. UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D .C. 20555

OFFICE OF THE

COMMISSIONER

July 21, 1982

MEMORANDUM FOR THE CHAIRMAN AND COMMISSIONERS
SUBJECT: SAN ONOFRE UNITS 2 AND 3 ISSUE: ) PORV

The San Onofre plants do not have power ope :ted relief
valves on the pressurizer. This means two .nings:

First, there is no way to depressurize the primary system
guickly during a steam generator tube rupture.
Depressurizing the primary system is necessary to stop the
flow of contaminated water from the primary system to the
steam generator and eventually to the environment. You will
recall that the operators at Ginna used the PORV in just

this way to stop the flow of radiocactive primary coolant to
the environment.

Second, if for one reason or another the steam generators
are not available to remove heat, there is no way to
depressurize the primary system to let ECCS water in. The
discharge pressure of the ECCS pumps is lower than the
setpoint of the primary safety relief valves, therefore
cooling the core by the "feed and bleed" mode is impossible.
This method was of course the principle decay heat removal

path at TMI while the primary system was bound with steam
and hydrogen.

This issue also comes up for the Combustion Engineering
reactors in the Palo Verde units. On my visit there, utility
officials told me they intend to provide PORV's. .
Southern California Edison has taken a different tack. It
is emphasizing the reliability of its steam generators and
auxiliary feedwater system. A recent Southern California
Edison letter to the NRC staff seeks to postpone the
decision on adding PORV's until the Combustion Engineering
Owners Sroup completes its deliberations on the subject.
The date for completion of thcose deliberations is not

stated. Meanwhile the Commission must vote on a full power
license for Unit 2. .
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I think the argumentrs for a depressurization capability are
clear. I would not insist on it for startup of the San
Onofre units, but . would attach a license condition
requiring installation of a PORV within a reasonable period
of time, say by the first refueling.

Sa fro

Victof Gilinsky
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DUt FOR: Bob Tedesco, Assistant Director for
Licensing
Division of Licensing, NRR

b Themis Speis, Assistant Director for
Reactor Safety
Division of Systems Integration, NRR .

FROM: Frank H. Rowsome, Deputy Director
Division of Risk Analysis, RES

Joseph A. Murphy
Reactor Risk Branch
Division of Risk Analysas. RES

SUBJECT: FEED AND BLEED ISSUE FOR CE APPLICANTS

We have perfonned a quick and dirty analysis of the risk implications of CE
signs that lack a capability for core cooling via HPI injecticn and

deliberate venting of the reactor coolant system, in the absence of feedwater

replenishaent,

We conclude that three classes of accidents may each be mora frequent than
the Comnission's safety goal of 'IO'4 core melts per reactor year or less,
and that the total core melt frequency for such plants could ba of the
order of 10'3 per year or more, The three sequences are:

1. Transient and failure df all feedwater (not associated with.loss of
. AC power) (TML).

2. loss of offsite power, one diesel failure disabling the motor driven
AFW train, and failure of the turbine-driven AFW train.

3. Very small LOCA and failure of HPI (SZD).
STeve Hg. 805




'2 recoroend the following upgrades to these designs:

1. Provide an assured "feed and blaed" capability.

.
2. Provide that either diesel generator can energize a motor driven AFW

3. Exanipe carefully and perhaps upgrade HPI reliahility and/or reduce
the frequency of very small LOCA's,

The econonic incentives to make these improvenents, derived from reduced

risk of cconomic losses associated with core melts, are roughly:

Base Case

value / $22.3m - Value\ $13.4M
-

Base Case with Base Case with Both
Assured DG's Aligned to Both
Feed and Bleed AFW Hotor Driven Punps

Value $660,000 Value $10.7M

Assurzd Feed and Bleed
2 DG's + 2 AFW Train

Value $15M

rssured Feed and Bleed
> DG's + 2 AFW Train%
[High-Reliability HPI
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*The dmisg case plant s asswmed to be {ncapable of fzaed and Hh1&cd,cooling, only

one diecsel generator is assuned capable of cnergizing the safety rclated motor
driven AFW train, The turbine driven AFY train is AC-independent, but the
non-safety grade motor-driven AFW train requires offsite power. Industry
average dP] reliability and SZ;LOCA frequency is assumed, The analysis that

shous that SZD may be too frequent applies to other PHRs as well,

The attached paper describes the analysis.

-

Frank H. Rowsome, Deputy Director
Division of Risk Analysis )
Office of Nuclear Regulatory Research

- g

Joseph A, Murphy

Reactor Risk Branch

Division af Risk Analysis

Office of Nuclear Regulatory Research

Attachment: As Stated

cc: R. Bernero
G. Burdick
R. Hattson
S. Hanauer
M. Ernst
A, Thadani
RRB Staff
RAB Staff
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Feed and Bleed Issue for CE Applicants
We understand that the current crop of CE 1icense applicants -are proposing
that no prescurizer PORV's be installed, that the Pl shutoff head is to
be well below the pressurizer safety valve setpoint (around 1400 psi), t':t

high point vents provide no rore than two 1" diameter remote-manual vents,

and that tye auxiliary feedwater systens will be composed of one AC-independent

turbine driven pump, one AC-power train, and a third non-safety grade motor

-

driven pump,

We have attempted a back-of-the-envelope PRA in,order to evaluate the risk
implications if these plants are incapable of “feed and bleed" cooling.

The results suggest that theylmay‘fail to meet the C&mmission's cafety goal

of a core melt frequency less than 10'4/year and the present worth of a fix

to engble assured feed and bleed cooling is of the order of $10 million or
more per plant, based upon reduced financial risk alone., We considered five
groups of accident sequences: loss of main feedwater, loss of offsite power,
very small LOCA, transient-induced small LOCA (late start of auxiliary feed-
water 2llows a 1ift of a pressurizer code safety valve which may stick open),‘
and station blackout with restoration of AC power just before the point-of-no-
return. We did not consider main steam line breaks or ATWS, although in these
sequences an ascured feed a;d bleed capability could also enhance safety as

well as in the sequences considered.
J .
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simple loss of main feedwater appears to be the deminant cgncern. For
this sequcnce in a plant incapable of feed and bleed cooling, the frequency

11O

elt, » . = An P(L), where ), s the frequency of critical (sustained)
failures of main feedwater, and P(L) is the probability of a critical failure

of the auxiliary feedwater system.

WASH-1400 took the frequency of feedwater transients to be 3 per year, with

99 out of one hundred such occurrences recoverable. . There is reason to

doubt both numbers. Complete interruptions of main feadwater are more frequent
than 3 per year during the life of the first core, while the plant is still
baing debugged, although many take place at startdp or at low power when the
decay heat level is too low to pose much risk. A matu;e plart has complete
interruptions of main feedwater about once a year or less. The non-recovery
factor of 10'2 applies to plants with simple feedwater controls, motor driven
main feedwater pumps, and no major obstacles to feedwater restart after a

trip. In large, modern plants with turbine-driven main feedwater pumps
problems with feedvater restart are common, so a non-recovery factor of .3

to .1 is more reasonable, 1 jque that the frequency of non-restorable failures

of main feedwater occurring from substantial (risky) initial power levels is

roughly:
+1
% 0.3 x 10;1. first core
m 0.1 x 10=", at maturity -
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funiliary feedwater reliability is also mcertainT~ Pata from the precursor
program toggests that the PUR average experience has been a failure prebability
of 10'3/ *erand, This average ir’urhu;es carly-in-l1ife experience as well as
ature plint experience and two train as well as three train experience.

cystem reliability analyses have suggested that the best of the three train

5

systems can approach - at maturity - 107" per demand. Howecver, these analyses

failed to consider some common mode failure mechanisms so they can be regarded
as having an optimistic bias. It is not uncommon carly in plant life to find
instances of repeated, consistent, auxi]iary’feedwater pump failures while

the system is being debugged in service. The record suggefts that the failure
protability of the AFWS is substantially higher during the first core than in
raturity. A system with two diverse safety grade AFW trains and a third full
capacity non-safety grade train will probably achicve f;i1ure probabilities of:

. 10'31], first core

1 x 10—4:j, at maturity

P(L) =

These estirates result in loss-of-all-feedwater frequencies of:

0.9 x 10'3i}°4/yr, first core

- 1 x IO'S:J‘4/yr, at maturity
The uncériainty range is thus:

2.3x 1072 2 Ay ¥ 3.5 107°, first core
2.6 x 1004 2 Aoy % 3.9 1077, at maturity




hote that cven at maturity this core melt sequence frequency may be higher

:n the Conmission's criterion for all core melt frequencies Combined:

: 3 !0'4/)'1‘, and that the best estimate is that it will exceed the
Conmission's criterion during the first core. Note also that common-
causation of;‘;in and auxiliary feedwater failure due to fires, floods,
earthquakes, or sabotage has not been considered and might increase this
sequence frequency. The Conmission's guidelines on acceptuble risk do
not indicate how to treat uncertaintizs or higher-than-average estimates
for the first core. Nongthe1efs, I think it unwise'to allow a single core
melt accident sequence to be this‘prob§b1e. The provision of an assured
feed and bleed capability would enable HPI to cool the core in these
scenarios. Even with common mode and external hazards, this should be

worth at least one decade, more likely two decades reduction. We recomnend

it.

Next let us consider loss of offsite power. The failure frequencies or

probabilities are taken to be:

\osp * 0.2/yr

P non-recovery of offsite power within 30 min - 1 hr = 0.2/occurrencg

Thus 3 ep Without recovery = 0.04/yr
Ppg = 0-03/demand
Popg = 0-003/demand, including common mode

PAFU-turbine treatn "~ Dt

PAFK-motor train = 0-01/demand




;ne for convenierce that diesel generator A is configured to encrgize the
afety grade AFW motor driven train. As we chall see, the core melt
frequency predictions are sensitive to whether or not diesel generator B
i - 1} -

can Lnergize;the non-safety grade AFW train or not. The event tree for

loss of offsite power can be drawn:

DG's AFW
—> okay
no failures . 107
p—— g—g ‘6
. > melt at 4 x 10 “/yr
B fails SroRY
-...<-~ <| = .-.6
Al 03 g -ymelt at 1.2 x10™°/yr
.04 . -3 okay
,~.’".U.'3.5.L15__¢-,-__~.— .1 or .001* »
. Sl —3ymelt at 1.2 x 10 "/yr or
1.2 x 10-8/yr*
—3 okay
_both fail
.003 --i-—~——-~§nmlt at 1.2 x ]0'5/yr

*The higher failure rate applies if one of the diesel generators (we have called
it B) cannat power a motor driven AFW train; the lower failure rate applies if

both diesel generators can power & motor driven AFW train.

Note that the Comnission safety goal of 10‘4/yr for all core melt sequénces méy
be yiolated by loss of offsite power and a single diesel generator failure if
there is one diesel generator that cannot be aligned to energize a motor-driven
AFW train. This high core melt freéuency could be reduced to marginally

acceptable value in either of fwo ways:




1. Insure that either diesel generator can be aligned to energize a
.
notor-driven AFW train by (i) providing 2 swing bus for the safety
grade AFW pump, or (ii) providing an essential (diesel-¥icked) power

supply to éhe non safety grade" AFW pump, or

2. Provide an assured feed and bleed capability so that the one opérab1e

diesel generator and its associated HPI train can cool the core.

The case of full station blackout is considered later. The value of the
feed-and-bleed fix can be inferred. from the event tree for: LOSP with this

design:

DG's AFW HP1
no failures . -4
S UL e - RS, (f -3
-96 "L ok L ~——-S—-x—»—])0me1t at 2 x 10 “/yr
B fails = B -3 " .
e o3 L3 X 10 L naqt at 6 x 107 8yr
— g ~+
Cq :
' A fails r
gttt | L S 008 I 5 x 1072 -6
tmelt at 6gx 10~ or
Both fail ) i o
0 .
s > melt at 1.2 x 1077

Next let us consider very small (Sz) LOCA. Instrument line bre‘aks. steam generator
tube ruptures, charging pump line breaks, and gross reactor coolant pump seal
failures have happened a dozen or sc times in 500 LNR-years.k suggesting a
challenge frequency of 3 x 10'21‘ slyr for SZLOCA excluding PORV LOCAs. They

are less probable in the first yeat; of service, so I will not single out first

core numbers.
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In the CE plants, both feedwater and ECCS (liP1) are required for suzcessful

ore conling. Main feedwater may remain operable or be lPS artable in some
of these. The probability of HPI failure on demand was found to be 8.6 x
=33 . - . ; R B g o g a7
10~ -9 in Surry (WASH-1400). Most PWR PRAs are finding a failure probability
.
-2

and ]0'3/dé*and We shall assume

that the probability of HPI failure on demand is 5 x 10 3*1/oa.aﬁd for the ‘

for the whole multi-train HPI between 10

CE plants. A rough cut at frequency estimation suggests:

HPI AFW ‘ MFW
: e i —¥ success
”’A'”""'—_-—"“;0~4t1 ey SUCERSS
SZIOCA i 3 x 1055
e e rel ?
3x 10 31 : /yr
Bk e e ey ME T4 AR 1.5 x 107541 1/,yr'

The value of an assured feed and bleed capability here is to eliminate the need

for feedwater. This would eliminate the smaller (10'6/yr) path to core melt

without affecting the more prominent path via HPI failure. HNote that small LOCA

with total HPI failure is predicted to result in a core melt frequency above

the Commission goal for all core melts. The provision of feed and bleed capabi-

lity or of an improved AFW system will not help this. It is a problem generic

to PWRs and not unique to the CE designs. It appears that the high frequency

of very small LOCA revealed by historical experience and thé marginal HPI system ..
reliabilities revealed by many PWR PRAs are combining to yield unacceptable core

melt frequencies through SZD-type sequences. We suggest that NRR tackle this

’ . . s -
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problem in Lwo ways: First, @ cerious effort should be made tqQ reduce the
rrequency of 52 LOCA's. Second, a broad-scale sttack on HPI reliability
sagable 1o that instituted for AFW systems after THl should be

problems €€

_initiated for all PUR'S.
s consider the transient-induced gmall LOCA'S, with and without a
ecdwater
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9.

The core nelt cutcome from loss of all fecdwater has already been considered.

Vi
} 6

The increment in the likelihood of 52 LOCA is negligible at 10 " /yr. It can

till be mitigated by HPI, if HPI works, as it will do in the vast majority of

cases. \

with a PC3V we will get transient-induced LOCA ten times as oft;n (10;5/yr)
but the block valve can be expected to terminate all but 1 percent of these
for a frequency of transient-induced and unisolated LOCA of 107/ /yr. * If
anything, the PORV helps rather than aggravates what is a negligible

contributor to the overall S, frequency via transient-induced LOCA.

t'e <hould also consider the command fault LOCA's due to‘spurious "open"
cornands to a PORV., The frequency of occurrence is a sensitive function of
the valve control logic design. It could be made as small as we wish by
cyitable relizbility engineering. If we consider the Crystal River experience
ss one failure in 300 PWR-years, we get an industry average of 3x10'3/yr for
FORY Eo: and fault LOCA. Clearly, B&W did not do so well, but the combined
experience of the three PWR vendors suggests that this frequency can easily

be made much less than the overa}l Sz frequency of 3x10'21"5/yr. I conclude

that having a PORV or not having a PORV has a negligible effect on the 1ikelihood
of S2 LOCA or of the likelihood that S2 LOCA may lead to core melt, provided

that system or component functional reliability is the only cci.sideration. It

goes without saying that this analysis is predicated upon a design with antici- -
patory trips so that routine trdn;ients do not 1ift pressurizer relief valves,

and that the operators are trained to close the PORV block valve when appropriate.
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here may also be a design adequacy issue. I feel uncomfortable with 1400 psi

HPT purps in plants without PORV's,-even if the HPI and the AFW systems

are highly reliable. Careful thermal hydraulic analyses together with
thorough studies of plausible operator responses are necessary to verify
that some 52 LOEA'S will not lead to degraded steam generdtor heat transfer
and RCS pressures over 1400 psi while the core unccvers, even with operable
HP1 and AFW trains. The high point vents and reactor coolant pumps may
help here even though these plants do not have full feed and bleed capabi-
Jity. However, these degign adequacy issues are beyénd the capability of

this simplistic system reliability analysis.

last, consider station blackout with AC recovery near the point of no return.

The event tree may be drawn as follows:

AFW Restore AC Restore AC
LOSP EDG's (ToP) Within 1 hr? Within 2-6 hr?
-—— okay
.Zqun__.1- = Success?
2t 3 et
X8 ] - success? -
— melt

Blackout with successful auxi]ia}y feedwater (turbine driven pump) can be
expected at a frequency of roughly 6x10'4/yr. The turbine driven AF pump has
a finite success window, however. One of several factors will lead to core
melt if AC power is not ultimately restored. These factors include: (a) loss
of reactor coolant inventory (blown RCP seals, etc.); (b) dead batteries
(discharge or overheat); (c) high pump room temperatures (no HVAC); or (d)

depletion of condensate.
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To summarize, the principa\ concerns regarding the CE designs with low HPI

shutoff head and no PORV's appear to be:
Risk of core melt yia loss of all feedwater may be unacceptably high.

e design for very small LOCA nitigation is questionab\e.

2. The adequacy of th
rator behavior jssues.

This may be coupled with ope
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3, The reliability of the high pressure injection system may be unacceptably
low, but the mere fact of an ATW vequirenent to mitigate ;%ry small
LOCA's - given design adequacy - does not significantly degrade the
re]iabi]ity with which very small LOCA's may be mitigated.

4, It is important that either diesel gencrator be capable of energizing

a motor driven AFW train given loss of offsite power.

Two questions remain to be answered: (1) what is it worth to equip these
plants with feed and bleed capability? and (2) what are the attendant risks

of the optional fixes?

As assessment of the value of the fix follows. Those core melt accident sequences

for which a feed and bleed capability could save the core are likely to be
well-contained; they do not entail common mode failure mechanisms which would
defeat containment isolation, sprays, or fan coolers. Thus the utility's

economic risk dominates.

Let us take the cust of such a core melt event to be around $10 billion (low:
$2 billion for TMI's; high: $100 billion for extensive shutdown orders). The
value in $ is essentially:

V($) = ax (events per year) x C($ per event) x T(exposure tine in years) .

We can calculate a variety of M differences from the following table:

G e asia o L AL . Bl Uit nians
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i Without [ced With Feed
cm and Bleed and Bleed
o TR - 1S T, ST R ST el N~ e LSy - WL R R .

ML (first core) 9 x 10'4 9 x 10’6
ML (mature) 1 x 1072 1 x 10”7
LOSP Caseil* 1.4 x 10 8 | 1.8 x 107
LOSP Case 2* 1.8 x 10 1.2 %10
5.0 1.509 x 10~ 1.5 x 107°%

2

*Case 1 - one of the diesel generators cannot energize a motor driven
AFW train

Case 2 - both diesel generaiors can erergize a mptor driven AFW train

The eccnomic incentives can be éa]culated by taking the exposure time for

the first core as one year and for mature operation’as ten years. The econcomic
incentive is essentiaily the reduction in the present worth (at startup) of
projected monitary losses due to accidents. They are shown on the following

diagram:

“casel | $13.aM o [ case 2
no F&B 7 no F&B .
$23.3M $10.7M
Case | 360,000 "y | Case 2z | $1M s Improve HPI
F&B R TRl et Reliability [-- -




This diagram can be understood as follows. Start with a CE plént that has

ne feed and bleed capability and oniy one diesel generator that can

support @ motor-driven auxiliary feedwater pump. It would be werth up to
$13.4M to enablg the second diesel generator to power what is now the non-
safety grade AFW pump, It would be worth up to $22.3M to add feed and bleed
capability, and so forth., The final "fix" has yet to be discussed. The

value was arrived at by postulating design or operational changes such that

the likelihood of an SZD core melt is reduced from l:5x10'4/yr to }.OxIO'S/yrl
This might be achieved by either improving the reliability of HPI substantially,

reducing the frequency of very small LOCA substantially, or some of each.

"ow a feed and bleed capability could Le achieved by in;talling suitably sized
FORV's or by installing HPI pumps of very high head (over the pressurizer safety
velve setpoint) or some of each. !le have already examined the attendant risks

of PORV addition. Care must be taken to design the control logic so that spurious
"open" commands are rare, but it is safe to expect that this will be done well
enough that the frecquency of S2 LOCA is not significantly increased. The effect
on transient-induced LOCA is not important (this frequency is negligble with |
or without a PORV) and is compen;ated by the possibility of 1so1ating.PORV-LOCA's?

with the block valve. . ‘ f

If the HPI can force open a pressure relief valve (code safety or PORV in the
pressurizer), then a spurious HPI actuation can cause a temporary, recoverable
LOCA. Should the valve stick, we may have (without a block valve) a sustained

LOCA. I assume that the operators will shut off HPI though not before a

—— - . - —
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pressurizer valve opens, the pressurizer quench tank rupture disk bless, and
.

a small spill sccurs. If the valve-sticks open (and cannot be isolatedy,

the operators nust restart HPI, Spurious HPI actuations are quite ccamon.

We assume here that the frequency of spurious HPI actuations which remain on
1

long enough to challenge a pressurizer valve is one per year.

Borrowing from the prior analyses we can draw the following event trees for the

high head HPI design:
Without PORV (or PORV left blocked)

Safety Valve Closes HP1 Restart
Upon HPI Shutoff

'—~-——~-——u——}smal1 spill at 1./yw

Spurious HPI

Actuation | 3
—e—4% large spill at 10~ /yr

1.7y
[ ___{

-3 '
0T 5 core melt at 10"7¥F

With PORV installed and unblocked

PORV Closes Upon Block Valve
HP1 Shutoff Closes HPI Restart
- —3 small spill at 1/yr |
Spurious HPI 4 "
__1%§;gé§10" : —3 small spill at 10'2/yr
10 o —> large spill‘at 107 /yr

073, -7
L——>core melt at 10 "/yr

- -
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Note that if a PUR has a PORY and high head HPI, it is bLetter to run with

the block valve open, so the isolatable PORV can take the brunt of spurious
HPI actuations as well as feedwater transient-induced LOCA's. liote also that
the core melt skquences caused by spurious HPI actuation in plants with high
head HPI is acceptably small and can be wade <maller still if the PORV only
iifts (block valve left open). It is roughly balanced by comparable risk
reductions in that for these designs, the PORV need not open to accommodate

feed and bleed.

However, we should note that there is a real economic inceniive to avoid the
blown pressurizer quench tank rupture disk and the}attendant small spills, If
we assume a five day outage at one million dollars a d;y for smail spills and
a 100 day outage for a large spill, then the present worth of expected losses

due to spuricus HPI actuation in these designs is:

1 event/yr x 5x106 $/event x 10 year exposure = $50 million from the
small, frequent spills with either design variant. For the large
spills (unisolated LOCA) we have:

Nithout PORV: 10™3/yr . $108

4 x 107 $/event x 10 yr = 5

With PORV: 10 "/yr $10
Thus utilities are subject to a significant incentive (present worth of projected
losses of $50 million) either to empley HPI pumps that cannot 1ift a pressurizer

relief valge or to go after improved prevention of spurious HPI actuations or both.



o .

There appears to be no economic penalty (other than first cost) in providing
‘ .
HPT pumps whose shutoff head is at ‘mormal RCS pressure, 1.e., around 2250 psfi.

In sunmary, theg, this limited risk analysis cannot distinguish a difference

in safety eamong the several ways to achieve fced and bleed capability: install
one or more lqrge PORV's, raise ihe HPI head above the pressurizer sifety

valve setpoint, or install a smaller PORV and raise the HPI head to near

normal operating pressures. These choices must be mﬁde on the basis.of design .
adequacy or thermal hydraulic considerations, preferably considering ATWS as

well as the design to assure that yery small LOCA's can be mitigated even

though HPI or AFW may be late in starting or might be throttled temporarily by
the operators. We have, however, found a plant availability inﬁentive to

avoid an HPI head so high that it can 1ift a prassurizer relief valve. No

cych penalty accrues to HPI designs with a shutoff head at the normal RCS

pressure.




