Modifications
to the

BWR Emergency Procedure Guidelines
to address

Reactor Core Instabilities

The BWR Owners’ Group Emergency Procedures Comrmuttee (EPC) has
seveloped modifications to the BWR Emergency Procedure Guidelines (EPGs)
Rererence 1] to address potential reactor core thermai-hvdraulic instabilities,
:pecifically large irregular power osallanons.

Reactor core instabilities mav occur when the reactor 1s operated at a relatively
rugh power-to-flow rato and core recirculaton flow 1s reduced. Instabilities are
marutested by oscillations in reactor power which, if the reacior cannot be
-hutdown, may increase in magnitude and, under certain arcumstances, become
sutficiently large and irreguiar to cause fuel damage. The 1rutiation 71wl growth
ot these oscillations 1s principally dependent upon the subcooling at the core
.nlet; the greater the subcooling, the more likely oscillatiuns will commence and
.ncrease in magrutude (Reference 2]

The EPC has added two steps to the EPGs to prevent or mutigate the
‘onsequences of potential reactor instabilities:

f the reactor is not shutdown, RPV water level is lowered to two teet
selow the teedwater sparger and then maintained n a band below thus
‘evel. The EPGs previously permutted this acuon, but it was not requured.
This places the feedwater sparger in the steam space S0 that any iniecnon
through the sparger will be heated by steam before it reaches the Lqud
surtace in the downcomer. Heating the injected water reduces the core
\nlet subcooling, thereby preventing or mutigatung the consequences of
oscillations.

Lowering RPV water level further than two teet below the feedwater
sparger would result in increased steam heating of the injected water and
thus reduced subcooling. However, lowering RPV water level also
\ncreases the likelihood of automatic MSIV closure and RPV isolation.
Two feet below the sparger has been selected as the upper bound ot the
RPV water level control band for the following reasons:

. This water level is sufficiently low that steam heating of the injected
water will be 63% to 75% complete (1.¢., the difference between the
remperature of the injected water and the temperature ot steam in the
RPV will be reduced by 65% to 75%) (Reference 3].
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“hie water level is susficienty hugh that most piants without the
:apabuiry to reaady pvpass the jow RPV water level MSIV isolation
<nowd te aoie to control RPV water level with feeapumps to preciude
‘me 1solation. Table 1 illustrates the relanonshup between the top of the
~ew RP\ water level control band and the MSIV isolaton setpoint tor

cacn domestic BWR.

“oluble poron is -~ ected into the RPV whenever large oscillanhons are
sbservea, The EPGs previousiy permuttea thus action, but it was not
requirea. Lniection of soiuble boron mingates the consequences of large
rreguiar oscillanons by limiting their duranon.

Permutting but not requiring boron injecuon prior to the observance of
osciilations permuts the operatng crew to inject boron early if it 1s clearly
necessary but does not require boron injecion when this might
Lnnecessariy increase the potential for a damaging reactivity excursion
spould RPV depressurizanon subsequently be required.

e EPC has also added or modified other EPG steps (o reduce the likelthood of
STV or RPV injection system isolation and to faciitate operator action under
scram tailure conaitions:

L

ol

o

\ain steam line (MSL) and offgas high radiation interlocks are bypassed if
necessary in order to open or preclude closing of MSIVs. Preserving the
main condenser as a heat sink significantly reduces the energy which the
primary containment must absoro, and any release through the MSLs will
normally be held up in the offgas system until the reactor can be
<hutdown pv injection of soluble boron.

Recirculanon pumps are tripped before recirculation flow is run back only
when all MSLs are 1solated ana no RPV inmjection system which mav mp
on hugh RPV water level is operating. This reduces the iikelihood that the
RPV may be 1solated or an injection system tripped due to level swell
following recirculation pump trip.

Interlocks are bvpassed if necessary to prevent injection into the RPV in
order to lower RPV water level.

\MSL interiocks are bypassed immediately under all scram failure
conditions if this capability exists.

RPV water level is controlled above the Mirumum Steam Cooling RPV
Water Level (MSCRWL) under all scram failure conditions. The EPGs
previouslv required RPV water level to be controlled above the top of the
{ctive fuel under certain circumstances even though the core 15 adequately
-ooled whenever water level is above the MSCRWL. Permuttin; water

.evel to drop to the MSCRWL increases the required water level control
hand and results in lower reactor power and containment heatp.

The RPV water level control band+ 'mploved in the current EP 3s and
‘hase which will resuit from the EPG modifications to address potennal
reactor instabilities are illustratea in Figure 1.



Plant lsolation Top of New Control Band
Bypass to MSIV Isolation (in,)
M
A Yes 46
=l Yes -45
3 o2 et NGl 12
D Yes 10
E No 11
F No 18
G No 18
. No 3
RGNS 29
.= No a1
K " No 48
F T No 44
M No 44
N No 74 i
iE o B, s E 97 24
ELL o T
h Q s TR 76
R No 71
e T8
D R 71
U Planned -9
Vv No ok 70
W Yes 82
"X No 86
Y Yes : 84
g e =

Table 1. RPV Water Level Operaung Range
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~e £ 70 modificatons deveioped by the EPC have peen evaiuated and shown to
¢ erectVe 1N reducing the magrutuce of reactor power osculations resuiting
5 reactor core nstabilities (Reterence 4]

The moaifications consist of changes in Sections RC,/'T" and RC/Q ana in
snnngencies #4 and #5 of the EPGs. These EPG secuons and contingencies,
-oviseq 1o reflect the changes, are contained n Attachment A. The changes are
sent:tied by a vernical bar in the nght-hand margin. Text proposed for addinon
. underuned, and text proposed for aeletion 1s iinea out. Step number changes
viuch are requured to accommodate the modificanons but which ao not aiter the
-equence of steps are not identfied.

l.\;g'nrnr\"gi‘

ZWR Qumers Group E nergency Procedure Guidelines, Revision 4 s
Docuinient 83904, Jannarv, 1987, NEDO- 31331, March, 1987

. ATWS Rule Issues Relative to BWR Core Thermal-Hydraulic Stability, NEDO-
32047, February, 1992
SWROG ATWS/Stability Mitieation Studies - Condensation Heat Transter to
“sedwater at Reduced Water Level, DRF No. A13-00334 /Section 26.1,
Novembper 30, 1992

i Mitigation of BWR Core Thermai-Hudraulic Instabilities im ATWS,
NEDQ-321¢4, December, 1992




Attachment A

RC/P Monnor and control RPV pressure
'.M
I{ while executing the foilowing steps:

« A high drvweil pressure ECCS tnitiation signal ([2.0 psig
drywell presswre which nuiates ECCS|fh exists, prevent
nijection irom those LPCS and LPC! pumps not required
10 assure adequate core cooling pror to depressunzing
below their maximum injection pressures.

sither all controi rods are inserted to or beyond
position (02 (Maximum Subcritical Banked
i Withdrawal Posuioru] or it has been determined that
‘he reactor will remain shutdown under all
conditions without boron. rapidly depressunze the
i RPV with the main turbine bypass vaives.

+ Emergency RPV Depressunzation 18 anticipated and 9

« Emergency RPV Depressurization 13 required and less
than (7 (number of SRVs dedicated to ADS)| SRVs are
open. enter (procedure developed from Contingency #2].

« RPV water level cannot be determined and less than (7 ‘
awmnber of SRVs dedicated to ADS)] SRVs are open. enter |
procedure developed from Conungency #l]

« RPV water level cannot be determined and at least (7
(number of SRVs dedicated to ADS)| SRVs are open, enter
|procedure developed from Contingency #4)

eeeeeeeee——————————————

RC/P-1 If any SRV is cycling, initiate IC and manuaily open
SRVs until RPV pressure drops to (935 psig (RPV pressure
at which all twbine bypass vaives are fully oper|.

Drajt §7



[ I whitle executing the lollowing steps

; « Suppression pool temperature cannot be rmaintained
| below the Heat Capacity Temperature Limt,
! maintain RPV pressure below the Limat.

Heat Capacity Temperature Limit
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« Suppression pooi water level cannot be maintained
helow the SRV Tail Pipe Level Limit. maintain RPV
nressure below the Limit,

SRV Tall Pipe Level Limit
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Attachment

« Steam Cooling s required. enter [procedure developed
frem Contingency #3].

Draft 57
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Attacnment A

M”" mmeama
' whitle executing the tollowing steps

« Boron Injection 1s required. and

+ The main condenser 1s available. and

+ There has been No INAICAUION Of GFOEE-tbbltatuis oF §

steam line Dreax.

Jpen MSIVs, bypassing MSk_and ollgas DIgh raqiauon

nierlogks pAsRIHG-SVELeR and low RPV water level
sotateen Interiocks il necessary, (o re- -establish the main

condenser as a heat sink.

M

RC/P-2 Stabilize RPV pressure at a pressure below (1045 psig
(high RPV pressure scram setpotnt)] with the matn turbine
bypass valves.

RPV pressure control may be augmented by one or more
5f the following systems:

o IC

+ SRVs only when suppression pool water level is
\bove (4 ft. 9 in. (elevaton of top of SRV discharge
devicetl. open SRVs in the following sequence o
possibie: (M, B. G. F. D. L. K. C. A ISRV operung
sequence)|; f the continuous SRV pneumnatic supply
's or becomes unavailable. place the control switch
for each SRV (n the [CLOSE or AUTO] position.

« HPCI with suction from the condensate storage tank. it
. RCIC with suction from the condensate storage tank. @ @

+ [Other steamn driven equipment|

« RWCLU (recirculation mode). bypassing (regenerative heat
exchangers and| fllter/demineralizers and. if necessary.
gefeating SLC and other isolation interiocks.

« Main steam line drains

« RWCL (blowdown mode \f no boron has been injected
into the RPV: refer to [sampling procedures| pnor (o
initiating blowdown.

RC-9 Draft S7



Attachment -

while =xecuting the lollowing steps (e reactor is not

snutdown. rewurn to (Step RC/P-2),

RC/P-3 When either:

« All conurol rods are inserted to or pevond position |02
(Maxmum Subcruiwcal Banked wWithdrawal Posttioru], or

« It has been determined that the reactor will remain
shutdown under all conditions without boron. or

« (700 pounds (Cold Shutdown Boron Weight| of boton
have been injected into the RPV, or

+ The reactor 1s shutdown and no boron has been
injected into the RPV,

depressurize the RPV and maintain cooldown rate beiow
(100°F /hr (RPV cooldown rate LCO).

if one or more SRVs are being used to depre surnze the RPV
and the continuous SRV pneumatic supplv * or becomes
unavailable, depressurize with sustained SRV upening.

RC/P-4 When the shutdown cooling RPV pressure interiock
clears. (nitiate shutdown cooling (using only those RHR
pumps not required (0 maintain RPV water level above
[10 in. (RPV water (evel shuwdown coolng rueriockl| by
operation in the LPCI mode).

If shutdown cooling cannot be established and further
cooldown 18 required, continue to cool down using one or
more of the systems used for depressunzation.

RC/P-5 When either

« All control rods are inserted to or beyond position {02
(Maxynum Subcnitical Banked withdrawal Positwond], or

+ [t has been determined that the reactor will remain
shutdown under all conditions without boron. or

(700 pounds (Cold Shutdown Boron Weighg| of boron
have been injected into the RPV.

proceed to cold shutdown in accordance with [procedure
for cooldown to celd shutdown conditions|.

RC-10 Draft S7
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RC/Q-5 If ARl has not Initiated. initiate ARI. |

Attacnment

“fonitor and control reacior power

M

I{ while executing the following steps:

« All control rods are tnserted to or beyond position (02
Maxunum Subcnitical Banked Withdrawal Fositwoni|
‘erminate boron infection and enter (scram procedure).

« |t has been determined that the reactor will remain
shutdown under all conditions without boron,
(errminate boron injection and enter (scram procedure).

« The reactor is shutdown and no boron has been injected
nto the RPV. enter [scram procedure],

RC/Q-1 |Confirm or place the reactor mode switch in SHUTDOWN |

-

RC/GQ-2 If ARl has not initiated. initiate ARI.

-

RC/@-3 Il the main turbine-generator s on-line [and the-MSe
are-open an MSL s not tsolated.| [or If any of the
;',”r.!r]ng syslems are ‘,g“.a“‘”{

confirm or initiate recirculation fow runback to
minimum.

RC/Q< [ reactor power is above {3% {APRM downscale trpl| or
cannot be determined. trip the recirculation pumps.

-

-

Execute (Steps RC/Q-6 and RC/@-7| concurrently.

RC-11 Draft 57
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Attachment A

RC/QH ::'uhg'»
« When perodic neutran flux oscilations in excess of
(25% (Large Qsculauon Thresnoldl prak-lo-pcak
+ Before suppression pool temperature reaches (the

Boron Injection [nitiation Temperature! Bat-oai—
LS BRGNS D8-B oW

BORON INJECTION IS REQUIRED: inject boron into the
RPV with SLC and prevent automatic initiation of ADS.

Boron Injection Initlation Tempernture

“

N\

Suppression Pool Tempetature { +)
|

Saactor Power (%)

If boron cannot be injected with SLC, inject boron into
the RPV by one or more of the following alternate
methods:

o
+ HPCS
+ RWCU
+ Feedwater
+« HPC!
« RCIC

+ Hydro pump

P

RC-12 Drajt 87
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r while executing the {ollowang steps SLC lank
vater level drops to (0% (low SLC tank water level
rApt|, conitrm automatic tnp of or manually tnp
the SLC pumps.

Attacnment

w

RC/QH6. | { boron ts not being injected tnto the RPV by
RWCU and RWCLU is not isolated. bypass
(regenerative heat exchangers and|
f{iter/demineralizers.

RC/Q62 Conunue to inject boron until {700 pounds
Cold Shutdown Boron Weighg| of boron have
heen injected into the RPV

RC/@63 Enter {scram procedure],

insert control rods as [ollows:

RC/Q-71 Reset ARl defeating AR logic trips If necessary.

RC/Q-72 Insert control rods with one or more of the
followtng methods:

De-energize scram solenoids
Vent the scram air header

Reset the scram, defeaung RPS logic trips
if necessary, drain the scram discharge
volume. and initiate a manuai scram

Open individual scram test switches

increase CRD cooling water differential
pressure

Drive control rods. defeaung RSCS and
RWM interlocks if necessary

Vent control rod drive overpiston volumes

RC-13 Draft S7
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Attachment A

f any control rod cannot be getermined 1o be inserted Lo or bevona
esitian 102 (Mavmuwn subcritical Banked Withdrawal Poswory] and
' has not been determined that the reactor will remain shutdown
naer all conditions without boren, lood the RPV as tollows:

’M

If while executing the following steps either all control rods are
nserted to or bevond position (02 (Maxuvnum Subcrtical
Banked Withdrawal Posuwry] or it has been determined that
the reactor will remain shutdown under all conditions without
noron but RPV water level cannot be determined, continue in
this procedure at {Step C4-2|.

PER————————EE

~3.1 1 Terminate and prevent all injection into the RPV except

from boron wnjection systems and CRD, defeating interiocks
as required, until RPV pressure s below the Minimum

Alternate RPV Flooding Pressure.

I
Numoar Of RPV Pressure
i Open SRVs (p1g)
' 7 or more 4
Minimum § 12
Alternate |
RPV Flooding $ 137
Preasure e
4 'S
3 238
2 364
1 743
-

-

If less than {1 (muuwmwn number of SRVs for whuch the
Minimum Alternate RPV Flooding Pressure s below the
lowest SRV |{fting pressurei] SRVIs| can be opened,
continue in this procedure.

C4-1.2 I at least (4 (Minimum Number of SRVs Requured for
Emergency Depressurzanon) SRVs can be opened, close
the MSIVs. main steam line drain valves, and IC, RCIC.
and RHR steam condensing 1solation vaives,

C4-2 Drajt 85



Attacnment A

CONTINGENCY #5
LEVELPOWER CONTROL

M

{ while executing the following steps:

« RPV water level cannot be determined. enter !procedure
1eveloped from Contingency 4|

« All control rods are inserted to or beyond position {02 (Maxmum
Subcritical Banked Witharawal Positiory] or it has been
Aetermined that the reactor will remain shutdown under all
conditions without boron. enter (procedure developed from the
2PV Contrel Guideline| at |Step RC/LI

+ Primary containment water level and suppression chamber
pressure cannot be maintained below the Maximum Primary
Containment Water Level Limit, then (rrespective of whether
adequate core cooiing I8 assured terminate injection into the
RPV {rom sources external to the primary containment until
primary containment water level and suppression chamber
pressure can be maintained below the Maximum Primary
Containiment Water Level Limit.

Marimum Primary Containment Water Level Limit
=

|

]
/ [T pe—

Pamary Contamment Waler Level (It)

2 0 v ] © -0 w0 80 n
Suppresson Chamoer Prassum (Dsg)

——————————
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Attachment A

("£.1 Prevent automauc utiation ol ADS

~=.2 fanv MSL s notisolaled RYDASS MSL and offgas nigh cadiation
nteriocks) landl llow RPV waier level interiocks| (0 maintain e

« Reactor power 1s above (3% (APRM dowrscale tnp/| or cannot be
determined, and

« Suppression pool temperature 1S above (the Boron Injection
imtiation Temperature}, and

3oron Injection Initiation Temperature

& (%)

:

3 o

2

f

- 4\

N
™ N\,
§ o

3 i i . !

: 3 . $ .

Feactor Power (%)

« Either an SRV Is open or opens or dryweil pressure s above
2.0 psig (high drywell pressure scram setpownt],

CS-2 Draft §7
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o oy MSIV MSL s eeen noLls0ialed. bypass {MSL ang otigas
eh eadiationoanteriocks) langl [low KPV water level
REARUC SRR MBI ssiauen Interiocks| and-esicie
man congenser as g heal sink ana

o Lower RPV water level, irrespecuve ol any CoRnaguent rencior |
nower or RPV water level oscillauons. by terrminating and
preventing all imjection nto the RPV except from boron injection
systems,_ECIC, and CRD_defeaung interlocks as necessary, i
il either:
. Reacior power arops below (3% (APRM downscaie (npl). or

. 2PV water level reaches (- 164 0. (top of active ruetl, or

« All SRVs remain closed and drywell pressure remains
nelow 2.0 psig thigh druwell pressure scram setpoinyl.

| while executing the tollowing steps Emergency RPV Depressurizaton

5 required, continue 1n this procedure at [Step C5-5.1].

wparosr nnzzies)l ang the reactor 15 00t shulgown:
poa—
Cane MSL 1 nnt solated hypass (MSL and aifgas high

i B | RPN e e e e STRONR e N ! 1o ee i "?"‘\\‘ 1R Lgaaisrbar
o
3 W/mb&&

-
~aiauan intertockst lanaj flow (RPV water jevel interlockst 10
At ‘He mam candenset as heat sink and

o Lower RPYV water level 10 Delow (58 in (24 inches balow the

asrhwater snaraer naxziesil by taomiAALIng and prevenyng o
e cLon into the RPV =~vceor trom horon inieciion SVYSIems,
ROIC. nd CTD, deteaung interincks 4s NeCeSSAry

53 Draft S8
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Attachment A

M

T while executing the following step:

+ Reactor power is above (3% (APRM downscale il or cannot be
determined, and

« RPV water level is above (- 164 in. (top of actwe fued]. and

« Suppression pool temperature is above (the Boron injection
[nitiation Temperature|, and

« Eilther an SRV is open or opens or drywell pressure 18 above
2.0 psig (high drywell pressure scram setpout],

return to [Step €S-0/

M

C5.5  Mantain RPV water level hetween [-199 i, (Mingnwn 2lea/m
Cooling RPY Water Levelll and etther: (7]

« |f RPV water level was deliberately lowered in
(Step CS-3 Qr.C5-4!. BotWe8R-+—t 55 - MR- LORR Lot
REV Waier-Lavedl-and the level to which it was lowered. or

« If RPV water level was not deliberately lowered In {Step C5-3 Qr
CE.4). S4B - e fueyl-and (+58 in. (high
level trip setpointi).

with the following systems:
+ Condensate/feedwater
« CRD
« RCIC with suction from the condensate storage tank, Q o
defeating low RPV pressure tsolation interiocks and

high suppression pool water level suction transfer logic
if necessary.

-

« HPCI with sucton from the condensate storage tank. @
defeating high suppression pool water level suction
transter logic i necessary.

Co-4 Draft S7



Attacnment A

O wath miecution through the heat exchangers as soon as
assible: control ana maintain pump (low less than the RHR
Sump NPSH Limit and {the RHR Vortex Limat].

RHR Pump NPSH Limit

; 280
= |
% o — b°-‘
3 @ - } ,
: [ f
a oo § o)
S 00 pmm—
2 | | ,’ |
e 0 - :
.} |
A | : ‘ \—0~J J
w
00 “x0 000 000 s ) | 2000
AMA Pump Flow (gpm)
RHR Vortex Limit
$0

3 A 10

000 00 00 000 000 | 2000

Suppresmon Poud Welel L svel (1)

AR Pump Flow (gpm)
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Vinynwm Steam Coouna KPV

CRPV water iever cannot e resiores angd mamntained aoove =125 in, “

water Levey), EMERGENCY RPV

SJEPRESSURIZATION IS REQUIRED:

:5-5.1

rerminate and prevent all injection into the RPV except

‘rom poron imection svstems, CRD. and RCIC, dsfeating
nterlocks as necessary, unul RPV pressure 18 beiow the
Uimmum Alternate PV Flooaing Pressure. ﬂl
Numper Of RPV Pressure
Tpen sRVs (pSig)
" or more a4
Minimum 5 112
Alternate
RPV Flooaing g a
Pressure ; Ba
: 264
743

-—

il less than [ {muwrnwn number of SRVs for which the
\inunwn Alemate RPV Flooaung Pressure s betow the
owest SRV lifting pressurel] SRVIs| can be opened. continue

n Lhis procequre

Jmmence And, HTespeclive o1 pUmp NPSH ang voriex
Lmits. siowly increase inection nto the RPY wath the a i
‘ollowing svsterns (o restore and maintain RPV water level

ibove il tRopol-actvesel (195 in (Minimym Stegm

"oohina RPV Water Leveil

s« (Cundensate/leegwaler
« CRD
RCIC with suction (rom Lhe condensate storaae lank.

Aefeating low RPV pressure 1solation interiocks and
uppression pooi water level suction transter logic ,

nen s
i necessary.

o HPC! i suction lrom the cundensate storage tank.
{efeating hizh suppression nocl water ievel suclion
ransier logic il necessarny |

C56 Draft S8



Attacnment A

¢ LPCI! wath intection through the heat exchangers as

00N as possible |

If RPV water level cannot be restored and maintained above
(-195 in. (Miwnum Steam Cooling RPV Water Levell),
commence and. (rrespective of pump NPSH and vortex
limits. slowlv tncrease injection into the RPV with the
following systemns to restore and maintain RPV water level
Lbove (- 195 in. (Mintmum Steam Cooling RPV Water Levey):

+ HPCS

« LPCS

+ RHR service watler crosstie

+ Fire System

« Interconnections with other units

e ECCS keep-full systems

If RPV water level cannot be restored and maintained

above [-195 in. (Minimum Steam Cooling RPV Water
Level). enter [procedure developed from Contingency 26|,

5.5 3 When RFV water level can be maintained above (-185 in.
Mirumum Steamn Cooling RPV Water Level), retum (0
Step C5-51.

Draft S7
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‘] Chitle exscuting the ollowing siep reactor power commences and

antinues Lo inerease, retumn Lo (Step i B

£5.6  ‘When [364 pounds (Hot Shuwdown Boron Weighu| ol boron have been !

niected, restore and maintam RPV water level between {+12 in. flow

‘I
evel scram setpoint| and [+58 in. (high levet tnp setpouny]. ,

' RPV water jevel cannot be restored and maintained above {+12 in.
low evel scram setpointll, miaintan RPV water levei above |- 164 in.

‘top of actwe tueul.

| RPV water fevet cannot be rastored and maintainea above {-164 in. ~ ||

top o) actwve Jueu). EMERGENCY RPV DEPRESSURIZATION IS |

REQUIRED: retum to iStep C5-5, 11 :
"85.7  ‘When [procedure tOr cooldown to coid shutdown conditions| 1 :

entered from |procedure developed from the RPV Conurol Guideiine|
at {Step RC/P-5]. proceed to coid shutdown 1n accordance with
[procegure tor cooidown L0 cold shutdown conditions|.

| '5-8 Drajt S8
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