USERS‘%COB\}/

)

. 1

Georgin Power ‘
POWER GENE 2 TIONDEPARTMENT

VOGTLE ELECTRIC GENERATING PLANT MML '
TRAINING STUDENT LIAN N OUT '

(71 8 OF ALL AC PONEN NUMAER LO=HD=3

PROGR"'A ICENSED OPERAT TRAINING REVISION

AUTHOR DATE

e~ ' ' e ol T
f.h&'H()tJHl( V.77 {v# dcm-é_f‘?) ' DATE | -‘////_‘/3 4
[/

REFERENCES

" HP VERSION, REV
EGP FF LOSS OF ALL AC POMER
- —— - , S ——r, TTM - — Ry .
N o~y v e o ST — e M(L
I i - ~— o - P ) — |
o s S R mm“nu T - vy _;SM-..‘._"W.Q;'A — N vt
o -~ o : - & . - . ——— o e ——— -
! - M. S G D ey, | | =TS SN
. iy, # - e
- ke B “.: - — .

o T g ~ ——

STUDENT _____ DATE

| o 5




2] -
e’ 4 LO-LP=37051~ua~C

I. _PURPOSE STATEMENT:

Following completion of this lesson, the student will possess those knowledges
Systeratically identified for the performance of Loss of All AC power tasks,

Il.__LIST OF OBJECTIVES:

3.

s,

Define "loss of all AC power" condition. Explain ite {mmediate
implications for cperstion of plant equipment,

State why the RCP (g & Primary concern during & loss of all AC
condition,

Assuming a fixed leak size, state the impact of not starting a
sSecondary side depressurizetion (plant cocldown) on the following
parameters)

#. RCP seal leakage
B, RCS coolant mans
€. Time to core uncoverirg

Describe the effect of & leak, concurrent wi‘h a loss of all AC
POwer, on the following parameters:

&, Fressurizer level
b. Containment pressure
€. Time to core uncovering

State the special concerns reqQérding the following items should
the operator begin the secondary side depressurizations

4. Return to critica condition
b. Introduction of non-condensible gases

State from memory the {mmediate operastor actions of EOP 19100,
State the bases for "Loss of All AC Power" procedure.

Using EOP 19100 as o guide, briefly describe how each step is
accompl i shed,

Given the CAUTIUN statement ¢from the EOP, state the bases for that
CAUTION statement.



LO=HO~37031~02-C-001: Loss of All AC Power - Transient Analysis

Primary Concerns for Loss of All AC Power

A total loss of ac power at Plant Vogtle can result only from a loss of

grid power from the high voltage distribution lines serving the station
combined with a series of events that prevent the station emergency diesel
generators from energizing the emergency ac busses. The immediate
consequences of 4 loss of ac power are not severe unless the loss is
accompanicd by some other complicating event such as a loss of reactor
coolant, a loss of secondary coolant, or a steam generator tube rupture.

If ac power cannot be restored quickly, however, plant and public safety
could be severely effected,

The degree of s-verity for a loss of all ac power depends primarily on the
duration of the ac power outage and the response of the RCP shaft seals to
the loss of seai cooling. A logs of ac power will cause a simultaneous
loss of high pressure injection flow to the RCP secls and ACOW flow to the
RCP therwal barrier. Loss of high pressure seal injection flow from the
CCPs will result in outleakage from the RCS along the RCP shafts. Without
power this coolant mass cannoi be replaced and a continuous loss of reactor
coolant occurs with time. Loss of RCP sezl cooling could also cause

degr dation of the sealing capability of the RCP seals from overheating.
Degradation of the sealing capability may result in an increase in leakage
out of the RCS, from several gpm per RUP up to several hundred gpm per KCP.
To mitigate the severity of a loss of all ac power, it is necessary to
minimize RCS inventory loss over time and to restore ac power so that RCS
inventory can be restored.

Under normal operating conditions. the controlled leakage shaft seal system
is cooled by independent and redundant cooling systems. Adequate sesl
cooling for continued RCP operation can be provided by either high pressure
seal injection flow from the charging pumps or low pressure ACOW flow
circulated through the RCP thermal barrier. Seal injection flow acts as a
buffer to prevent reactor coolant from entering the pump seal and bearing
section of the pump. A portion of seal injection flows down the shaft and
into the RCS while the remainder flows up through the seal system. 1f seal
injection to the RCP is lost, the hot reactor coolant can flow up the pump
shaft. Under this condition, the RCP thermal barrier functions as a heat
exchanger to cool the hot reactor coolant before it enters the RCP bearing
and ceal area.

The RCP is designed to accommodate the temporary loss of seal injection
flow and ACCW flow that accompanies a loss f offsite power, including the
normal time delays associated with re-establishing these RCP support
systems on emergency ac power. This is «  ~mplished by the volume of cool
water in the seal area and the time that it takes to leak this water
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through the RCP seals prior to hot water entering the seals. The RCP is
designed to accommodate the loss of support systems for one minute
following loss of offsite power. Under the best conditions, the RCP design
should preclude hot water from entering the seal area for several minutes.

1f the RCP support systems are not restored before the introduction of hot
reactor coolant into the seal system, the RCP seal leak rate becomes
dependent on RCS temperature as well as the RCS pressure. At temperatures
in excess of 100°F, RCP seal system sealing capability and sealing life may
start to degrade with an increase in seal leakage flow. The probahility of
degradation in sealing capability and sealing life increases with
increasing temperature above 300°F. Seal performance under high
temperature conditions is unpredictable because of several interacting
considerations, including the following:

0 Seal O-ring material softens with increasing tewperature,
affecting the O-ring sealiug ability and life

-

o Thermal gradients affect the faceplate tapers of the number |
seal ring and runner and the shrink fit of the number 2 seal 1ing
insert, thereby affecting sealing surfaces. Nonuniforwm thermal
gradients and extrusion of O-rings may result in nonuniform
sealing surfaces

o Leakage of reactor coolant through the seals could result in crud
blockage of the seals

The industry has experienced few events in which both seal injection flow
and thermal barrier ACCW flow have been lost. As a result, it is difticult
to accurately predict RCP seal behavior. General conclusions drawn from
the industry experience suggest iiat seal leakoff flow could be expected to
increase above the normal indication range during the course of a prolonged
loss of all ac power, likely going above the seal leakoff flow instrument
upper range of 6 gpm. During the industry events, however, abnormally
excessive leakage rates were not experi‘:nced before restoration of RCP
support systems.

To evaluate the most severe consequences of a loss of all ac power to the
RCP seal system, a conservative maximum RCP leakage rate has been estimated
to be 300 gpm. This rate was estimated by assuming that total RCS pressure
of 2235 psig exists across the RCP thermal barrier labyrinth seals with the
controlled leakage seals totally ineffective in co trolling leakage flow.

The high RCS temperatures and pressures characteristic of a plant no-load
conddtion can lead to eventual RCP seal degradation and increased RCS
inventory loss, This seal degradation can be mitigated by reducing the RCS
pressure and temperature consistent with other plant constraints. Reducing

-
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disassembly and visual inspection as part of this evaluation. An RCP
should not be routinely started to recover from the loss of ac power event
because any seal misalignwent or crud blockage could aggravate RCP seal
damege, potentially resulting in RCP seal failures and excessive seal
leakage flow. The RCP should only be started if an extreme (red level) or
severe (orange level) challenge to a Crit cal Safety Function is diagnosed
from Status Tree monitoring and the operator is-instructed to start an RCP
in the associated Function Restoration Procedure. Under these conditions,
the RCP support systems should be restored to as near normal conditions as
possible before the RCP is started.

Loss of All AC Power - No Operator Action

At the onset of a total l.ss of ac power event, the response of plant
process variables will be essentially the same as would occur immediately
after a plant blackout: loop flow will coast down due to RCP trip, nuclear
flux will decrease due to the reactor trip, steam generator level will
decrease rapidly due to steam/feed flow mismatch and §/G stirink, and
pressurizer level will decrease due to Tave reduction. However, subsequent
plant response can be considerably different. Because the steam dump
system and potentially the steam generator ARVs will be disabled by the
loss of ac power, secondary pressure will no longer be limited to the
no-load steam pressure but will continue to rise to the secondary safety
valve set pressure. Following the initial transient caused by the trip,
the increase in steam temperature in conjunction with the loss of for. ed
reactor coolant flow will tend to return plant average temperature and
pressurizer level to something above no load values.

With a loss of all ac power there will be seal leakage. As a result,
pressurizer level will not stabilize but will begin to fall. The rate at
which the level decreases will depend on the magnitude of the seal leakage.
Should the seals remain intact such that leakage rates are only several
gallons per minute from each pump, the pressurizer level drop may only be
noticeable over a pericd of hours. Should the seals deteriorate rapidly
due to the loss of seal cooling, leakage rates could increase to several
hundred gallons per minute and the pressurizer could empty in ten wminutes
or less. As long as all letdown paths from the RCS are isolated. the
pressurizer level response is the best indicator of RCP seal conditions
available to the operator.

The decrease in pressurizer level will also be accompenied by a decrease in
RCS pressure. Without the benefits of charging/SI pumps and pressurizeg
heaters, the loss of coolant through the seals will deplete the inventory
of hot water in the pressurizer causing pressure to trend downward with the
level. This trend will continue until the pressurizer is eapty, at which
time flashing will occur either in the head of the reactor vessel or in the
RCS hot leg piping. At this point the rate of pressure decay will be
reduced due to the larger volume of hot water available for flashing in
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either of these locations. The depressurization will continue until
eventually the entire RCS is saturated at approximately the setpoint
pressure of the steam generator safety valves. The rate of the pressure
decay, like the pressurizer level transient, will be controlled by the

amount of leakage from the RCP seals.

Once the entire RCS saturates, cooling through the steam generator safety
valves will maintain RCS pressure and, therefore, RCP leakage at
essentially constant values. Seal leakage willi continue to deplete the RCS
inventory, ultimately draining the upper head and causing steam voids to
form in the steam generator U-tubes. Significant voiding in the U-tubes
will stop natural circulation through the RCS coolant loops and reflux
boiling will be required between the core and the steam generators to
remove decay heat. 1f ac power is still not restored, this situation will
continue until enough inventory is lost to prevent the removal of decay
heat: an inadequate core cooling condition may occur,

Loss of All AC Transient - With Operator Controlled Cooldown

The scenario described above is based on the assumption that following the
loss of ac power, heat is removed only through the steam generator safety
valves. Without the ability to replenish water lost through the RCP seals,
this situation will eventually result in saturation of the RCS and a
stabilization of temperature and pressure at values slightly above the
conditions in the steam generator. Without operator intervention, the
chances of core damage are greater than if{ the operator takes action to
reduce RCS pressure and temperature. Reducing the RCS pressure and
temperature reduces RCP seal leakage, extending the time to uncovering of
the reactor core. This increases the time available to restore ac power
before inadequate core cooling can occur. 1In addition to reducing the
amount of water lost from the RCS, reducing the KCS pressure and
temperature will reduce the differential pressure and temperature o which
the RCP seals are exposed, thereby reducing the rate and magnitude of the
seal degradation. Finally, decreasing the RCS pressure with secondary
cooling can allow injection of the water in the passive low pressure
accumulators td*replenish some of the lost RCS inventory. Thus, there are
advantages to having an operator take timely action to cool the RCS in the
event of a complete loss of ac power; the analyses described in subsequent
sections have considered this option. In those analyses, cooling below the
safety valve setpoint conditions is assumed to be accomplished by
coordinated manual or local control of the steam generator ARVs and the
turbine-driven AFW pump.

There are several restrictions that must be observed if an operator takes
action t» manually cool a plant without having normal shutdown systems
available. One restriction relates to the potential for returning the
reactor core to a criticai condition because of the effects of negative
moderator feedback. Without ac power, the systems normally used to borate
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the RCS are unavailable. Unless pressure can be reduced sufficiently to
allow accumulator injection, the only sources of negative reactivity to
maintain the core subcritical are the control/shutdown rods. There may be
situations in which it is not possible to depressurize below the
accumulator injection pressure without also returning the core to &
critical low power state. Such situations could arise because of the
combined effects of low system boron concentration and high negative
moderator feedback that occur late in core life. 1If a loss of all ac power
occurred late in core life with all rods inserted and additional boration

unavailable, the temperature at which the core would return critical, could

be higher than saturation temperature at the accumulator injection
pressure. Depressurization to the accumulator {injection pressure via
secondary depressurization would not be possible immediately following the
loss of ac power event. Fortunately, the extent of this problem is limited
by the effects of negative reactivity added to the core by xenon buildup
Assuming the event occurs from an equilibrium power condition, xenor
production in the core will gradually reduce the core ceriticality
temperature until the operator can reduce RCS pressure sufficiently to
allow accumulator injection into the system.

A second limitation to conducting & contrzlled cooldown following & loss of
all ac power is the possibility of introducing non-condensible gases into
the RCS. Under normal plant shutdown conditions with ac power available,
the accumulator injection lines are isolated before reducing RCS pressure
below 1000 psig. This is done to prevent the accumulator contents from
entering the RCS. 1Isolation of the injection lines will not be possibie
without ac power. Thus, following a total loss of ac, depressurization to
a pressure low enough to allow complete purging of the accumulators must be
avoided. The operator's ‘only means of doing this should be by controlling
the amount of steam being released frow the steam generators. 1f seal
leakage from the RCPs becomes very large, the operator may not be able to
control RCS pressure and introduce nitrogen into the system,

Transient Analyses

The response of the Westinghouse nuclear steam supply system (NSSS) to a
loss of all ac power has been analyzed to identify the behavior of
important variables. This analysis has included computer scenarios in
which a limited set of potential RCP leak flows and steam generator
depressurization (cooldown) rates have been evaluated. The important
assumptions and simplifications used in the analyses are described below.

o RCP Seal Leakage

As RCS conditions changed during the nalyses the break flow also
changed as dictated by critical f! w rielations for subcooled and
saturated water. This approach was 'osen to produce a realistic
representation of the response of an #CP seal leak pacticularly should
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show the response of pressuriier level, RCS pressure, RCS temperatures,
steam generator pressure and RCP seal leakage. Important times and
Lransient events are ncted on the figures, where appropriate. The six loss
of ac power scenarios are:

CASE SCENARIO =
£ . Seal leakage = 50 gpa/RCP at nominal RCS conditions
Cooldown < No secondary depressurization/cooldown
B eeal fehase = 50 eNe/CD av Sominad DK v titions
Cooldown = Secondary temperature reduced from saturation

temperature at safety valve secpoint pressure
to 470°F at 100°F/hr, starting when
pressurizer level drops to 10% of Span*#*

3 Seal leakage = 300 gpm/RCP at nominal RCS conditions

Cooldown = No secondary depressurization/cooldown
T Sesl leskege = 300 gou/RCP st aowimal R0 comditioms
Cooldown = Secondary temperature reduced from saturation

temperature at safety valve setpoint pressure
to 470°F at 100°F/hr, starting whrn
pressurizer level drops to 10% of span%+

T

S Seal leakage = ° gpm/RCP at nowinal RCS conditions
Cooldown = No secondary depressurization/cooldown
N aeel Taaka K AR b neainal W T
Cooldown = Secondary temperature reduced from saturat:nn

temperaty @ at safety valve setpoint pressure
to 470°F 4t 100°F/hr, starting 10 minutes
after reactor trip

NOTE: The anal,ses are based on a plant design in which the initial
reactor vessel upper head temperature equals the temperature of the
hot leg (this is conservative for Plant V. gtle because the head is at
T, initially in the transient while forced flow is coasting down).

Case 1




ASes stea

emf * S

.taKage

-

ANALYSLE

§ ase
ndary
S maintained

nger of time This

eam generstor and

ystem af

ioues

nsiderabl




] » {
Essentially the trends are the same

. )
lerated 1n YT (Oor tnis ATVREDr 1eak

imposing a 100°F/hr

wn in Figure & The
Cases 1 and & a more
1 of sub:

p leakage beyond approximate
ing of water in the R e 1 0 1l Aowr

22000 1lbs ver the first hours f

leakage rate f gEpm/ pump Res L& f

ana resped {vely The g1




will

imate

re s

’

ring

S

| .

the rate lecrease and estimat

;a_q"; "p Wt

the

tH spéan an perat
magnitude RCS ) loss [f the R
akage
evaluating the
llustrate the relas nship hetween

decrease Figure 7 shows the time

ecrease t 10% v. instrument span

leakar? rates

ause
Bsoderate

alnaent

Jressure
mperatire f le han 4
1SSUMiIng a he: was removed m the
ntainmer

b
1eat

blems

illAa |




i
iepressurize until] ac power is rest

empty and there will t i progressive saturation of the
head, the hot Piping, and eventually the entire RCS

atur it ‘ Ll stop and heat will be removed via

1iing between the re aad steam generators Ultimately., if ac

ntinues to be unavailable, enough -~ 4ter will be lost through the
als Lo uncover the reactor fuel anc an inadequate core cooling

1l may LY Until ac power is restored and plant equipment can be

restore RCS inventory, this scenario can only be delayed;

iliustrate the time within which ac power

analyses were performed for Cases 3 and & to evaluate the

topped

he results for RCS TES St , reactor vessel

reactor vessel iy are shown in

inventory loss is
scenarios where the

anually depressurized re CS inventory loss and permit

i muiatos ntents anc : SCeNArios where manual

igure provides a rough estimate

rates of RCS inventory loss

omplete loss
DYy the need t
FPyard t T yiat the breaker 1t was

ipt the ‘ supply to the plant At the time

isades was » Fu outage with all fuel removed

1 the ator was inoperable The 1

€ water pump powered from the

result f maintenance

LIt supervisor interrupted @ offsite wer supply to the
perators did not

< LG

the operable DG was
I'ne control ro la ndi lon which should have warned

S was apparently simultanecus

ved when the offs

Approximately

at And a8 ma | ( nce the
al \Q i -9 rig { L €

.

~» i

f the stati
The loss

securit

ompensat

vert “ms




main transfc
artup supply t

¢8 required two operable '‘esel generator: bef

perating procedures did nut specifically deline
equirements for this defueled condition The shi

procedure and proceeded with the evolution afte

The fuel pool was known to heat up very slowls

ictive oling before the high temperature
shift supervisor, however, failed to fully

f the ther support systems (communication, fire
verall safety f the plant he ocedural
)

iewed as part ocling and

€nt was INtegY Ly when

*f this event
LER) 14~ 1) Ot f the more

management y ) L equipment plant
‘quirements the Technical Spec ations

y 1
iressed B cal system requirements

ipment remains available to

ommitments of

Palisades, the
manner because

recognized




¥ seals fail t ! : andany hay have Lo be AEC LR TRQ

hallenged and an alert class emergency declared This would

by containment rad monitors increas ng rapidly to off-scale

mtainpent vent effluent rad monitors &t Lae high setpoint

indicated @ .ow RVLIS leve! Gaused a red or orange

1cal safety function status tree 'ha
leciared challeng.d or breached if luss
ability to monitor the barrier and verify

its integrity




50 gpm/RCP
Figure 2 {(CASE 2)

- LEAKAG ITH SECC !
LEAKAGE WITHOUT SECONDARY BEPPESEU‘\Z.ﬁ ';gr..‘.mmm
DEPRESSURIZATION ESSURIZAT
ACS Sressuwre (PSia) Fraseunzer Level (%)

Pressurirer Level (%) E
100 i T ——————————— 2800 l——- - e my

Figure 1 (CASE 1)

» Upper Heeo Fissreng Begne ]
.‘/ ®

k ; /H()!\.gqum

/ ,Accurmide tor
¥ inpectio.

-

1_\

RCS Preszure (PSIQ) KJ.J Ymon-o i“F)
800 — e Y‘“

‘\ . Uppes Head Fleshing Bogins
Accimmisia tor

o / 1 P e
Hot Lag Fiaaming ¢ uT"\
Beagma Toaon ._oq /
) TCoke Log

- . 7 = 100" /tw Cootdown of
Fisem Genacsiore
i = . e

240014

]

.

S 1 1
RCP Leak Flow Per Loo (Lb/Sec) “C”wtr-_" Flow Par Loop (Le/Sec)
"0 PE— ansum—

-
— 4.70L5b/Sec

i/ 4.70 Lb/Sec

Time (Minctes) Time (Miwies)




300 gnm/RCp

Figure 3 (CASE 3)

Figure 4. (CASE 4)

EAKAQGE WITHOUT SECONDARY LEAKAGE WITH SECONDARY
DEPRESSURIZATION

RCS Presswe (PSIO) Preseurizer Lavel (%) RACS Prosaurs (PSIO)

e - o0 2000 - e ——— —. —————

s Upper Hesd Flashing Beging / Upper Moty Flashing Begine .}
i

T

DEPRESSURIZA TION

=~ 000
Hot Le Flaahing Hot Leg Fliashin

aoouno' teoe /Buomng v

P Cold Leg Flashing Bagne

1000}

Accurm iglor injection ]
wo |- — '
]

RCS Temporatwe*r)

o0 [ e c————————

- (3}

. v
Cold Ley

. THot Leg

" 100* /tw Cocddown o
‘ Steeam Generalore
,’Jl A _J
RUP Lean Flow Per Loop {(Lbh/Sec)
»

150 1
§

498 Lb/awe

N
———

“.
Time (Minuiee)




Fiqure 8 CASE §)

LEAKAGE WITHOUT SECONDARY

DEPRESSURIZATION

6 gpm/RCP

Figure 8, (CASE 6)

DEPRESSURIZATION

LEAKAGE WITH SECONDARY

ACS Presaws (PSIO)

Freoamaizer Lavel (%) RCS Pressurs (PSIY)
FE V)

—— e on— — . — :m »

Prassiusizer Level (%)

r——— —- e —————————
i

2400 . ' 1

P Upoer Hoad Flashing Beg'ne

1000

00 -

2

RCS Y
a0

e

oo

oy
800 }- bt
o o ‘ THot Leg 2
‘ fd..d "
300 :- >0
00 ‘L b
06 - o8 /“v'OO"h' Coolkdown of
. | ) ; n ) Steam Generatocs
g o ] ) 1
YCP Leak Flow Per Loop (Lb/Sec) C
Py e oc RCP Lpok Flow Per Luop (Lh/8ec)

1R proeren

P

12 b

o8-

LOAT7 L/ ser 08 -
,O LT b/ew

-~
s‘ a4 ‘\) 18 Lh/sec ~

032 Ym —
i

0.31 Lb/uc-\

i _l- i ]
0 L aen o o N ;c
N ' a0
Time (Minutes) Time (Minuies)




TIME FOR FRESSURIZER LEVEL
TO DECREASE TO 10% OF
INSTRUMENT SPAN

Time (Minutes)

—e . — —

L 100 'S0 200 2%0 300
RCP Sea! Leakage (gpm ‘RCP)




Tkne 20
(Hours)

ESTIMATED TIME
TO CORE
UNCOVERY

= With Secondeary
Dapressuricetion

" Without Secondary o

Depressurization —"
{ | R S 4 { AR |

8Q 100 180 209

+CP Seal Laskage (gem/RCP)




LO-HO-370131~ «~C=001

300 gpm/RCP

Figure 8. (CASE 3) . g
. SASS 4 . AP Figure § (CASE 4)
LEAKAGE WITHOUT SECONDARY

DEPRESSURIZATION SEAL LEAKAGE WITH SECONDARY
DEPRESSURIZATION

RCS Prassurs (PSIG) RCS Preassure (FSi0)
2800 e ——— 2000 —

g

e e e

1
L4

(-

A p— : |

[

Upoer Head Mixturs Leve (Feet) Uoper Head Mixture Level (Feest)
et . . S T . S —— " N O S——————— (1]
190 ek - -—1 "

}...

-

M Level of Upper Support Plate

A~

‘ | J ' ol | !

Reacior Vesssl Mixture Level (Fest) Awsctor Veseel Mxiwe Leve (Fag)

0o - - w00
'8 b 178

T

8
w0e
Top of Core ~ -

| 24

L8 ]

aetidhe 1 (Y]
o« »e | o ™

Tove (Minuies) Tean (Mirutes)




