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Octoter 29, 1980

MEMORANDUM FOR: S. Fabic, Chief
An2lysis Development Branch
Division of Reactor Szfety Research
Office of Nuclear Regulatory Research

THRU: Gordon E. Edison, Section Leader

Systems Development Section
Division of Systems and Reliability Resegr:h

Office of Nuclear Regulatory Research

FROM: Merrill A. Taylor
Systems Development Section
Division of Systems and Reliability Research

Office of Nuclear Regulatory Research

S\BJECT: INSIGHTS ON OVERCOOLING TRAKSIENTS IN PLANTS WITH
. THE B&W NSSS

At our September 12, 1980 meeting SAB/SRR agreed to survey the BiW LER

file for insights on actual overcooling events experienced by the B&NW

NSSS. It was felt that information on actual plant transients would be
helpful in validating BNL calculations and in exploring potentizlly more
severe overcooling transients. Subsequent to the 9/12 meeting, ™

workscope with specific tasks for the RSR program on An2lyses of Overcooling
Transients was mutually agreed to. Tasks I, II and III (Phase 1) were

to be accomplished by SAB/SRR., This memo 1s intended to fulfill these
specific tasks., It is recognized however, thet further dialogue and

DSRR inputs will 1ikely be needed throughout the Phase T :z+¥.

Table 1 summarizes the results of the LER survey. Figure 1 1llustratcs
the severity of the transients experienced. As discussed in the following
sections (I, Il and I11), we have recommended several of the more severe
events for BNL benchmark use, Sectfor IV mentfons other events that may
result {n greater overcooling and some LWR failure experiences that
might be viewed as accident precursors. We have also attempted to give
you & rough perspective on the frequency of varicus overcooling transients.
¥e caution, however, that such estimates are made on a statistically
fmited base of experience with the BIW plants and they are mot of high
precisfon. These should, therefore, be used with recognition that
considerable uncertainty may exist around such estimates.
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1. LER SURVEY RESULTS

A survey of the B&W LERs was undertaken to “dentify the more significant
overcooling events experienced. The LERs used covered 2 time 1
period through early 1979 when about 22 reactor years of operating
experience had been accumulated by the B&W plant designs. Table 1
sumnarizes the results of the survey. Other experiences have

occurred after mid-1979 (e.g., Oconee 3, 11/10/7%) and these are

also included in Table 1. A total of roughly 28 reactor years is

the present base of B&W operating experience. Approximately 1/2 of

this experience has been 2ccumulated by the Oconee units.

Fifteen events were identified that have exceeded the cooldown rate
limits {~10C°F/hr) sct forth in the technical specifications.

This would suggest a frequency of roughly 0.5 events per reactor
year exceeding the technical specification limits. Review of these
events indicate that about 60% (9 events) occurred prior to the
plant having attained commercial operations. This may reflect the
plant burn-in/tuning-up experiences usually seen.

In regard to the LERs, these set forth 1itt1. detail of the type
that should be of interest to the BNL analyses. In a few cases, we
have dug ¢ 't additional details from the docket files. Examples

are 21s0 being sent (separately) for your review. (We could perhaps
ask the licensees for recorded plant data on the transients if you
think more information detail will be needed by BNL. Let's discuss
these additional needs at your convenience.)

Based on the LER survey, five (5) overcooling events were identafied
that shouIdoref1ect a spectrum of cooldown rates from about 1207F/hr
through 300°F/hr. In terms of decreasing severity, the events are:

1. Rancho Seco - 03/20/78
2. Oconee #1 - 05/05/73 (occurred prior to commercial operation)

3. Crystal River #3 - 03/22/77 {occurred prior to commercial

operation)
&, Oconee #1 - 12/14/78
5. Oconee #3 - 11/10/79

These events are illustrated in Figure 1 and briefly discussed
below.

11. RECOMMENDED BENCHMARKS

1. The Rancho Seco event of March 20, 1978 is believed to represent
the most severe {and prolonged) overcooling t.ansient experienced

1? sed nn NRC Gray Book data on sccumulated number of critical hours. Actual
time from start of commercial operations is larger by less than a factor of

two. os



<. Fabic

2.

5.

to date (fVBOOOF/hr) and 1t is recormmended as an important
benchmark for the BAL analyses. Not only did the Ranchs Sgco
event greatly exceed the cooldown rate 1imitations of ~100°F/hr
specified in Technical Specifications, 1t 21so appears to have
exceeded the pressure, temperature limits specified therein
for the RCS. These RCS 1imits are currently based on RPY
irrediztion of only 5 effective full power years,

Th250conee 1 evegt of May 5, 1973 involved a high initial rate
(10° 1b/hr @ 100°F) of delivery by the mzin feedwater system
while the system was under manual control. This event occurred
prior to commercial operation and is believed to be the reason
for Duke installing a safety grade high level trip for the

main feedwater system - this high level trip being independent
of the Integrated Control System (ICS). This event mzy also

be of interest to the BNL analyses because of the inftial high
cooldown run rate experienced and the fact that the RCS pressure
diminished to ~1330 psig and shrinkage caused a loss of

pressurizer coolant.

The Crystal River 3 event also involved 2 high initial cooldown
{~164°F/15 min) rate but this stemmed largely from excessive
steam relief occurring when the atmospheric dump (and possibly
turbine bypass) valves reciined partly open, This event

may also be of interest to the BNL analyses because of the
system response to high steam loads. This event 2lso occurred

just prior to commercial vperationms.

The Oconee 1, December 14, 1978 event involved overcooling due
to OTSG £i11 levels being specified higher than was found to
be needed. Emergency feedwater was used to fi11 the OTSG to
about 2 95% level - 2 specificatfon that subsequently was
reviced downward., A cooldown to ~1430 psig occurred resulting
i{n an actuation of ECCS. .

The Ocones 3, November 10, 1979 overcooling event resulted
from some delays in stopping the main feedwater flow (sTow
valve operation or setpoint errors) combined with inacequate
secondairy pressure control due to apparent turbine oypass
valve malfunctions and the presence of high auxiliary steam
loads, The mfnigum RCS temperature, pressure conditions
reached were 420°F and 1660 psig, respectively.

These latter two events should be of lesser interest to the BNL
anzlyses.
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111. DISCUSSION ON NATURE AND CAUSES OF OVFRCOOLING EVENTS

The B&W plant experience indicates that the more severe overcooling
everits have happened after the plant has experienced an undercooling
event causing near depletion or dry-out of the 0TS6s. These have
stemmed largely from operator actfons taken to reestzblish feedwater
delivery into the depleted OTSGs. The cooldown has 21so been made
somewhat more severe by the presence of high auxiliary steam loads
and/or by high steam relief via open turbine bypass or atmospheric
relief valves (e.g., 50% open).

¥ith exception of the Oconee 1, May 5, 1973 event (prior to commercial
operations), the above overcooling transients have involved various
power faults that influenced the response of the plant mon-nuclear
‘nstrumentation and controls (f.e., NNI/ICS). Such faults have
contributed to the loss of (or somewhat erratic response from) the
steam and main feedwater portions of the plant. Undoubtedly, these
faults have also contributed to some degree of confusion by the

plant operators in their actions taken subsequently to restore
feedwater and achieve stable plant conditionms.

The Rancho Seco event included a number of factors that contributed
to the severity of the cooldown and to the fact that the extent of
the RCS cooldown was not fully recognized for a prolonged period of
time (4.e., &1 hour), Lome of these factors include:

-  Power fault (short) that aifected the response of nearly 2/3
of the NKI/ICS equipment,

- Essentially "dried-out™ the OTSGs via loss of feedwater,

- Gagged PIR-PORV existed such that relfef through PZR safety
valve occurred when feedvater was lost. (This factor has
relevance to potential repressurization conditfonms.),

- Confusion existed about the status of feedwater delivery into
OTSGs largely because of NNI/ICS faulting,

- High zuxiliary steam loads were present,

- Emergency feedwater design has an SIS actuation signal for

starting unlike other BAW designs (overcooling can be and was
‘n fact made more severe by this feature),

- Initial overcooling occurred from human actfons taken to
reestablish main feedwater flow. This challenged the SIS
actuatfon signal and caused initiation of (1) 100Z emergency
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feedwater delivery of cold condensate to both 0TSGs in the
presence of main feedwater being delivered into 2t least one

of the 0TSGs and (2) 100% high pressure injection (i.e., 2 HPI
pumps) delivering cold BWST coolant to the RCS while an additional
high pressure pump was 2lso delivering to the RCS in 2 normal

mode from the makeup tank,

- K11 main RCS pumps were 2]lowed to remain running to Yow RCS
pressure-temperature conditions in violation of vsuz]l procedures

and precautions,

- Operators of the plant were apparently precccupied with restoring
NNI/ICS equipment and did not promptly rectify the overcooling
transient, although part of HPI and energency feedwater delivery
was secured during the overcooling transient. As 2 result,
the operators did not reaiize until o1 hour into the transient
that the RCS temperature had decreased to w~285'F,

Although mot yet clear, 1t ° ssible that the NNI/ICS fzulting
also caused additfonal stec =~ nds. This is so because the
turbine bypass and/or atmosp...1c dump valves are designed

open to about 50% position as an erpected null position on

loss of power to the ICS. (Net all KNI/ICS power was lost in
this event however, and the particular response of the turbine
bypass and atmospheric steam dump valves remains unknown to us

2t this time).

As mentioned above, most of the moderate to severe overcooling
events have involved power faults of varfous kinds in the KKI/ICS
equipment but were the result of human actions taken later into the
transient to restore feedwater to the 0TSGs.

NUREG-0567 revea?s1 that there have been 29 failures of the KRKI/ICS

in the BEW plants through about the spring of 1980, Approximately

20 of these failures have resulted in a reactor trip while the

plant was above about 30% power, A feedwater transient was experienced
in nearly all of these reactor trips. About 6 of these events

resulted in excess cooldown rates of the severity noted above and

{1lustrated in Figure 1.

According to NUREG-0667 information, four (4) automatic actuations
of the HPI were experienced during these NNI/ICS failures. These
actuations could have resulted from RCS depressurization caused
gither by a stuck open PIR-PORY or from the overcooling by the
steam-feedwater conditions in the secondary side of the plant

1

See Table 4.2 of NUREG~0667
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(these do not necessarily occur together). This experience indicates
JLJ3I5mﬁn5x.n£JluEz2}£_1g_i:xazn-nusnaaa1i5E:E2EEES:IEE:EEEEiE:E:Ig'-'
5uiii;ignz_zg_gggﬁggg_ﬁgl‘ at roughly 0.1 t5 0.2 per reactior year,

1f, on the other hand, Rancho Secd were to aken 2s the singular

most severe overcooling event thus far giperienced in commercial
operations, a frequency of roughly 3x10 © per reactor year might be
estimated. In light of the post-TMl-2 and post-Urystal River
improvements required of the B&MW plants (particularly in relation-
ship to the KNI/ICS faflures and to the human training in response
to such feedwater disturbances), the frequency of overcooling
events as severe as Rancho Seco may have been considerably reduced.

The Rancho Seco event could conceivably have been made even more
severe through prolonged inattention to the OTSG heat removal, by
mainfeed delivering to more than one of the OTSGs, or .by failure of
the human to partly secure the emergency feedwater and HPI delivery
after the such was actuated by the SIS signal. The probability of
such additiona2] errors ‘s speculative on our part, but for purposes
of establishing RSR analysis priorities3for BEW reactors, ye_

syonest an overall freouency of w~3x107°/RY for the Rarcho Seco
overcooling en Made MOTe Severe than ac y EXPETTenced.

IV. CVERCOOLING EVENTS MORE SEVERE THAN REVEALED BY BSW EXPERIENCE

As mentioned above, the Rarcho Seco event might have resulted in
somewhat greater overcooling largely through human inactions.

There also exists the possibility of other severe cooldown events
beyond thosa revealed by B&W experience. Examples would include a
rupture of large main steam (or fesdwater) piping - perhaps with
additional coincidental failures taking place. At this time, we do
not have very good estimates on the frequency to be associated with
these more severe overcooling events. More work would b2 needed to
derive such frequency estimates and these could vary somewhat from
one plant design to another. We know, however, that the world
experience with various commercial LWR designs is roughly 1000
reactor years' with avout 1/2 of this being U.S. experience. To our
knowledge, there has been no large rupture of main steam piping
during this commercia® experience whfch35uggests a freguency of
large pipe ruptures of the order of 107" per reactor year or less.
Failures coincidental with rupture of large piping would either be
caused by common interactions or result independently from the
rupture. Some examples of coincidental failures that might result
fn greater cvercooling would be: failure of the ICS, failure of
main steam stop valves, faiiure of the steam line rupture matrix,
uncontrolled emergency fecdwater flow, rupture of steam Jine interacting
and causing failure of another, human error, etc. In the overall,

WThis estimate reflects actual time from start of conmercial operations. The
accumulated number of critical hours should be about 50-60% smaller.
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events involving coincidental failures would be expected to be 2t 7
lower frequency perhups by as much 2s 2n order of magnitude. Bush
has made a survey of incidents pertinent to the relicbility of
piping in LWRs and has considered these incidents as possible
precursors to piping failure, _Q basic ginding of his was that
*railure statistics confim 107 to 107" per reactor year in large
pipes, with hlgher rates as size decreases.” Earlfer, WASH-1400 had
estimated 107" per reactor year &s a median velue for failure of
large piping (2 6" dia.) giying an_grror spread of 10 up and down
about the median {4.e., 107° to 107"). For purposes of the RSR
angzysis tasks, we believe it reasonable to assume 2 frequency of
7077 per reactor year as being applicable to rupture of large steam
piping. Given a rupture of large size steam piping, the plant
operators would be faced with events not yet experienced. As the
Rancho Seco and T™MI-2 incidents would suggest, the posstbility of
humzn errors being committed is large when the operators are faced
with a new experieace or one for which training and procedures 2re
lacking, Hindsights from the TMI-2 accident would suggest roughly
a 30% chance of error existed given the unantfcfpgged sequence of
events, yld therefore suc yse ~3xll -
Srecuency 0¥ overcooling caused
coincidental with other failures,

Y.  SUMMARY

The BEW experience reveals a spectrum of overcooling transients
{ncluding several that have been rather severe. This experience
suggests that as the plant equipment and operators become *tuned-

up* pricr to commercial operations the frequency of overcooling
transfents diminishes. A1l of the more severe overcooling events
that occurred during conmercial operctions appe:r to have some
communality in that they involved various faults in the instrumentation
and controls (NNI/ZICS) causing disturbance and/or loss of feedwater
t5 the OTSGs. The severe overcooling events resulted largely from
human actions to restore feedwater to depleted or "dry® 0TSGs. Inm
these cases, 1t 1s 11kely that the human faced some degree of
confus{on about equipment status because of the faulted NNI/ICS.
Therefore, he cannot, in our view, be held totally accountable as *he
root causc for the overcooling events.

We have attempted to give a perspective on the frequency of overcooling
events experienced and our jrdgments on the fregquency of events
that may result in greater cvercooling. These frequency estimates

Tﬁee vaper JACA-SM-218/11, Relfability of Piping in Light Water Reactors,
S. H., Bush, USNRC, ACRS, Washington, DC, USA (International Symposium on
Epplications of Relfability Techmology to Nuclear Power Plants, Yfenna

10-13, October 1977).
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are intended to assist RSR calculational priorities and should nmot
be tzken to be of high certainty and precision. For RSR convenience,
these estimates are summarized in Figure 2.

. bl —
“ila? /-";/ Voo —
Merrill A. Teylor,
Systems Development Section
Division of Systems & Reliability

Research
Office of Nuclear Regulatory Research

Enclosures:
1. Table ]
2. Figure ]
3. Flgure 2

cc: 6. Edison
F. Powsome
R. Berne
L. Shao
Je Strosnider
M. Yagins
C. Serpan
P. K. Niyogi
Je« venkins
W. Yesely
M. Cullingford
D. Basdekas



ENCLOSURE 1

Summary of Overcooling Events in

Plants with the B&W NSSS
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Figure 1,

Events Exceoeding
Tech Spec, Cusidown
- Rates of ~100"F/hr,

I. PRIOR TO COMMERCIAL OPERATION

2. Rancho Seco (~ October 1974)*
3. Davis Besse {(03/25/78)

4. Oconee #2 (01/04/74)

5. TMI-#2 (12/02/78

6. TMI-#2 (04/23/78

7. Davis Besse (0%/24/78)

8. Crystal River #3 (03/02/77)
9. Oconee #1 (05/05/73)

1« Rancho Seco E'-July 1974)

AFTER COMMERCIAL OPERATION

Te Oconee #3 (~June 1975)

2. Crystal River #3 (04/16/77)
3. Rancho Seco {01/05/79

4. Oconee #3 (11710779

5. Oconee #1 (12/14/78

6. Rancho Seco (03/20/78)

ILLUSTRATION OF APPROXIMATE SEVERITY
OF OVERCOOLING EVENTS

Severe Overcogling
Rates to ~300 F(hr.
High Inftial  Prolonged

Rate Overcooling

Small Overgooling

Moderate Ovescooling
Rate <110°F/hr,

Rate >120°F/hr,

L ToT e el eTe

7
| ToTezaw %no"r/hn)
% TR ( ~140%F/hr. )
CEEXERTRRA Y (7)
& e (~164°F/15
e — (1, Ta
~ ps

~lmgr/hr.) :
~1017F/20 min) "
Ay GEEA (~1207F/pr.)
AN TR (~"2 F/20 M’ﬂ)

 Dem—— (7, to_113)
«s 2 :

(~300"F
to ~ 285 F)

OB
aszeseisd

*Possibly TncTudes 2 occurrences when the plant was at low power (~15%)
(?) Actual rate of cooldown not set forth in LER writeup.

f These events involved various power faults affecting RNI/ICS response and mafn feedwater delivery,
resulted largely during human restoration of feedwater to the 0T5Gs.

o —— e —

* Recommended Ranchmark Events,

Overcooling



Figure 2. Estimated Frequency‘ for
Overcooling Transients

All Events
Experienced = ~0.5/RY

Small Severity ~7xlO'2/RY

Overcooling | Events Experienced | 1
Transients in ir Commercial Moderate to Severe ~10 "/RY
BAW Plants Operations
7 Severe  ~3x10°C/RY
{Rancho Seco)
Rancho Seco and =
<~ pdditional Failures ~3%10°/RY
Events Not Yet
I 2 Large Rupture of -4
\_Ez‘gg';‘:“;':tt?:t —a Steam/Feedwater bl i
Greater Overcagling 2 Piping ,

Large Piping Rupture -5
and Additional Failures ™10 °/RY

1These estimates are intended as

2iv ald in RSP analysis priorities and should not be taken to be of high
precision and certainty. f

zThis frequency estimate assumes ictual time 47 experience as the time from start of commercial operations and
it mey be larger by less than a factor of two §

f the relevant time of experience is measured by the accumulated
rumber of critical hours. :



