an

automatic syste indicating inoperability and bypass is an absolute
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necessity. .He argued _that the administrative -controls are a more effective

means of keeping the operator involved in the process. Tr. 9846 (Walsh).

322. The licensee stated that it has _ not done a specific analysis for
'

' each and every component to see what would be required to meet Regulatory

. Guide 1.47 because the, licensee was satisfied after reviewing their system

and administrative controls in place, that it was more effective than

Regulatory Guide 1.47. Tr. 9845-46 (Walsh).
<

323. The licensee submitted that its objection to implementing

Regulatory _ Guide 1.47 is not based on an economic or scheduling basis. The

-licensee stated that it has a more effective, superior system than what is
* required by Regulatory Guide 1.47. Mr. Walsh's main objection to installing

a Regulatory Guide 1.47 type system is that it would add an extensive

hardware modification to the plant, leading to increased complexity. Mr.

Walsh testified the operator will have to deal with the increased complexity
'

added by Regulatory Guide 1.47 and eventually administrative controls will be i

required. The licensee believes that the Regulatory Guida 1.47 system would i

not be better than the present administrative system. Tr. 9845 (Walsh).

; 324. From a functional standpoint, the administrative procedure is
-

identical to Regulatory Guide 1.47 because the bottom l' of the procedure

~is if the system is unavailable, the operator knows that condition by looking
i

at the checklist. Tr. 9848 (Toole).

1

L !
'

-
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325. Certain valves must be closed to take a system out for testing.

3he licensce's test procedures in icate that when testing is completed there

is a step to open the closed valves and there is a list of manipulated

components of the procedure that is given to another operator who

independently veifies the valve was returned to correct position. Since the

current procedure closes only the valve on the discharge pump, the steam

driven pump and motor-driven pump would be available even if operators failed
,

to open are discharged valve. Tr. 9872-73 (Walsh).

326. A Regulatory Guide 1.47 status panel would indicate EFW system A is
i

or. is not in correct alignment and this information does not show up on the

licensee's present panel. Also, the valve closed to perform the above EFW

motor-driven pump testing would not show up on the present TMI-1 panel. Tr.-

9873-74 (Walsh, Toole).

327. The licensee stated that its administrative procedure is more

complete than Regulatory Guide 1,47 because the guide is written to cover

incidents where a specific valve is left in the wrong position, while the

licensee has looked at many more combinations of events that could have
'occurred and at more of the system. The licensee added that it is also

looking at components of the system that are not operated only once a year.

The licensee took the position that the best way to prevent a problem in this

area is by operator involvement, making the operator cognizant of where the

components are in the plant, what position they are in and if the components

are prepared to run. Tr. 9874-75 (Toole).

r
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328. Mr. Toole explained that Regulatory Guide 1.47 would require the

operator to look at each individual component and the additional annunciator.

Having that annunciator is not the answer to not having the operator making a

complete revied of the system's status. Mr. Toole testified that even with

Regulatory Guide 1.47 the licensee would adhere to its present procedure,

except one more item would be added on the bottom line of the procedure. The

additional item would direct the operator to look at the annunciator and make

sure it is lighted or unlighted. The Regulatory Guide wrongly increases the

circuit complexity of the power plant. The annunciator is another item of

which the operator must be cognizant, is another circuit that must be

installed, tested and will require more knowledge on the operators part. The

licensee noted a facet of control room design is to not put information in

the control room that the operator does not need to make decisions with on a

regular basis. Regulatory Guide 1.47 would not alleviate the need for the

indicators in the control room which indicate whether a valve is open or

closed. A general Regulatory Guide 1.47 alarm would be a complicated alarm

to the operator who is expected to remember all the inputs causing the alam.

Tr. 9875-78 (Toole).

329. Witness Walsh testified that the licensee would still need the

engineered safeguards panel, (its present status panel and controls) if the

licensee had the parameter display system, or if Regulatory Guide 1.47 were

required to be implemented, it would be a seperate system. Tr. 9879 (Walsh).
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330.- Responding to the Board, Mr. Toole and Mr. Walsh testified it was

their professional opinion' that what the _ licensee is propocing' for THI-1 is
,

j better than what is proposed by Regulatory Guide 1.47. Tr. 9878 (Walsh,

Toole).

331. The Staff believes that, although :onformance with Regulatory

Guide 1.47 has not been achieved by the licensee, the upgraded administrative

controls of the licensee provide reasonable assurance that operators will

know the status of safety-related systems, while the Staff study concerning

backfitting Regulatory Guide 1.47 is being completed. Boger (UCS 9), ff.

Tr. 9893, at 11.

332. THI-1 is not, in the Staff's view, subject to the provisions of'

Regulatory Guide 1.47. Regulatory Guide 1.47 was issued five years after-

THI-l's CP and plants are not subject to regulatory guides whose issuance

predates the CP. Since there is no section D exception in this guide and

there has been no Commission action to backfit the guide TMI-1 is not

subject to the guide's provisions. Aia, the licensee has not proposed to

install a " bypass and inoperable status" indication system that conforms to

Regulatory Guide 1.47. Sullivan (UCS 9), ff. Tr. 9893, at 3-4.

333. The purpose of Regulatory Guide 1.47 was explained by the Staff.

The design provisions of Regulatory Guide 1.47 are intended to aid operator

awareness of a bypass, or other deliberately induced inoperability of safety

systems. Mr. Sullivan testified that the development of Regulatory



. _ .

- 162 -

Guide 1.47 was prompted by past operating experience that indicated when

messures used to indicate inoperable status only consisted ~of tne then

current' administrative procedures, the operator was not always fully aware of

the ramifications of each bypassed or inoperable component. Sulliven-(UCS

9), ff. Tr. 9893, at 2.

.

334. Mr. Sullivan explained that prior to the developnent of Regulatory

Guide 1.47, the emphasis on "inoperability" or " bypass" conditions was placed

only on indication that a specific component was inoperable without reference

to .the system involved or to any other redundant system. Under a equipment

specific indicating system, there would be no indication that a system was

rendered inoperable. The operator could only infer from the indication that

the component was inoperable that the system was also inoperable. A

Regulatory Guide 1.47 design presents the operator with an explicit

indication that the systems are inoperable. Sullivan (UCS 9), ff. Tr. 9893,

at 3.

335. The provisions of Regulatory Guide 1.47 apply to any portion of a

safety system that is expected to be made inoperable more than once a year at

instances when the affected system is normally required to be operable. Id.

When Regulatory Guide 1.47 was promulgated there was no indication that the

NRC intended to have a policy of backfitting it. Tr. 9898 (Sullivsn).

336. The Staff is presently reassessing the matter of backfitting

Regulatory Guide 1.47 at operating plants, including TMI-1. Mr. Boger stated

.- - _ _ _ _ _ _ _ . - _ - - _ __-
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that NRR will| study the need for all licensees and applicants not presertly

committed to Regulatory Guide 1.47, to monitor and verify operations, test

and maintenance activities by means of an automatic status monitoring system

such as described in Regulatory Guide 1.47. This NRR study will be performed

after a review of procedure; and other nonautomatic actions to verify these

activities. The Staff position with respect to backfitting at TMI-1 will be

developed in 1982, or later, after completion of the NRR study. Boger(UCS
.

,

9), ff. Tr. 98c',at 2.

337. Pending the development of the Staff position on backfitting-

Regulatory Guide 1.47. Item I.C.6 of NUREG-0660, advises that licensee's

procedures be reviewed and revised, when necessary, to assure that an

effective system of verifying the correct performance of operating activities

is provided. The Staff has informed licensees of an acceptable program of

verification and the Staff will require the Licensee to comply with

Item I.C.6 uatil the Staff's position on backfitting is completed. Boger

(UCS 9), ff. Tr. 9893, at 3.

338. The Staff has not yet decided whether compliance with Regulatory

Guide 1.47 would provide additional protection to the point it should be

required for operating licenses as this is the subject of the future study.

Tr. 9907 (Boger).
,

i

'

339. Mr. Boger testified that under the Action Plan the Licensee must

complete the implementation schedule on Item I.C.6 by January 1,1981 or
.

.

.
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_ prior :to receipt of a full power license, which ever is later. For TMI-1,

the -implementation schedule is required before restart. I&E wil audit the

item's implementation. Boger (UCS 9), ff. Tr. 9893, at 3, Tr. 9908-09 -

(Boger).

340. The Staff also issued I&E Bulletin 79-CSA regarding administrative

controls on safety-related systems and the Staff indicated the licensee has

complied with this bulletin. See Staff Ex.1, at C2-7, C2-8. Mr. Boger,

noted the licensee has modified its administrative controls in the areas of

tagging, log entries, and surveillance testing to ensure redundant safety

systems are not simultaneously removed from service. Mr. Boger was satisfied

with the licensee's procedures that indicate redundant components need to be

tested to ensure availability after discovering an out of commission piece of

equipment in the ESF. Tr. 9900-01 (Boger). Mr. Boger explained that the

shift foreman has control of equipment tagging and safety-related systems

surveillance testing and he maintains an awareness of systems status through

a program which requires review of the stations logs. The modified tagging

procedure requires that redundant safety-related systems are tested for

operability before the equipment is removed from service and Mr. Boger ,

*:nderstood the procedure to require the shift foreman to sign tagging

applications that remove the above systems from operation. Also, log entries

must be inde when equipment required by technical specifications is taken out

of or returned to service will be noted according to the procedure on the

shif t turnover checklists which are to be reviewed by the shift foreman. The 1

Staff stated that, based upon the shift foreman's awareness of plant status

i .

|

l
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and the procedural and technical specification requirements, the redundant

safety systems should not be simultaneously removed from service. Boger (UCS

9), ff. Tr._9393, at 3-5.

341. Additional controls were required by 'I&E Bulletin 79-05A, item 5

and NUREG-0578, 2.2.1.c., to ensure proper safety alignment of valves. The

licensee was also required to review and revise plant procedures, as

necessary, to assure the shift turnover list is provided and completed by the

oncoraing and offgoing individuals responsible for command of operations in

the control room. The Staff stated that the licensee has complied with these

additional controls. Boger (UCS 9), ff. Tr. 9893, at 5-6.

342. Witness Boger tes;ified that the licensee has revised procedures to

ensure _that proper valve positions in safety-related systems are consistent

with the process flow diagram and are maintained during power operations and
,

af ter maintenance and testing. As mentioned above, the licensee's revised

procedures also require an independent reverification of valves and switches

manipulated during test and maintenance. Prior to startup a complete

safety-related valve lineup according to the system operating procedure

lineup checklist is to be performed. The Staff agreed that the licensee has f
also improved its administrative procedures by incorporating a shift turnover

'

ar.d engineered safeguards checklist to be reviewed by incoming and offgoing

control room operators, shift foreman and shift supervisors. Boger(UCS9),

f f. Tr. 9893 at 6-7.
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343. The Staff believed that the licensee's procedures do not provide

information on safety-related system status equivalent to that which would

result fraa conformance to Regulatory Guide 1.47. As indicated, the licensee

also acknowledged this fact. The information provided is not equivalent,

according to Mr. Boger, because Regulatory Guide 1.47 requires an automatic

system be provided to indicate on the system level, the bypassing or

intentional inoperability of a safety-reiated system, while the measures

being iraplemented hy the licensee are administrative in nature. Also, the

licensee's administrative contrels do not require tagging (indication) at the

system level. However, the Staff supported the licensee's testimony that to '

provide operator awareness of system hypass at the system level, the licensee

relies on tagging at a component level, supplemented hy notations in the

station log books and shift turnover checklist. More importantly, the Staff

supported the basic position of Met Ed that an operator's mandatory review of

the readiness of safety-related systems hy these statir' logs and turnover

checklists in conjunction with his knowledge of system .;ign and component

interactions, will ensure that the operator is aware of the bypass or

inoperability of equipment at a system level. The Staff was convinced that

tne licensee's administrative controls will ensure that the operator is aware

of the status of all safety-related systems. Boger (UCS 9), ff. Tr. 9892,

at 7-8.
,

344. The Staff believes that the licensee's administrative controls are

sufficient to allow restart without compliance to Regulatory Guide 1.47 or

the equivalent because since the issuance of Regulatory Guide 1.47 and the

.
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TMI-2 accident, the administrative controls over safety-related systems have

been considerably strengthened. The Staff categorized the following as areas

where administrative controls have been upgraded: (1)' verification of

safety-related system alignment during normal. operation; (2) approvals

required to remove equipment from service; (3) monitoring of equipment while

out of service; (4) reverification of proper safety-related system alignment

af ter maintenance and testing; and (5) periodic audits to review the

effectiveness of cdministrative controls. Boger (UCS 9), ff. Tr. 9893,at

8-11.

345. The Staff agreed with the licensee that a Regulatory Guide 1.47

system status panel would also continue to rely on administrative controls to

ensure its effectiveness. The Staff witnesses.were not aware of how much

additional hardware would be required for a TMI-1 Regulatory Guide 1.47

status panel. The Staff noted there is no operating plant that has a

Regulatory Guide 1.47 system but added there are Regulatory Guide 1.47 type

systems being implemented at plants under construction. Tr. 9897 (Sullivan).

346. Witness Boger stated that the Staff considers the licensee's

| administrative procedures, presently in effect, provide adequate reasonable

, assurance for restart until the Staff evaluates Regulatory Guide 1.47 and its
|

applicability to THI-1. Mr. Boger had the opinion that the licensee's

proposed procedures functionally perform the same task / purpose as a safety

system status panel required by Regulatory Guide 1.47. Tr. 9894-95, 9908,

,

k
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9911 (Boger). Witness Boger is involved in the ongoing process of reviewing

Licensee's procedures. Tr. 9911-12 (Boger).

347. The Board, based upon the above evidence, finds that the licensee's

additional and strengthened administrative controls at TMI-1 keep the

operator informed of safety system status, requiring him to become involved

and acknowledge that a safety system has been disabled. The Board need not

decide how much acre complex a plant wculd become if Regulatory Guide 1.47

were backfitted or even if backfitting itself would be practical. However,

from a functional viewpoint, the administrative procedures seem to be

identical tb Regulatory Guide 1.47. Recognizing that the Staff is studying

whether Regulatory Guide 1.47 should be backfitted, the Board holds THI-1

need not meet Reg. Guide 1.47 in this area as the licensee's improved or

upgraded ' administrative controls adequately and presently provide the

reasonable assurance for restart that operators will know the status of

safety-related systems. The licensee, based upon the evidence, is providing

the substantial equivalent protection of Regulatory Guide 1.47 to the

satisfaction of the Staff and the Board.

| 348. Regarding ECNP 1(c), the licensee noted that after performing a

review of signals to the control room of TMI-1 for the EFW systen, ECCS and

containments isolation systems, it found no position indication that could
!

mislead the operators by a demand indication rather than direct position
,

indication such as the power operated relief valve (PORV) at TMI-2. Valve

position indications for the above systems were verified to originate from '

.
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limit switches driven by the valve stem and not.from demand signals to the

valve. Walsh and Toole, ff. Tr. 9840, at 9-10.

349. The licensee pointed out that other major components have direct

indication of operation (e.g., flow indication). The EFW system pumps have
1

or will have direct indication of pump performance as do the HPI pumps

(makeup pumps) and decay heat removal pumps. Walsh and Toole, ff. Tr. 9840,

at 10.

350. All valves required to automatically respond to an ESFAS signal

have special color coded indicators on a dedicated control room panel which

inform the operator the valves are in proper position after an ESFAS

actuation. This allowg the operator to note any exceptions to an ESFAS

actuationsequencewitynashortperiodoftime. According to the

licensee's witnesses, modifications have been made to the PORV to improve

indications of its performance. Walsh and Toole, ff. Tr. 9840, at 10.

351. Mr. Walsh testified that for valves that are automatically actuated

or change position automatically, the operator has the ability in the control

room to operate these valves if they do not function, specifically, if the

sta .._. panel indicates the valves have not gone to proper position. Tr. 9860

(Walsh).

.

352. Mr. Toole testified that the licensee's method of providing

position indication of the PORV was acceptable to the Staff. The

- . - . . . _ . ._. - .. ., ..
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modification for the PORV that is being installed is primarily based on

indicating downstream flow rate. The sensitivity is rated at about ten

percent of rated flow of the valve. The PORV has a backup method, n

accelerometer is attached to the PORV, which will indicate the vibration of

an open or closed flow through the valve. However, the backup method is not

as unambiguous a means'of valve position.- Mr. Walsh was of the opinion that
g

10% sensitivity is adequate and although it will not indicate small leakage

(not designed for that purpose), it will indicate whether the valve is open

or closed and if the valve is linear it will indicate whether the valve is

closed below 10%. Mr. Wc.lsh argued a better indication of the valve's

position is whatever the valve control indicates, in this case, the flow.

Tr. 9882-33 (Walsh).

353. The Staff argued in response to ECNP 1(c) that the TMI-1

instrumentation by which the operator monitors information about the core

cooling and concainment isolation systems following a feedwater transient and

a SBLOCA is adequate because it measures or records appropriate parameters

and will not mislead the operator. Sullivan (ECNP Contention 1(c)), ff.

Tr. 9893,at 6.

354. According to the Staff, 10 C.F.R. 50.55a(h), (IEEE 279) requires

the direct measurement of variables that are monitored by the operator after

a feedwater transient or SBLOCA. But, this regulation only applies to

instruments that are part of the protection system. Mr. Sullivan testified

that none of the instrument channels involved in this contention whose inputs
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are derived from signals which are not direct measures of the desired

variables'are part of the protection system and thus, are not within

10 C.F.R. 50.55a(h). Specifically, the designs of relief valves like the

electromagnetic relief valve are not subject to IEEE 279. Mr. Sullivan

explained that relief valves are considered to be control devices, rather

than. devices essential to safety. Relief valves serve to limit system

pressure below tha safety valve set (71nts and the latter valves are the

ultimate pressure safety devices. Sullivan (ECNP 1(c)), ff. Tr. 9892,at 3-4.

355. The Staff acknowledged that since the TMI-2 accident it has become

apparent there needs to be more attention directed to the reclosure of both

relief and safety valves in terms of more reliable information on position

indication available to the operator. The Staff noted that the licensee is

proposing to measure flow downstream of the electromagnetic relief valves as

a method of determining if the valves are open or closed. Mr. Sullivan

testified that even though valve position, per se, is not monitored, the

presence or absence of discharge flow from the valves bears a direct

relationship to the whether the valves are open or closed during reactor

operation. Sullivan (ECNP 1(c)), ff. Tr. 9893,at 4.

356. Within the context of this contention, inputs to the control room

for the following will be derived frcm signals that are direct measures of

the desired variable: (1) steam generator level; (2) reactor coolant system

pressure; (3) core exit temperature; and (4) hot leg temperature. Also, the

open/ closed position indication of the contait ment isolation valves are

-
- _ .. _
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derived from directly actuated position limit switches. Sullivan-(ECNP

Ll(c)), ff. Tr. 9893, at 4-5.

I

357. Certain instruments are not part of the protection system since

their signals do not ' actuate reactor trip or engineered safety features and

- therefore need not have their signals derive from direct measurement of the

desired variable. These include the PORV and safety valve position,

variables are not measured by devices that directly sense valve position.

- Open or closed is sensed by flow meters which monitor discharge flow if

valves are open and no fiod if the valves are closed. The Staff argued since

an open valve will- always result in a discharge flow, the licensee's

measurement system is a safe design. See, Staff Ex.1, at C8-11,12,13).
.

As for subcooling, there is no instrument which can directly measure the

amount of subcooling in the primary system. However, since system pressure

and boiling point are directly physically related, a measurement of pressure

also indicates the boiling point. Subtracting the measured temperature from

the known boiling point yields the number of degrees of subcooling. Noting

the Tl11-1 system measures temperature and pressure directly, the Staff stated

that the inferred boiling point and later computer subtraction do result in

an element of indirectness. However, the Staff took the position the,

licensee's measurement method results in highly reliable subcooling

information to the operator. Sullivan (ECNP 1(c)), ff. Tr. 9893, at 5-6.

358. Witness Boger explained the PORV is a pilot-actuated valve where a

pilot is operated to actuate the valve. Since the piece of equipment the

- -
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pilot operates is enclosed, there is not an exposed stem and thus, a position

indication could not be attached. Tr.9902-03(Boger). !ir. Boger indicated

.

other B&W units have sonic flow indicatcrs downstream like the Licensee.
.

Tr. 9903 (Boger).

U

359. The sensitivity of the PORV valve flow device is acceptable to the

Staff as currently designed. Tr. 9905 (Boger).

360. Based on the evidence- presented, the Board finds that there is no

position indication that could mislead the operators by a demand indication

rather than a direct position indication. Modifications have been made to

the PORV to improve indications of performance status. The license's

modifications for providing PORV position indication based on indicating

downstream flow rate is acceptable to the Staff. This modification is a

reasonable approach to the concern born at THI-2, because presence or absence

of discharge flow from the valves bears a direct relation to whether the

valves are open or closed. In sum, the TMI-1 instrumentation from which the

operator monitors information about the core cooling and containment

isolation systems after a transient or SBLOCA is adequate as it measures

proper parameters and will not mislead operators.

!

INSTRUMENT RANGES (IN PLANT) )
I
1
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361. Two contentions relating to instrument ranges were admitted in the

TMI-1 restart proceeding. Sholly Contention 5 statesE:

It is contended that Licensee has not provided radiation
monitoring instruments in effluent discharge pathways which are
capable of remaining on-scale during anticipated operational
occurrences, postulated accidents, and Class 9 accidents as specified
in Contention #17.

It is further contended that the insufficiency in range of these
instruments prevents the Licensee from making sufficiently accurate
predictions of. the quantities of radiation which are being released
from TMI-1, and that this places the public. health and safety at
significant risk because such infonnation is required by public
official and plant operators to provide the basis for decisions on the
need for protective accions.

It is further contended that protection of public health and
safety requires that the high-range effluent monitoring system be
installed prior to restart of TMI-1, and that the high-range effluent
monitoring system be capable of remaining on-scale under conditions
specified in this contention.

Further, ECNP Contention 1(d) argues that:

The TMI-2 accident showed that many monitoring instruments were
of insufficient indicating range to properly warn control room
operators of ambient conditions. Fgr example, the " hot-leg"
thermocouples went off-scale at 620 F and stayed off-scale for over 8
hours for reactor coolant loop A and about 13 hours for reactor
coolant loop B. A higher temperature limit would have provided
important infonnation to the reactor operators. This situation is
unchanged at THI-1. All monitoring instruments for TMI-1 must be
calibrated to provide full and accurate readings of the complete range
of possible conditions under both normal and worst-case conditions.

In addition, it is reported that the radiation monitors went
off-scale during the THI-2 accident. It should be noted here that
this eventuality was predicted in 1974 by the TMI-2 Intervenors, but
dutifully denied by the NRC Staff and the Applicant during the TMI-2

8f The Staff testimony on Sholly Contention 5 by Mr. Stoddard uses an early
version of Contention 5. Mr. Sholly revised this contention in a filing
dated June 5, 1980. The wording here reflects the changes made by Mr. ,

+Sholly to his Contention 5. The scope of the new contention is narrowed
to the ranges of the radiation monitoring instruments in effluent
discharge pathways.

,

- .- - ,
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licensing hearings.. Needless to say, the TMI-2 Licensing Board
accepted the assurances of adequate monitoring offered by the Staff
and Applicant. Yet a similar situation still exists at TMI-1. ~ All
radiation monitoring equipment must be capable of recording the
maximum possible releases of radiation in the event of a
worst-possible accident (Class 9) in excess of Design Basis Accidents.

362. The first paragraph of ECNP 1(d) was limited to core cooling and

containment isolation systems and tha references to " worst-case" and " worst

possible accidents" were not accepted as part of the contention. ("First

Special Prehearing Conference Order," dated December 18,1979, at 38.)

363. The licensee submitted testimony by T. Gary Broughton, Richard W.

Dubiel, and Victor H. Willems (follows Tr. 7509). The Staff presented its

testimony on these contentions by affidavit when the other parties indicated

that they had no plans to cross-examine the

Staff witnesses. (Tr.7218-9,7527).E Neither Mr. Sholly nor ECNP

presented any direct testimony. Mr. Sholly did, however, cross-examine the

licensee witnesses.

Sholly Contention 5

364. At TMI-1 there are several types or levels of monitoring means

within the plant itself and in the surrounding environment. Within the

'] Testimony of Phillip G. Stoddard which responds to Sholly Contention 59

and partially responds to ECNP Contention 1(d) follows Tr. 7548.
Testimony of Walton L. Jensen, Jr., Jonn C. Voglewede, Bruce A. Boger,
and Peter L. Hearn which completes the Staff's testimony on ECNP 1

Contention 1(d) follows the Stoddart testimony. Affidavits by Mr. ;

Jensen, Mr Voglewede, and Mr. Boger follow the Staff's testimony on
this subject. An affidavit by Mr. Hearn follows Tr. 8262 and an
affidavit by Mr. Stoddard follows Tr. 8263.

__
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plant, radiation-. levels are measured by area radiation monitors; in addition,

airborne radioactive materials (gasesous radioactive materials or radioactive

particles) are sampled and analy' zed by various devices and procedures to eE

determine the extent of local airborne radioactivity contamination in the

plant bui'idings. The plant ventilation exhaust systems are sampled and

evaluated by radiological effluent monitors and specializea sampling

devices. The data.obtained from the monitors and samples, together with the

known volumetric flow, permit the determination of the total plant release of

radioactivity to the environment. Plant liquid effluents are monitored by

radiation detectors in the controlled liquid effluent discharge patns;

in-plant liquid streams are monitored by process radiation sonitors and are

sampled and analyzed for radioactivity content for control and treatment

purposes. In addition, all points of personnel egress from the plant are

controlled and all personnel and all material exiting through control points

are monitored for radioactive contamination. Stoddart (Sholly 5 and

LCNP 1(d)), ff. Tr. 7548,at 2-3.

365. " Effluent monitoring" is the process by which radioactive plant

effluents are sampled and measured to determine how much radioactive gas and

liquid is being discharged from a nuclear power plant. Effluent monitoring

is performed in all principal effluent release paths in accordance with the

provisions of General Design Criterion (GDC) 64. The gaseous effluent

release paths monitored at THI-1 are the plant vent, the air ejector

discharge vent, and the containment purge vent. Stoddart (Sholly 5 and

ECNP 1(d)), ff. Tr. 7548, at 3. The auxiliary building exhaust, reactor

L
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building purge exhaust, and fuel handling building exhaust vents are also

separately monitored before being mixed and released through the plant vent

where the mixed release is again monitored just prior to release. Id., at 4;

Broughton, et al . , f f. Tr. 7509, at 3. The liquid effluent release paths

which are monitored at TMI-1 are the plant industrial waste system and the

liquid radwaste treatment system. Stoddart (Sholly 5 and ECNP 1(d)), ff.

Tr. 7549, at 3; Broughton, et al., ff. Tr. 7509, at 3-4.

366. Not all gaseous effluent release paths at TMI-1 are monitored

because certain plant buildings are not considered to be significant sources

of radioactive releases; therefore, releases from ventilation systems serving

these buildings are not. routinely monitored. All liquid effluent release

paths are monitored at TMI-1. Stoddart (Sholly 5 and ECNP 1(d)), ff.

Tr. 7548, at 3-4.

367. The gaseous radiological effluent monitors for TMI-1 have the

capability of measuring releases from anticipated operational occurrences and

from postulated accidents. Stoddart (Sholly 5 and ECNP 1(a)), ff. T . 7548,

at 4; Broughton, et al. , ff. Tr. 7509, at 5. The licensee will instab .o

gaseous effluent monitoring instrumentation at TMI-1 which has an extended

range capacity for noble gases, radioiodines, and particulates. Stoddart i,

1

(Sholly 5 and ECNP 1(a)), ff. Tr. 7548, at 4; Broughton, et al., ff.

Tr. 7509, at 4; Tr. 7511 (Dubiel). The changes made to the monitoring system

meet the ringe and release rate requirements of NUREG-0578. Stoddart j

(Sholly 5 and ECNP 1(d)), ff. Tr. 7548, at 4; Broughton, et al., ff.
|

_ _ - - _ _ . -__ _
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.

Tr. 7509, at 4. The installation of the new monitoring system will be l
~.

completed prior to rest . t. Broughton, et al., ff. Tr. 7509, at 4; Tr. 7511 !

(Dubiel).

8. The monitoring ranges on the monitoring equipment have been

evanded sufficiently to measure noble gas release rates approximately

one-thousand times greater than occured during the TMI-2 accident. Stoddart

(Sholly 5 and ECNP 1(a)), ff. Tr. 7548, at 6; Broughton, et al., ff.

Tr. 7509; Tr. 7420-1 (Willems). For radioiodine and particulate effluents,

the licensee is installing samplers with the capacity to sample radioiodine

release rates at least one hundred thousand times greater than occured at the

TMI-2 accident. Thus, the monitoring ranges and samplers provide on-scale

capacity for any conceivable accident. Stoddart (Sholly 5 and ECNP 1(a)),

ff. Tr. 7548, at 7; Broughton, et al., ff. Tr. 7509, at 5-6. Neither

Mr. Sholly nor any other party presented any evidence which would challenge

this conclusion.

369. During his cross-examination, Mr. Sholly was concerned about the

time necessary to measure radioiodine releases and the accuracy of such

measurements. Tr. 7511-7515. The licensee witnesses explained that the;

measurement of radiciodine is made by collecting a certain amount of air

through a silver zeolite filter. Tr. 7512 (Willems). See also, Stoddart

(Sholly 5 and ECNP 1(d)), ff. Tr. 7548, at 4. At a very high level of

radiciodine, the detector becomes saturated and it is necessary to take the

filter cartridge to a laboratory to measure the levels with other equipment.

:

i

.
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Tr. 7512 (Willems).- The total time it would take to obtain a reading of what

the iodine release rate was,' however, would be only half-an-hour at most.

-Tr. 7514 (Dubiel). The accuracy of' the laboratory reading would be plus or

minus one to two percent. Tr. 7514 (D biel). The poscible error range is

taken into account in the dose projection for emergency planning purposes.

Tr. 7515 (Dubiel). It is not practicable to measure radioiodine immediately

without sampling. Stoddart (Sholly 5 and ECNP 1(b)), ff. Tr. 7548, at 5-6;

Tr. 7510 (Dubiel).

ECt4P 1(d)

270. This contention, as limited by the Licensing Board, asserts that

monitoring instruments needed for the core cooling and containment isolation

systems should be of sufficient range to warn operators of ambient conditions

and that raciation monitors must be capable of recording maximum possible

releases. The licensee will install sufficient instrumentation with adequate

range and accuracy to provide information necessary to detect and mitigate

inadequate core cooling. Broughton, et al . , ff. Tr. 7509, at 8. Further,

the Licensee has extended the ranges of the TMI-1 effluent pathway monitors

Stoddart (Sholly 5 and ECNP 1(d)), ff. Tr. 7548, at 6; Broughton, et al., ff.

Tr. 7504, at 4; Tr. 7511 (Dubiel) and has increased the. range of the high

radiation monitors in the containment building. Stoddart (ECNP), ff.

Tr. 7548, at 3.
,

.

371. During the THI-2 accident, the hot-leg temperature indicator went

off-scale. To correct this deficiency, the licensee will modify the hot leg

i

I
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temperature instruments to indicate temperatures from 120 to 920 F, will

connect the core exit themocouples to the plant computer, and will install a

saturation meter. These modifications will be completed prior to restart.

Broughton, et al . , ff. Tr. 7509, a t 7-8.

372. The ranges of the instruments used by the reactor operator to

perfom recessary functions and monitor important variables following a

feedwater transient or a small break LOCA are adequate. Jensen, et al., ff.

Tr. 7548, at 6, 9,10. Following a small-break LOCA, the operator is

instructed to monitor core cooling. M.at7. The core exit themocouples,

the hot leg temperature indication, the primary system hot leg pressure

indication, and the subcooling meter display are all used to monitor core

cooling. M.at9. The range of the core exit thermocouples is between-

0approximately 2500 F and that of the reference junction which is below 100 F.

M. The method of readout for the core exit thermocouples has not yet been

detemined but will be required to inclutt temperature indication in excess
0of 2200 F to the operator. Jd The hot leg temperature indication has been

0 0modified to extend the readout range from (520 F to 620 F) to (120 F to

950 F) and the primary system hot leg pressure indication has a range of 0 to
02500 psig. M. The range of the subcoolina meter display is 100 F superheat

0to 400 F subcooling. M. These ranges are sufficient to indicate the

condition of the cooiant surrounding the reactor core to the control room

uperator following a feedwater transient and a small break LOCA. M.
l

. _ -
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373. .The range.of the instrumentation that is available to the operator

at THI-1 is also adequate to monitor 50 F subcooling for the purpose of

controlling high pressure injection flow. At the safety valve set-point of

2500 psig, 50 F subcooling would be achieved at a coolant temperature of,

019 F; at atmospheric pressure of 14.7 psig, a subcooling of 50 F would be
0achieved at a coolant temperature of 162 F. These temperatures are within

the ranges of the instrumentation which is available to the operator. There

was no evidence presented which would demonstrate that the ranges for the

instrumentation needed to detect and monitor core cooling are in, aquate.

Jensen, et al. , ff. Tr. 7548, at 10.

4

374. There are no postulated conditions identified as a result of the

THI-2 accident which would require changes in r6nges of existing

instrumentation or new instrumentation or new instrumentation related to

containment isolation systeus. Broughton, et al . , ff. Tr. 7509, at 8. No

party presented any evidence that would indicate that the ranges on the

instrumentation needed for containment isolation are insufficient.

.

3/5. The licensee is also modifying its radiation monitoring equipment.

Stoddart (Sholly 5 and EChP 1(d)), ff. Tr 7548, at 6; Broughton, et al., ff.

Tr. 7509, at 4; Tr. 7511 (Dubiel). In addition to the effluent pathway

monitors discusted in connection with Sholly Contention 5, the licensee has
,

the ability to monitor the reactor building atmosphere and the spaces

(outside the reactor building) which contain components for recir culation of
.

1

loss of cvelant accident fluids. Stoddart (ECNP), ff. Tr. 7548, at 2;
,

\
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Stoddart (Sholly 5 and ECNP 1(d)), ff. Tr. 7548, at G; Broughton, et al., ff.
,

.
Tr. 7509, at 9-10.

376. There will be two high range area monitors in the TMI-1

containment. Stoddart (ECNP), ff. Tr. 7548, at 2; Broughton, et al., ff.

Tr. 7509, at 9; Tr. 7523 (Willems). These monitors will have readout

capability in the control room. Stoddart (ECNP), ff. Tr. 7548, at 3;

Broughton, et i, ff. Tr. 7504, at 9. The range of this new instrumentation

is adequate to provide on-scale readings in the event of an accident similar

to the one at TMI-2. Stoddart (ECNP), ff. Tr. 7548, at 3. The upper range

7capacity of this instrumentation is 10 R/hr which is adequate to measure an

instantaneous 100% release of the TMI-1 reactor core noble gases accompanied

by a 25% release of TMI-1 core radioiodines into the containment atmosphere.

M. By comparison, the TMI-2 accident is estimated to have released 40-50%

of the core noble gases, together with a small fraction of the radioiodines.

H. The high-range containment radiation monitors which will be installed at

TMI-1 should be capable of measuring in-containment radiation accurately

while retaining the capacity of staying on-scale for all conceivable '

circumstances. Id. The nonitors will be operable prior to restart.

Broughton, et al . , ff. Tr. 7509, at 9. Neither ECNP nor any other party

challenged the adequacy of the new high-range radiation monitors.

377. The licensee has also provided for the monitoring of spaces which

could contain components that circulate LOCA fluids. Components for

recirculation of LOCA fluids are located in concrete shielded spaces in thec

!

!

!
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.
containment and auxiliary buildings. Within the containment building, these

spaces are monitored by the containment radiation monitors and the airborne

radioactivity monitors; in the auxiliary building, these spaces are nonitored

by the auxiliary building area radiation monitoring system, the airborne

radioactivity monitor s, and the process and effluent monitors serving the

ventilation systems venting tne spaces. Stoddart (Shelly 5 and ECNP 1(d)),

ff. Tr. 7548, at 6; Broughton, et al., ff. Tr. 7509, at 10. No party

presented any evidence which indicated that these monitors were inadequate to

;. measure radiation in the areas where there are components which recirculate

LOCA fluids.

378. Based on the facts presented above, the Licensing Board finds that,

contrary to the assertions of Mr. Sholly and ECNP, the radiation monitoring

system at THI-1 has sufficient range to provide on-scale capacity for all

design basis accidents. The Board also finds that the ranges on the

instrumentation needed for core cooling and containment isolation are

sufficient to protect the public health and safety. No evidence was

presented which would indicate a different conclusion.

!

i

|
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BOARD QUESTIONS

417. As noted above, the Board developed several Board Questions which

concern plant design and modification.10 / Board Question 1 relates to

the applicability of NUREG-0694, "TMI-Related Requirements for New

Operating Licenses." Most of the Board's concerns were addressed in the

context of other items and we ruled that further testimony need not be

filed on this issue. Tr. 15760. Similarly, we ruled that we did not

need testimony on Board Question 5 which deals with tne application of

NUREG-0660 to THI-1. Tr. 15760. Board Question 7 (NUREG-0667 items)

will be addressed in the context of Board Question 2.

418. The remainder of the Board's concerns (Board Questions 2, 6, and

11) are discussed below.

10 / Board Question 4 concerns emergency planning and Board Question 10
was addressed by the licensee in the context of management
capability. Tr. 13432-34. Board Question 3 asks only for the
status of IREP and is not addressed in the findings. Board
Questions 8 and 9 concern TMI-2 separation and groundwater
monitoring respectively; these will be addressed in a separate
filing.

\
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BOARD OVESTION 11

442. Board Question 11 states:

The board is not satisfied with the Staff findings in the SER
with respect to Recommendation 2.1.9.C (transients and accidents)
of NUREG 0578. The Staff concludes that satisfactory progress has
been made and the item is complete. SER, pp. B-10, C8-49. According
to Table B-2, the analyses and procedures were scheduled for
completion by early 1980. We observe that in May of this year, it
was reported that the Staff is performing a generic review of
transients and other accidents in accordance with Recommendation
2.1.9 of NUREG-0578" (NUREG 0667, p. 5-26).

We expect the license and the Staff to present evidence that
the requirements on p. A-45 of NUREG-0578 will be met and to explain
the schedule for meeting those requirements. The board, as well as
the Staff, must have sufficient information to decide whether
satisfactory progress is being made.

443. Recommendation 2.1.9.C of NUREG 0578 asks that the licensee

"[p]rc<ide the analysis, emergency procedures, and training to substanti-

ally improve operator perfonnance during transients and accidents,

including events that are caused or worsened by inappropriate operator

actions." Page A-45 of NUREG 0578, which discusses Recunmendation

2.1.9.C, sets out the requirements of the analyses of transients and

accidents. The analyses are to include the design basis events specified

in Section 15 of the FSAR, single active failure" and consequential

failures for each system involved in a particular event, operator failures

to perform required control manipulations, and operator actions leading

to the loss of function of a safety system. Further, the analyses are

to incorporate event trees, computer calculations, and reactor simulators.

|

,
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444. Both the licensee and the Staff presented direct evidence in

response to this question. The licensee's testimony was sponsored by

T. Gary Broughton (ff. Tr. 109411, and the Staff's by Walton L. Jensen,

Jr.' (ff. Tr.11003). No other direct evidence was presented, but the

Commonwealth of Pennsylvania participated in cross-examination of both

witnesses. There was also extensive examination by the Board.

445. In his prefiled written testimony, the licensee's witness testified

that the Abnormal Transient Operating Guidelines (ATOG) program,

developed by the licensee with the other members of the B&W Plant

Owners Group, is in progress to meet the requirenents set forth on A-45

of NllREG-0578. AT0G is based on existing analysis and guidelines for

loss of coolant accidents and will incorporate Inadequate Core Cooling

guidelines. Additionally, it incorporates new analyses of small steam

line breaks, loss of feedwater, loss of offsite power, excessive

feedwater addition, and steam generator tube rupture. These events are

all less severe than design basis events previously analyzed, and were

selected because (a) they are more likely to occur than design basis

events and (b) their direction provides for operator interaction.

Broughton, ff. Tr.10941, at 2-3.

446. Under Board examination and cross-examination, Mr. Broughton

elaborated that the ATOG analysis was meant to simulate realistically

)
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what would take place in a power plant, and therefore categories of

transients and accidents were selected which are part of the spectrum

of events within the design basis and which are likely to occur during

the life of a plant. The original FSAR was used as the design basis

framework and the licensee tried to provide a better understanding of

events within that framework. It was the licensee's understanding

that this was the intent of Recommendation 2.1.9.C. The categories

selected were further broken down into two general groups: those that

cause a reactor trip and those that do not; AT0G incorporates those

that do. Tr. 10943-44, 10970-72, 10962 (Brcughton). Multiple failures

beyond the design basis, as referred to on p. 3-43 of NUREG-0737, will4

not be conside' red in the first issue of ATOG but will be addressed in

a subsequent program. Tr. 11001 (Broughton).

447. The design basis events specified in Section 15 of the FSAR were

addres ed by the preparation of plant-specific functional diagrams

incorporating all the systems involved in operating the plant during

various modes. From these diagrams, event _ trees were constructed

assuming the initiating event and identifying the desired outcomes,

possible alternative outcomes, equipment malfunctions, and operator

actions both of commission and omission. Broughton, ff. Tr. 10941

at 3; Tr.10979-80,10980-82,10983-86 (Broughton). Mr. Broughton

also testified that the functional approach used in developing ATOG

covers the contingency of considering the loss of auxiliary feedwater

as contemplated in NUREG-0578. Tr. 10986-87 (Broughton).
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' 448. Following analysis, procedure guidelines are developed based on

key event symptom and operator actions common to the events are combined

to produce a single set of operator actions designed to achieve plant

stability without requiring that the specific initiating event be known.

Broughton, ff. Tr.10941 at 3-4. The development of this symptom-

oriented approach was a logical consequence of the analytical process

used rather than a goal at the outset. The validity of this approach

has been established in two ways: (a) the AT0G program independently

developed what the procedures should be and showed they were adequate

to treat the events studied under the program, and (b) the new procedures

have been compared with the old, event-oriented procedures and have

been found to be strikingly similar. Tr. 10946-47, 10950 (Broughton).
s

449. NUREG-0737, on p. 3-43, refers to deficiencies in current guidelines

reviewed to date. Specifically, it notes insufficient analysis of

availability of systems under expected plant conditins, and inadequate

consideration of corrective or alternative actions should systems fail.

AT0G addresses and corrects these deficiencies. Tr. 11000 (Broughton).

450. Reactor trip is the first symptom indicating use of AT0G procedures,

although AT0G can be entered in the event of a very small steam
,

generator rupture. The majority of steps in the procedure would be

done regardless of the initiating event; the final few steps are event
!
:
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specific.
.

Broughton, ff. Tr.10941 at 4; Tr.10949,10958-59 (Broughton).

The ATOG procedure attempts to establish stable conditions. If stable

plant conditions cannot be established, the procedures direct the

operator to other procedures designed to deal with events beyond the

design basis, i.e., the inadequate core procedures. Mr. Broughton
.

testified that for this reason he considers the ATOG procedures

complete. Tr.10951,10988(Broughton).

451. Under Board examination, Mr. Broughton testified that the AT0G

program had not led to the discovery of new scenarios or events, and

further, that the disciplined functional approach used in AT0G combined

with computer simulation would have disclosed any new scenarios had

there been any. Tr.10991,10994(Broughton).

452. Regarding the schedule for meeting the requirements on p. A-45

of NUREG-0578, Mr. Broughton stated in his written testimony that B&W

had completed a draft AT00 for Arkansas Power in August of 1980 and was

working on various stages of guideline development for other B&W owners.

The TMI-1 analysis has progressed through the data-gathering and

functional diagraming stages, and event-trees are being prepared. Draft

guidelines should be complete by April,1981 and the final TMI-1 AT0G

is expected in July, 1981. Broughton, ff. Tr.10491, at 5. Under

cross-examination by the Commonwealth Mr. Broughton testified that the

completion dates in his written testimony are target dates, not

_ __
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commi t.aents. Tr. 10955 (Broughton). Implementation will involve

conversion of guidelines into plant procedures, modification of existing

procedures including replacement where necessary, and training of

operators. Broughton, ff. Tr.10941, at 4-5; Tr.10953 (Groughton). Full

implementation is estimated by September,1981 but that date is subject

to several incertainties. The first fuel outage after January 1,1981

is the implementation date in NUREG-0737, but that is dependent upon NRC

approval of generic guidelines by July of 1981. Tr. 10955 (Broughton).

453. In his prefiled written testimony, the Staff's witness, Walton L.

Jensen, Jr. testified that the Babcock & Wilcox Plant Owners Group of

which Met Ed is a member, has agreed to accomplish the requirements of

Recommendation 2.1.9 as part of the AT0G program. A draft of operation

guidelines and supporting analyses for Arkansas Power was presented to

the NRC Staff on August 21, 1980. Jensen (AT0G), ff. Tr. 11005, at 3.

Under Board examination, Mr. Jensen testified that NUREG-0737 requires

that generic guidelines be submitted to the NRC by January 1,1981

and that the NRC had agreed to consider this requirement met if the

individual plant owners would adopt the draft Arkansas guidelines as

generic. Tr. 11016-17 (Jensen). At the time of testimony, Metropolitan
!

l Edison had not officiaily adopted the Arkansas guidelines as generic,

bu+ it has since stated that the plant specific guidelines and the

methods used to develop the guidelines will be essentially the same

for each plant, and therefore it references the Arkansas guidelines'

to satisfy the January 1, 1981 requirement. Staff Ex.14, at 46.
|
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454. NRC review of the draft guidelines is in a very preliminary state,

but the review will include consideration of whether the prescribed

actions are appropriate for the symptoms in question. Tr. 11016,

11009-10(Jensen).

455. In his written testimony, Mr. Jensen testified that the NRC is

reviewing current Emergency Procedures for TMI-1 for the interim period

before ATOG procedures are completed. Jensen (AT0G), ff. Tr.11005 at 3.

456. During Board exa.nination, there were questions raised regarding

Mr. Jensen's familiarity with the details of the progress made in the

ATOG program. Mr. Jensen testified that because the Staff's review -

was still at a preliminary stage, he was as knowledgeable as anyone.

Tr. 11016 (Jensen). Since the licensee's testimony contained

considerable detail, and the Staff's testimony provided additional
:

information on the schedule, the Board finds that adequate evidence

has been presented to allow us to make a determination whether

reasonable progress has been made.

457. On the basis of the record before us, we find that reasonable

progress has been made by the licensee toward providing analysis,
|

emergency procedures, and training to substantially improve operator
i

performances during transients and accidents. We further find that ,

|

,.
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the licensee has made reasonable progress toward meeting the requirements

on p. A-45 of NUREG-0578, including consideration of design basis

events, single active and consequential failures, operator errors of

omissions and commission, and incorporation of event-trees, computer

codes, and reactor simulators. Addtitionally, we find that the Staff

and licensee have sufficiently explained the schedule for meeting the

above requirements.

SHORT- AND LONG TERM ORDER ITEMS

458. In its August 9,1979 Order, the Commission set forth eight

"short-term" items and four "long-tenn" items. The Comission statel that

the licensee must resolve the short-term items prior to the restart of TMI-1

and that Met Ed must also address the long-term items but that those

concerns need not be resolved prior to restart. (10 NRC 141, 144-5 (1979)).

459. Tha Staff has discussed the licensee's comoliance with each of these

Order Items (short and long-term) in its Evaluation Report, NUREG-0680

(Staff Ex.1) and in Supplements 1, 2 and 3 to the ER (Staff Exs. 4,13 and

14respectively). Based on its review of the licensee's efforts, the Staff

concluded that the licensee is in compliance with all short-tenn

requirements of the Order, subject to the verification of installation of

modifications and completion of all required tests, which will be done prior

to any authorization to restart. In addition, the Staff concludes that the

~ . _ . - --- .--
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licensee has completed or has made reasonable progress toward completion of

tne long-term Order items with the exception of that portion of Long-Term

Order Item 3 which concerns the installation of reactor vessel water level
~

indication (Lessons Learned Category B, 9 2.1.3.b). Staff Ex.14, at 3,

10.

460. Based on the analyses and discussion found in NUREG-0680 and its

Supplements, the Board concurs with the Staff's conclus')ns regarding the

licensee's compliance with the Short and Long-term Order Items.

Verification by the NRC Staff of the installation of modifications and the

successful completion of required tests is a condition of restart, however.

Reasonable progress toward completion of Long-term Order Item 3, including

a commitment to the installation of instrumentation to measure water level

in the reac+,or vessel, is also a condition of restart.

CONCLUSIONS OF LAW

461. Based on the facts as discussed above, the Board finds that the

licensee has demonstrated its compliance with all of the Short-Term Order

Items which concern plant design and modification. With the one exception

,

9

9
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,

noted above, the Board also finds the licensee to have shown reasonable -

progress toward the Long-term Order Items. In addition, the Board concludes

that the Staff and the licensee demonstrated conclusively that the various

modifications advocated by the Intervenors in their contentions are not
|

necessary to protect the public health and safety.

Respectfully submitted,

N?k$ rMrcw.h
;9dsepy Cosgrove, dv. /

'*

).s

' Lucinda Low Swartz
'

;

.

.

James M. Cutchin, IV
1

k .'
_

'

s

James R. Tcurtellotte

Counsel for NRC Staff
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Dated at Bethesda, Maryland |
'

this 1st day of June,1981
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