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SACRAMENTO MUNICIPAL UTILITY DISTRIZT [ 6201 $ Street, Box 15830, Sacramento, California 95813; (916) 452-3211

October 24, 1979

AT T
Ayt b i
U.S. Nuclear Requlatory Commission o NEr
Attention: Mr. R. H. Engelken, Ve el
Director, Region V : o

Office of Inspection & Enforcement
1990 North Califecrnia Boulevard
Walnut Creek Plaza, Suite 202
Walnut Creek, California 94596

Docket No. 50-312
Rancho Seco Nuclear Generating
Station, Unit No. 1

Dear Mr. Engelken:

In the letter to you dated August 27, 1979, the District
provided an analysis titled "Analysis Summary in Support of an Early
RC Pump Trip".

The attachment to this letter carries a revision to Section
Il of that analysis.

Sincerely yours,

U 4G 3t
el
“ John J. Mattimoe
Assistant General Manager
and Chief Engineer

Attachment
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111. !VTnC? AGSTESMENT OF A RC TANIT TEIT O Noh-1.0Ck LYENTS

L. Introduction

Some Chapter 15 events arc characterized by & primary system
yrecponse sinilar to the onc folloving a LOCA. The Section 15.1
events 1liot result in an dncrease in hcat removal by the scecondary
syston causc.a primary systcm cooldovn and deprescurization, much
34ke a small brezk LOCA. Therelore, an assecsnuent of the conse-
quences of an imposed TC pump trip, wpon irdtiation of the

lov RO pressure ESTLS, vas rede for these cvents.

. Gencerzl Lssensnent of Puro Trip 4n Nop-1.0CA Events

Sova:al concerns have been raised with repard to the effcct thot
an early r"“ﬂ trip would hove en non-L0CL events that exhibit 10T/
characteristics. Flant recovery woi 1¢é be more €ifficule, dependence.
on naturzl circulation mode while achieving cold shutdeim would be
hiphlighted, menual 111 of the stean gencrators would be ¥ equired,
cnd so on. However, 211 of these dravbaclhs can dbe aCCC~mOé 1ted gince
pone of thes will on its own 1czd to unaccepteble conseguencos. Also,
restart of the pucps is recomzended for plant centrol and copliovm
‘once controlled cperator actien is assum wmed. Out of this search,

* thtee mzjor concerns have evrfaced which have eppeared to be sub-
gtantizl enough as to reguire analysis:

i 1. A puzp trip could reduce the time to system £ill/repressurizetion
or safety valve epening fellowing an overcooling transient. If
the tize availzble to the operater for controlling ¥PI flov &nd
the rargin of gubceoling were substantially redured by the puzp
trip to vhere timely and effective operator action could be
questionczble, the puzp trip would becoxe less desitable. $

2. In the event of a large stean line break (maximun overcooling), the
tlovdenm may induce 2 steam bubtble dn t};:EC. which could impair
nrtural circulstion, with severe consequences on the core, ©s-
pecially 4f any depree of return to power is experienced.

3. 4 more peneral contern exirts with a large stean line break at EOL

conditions and whether oT not a retuin Lo pover is expericanced
folleving the RO puzp trip. ¥ o return to critical d4s experiencel,

patural cdreuvlation flow may not he seificient to remove heat and

—

wa‘ﬂ ATl to aveld cove €amafe.
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O“cfhcating evehts wore not considered dn the impact of the

RC pump trip since they do not 4nitiote the low RC pressuie LOTAS,

and thercfore, there would be no coincident pump trip. In addi-
tion, these cvents typically do not result dn an capty pressurizer
or the formation of a stcan bubble in the primary system. Reactivity

transients were also not considered for the same reasons. In adai~

tion, for overpressurization, previous analyses have shown that for

the worct case conditions, an RC pump trip will mitigate the pressurc

rise. Thic results from the greater than 100 psi reduction in

pressure at the RC puzp exit which occurs a2fter trip.

C. Analvsis of Concerns and Results

3, Syctem Nepressurization

In order to resolve this concern, an analysis was performed
for a 177 ¥A plant using a MINITRAP model bzsed on the case
get up for TMI-2, Figure 3.1 shows the noding/flow path
gcheme used and Talleld) prevides s desceription of the nodes
and flow paths. This case assumed that, as the result of a
emall steam line break (0.6 {t. gplit) or of some combination
of secondary side valve failure, secondary side heat demand
was incrcased frem 100% to 138%Z at time zero. This increasc
in cecondary side heat demand is the smallest which results
dn a (high flux) reactor trip and is very cimilar to the
worst moderate frequency overcooling event, a failure of the
steam pressure regulator. Im the analysis, it was assuned
that following NP1 actuation on low RC pressure ESFAS, main
fecduater is ramped down, MSIV's shut, and the auxiliary
feedvater dnitiated with a 40-second delay. This action was
taken to stop the cooldowm and the dcptcssurizatien of the
gysten as soon as possible after WP1 actuation, in order to
pininize the tine of refill and repressurization of the

gystem. Both IPI pumps were assuacd to function,

The caleulation was performed twice, once assuning two of the
four RC punps running (onc loop), and once assuming RC pump
trip right after WP1 dnitdation. The analysis shows that the
gystem behaves very sdudlarly with and without puzps. in
both cascs, the pressurizer refi1ls 4n about 14 to 106 minutcs

from initiation of the transicnts, with the natural circula-

U 9000224¢




2.

! t4on case rfilling about onc ninutle vefore the case vith

tvwo of four pusps ruaning (Sce Figures 3.2,3.3). In both caccs,
the oystem is highly eubcooled, from a minimun of 30°T to 120°r
and 4ncreasing at the end of 14 cinutes (zefer to Figure 3.4).
1t is concluded thot an RC puzp trip fellowing IPI actuation
will not 4ncrease the probability of causing a LOCA through

the pressurizer code cafetics, and that the operator will have
the gome lead time, ac vell as a lerge margin of subcooling, to
control 171 prior to safety valve opening. Although no casc
with 211 T.C pumps was made, it can dbe inferred from the onc
loop case (with puops running) that the subeooled margin will
be slightly larger for the all pumpe runaing casc. The
pressurizer will take lonper to £i11 but should do so by 10
pinutes into the trancient. Tipure 24 shovs the coolunt
tespezatures (hot dcg, cold 1lep, and core) as a function of

time for the no IC pumps easé. .

-
2
O
[
b
=

.
r{{ect ef Sicrm Pubhhle on Ratural Cireculatiorn

For this concern, an analysis wes perforned for the same
gencric 177 FA plznt as cutlined in Parr 1, but assuming that
as o result of an unaitipeted large e {12.2 ft.” DER), the
excessive cooldovn would produce volid fermation in the primary
gystez. The intent of the anzlysis vas to also show the
extent of the void forzation and where it occurred. As in
the ense znalyzed in Part 1, the break was symmetric to both
generators cuch that both would blow dewd eqrzlly, maxizmizing
the cooldown (in this case there was a 6.1 It.2 brecak on each
locp). There was Lo 16TV cleosure €uring the transient on
either stean generater to maximize ceoldovn.  Also, tho ture

bine bypass syctem vas aceuncd to eperate, uUPON TUpPLUre,

until isclaticen on LETAS. ESTAS woe initiated on low RC
pressure and alse actusated 101 (tc{h pupe), tripped RC
puzps (vhen applicadble) and 1sclatéd the ¥TITV's. The AFW
was initisted to both gcncr;tors on the low SO pressure

gignzl, with cindmzo éclay tize (both pumps operating).

This analysis vas performed twice, onte agsuning all RC
pumps running, ence with 211 pumps being tripped on the W1
actuation (after ESTAS), with & short (5 sccond) delay. In

botl: cases, voids were formed dn the hot leps, but the duras

v . 90002247



: tion and cite were smaller for the case with no RC punp
trip (refer to Figure 3.7).Although the EC puap operating

cuse had a higher cooldovn rate, there was less void forma-
tion, resulting frea the additional system mixing. The
coolant temperatures in the pressurizer loop hot and cold
leps, and the core, are chown for hoth cases in Figures 3.5,
3.C. The core outlet prcssufe end SC and pressurizer

lcvhls versus time are piven for both ccses in Figures 8.8,
3.9. This analysis shows that the system behaves

girilarly with and w;:hautvpumpc, 21though maintaining

IC punp flow cdoes secm to help ritigate void formation. The
punp flow case shous 2 sherter tice to the start of pres~
gurizer refill then the natural circulation case (Figure 3.9),

althoush the time diffcrence does not seem to be very larpe.

% 5
s

Since the volume of the hot leg locp above the lowest point in €
candy cane portion is about 63 cubic feet, these steam formatlions
have the potential for blocking natural circulation in the hot leg
loops. As a result of these findings and since TRAP had not becn
progronmed to closely follow this specific condition, an additional

TRAP case was run. It is based on the un:itigatcd'12.2 ft” stean

line break with RC pump trip since this case re resented the bound-
3 r

ing event for steam fermaticn. This case included a more detailed
noding scheme and conservative bubble rise velocities (5.0 ft/secc)
to the upper repions of the hot leps such that the effect of stean
forration on nmatural circulation in the loops could be cbserved.

The noding and flew path scheme psed in this medel is shoun

in Figurc 3.10. Table 3.2 provides a description of these nodcs
and flow pathe. Figure 3.11 details the hot leg - candy cane -
upper steam generator shroud noding and iiow path model superimposc
over a scaled figure of those regions. The flow path positicons and
gizes vere carcfully chosen to allew for countorcurrent stean and
1iquid flow at the top of the candy canc. This model is consistent

with that used for the small break LOCA analvses deseribzd in See-
tion 6.2.4.2 of Ref. 5. : } SRR be Rak

The results of this analysis showed stean formation enly in th
pressurizer leop (refer to Figure 3.12). These stean velunes are
conservative since they fnclude all of the steam that was calculate
as being entrained as b&%blvs in the liquid. The additional steam
voluzcs ealculated for this loop, compared with these shown in

Figure 3.7, are due to the additional boilirg and steam separatien

90002248
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that occurs in the candy cane as the l1iquid {low rates are reduced Ly
gteam formation and atded by metal heating. The lack of steam forma-
tion in the non-pressurizer loop 'B' 1is ait£ibutcd to a correction
in‘thc metal heat transfer and metal heat capacitics calqulatcd for
the hot legs. The previous analysis erroncoucly included half of

the steam generator tubes, based on the calculations from the LCCS
CRATT model. Since the TRAP code alrcady accounts for the tube metal
in its steam gencrator model, this represented an unnecessary conoer-
vatism and it was delcted from the model for this casc.

This case showed that the natural circulation flow was temporaril

reduced. This flow reduced in the pressurizer loop to

45 to 100 1b/sec from 250 to 360 scconds (refer to Figure 3.13), with
flow stcadily increasing after this time peried. The flow in the
‘non-pressurizer loop remaincd relotively unchanged at about 1000 1b/sc
(refcr to Figure 3.14). Core flow was maintained {rom 1000 to 2000
1b/sce and no void formation ocecurred (refer to Figures 3.15 and
3.10). The steam bubble was collapsed, natural circulation fully
restored, and a greater than 50°F subcooled margin Qchicved in the
pressurizer loop (refer to Figure 3.16)., Both stcan generators and
the pressurizer established level and the system pressure was

turncd around from the NPI flow by 14 minutes into the transicnt (vel:

to Figures 3.17 and 3.18).

3. Effect of Return to Pover

There was no return to power exhibited by any of the BOL cases
analyzed above. Previous analysis experience (ref. Midland TEI™
Scetion 15D) has shown that a RC pump trip will mitigate the
consequences of an EOL return to power condition by reducing the
cooldown of the primary system. The reduced cocldown substan-
tially incrcases the suberitical margin vhich, in turn, reduccer

or climinates return to power.

Conclusions and Sumpsnarvy

A general assessment of Chapter 15 non-LOCA events identificd three
arcas that varranted further investigation for impact of a RC pump trip
on ESTAS low RC pressure signal,

1. It was found that a punp trip does not signiiicnnt]y shorten the time
to f1111ng of the pressurizer and approximately the same time interval

90002249

for operator action exists,
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2. Tor the maximum overcooling casc analyzed, the RC pump trip increased
the amount of void formation in the hot leg 'candy canc' of the
pressurizer loop; however, natural circulation was not completely
blocked., The steam bubble was collapsed and full natural circulation
was restored. Core cooling was maintained throughout the transient
and no void formation occurred in the core.

3. The suberitical return-to-power condition is alleviated Ly the RC

pump trip case due to the reduced overcooling cffect.

Baced upen the above assessment and analysis, it is concluded that
the consequences of Chapter 15 non-LOCA events arc not increased due to
the addition of a RC punp trip on ESFAS low RC pressure signal, for all
177 FTA lovered loop plants. Although there were no specific analyses
performed for TECO, the conclusions drawn from the analyswé for the lowered

loop plants are applicable.

90002250
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NODE NIMEER

-

MINITIAYE Y HODE PHLOURIG 11U

DLESCRIPTION

1 Feactor Vessel, Lower Plenum

2 Reactor Vessel, Core

3 Reactor Vessel, Upper Tlenum

4,10 Hot Leg Piping and Upper S. G. Shroud
5-7,11-13 Primary, Stcam Generator Tube Repiom
£,14 Cold Lep Piping

9 Renctor Vessel Downcomer

15 Pressurizer

16, 24 Steam Cenerator Dovncomer

17,25 Steanw Gener: ~r lower Plenun
18-20,206~-48 Secondary, Lteam Generator Tube R
21,29 Stezn Riscrs

22,30 Yain Stean Piping

23 Turbine

31 Contairment

PATH WUHMBLR

1 Cere

2 Core Dypass

3 Upper Plenum, Reactor Vessel
&, 11 Bot Lep Tiping

5,12 Hot Leg Piping and Upper S. G. Shroud
6,7,13,14 Primary, Stecam Gencrator
B35 RC Puaps

9,16 Cold Leg Piping

10 Douncorer, Reactor Vessel

17 Pressurizer Surge Line
18,19,26,27 Steam Generator Dowvnceomer
20,21,28,29 Secondary, Stcam Generator
22,30 Asyiratoer

23,33 Stean Riser, Steam Gencrator
24,32 Main Steam Piping

29,33 Turbine Piping

34,35 Break (or Leak) Path

36,37 Hrl

38,39,43,44 ATV

40,41 Main Teed Pumps

L2 rL '

MINTTRAP2 PATE DESCRIPTION

DESCRIPTION

Table 3.1 90002251
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RODE._RUMEER

W N =

4,10
32,33
5-7,11-13
8,14

9

15

16,24
17,25
18-20,26-28
21,29
22,30

23

31

PATH NUMBER

e

1

2.

3

4,11

S12
45,406,47,48
B, 7:13:314
8,15

9,106

10

17
18,19,26,27
20,21,28,29
22,30
23:31

24,32

25,33

34,35

36,37
36,39,43, 44
40,41

42

MINITRAP2 RODE DESCRIPTTON

DLGCRIPTION

Reactor Vesscl, Lower Plenum

Reactor Vessel, Core -
Reactor Vessel, Upper Plenum

Hot Leg Piping (including 'Candy Cane')
‘Candy Cane' and Upper S. C. Shroud
Primary, Stcam Generator Tube Region
Cold Leg Piping '

Reactor Vesscl Dowvncomer

Pressurizer

Steam CGenerator Downcemer

Stcam Gencrator Lower Plenum

Scconda. _, Steam Generator Tube Region
Stecam Risers

Main Steam Piping
Turbine
Containment

MINITRAP2 PATH DESCRIPTION

DESCRIPTION

Core

Core Dypass

Upper I'lenum, Reactor Vessel

Hot Leg Piping

Upper Steam Generator Shroud

Top of Hot Leg ‘Candy Cane'

Primary Heat Transfer Region, £ G,
RC Punps

Cold Leg Piping

Downconer, Reactor Vessel
Pressurizer Surge Line

Stean Cenerator Doswmccsier and Plenum
Sccondury Heat Transf{er Region, 8. G.
Aspirator

Steam Riser, Steam Generator

Main Steam Piping

Turbince Piping

Breal: (or Leak) Path

HPl

ATV

Main Teed Tumps

L1 90002252

Table 3.2
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