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Suppression Chamber 3/4.7.K

3.7 - LIMITING CONDITIONS FOR OPERATION 4.7 - SURVEILLANCE REQUIREMENTS

K. Suppression Chamber ‘ - ' K. Suppression Chamber

The suppression chamber shall be
OPERABLE with: '

1. The suppression pool water level
between 14’ 6.5" and 14' 10.5",

‘ 2. A suppression pool maximdm avevra“ge
I water temperature of <8°F during
OPERATIONAL MODDE(s) 1 or 2, except
that the maximum average temperature
may be permitted to increase to:
(105)
I' ‘ a.  <€B°F during testing which
‘ adds heat to the suppression
pool.

|
l _ b. <TBY°F with THERMAL
‘ POWER 1% of RATED
‘ ‘ THERMAL POWER.

l c. <s@D°F with the main steam

line isolation valves closed
following a scram.

3. A total leakage between the
.. suppression chamber and drywell of
. less than the equivalent leakage -
through a 1 inch diameter orifice at a
differential pressure of 1.0 psid.

APPLICABILITY:

OPERATIONAL MODE(s) 1, 2 and 3.

ACTION:
1. With the suppression pool water level

outside the above limits, restore the
water level to within the limits

DRESDEN - UNITS 2 & 3 3/4.7-16

The subpression chamber shall be
demonstrated OPERABLE:

1.

By verifying the suppression pool water
level to be within the limits at least
once per 24 hours.

At least once per 24 hours by verifying
the suppression pool average water

temperature to be s, except:
A

a. At least once per 5 minutes duh’ng
testing which adds heat to the
suppression pool, by verifying the
suppression pool average water

temperature 1o be sE8°F.
P.

b. At least once per hour when
suppression pool average water

temperature is 2 by verifying: I
@)

1) Suppression pool average
water temperature to be

s @O°F, and

2) THERMAL POWER to be s 1%
-- of RATED THERMAL POWER
after suppression pool average
water temperature has

exceeded ZBFF for more than l
24 hours. @

c. At least once per 30 minutes with -
the main steam isolation valves
closed following a scram and
suppression pool average water
temperature >@AYF, by verifying
suppression pool average water

temperature to be s

Amendment Nos. 15 47



3.7 - LIMITING CONDITIONS FOR OPERATION

Suppression Chamber 3/4.7.K

4.7 - SURVEILLANCE REQUIREMENTS

within 1 hour or be in at least HOT
SHUTDOWN within the next 12 hours
and in COLD SHUTDOWN within the
following 24 hours.

In OPERATIONAL MODE(s) 1 or 2 with
the suppression pool average water

temperature > F, except as
permitted above, restore the average

lemperature to s@'F within 24 hours
or reduce THERMAL POWER to <1%
RATED THERMAL POWER within the
next 12 hours.

With the suppression pogl average
water temperature >@9°F during
testing which adds heat to the

" suppression pool, except as permitted

above, stop all testing which adds heat
to the suppression pool and restore the
average temperature to s(OYF wi

24 hours or reduce THERMAL POWER
to 1% RATED THERMAL POWER
within the next 12 hours.

With the suppression pool average
water temperature >QO0¢F,

- immediately place the reactor mode"

switch in the Shutdown position and
operate at least one low pressure
coolant injection loop in the suppression
pool cooling mode.

With the suppression pool average m
‘water temperature > {(AT°F,

- depressurize the reactor pressure vessel

DRESDEN - UNITS 2 & 3

to <150 psig (reactor steam dome

pressure)} within 12 hours.

3/4.7-17

Deleted. - . ° "‘ ~_ .
Deleted. -

At least once per 18 months by
conducting a drywell to suppression
chamber bypass leak test at an initial
differential pressure of 1.0 psid and
verifying that the measured leakage is
within the specified limit. If any
drywell to suppression chamber bypass
leak test fails to meet the specified
limit, the test schedule for subsequent
tests shall be reviewed and approved
by the Commission. If two.consecutive
tests fail to meetthe specified limit, a =~
test shall be performed at least every

S months until two consecutive tests
meet the specified limit, at which time
the 18 month test schedule may be
resumed. . o

Amendment Nos. 152 & 147



examination following apy”event where potentially
‘ at no significan age was encountered. {

L ’ . CONTAINMENT SYSTEMS B 3/4.7

BASES

and de-inerted as soon as possible in the plant shutdown Aslong as reactor power is below 15%
of RATED THERMAL POWER, the potential for an event that generates significant hydrogen is low
and the primary containment does not need to be inert. Furthermore, the probability of an event
that generates hydrogen occurring within the first 24 hours of a reactor startup or within the last
24 hours before a shutdown is low enough that these windows, when the primary containment is
not inerted, are also justified. The 24 hour time frame is a reasonable amount of time to allow
plant personnel to perform inerting or de-inerting.

3/4.7.K Suppression Chamber

The specifications of this section ensure that the primary containment pressure will not exceed the
design pressure during primary system blowdown from full operating pressure.

tnsert A > .

The suppression chamber water provud s the heat sink for the reactor coolant system energy
release following a postulated rupture/of the system. The suppression chamber water volume
must absorb the associated decay ajfid structural sensible heat released during reactor coolant
system blowdown from Since all of the gases in the drywell are purged into the
suppression chamber air space during a Ioss of coolant accident, the pressure of the liquid and gas

.must not exceed the suppression chamber maximum pressure. The design volume of the

suppression chamber, water and air, was obtained by conSidering that the total volume of reactor
coolant is discharged to the suppression chamber and that the drywell volume is purged to the
suppression chamber. : :

An allowable bypass area between the primary containment and the drywell and suppression '
chamber is identified based on analysis considering primary system break area, suppression .
chamber effectiveness, and containment design pressure. Analyses show that the maximum
allowable bypass area is equivalent to all vacuum breakers open the equwalent of 1/1 6 inch at all
pomts along the seal surface of the disk Fe,aaie - . :
Using the minimum or maximum wat_er levels given in this specification (as measured from the
bottom of the suppression chamber), primary containment maximum pressure following a design
basis accident is approximately 48 psig, which is below the design pressure. The maximum water
level results in a downcomer submergence of 4 feet and the minimum level resulits in a
submergence approximately 4 inches less. - If it becomes necessary to make the suppression
chamber inoperable, it is done in accordance with the requirements in Specuficatton 3.5.C.

Ohce, per 24 hours
Because of the large volume and thermal capacity of the sGppression pool, the level and
temperature normally change very slowly and monitoring these parameters is sufficient to
establish any trend. By requiring the suppression pool temperature to be more frequently
monitored during periods of significant heat addition, the temperature trends will be closely
followed so that appropriate action can be taken_ﬁhe reguitement tor an extemal visual

1

DRESDEN - UNITS 2 & 3 | B 3/4.7-5 4 " Amendment Nos. 150 & 145
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safety/relief valve discharges or from Design Basis Accidents (DBAs). This is
the essential mitigative feature of a pressure-suppression containment that o
ensures that the peak containment pressure is maintained below the -

maximum allowable pressure for DBAs (62 psig). The suppression pool : -

must also condense steam from the High Pressure Coolant Injection turbine

system exhaust lines. Suppression pool average temperature, in conjunction

with suppression pool water level, is a key indication of the capacity of the
suppression pool to fulfill these requirements. '
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CONTAINMENT SYSTEMS B 3/4.7

BASES

e : A . - . e - “I- : 'v-».._,. ) L
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of highest SS.

@:omin/drie‘—?)he vncmlty of_he rehw dlscharge sinc /the‘se are expectjaalb bejle pomts)

in conjunction with the Mark | Containment Short Term Program, a plant unique analysis was: - .
performed which demonstrated a factor of safety of at least.two for the weakest.element.in the :
suppressuon chamber. support system and attached piping. The maintenance of a dr%;ell-__
- suppression chamber differential pressure and a suppression chamber water level correspbndmg to
'a downcomer submergence range of 3.67 to 4.00 feet will assure the integrity of the suppression

chamber when subjected to post-LOCA suppressaon pool hydrodynarmc forces.

MSunnmssmn_Chambmnd_mnﬂ_Snm

Foliowing a Design Basis Accident (DBA), the suppression chamber spray function of the low —-
pressure coolant injection (LPCl)/containment cooling system removes heat from the suppression
chamber air space and condenses steam. The suppression chamber is designed to absorb the
sudden input of heat from the primary system from a DBA or a rapid depressurization of the reactor
pressure vessel through safety or relief valves. There is one 100% capacity containment spray
header inside the suppression chamber. Periodic operation of the suppression chamber and
drywell sprays may also be used following a DBA to assist the natural convection and diffusion
mixing of hydrogen and oxygen when other ECCS requirements are met and oxygen concentration
exceeds 4%. Since the spray system is a function of the LPCl/containment cooling system, the
loops will not be aligned for the spray function during normal operation, but all components
required to operate for proper alignment must be OPERABLE.

DRESDEN - UNITS 2 & 3 ' B 3/4.7-6 Amendment Nos. 152 & 147
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) ensure ‘that the containment conditions assumed in the safety analyses are

The suppressnon pool is also designed to quench the energy fromi-iziic. ~

Insert B to page B 3/4.7-5

A limitation of the SUppreSS|on pool average temperature is redulred o

met.-This limitation subsequently ensures that peak primary contamment
pressures and temperatures do not exceed maximum allowable values C
during a postulated DBA or any transient resulting in heat-up of the” =~
suppression pool. The postulated DBA against which the primary
containment performance is evaluated is the entire spectrum of postulated
pipe breaks within the primary containment. Input to the safety analyses L
include initial suppression pool water volume and suppression pool "~~~ T &l
temperature. An initial pool temperature of 95 °F-is assumed for these
analyses. Reactor shutdown at 110 °F and vessel de-pressurization at a
pool temperature of 120 °F are also assumed for these analyses.=The limit
of 105 °F at which testing is terminated, is not used in the safety analyses
because DBAs are assumed not to mmate durmg plant testmg s

safety/relief valve discharges. ' Thus, the safety analyses related to the
suppression pool must consider all accident scenarios that.invoive o

safety/relief valve actuation’s. The limit for the suppression pool average L
temperature is set low enough to preclude local boiling due to safety/rélief ™ ="
valve discharge via the T-quencher devices. In accordance with GE NEDO-
30832, local suppression pool temperature limits are not required because
the emergency core coollng system pump mlets are Iocated belo'w the'““‘ o
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PLANT SYSTEMS ¥ ' -~ UHS 3/4.8.C

3.8 - LIMITING CONDITIONS FOR OPERATION 4 8 - SURVEILLANCE REQUIREMENTS

-~ C.- UIUmate Heat Smk Fraffienliien 40 €0 Ultimate Heat Smk e S
The ultimate heat smk shall be OPERABLE : "7 The ultimate heat smk shall be determmed
with: LTtk et . .- OPERABLE at least once per 24 hours by -~

- o verifying the average water temperature

1. A minimum water level 'at or above ~and water level to be within their limits.
' elevation 500 ft Mean Sea Level, and : :

2. An average water temperature of
rfs
APPLICABILITY:

OPERATIONAL MODE(s) 1, 2, 3 4 5
and *

ALCTION:

With the requirements of the a(bo,ve '
specification not satisfied:

1. In'OPERATIONAL MODE(s) 1. 2 or 3, |

- be in at least HOT SHUTDOWN within
-.12 hours and in COLD SHUTDOWN

wrthm the next 24 hours EAS :

2W|n OPERATIONAL MODE(s) 40f 5 DN
" * declare the diesel generator cooling *
- water system inoperable and take the
- ACTION required by Specrfrcatlon ’

- 3.8.B.

3. In OPERATIONAL MODE *, declare the
. diesel generator cooling water system
- inoperable and take the ACTION ,
required by Specification 3.8.B. The
provisions of Specification 3.0.C are
not applicable.

* When handling irradiated fuel in the secondary containment, durmg CORE ALTERATION(S) and operations with
a potential to drain the reactor vessel.

DRESDEN - UNITS 2 & 3 ' 3/4.8-5 Amendment Nos. 152 & 147



3.7 -

LIMITING CONDITIQNS FOR OPERATION

Suppression Chamber 3/4.7.K

4.7 - SURVEILLANCE REQUIREMENTS

K. Suppressnon Chamber

The suppressnon chamber shall be
OPERABLE with: -

1.

The suppression pool water level

‘between 14' 6.5" and 14’ 10.5",

‘A suppression pool maximum average
L. water temperature of <95°F during .
;, . OPERATIONAL MODE(s) 1.0r 2, except’
that the maximum average temperature
'fmay be permltted to mcrease to ‘

,.a.’ $105°F dunng testmg WhICh
" adds.heat to the suppressnon
pool .

‘-b-, 51 10 F wrth THERMAL
' POWER <1%.of RATED
THERMAL POWER

€. 5120 F wrth the main steam
" line isolation valves closed :
followmg a scram o

A total Ieakage between the ,
‘suppression chamber and drywell of

less than the’ equrvalent leakage -

- through a"1-inch:diameter, orlflce at a

-'drfferentlal pressure of 1 O psid. .

. OPERATIONAL MODE(s)1,2and 3.~ .~

R

Wrth the suppressron pool water Ievel
outsnde the above llmlts restore the ..

K. Suppression Chamber

The suppression chamber shall be
demonstrated OPERABLE:

1.

By veritfying the suppression pool water
level to be within the limits at least

‘once per 24 hours.

At least once per 24 hours by verifying
the suppressron pool average water

. temperature to be s95°F, except: - |

‘a. . At least once per 5 minutes during

testing which adds heat to the =
_ suppression pool, by verifying the

suppression pool average water

temperature to be <105°F. . 1

“b.  Atleast once per hour. when

~ suppression pool average water

.. temperature is = 95°F, by verifying:l

1) Suppression pool average
"~ water temperature to be ,
s110°F,and . |

© 2) THERMAL POWER to be s 1%
"+ - of RATED THERMAL POWER
- after suppression pool aVerage )
water temperature has - '
exceeded 95°F for more than I
24 h0urs

. At least'oncetper 30 minutes ‘with

. <the main steamisolation valves

. closed following a scram and

. * - suppression pool average water

temperature >95°F, by verifying
) ;-suppression pool average water
-~ temperature to be <1 20°E.




3.7 - LIMITING CONDITIONS FOR OPERATION

Suppression Chamber 3/4.7.K

4.7 - SURVEILLANCE REOUIREMENTS

: within 1 hour or be in at least HOT
' "+ 'SHUTDOWN within the next 12 hours
and in COLD SHUTDOWN within the -
following 24 hours.

. 2. 'In OPERATIONAL MODE(s) 1 or 2 with
- - .the suppression pool average water
- | temperature > 95°F, except as ..
‘ permitted above, restore the average .

S I temperature to s95°F within 24 hours |

or reduce THERMAL POWER to s1%
) RATED THERMAL POWER wrthln the
' “next 12 hours. :

- 1.3, - With the suppression pool average
e f'ﬁ' " -watertemperature > 105°F during
.. - testing which adds heat to the
) "suppressron pool, except as permrtted

i "“5"i‘::above stop.all testing which adds heat
-i10 the 'suppression pool-and restore the -

- average temperature to <95°F within

. ."* "24 hours.or reduce THERMAL POWER
"' to $1% RATED THERMAL POWER
Awrthm the next'12 hours :

o ,Wrth the suppressron pool average

le o water temperature >110°F, )
-~ immediately place the reactor mode
.2~ switch in the Shutdown position and
operate at least one Iow pressure

‘.pool coolmg mode

With the suppressron pool average
- ‘water temperature >120°F,

LU, T idepressurize.the reactor pressure vessel

:t0 <150 psig (reactor steam dome
pressure) wnthrn 12 hours 5

3. Deleted.
4. Deleted.

5. At least once per 18 months by
conducting a drywell to suppression
chamber bypass leak test.at an initial
differential pressure of 1.0 psid and
verifying that the measured leakage is
within the. specified limit. If any '
drywell to suppression chamber bypass
leak test fails to meet the specified '
limit, the test schedule for subsequent
tests shall be reviewed and approved

_by the Commission. If two consecutive
tests fail to meet the specified limit, a -
test shall be performed at least every
9 'months until two consecutive tests
meet the specified limit, at which time

" the 18 month test schedule may be :

~‘resumed. : ST

.. coolant injection Ioop in the suppressron  1 :

7 ‘Amendment.Nos.
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' contamment pressure’is maintained below the maximum allowable pressure for DBAs (62.psig).

CONTAINMENT SYSTEMS B 3/4.7

'BASES

and de-inerted as soon as possible in the plant shutdown. As long as reactor power is below 15%

- of RATED THERMAL POWER, the potential for an event that generates significant hydrogen is low

and the primary containment does not need to be inert. Furthermore, the probability of an evant
‘that generates hydrogen occurring within the first 24 hours of a reactor startup or within the last
24 hours before a shutdown is low enough that these windows, when the primary containment is
‘not.inerted, are also justified. The 24 hour time frame is a reasonable amount of time to allow
plant personnel to perform mertmg or de mertmg

Ms.unnmm&hambﬂ

The specuflcatlons of this.section ensure that the primary -containment pressure erI not exceed the
desrgn pressure durrng prlmary system blowdown from full operatxng pressure.

The suppressuon chamber water provrdes the heat sink for the reactor coolant system energy ,
-:release following a postulated rupture of the system. The suppression chamber water volume must -
absorb the associated decay and structural sensible heat released during reactor coolant system
~-blowdown from 'safety/relief valve discharges or from Design Basis Accidents (DBAs). This is the
. ‘essential mitigative feature of a pressure-suppression.containment that ensures that the peak

The suppression pool must also condense: steam from the Hugh Pressure Coolant Injection turbine
system exhaust lines. . Suppressuon pool average temperature, m conjunction with suppressron pool
“water level, is- a key indication of the capacity of the suppression pool to fulfill these requurements.
_Since all.of the gases in the drywell are purged into the suppression chamber air space during a
_loss of coolant accident, the pressure of the liquid and gas must not exceed the suppression
chamber maximum pressure The design volume of the suppression chamber, water and air, was -
“obtained by consrderlng that the total volume of reactor coolant is discharged to the SuppreSSIOn

chamber and that the drywell volume Is purged to the suppressuon chamber.

"-; An allowable bypass area between the pnmary contarnment and the drywell and suppression

= chamber is identified based on analysrs considering primary system break area, suppression

-~

chamber effectiveness, and ‘containment design pressure. Analyses show that the maximum ‘
allowable bypass area is.equivalent to all vacuum breakers open the equuvalent of 1/16 inch at all
pomts along the seaI surface of the dlsk ‘

W

Usrng the minimum .or maxrmum water levels grven in this specification (as measured from the
bottom of the' suppressron chamber) iprimary containment maximum pressure following a desrgn

.\ -basis‘accident'is approxumately 48 psig, which is below the design pressure. The maximum water
level results in a- downcomer suibmergence of 4 feet ‘and the minimum level results in‘a
’ submergence approxrmately 4. inches less.If it becomes necessary to make the suppression

chamber moperable it: |s done |n accordance wrth the requurements in Specrflcatron 3.5.C.

.. Amendment Nos. -




. primary containment pressures and temperatures do.not exceed maximum allowable values during

:DBA against which the primary containment performance is evaluated is the entire spectrum of
" postulated pipe breaks within the primary containment. Input to the safety analyses include initial -
- suppression pool water volume and suppression pool temperature. An initial pool temperature of
95°F is assumed for these analyses. Reactor shutdown at 110°F and vessel de-pressurization at a
" -pool temperature of 120°F are also assumed for these analyses. The limit of 105°F at which

‘“‘ sl

_ requrred because the emergency core coolmg system pump rnlets are located below the elevatron

CONTAINMENT SYSTEMS B . 3/4.7

" BASES

Because of the large volume and thermal capacity of the suppression pool, the level and
temperature normly and monitoring these parameters once per 24 hours is sufficient to establish |
any trend. By requiring the suppression pool temperature to be more frequently monitored during
periods of significant heat addition, the temperature trends will be closely foliowed so that
appropnate actlon can be taken.

A limitation of the suppression pool average temperature is required to ensure that the contalnmenﬁ
conditions-assumed in the safety analyses are met. This limitation subsequently ensures that peak

a postulated DBA or any transient resulting in heat-up of the suppression pool. The postulated

‘testing is terminated, is not used in the safety analyses because DBAs are assumied not to initiate
durmg plant testrng : : . ,

The suppressron pool is also desrgned to quench the energy ‘from safety/relref valve drscharges
Thus, the safety analyses related to the suppression pool must consider all accident scenarios that
involve safety/relief valve actuatlon s. The limit for the suppression pool average temperature is
“set low enough to preclude local borllng due to safety/relief valve discharge via the T-quencher.
devices. In accordance with GE NEDO-30832, local suppression pool temperature limits are not

of the quenchers

The available net. posutlve suction head may be Iess than that requrred by the emergency core
coolmg system pumps, thus there is dependency on contamment over pressure during the accrdent
lnjectron phase. . .. LT et : : ,

ln conjunctron wrth the Mark 1 Contamment Short Term Program a plant unrque analysis was

performed which demonstrated a factor of safety of at least two for the weakest element in the

; "su'pp'ression chamber support-system and attached piping. The maintenance of a drywell-

suppressuon chamber differential pressure and'a suppressuon chamber water level.corresponding to
~.a downcomer submergence range of. 3.67 to 4.00 feet will ‘assure.the rntegnty -of the suppressron
chamber when subjected to post LOCA suppressron pool hydrodynamrc forces .

,'.'ff.i.Amendméntul\losf'f‘ o




‘ . : CONTAINMENT SYSTEMS B 3/4.7

BASES

E&LLSunnLeﬁsiQn_QbambeLand_D_mmeu_Snm

Following a Design Basis Accident (DBA), the suppression chamber spray function of the low
pressure coolant injection (LPCl)/containment cooling system removes heat from the suppression
chamber air space and condenses steam. The suppression chamber is designed to absorb the '
sudden input of heat from the primary system from a DBA or a rapid depressurization of the
reactor pressuré vessel through safety or relief valves. There is one 100% capacity containment
spray header inside the suppression chamber. Periodic operation of the suppression chamber
and drywell sprays may also be used following a DBA to assist the natural convection and diffusion
mixing of hydrogen and oxygen when other ECCS requirements are met and oxygen concentration
exceeds-4%. Since the spray systemis a function of the LPCi/containment cooling system, the
loops will not be aligned for the spray function during ‘normal operatlon but all components
"requnred to. operate for proper ahgnment must be OPERABLE




‘ " PLANT SYSTEMS UHS 3/4.8.C

3.8 - LIMITING CONDITIONS FOR OPERATION 4.8 - SURVEILLANCE REQUIREMENTS

C. Ultimate Heat Smk ‘ ' C. Ultimate Heat Sink

) The ultimate heat sink shall be OPERABLE
with: -

'1, A minimum water level at or above
elevation 500 ft Mean Sea Level, and

2. An average water temperature of
"$95°F.

- " L = . ,.’

OPERATIONAL MODE(s) 1, 2, 3, 4, 5
o ‘and’ c

o A\ Wnth the requurements of the above
' ‘-"_';:'_-Lvspecufucanon not satisfied: ‘

SN In OPERATIONAL MODE(Ss) 1, 2.0r 3,
" be-in at least HOT SHUTDOWN within ..

.- 12 hours and in COLD SHUTDOWN
’ ‘wuthm the next 24 hours. -

2.’ In OPERATIONAL MODEIs) 4 or 5
declare the diesel generator-cooling

~ ‘water system inoperable and take the

~ .ACTION requnred by Specnf:catlon
' 3 8. B

-3 '-In OPERATIONAL MODE * , declare the

-1 diesel generator cooling water system
,’moperable and take the ACTION

"~ required by Specification 3.8.B. The
-~ -provisions .of Specification 3 0. C are
S f:not apphcable ‘

a potential ‘to :draln the reactor vessel. .

The ultimate heat sink shall be determined
OPERABLE at least once per 24 hours by
verifying the average water temperature
and water level to be within their limits.

'When handlmg madnated fuel in the secondary contamment, durnng CORE ALTERATION(s) and operatnons Wlth




ATTACHMENT D

CALCULATIONAL LISTING

DESCRIPTION

PROPRIETARY STATUS

REV.

DATE

1. DRE 97-010 Dresden LPC1/Core Spray
NPSH Analysis post DBA-LOCA - long

| term - Design Basis, Rev. 0 (att. G,

reference 1)

- Non-proprietory

2/13/97

2. DRE 97-012 Dresden LPCI/Core Spray
NPSH Analysis post DBA-LOCA - short

-| term - Design Basns/GE SIL 151 (att. G

reference 2)

Non-proprietory

2/13/97

3. DRE 96-0214 Minimum avarlable )
CCSW flow to maintain a 20 psi differential

between LPCI and CCSW heat exchanger
(att. G, reference 3)

Non-proprietory -

2/6/97

| 4. GE-NE-T23000740-1 Dresden Station
-: | Nuclear Power Station Units2and3. =~~~ -
Containment Analyses of the DBA-LOCA
.| based on long term LPCI/Containment
.| Cooling System configuration of one

‘} 'LPCI/Containment Cooling Pump and 2
-1 'CCSW pump. (att. G, reference 4) -~

" - Non-proprietory .

. 12/96

.| 5-.Containment Pressure and Temperature

- | Analysis for Dresden NPSH Evaluations - 2 *

.} CCSW pump flow of 5400 gpm (att G
| reference 5)-

Non-proprietory

11/18/96

“Te. Containment Pressure and Temperature
| Analysis for Dresden NPSH Evaluations. 1
LPCI/Containment Cooling Pump Flow of

5000 gpm. 2 CCSW pump flow of 5000

-| gpm (att. G, reference 6)

Non-'proprietory ,

12/26/96

- | 7. Containment Pressure and Temperature N
.. | Analysis for Dresden NPSH Evaluations, - -
. 1| short-term (600 seconds) containment - -
| response, 4-LPCl/Containment Cooling

Pump Flow of 5150 gpm per pump, 2-CS™
Pump Flow of 5800 gpm per pump (att. G,

. reference 19)

Non-proprietory

1728097
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UFSAR CHANGE DFL $7011
_SKORI-TERN/LONG-TERM CONTAINMENT PRESSURE AND TEMP

VOLUME

s
—

SECTION

PARAG.

DESCRIPTION/REASON FOR CHANGE

SECTION 6.0,

LIST OF
TABLES

N/A

Revised title of Table 6.2-3, added Tables 6.2-~3a and
6.2-3b, deleted Table 6.2-6 and replaced Tables 6.3-17

~and 6.3-18 to reflect new containment temperature and

pressure responses.

. SECTION 6.0,

LIST OF
FIGURES

‘N/A

Added Figures 6.2-1%9a, 6.2-19b, 6.2-20a, 6.2-20b, 6.2-
20c and 6.2-20d to reflect new containment temperature
and pressure responses.

. 6.2.1.3.2

Added a description to identify the short term and
long term containment response to a Loss of Coolant
Accident (LOCA). This change is a result of the
Licensing Amendment to reevaluate LPCI and Core Spray
pump requ1rements.

+6.2.1.3.2.1

N (new). .

N/A

6.2-19

Added subsection to identify discussion- for original
containment short term response to a design bases
accident. This change is a result of the Licensing
Amendment to reevaluate LPCI and Core Spray pump
reguirements.

0 6.2.1.3.2.2

(new) -

N/A

6.2-24

Added new subsection which covers the new evaluation
for the containment short term response to a-design
bases accident (DBA) LOCA for minimum NPSH available.
The discussion covers the worse case condition for the
first 600 seconds of the accident. This change is a
result of the Licensing Amendment -to reevaluate LPCI
and Core Spray pump requlrements. .

1,3 to

6.2-25

Renumbered subsection to 6.2.1.3.2.3 to maintain
consistency in the LOCA discussion. . Included
statement that LPCI and core spray w1ll help remove
the noncondensible gases during the first 10 minutes
(paragraph 1). In paragraphs 3 through 8, references
to the.original licensing basis for long term coollng
were removed to reflect the current licensing basis
being initiated for the long term DBA-LOCA. ' This’
current .basis reflects the worse case condition for
LPCI and core spray operation and its acceptability. .

‘'This change is a result of the Licensing Amendment to

reevaluate LPCI and Core Spray pump requirements.

6.2:1.3.3.1

{1 to 4}

6.2-26

Subsection and references 'to the original licensing

.basis for long term coollng were removed to reflect

the current llcen51ng basis being initiated for the
long term DBA-LOCA. ' This change is a result of the
Licensing Amendment to reevaluate LPCI and Core Spray -

.pump requirements.

6.2-217

Subsection and references to the original licensing
basis for long term cooling were removed to reflect

‘| the current licensing basis being initiated for the

long term DBA-LOCA. This change is a result of the
Licensing Amendmert ‘to reevaluate LPCI and Core Spray

pump requlrements.

K

Subsection and refereéences to the original licensing
basis for long term coollng were removed to reflect

the current licensing basis being initiated for the

long term .DBA~LOCA. This change is a result of the -
Licensing Amendment to reevaluate LPCI and Core Spray

pump requirements.

v'Subsection'and<references to the original licensing
basis for long term cooling were removed to reflect

the current licensing basis being initiated for the
long term DBA-LOCA. This change is a result of the
Licensing Amendment to reevaluate LPCI and Core Spray

pump requiréments.’

'

Original safety relief valve discharge device
limitations were removed and new discussion was. added
to reflect the current llcen51ng basis being initiated
«for the long term DBA-LOCA. This change is a result
of the Llcen51ng Amendment to reevaluate LPCI and Core

Spray pump requirements.




UFSAR CHANGE DFL 97011

SHORT-TERM/LONG-TERM CONTAINMENT PRESSURE AND TEMP

6.2.2.2

8 & 11

Removed heat exchanger references to maximum
suppr9551on pool temperature of 170°F in Paragraph 8.
This is belng removed since the current licensing
basis being initiated for the long term DBA-LOCA sets
this temperature at 176°F. 1In paragraph 11,
unnecessary information on tube replacement for the
LPCI heat exchanger is being removed to enhance the
section description. - The loss of 6% heat transfer
addresses both plugged and replaced tubes.

6.2.2.3.2

i

6.2-59

Added ECCS strainer design information for design
consistency and to ensure incorporatlon into the
UFSAR. This information was included in UFSAR pending
change DFL-96140.

‘Table 6.2-3

N/A

Revised Table 6.2-3 which documented the original DBA-
LOCA design parameters to reflect the design
parameters from the new evaluations performed for the
containment short term and long term responses to a
DBA-LOCA , including minimum NPSH available. This
change is’a result of the Licensing Amendment to
reevaluate LPCI and Core Spray pump requirements.

A-Table‘
. 6.2-3a ...
"6.2=3b

‘N/A

NCW‘

.DBA-LOCA ,

Added Tables 6.2-3a and 6.2-3b to reflect the design
parameters from the new evaluations performed for.the
containment short term and long term responses to a
including minimum NPSH available. This
change is a result of ‘the Licensing Amendment to
reevaluate LPCI and Core Spray pump requirements.

' Table 6.2-6

.ﬁfN)uﬁ

B B

1 to 4

Deleted Table 6.2-6 as it relates to safety relief
valve discharge device limitations (Section .
6.2.1,3.6.4.3) which were removed to reflect the
current licensing basis being initiated for the long
term DBA-LOCA. This change is a result of the

.Licensing Amendment -to reevaluate LPCI and Core Spray

pump requirements.

Table 6.2-7 -

et

N

‘Addéd -containment. ¢ooling specifications for various

LPCI and CCSW heat exchanger flows as related to the

‘new evaluations performed for the containment short

term and long term responses to a DBA-LOCA , including
minimum NPSH available. The change to this ‘table
initiated under UFSAR change DFL 96140 is belng
deleted with this design change.. This change is a
result of the Licensing Amendment to reevaluate LPCI

-and Core Spray pump requlrements.

 Table.

6.2-19 il

Initiated Tables 6.2- 193 and 6.2-19b to reflect the
new suppression pool temperature and suppression
chamber pressure responses evaluated for the

.containment short term response to a design bases

accident (DBA) LOCA for minimum NPSH -available. The
discussion covers the worse case. condition for the
first 600 seconds of the accident.. This-change is a

:result of the Licensing Amendment to reevaluate LPCI

and Core Spray pump requirements. -

Initiated Tables 6.2~20a, 6.2-20b, 6.2-20c and 6.2-20d
to reflect the new suppression: pool temperature and
suppre551on chamber pressure responses evaluated for

" -} the containment long term response to a de51gn bases

accident (DBA) LOCA for minimum NPSH available. The
-discussion covers the worse case condition after 600
seconds into the accident. This .change is a result of
the Licensing Amendment to reevaluate LPCI and Core

Spray pump requirements.

Deleted the design descrlptlon (Insert G) for NPSH

~issued under DFL 96141 and added a new Insert G

description to identify the short term and long term

-{- containment response to a Loss of Coolant

Accident (LOCA). This change is a result of the
Licensing Amendment to reevaluate LPCI and core Spray
pump requlrements. )
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Deleted the description (Insert G) for NPSH issued
under DFL 96141 and added new description (Insert G)to
the subsection which covers the new evaluation for the
CS/LPCI pump Post-LOCA short term response for minimum
NPSH available. The discussion covers the minimum
suppression pool pressure required to meet pump NPSH
requirements for the first 600 seconds of the
accident. This change is a result of the Licensing
Amendment to reevaluate LPCI and Core Spray pump
requirements. -

6.3.3.4.3.1 A1l N/A

]

Deleted the description (Insert G) for NPSH issued
under DFL 96141 and added new description (Insert G)
to the subsection which covers the new evaluation for
the CS/LPCI pump Post-LOCA long term response for
minimum NPSH avallable. The discussion covers the
minimum suppression pool pressure required to meet
pump NPSH requirements for greater than 600 seconds of
the accident. This change is a result of the
Licensing Amendment to reevaluate LPCI and Core Spray
pump requirements.

6.3.3.4.3.2 All N/A

-

-Deleted the description (Insert G) for NPSH issued
under DFL 96141 and added new description to the
- subsection which-identifies the NPSH margin available.
‘The discussion covers the pump NPSH requirements and
the abilities to throttle the pumps to an acceptable
operatlng condition. This change is a result of the
Licensing Amendment to reevaluate LPCI and Core Spray
pump requirements.

6.3.3.4.3.3 | a1l N/A

°6.3.3.4.3.4

All : N/A - | Added new subsection which identifies the HPCI NPSH .
(New) ; ) This information was already in the UFSAR and is not

- being changed by the L1cens1ng Amendment to reevaluate
LPCI and Core Spray pump reguirements.

‘Table ~ - 1 na | N .
6.3-17 ) : : ) ’

Deleted table reflecting original des;gn.inforhation.

Deleted table reflecting or191nal design information
and replaced it with a table designating long term -
throttling requlrements. :

"Table | N/A _‘AN/A ‘
6.3-18 S i

oo

Deleted: f1gure reflectlng original design information
and reissued the figure with the current design
information.

.Figure ) N/A° ] .- N/A
6.3-80 ' : -

'S

Initiated a new’ flgure reflecting ther

Figure . | N/A [ 'N/A
: : current design information.

6.3-83

.;‘4

f‘igure . ‘N/A - .N/A . Initlated a new figure reflectlng the current. d651gn
6.3-89 |- -1 - - . .| information. ‘

Lo

'9.2.1.3. |l 4 - 9.2.2-- | Added design information that identifies the operation
. A - N . and location of the . differential pressure control
: i s valve for the LPCI heat exchanger and the minimum CCSW
flow of 5000 gpm for containment cooling. A change
issued 'under DFL96140 identifying a different flow
rate is being deleted by this change. This change is
a result of the Licensing Amendment to reevaluate LPCI

and Core Spray pump requirements. D

S

-} A change to the table initiated under DFL 96140
‘identifying a flow rate of 5600 gpm is being deleted.

-{ The table should only reflect containment cooling

+ | service water -equipment specifications. This change

is a result of the Licensing Amendment to reevaluate

LPCI and Core Spray pump requirements.

Table . | N/A .| N/A.
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analyses to restore the margm of safety required in the ongmal containment

. ~ design. ) . .

After completion of the Mark I Containment Program, it was determined that the
~ water volumes specified in the plant unique load definition ® and the plant unique
analysis'”! actually correspond to a downcomer submergence of 3.21 to 3.54 feet at
zero differential pressure. -An evaluation concluded that affected components were
~ still within the allowables established for the Mark I Containment Program'®. This
' evaluation concluded that the present volume, corrected for the 1.0 psid :
- overpressure in the drywell, does not adversely affect the existing analyses, and.
" that the maximum component stresses reported in the plant unique analysis are
. still valid and meet the criteria of NUREG-0661. See Section 6.2.1.3.6.2 for
additional discussion of the Mark I acceptance criteria. Refer to Section
. 6.2.1:3.6.4.2 for a description of the details of the reevaluation.

’6 2 1 3 2 Contamment Response to a Loss-of-Coolant Accxden
6- 2 I 3.2 Cottainmenl SHoRT TELM RESPORSE To A DI:SIAIJ pASS ACIPEM

) The spectrum of postulated break sizes with respect to reactor core response 1s
.~ "discussed in Section 6.3.3.2. The following information covers the effects of a .
. 'LOCA on the containment, with particular emphasis on the most severe break: the
< "..  doubled-ended rupture of one of the 28-inch-diameter recirculation pump suction
. %+ ilines. For the purpose of sizing the primary containment, an instantaneous,
C "?j._.cxrcumferenual break of this line was hypothesized. The LOCA involving the
L _frecu'culatxon pump suctmn hne would occur upstream of point 1 on Figure 6.2-14.

. ,':'For the vessel blowdown the reactor was. assumed to be operat.mg ata full power
- . * of 2527 MWt with the equalizer line valves between the recirculation. loops open,
JL s seven: though these valves will be closed during power operation.. Note that the
<. " equalizer line and valves were removed from the Unit 3 recm:ulatmn loops as
.descnbed in, Sectlon 54. 1 . : o ‘

Assummg the equa.hzer hne valves are. open the ﬂow area through the equalxzer
. line must be considered in determining the total blowdown flow area. The total
’«-:‘Iblowdown ﬂow area is equal to the sum of all parallel ﬂow areas and i is gwen bv

(1)

i.» ‘-AB = AR + AE + NA\ -
o ).

'FOR INFORMATION ONLY
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In order to identify containment response to a Loss of Coolant (LOCA).accident,
several analysis were performed. These analysis were performed to evaluate the
containment short-term and long term pressure and temperature response following
the Design Basis Accident (DBA) LOCA. Short-term is defined as a time period
from the beginning of the DBA LOCA to 600 seconds. There is no credit taken for
operator actions during this short-term interval. Long-term is defined as a time
period after short-term, namely from 600 seconds into the event, at which time the
operator takes actions to initiate containment cooling or to control pump flows ‘
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. , Statement B may appear to contradict existlng test data which shows as much as
. L an 11-psi increase in peak drywell pressure due to prepurging. This apparent
disparity is attributable to the effects of two phenomena discussed below.

A. Condensation on drywell walls: Due to the high ratio of drywell wall
surface area to blowdown flow area, the effects of condensation reduced
- the peak drywell pressure in tests with cold drywell walls. Prepurging
. eliminated any significant surface condensation, and higher peak drywell
pressures resulted. The calculation of peak drywell pressure did nct take
credit for surface condensation with or without prepurging. '

B. 'qumd carryover-into drywell vents: The calculation of peak drywell
pressure assumes complete carryover of all liquid in the drywell into the
~drywell vents which increases the peak drywell pressure. However, test
data from the Humboldt Bay series of pressure suppression tests''?!
reveal that carryover is more likely to be complete if the drywell is
initially hot. Hence, the increased carryover would increase the
measured pressure compared to a test with less carryover; i.e., one with
no purge. Hence, prepurging of the drywell does not sxgmﬁcantly affect
the peak drywell pressure so long as condensation is neglected and

. . complete liquid carryover is assumed for both the prepurged and

o 'nonprepurged cases. :

' The pressure and temperature responses of the contamment as ongmally
... . calculated using Moody’s model, are shown in Figures 6.2-19 and 6.2-20. As can be
R seenin Figure 6.2-19, the calculated peak drywell pressure is 47 psig, whxch is well
T below the desxgn allowable pressure of 62 psig. . '

‘Additional analvses of the contamment pressure and temperature response to small

.break accidents (SBA), intermediate break accidents (IBA), and the DBA were
conducted as part of the Mark I Program. Refer to Sectlon 6.2.1.3.6.4 for a

_ descnptxon of these addxtlonal analyses c

~ On June 5 1970 Dresden Umt 2 expenenced a transxent whrch caused a safetw )
.valve to open and fail to reseat. .As a result, the containment atmosphere is -
postulated to have reached 320°F after approximately 1 hour. A general case in
which the containment wall is postulated to be 340°F has been analyzed to
demonstrate the adequacy of the containment. It was found that as a result of
thermal expansion of the drywell shell against the concrete walls of the
containment structure, the thermally induced loads for 340°F at 0.5 psig are the
* same as for the design condition of 281°F at zero psig. At 340°F and zero psig the
‘. loads are slightly greater and result in a slight decrease in safety factor from 2.2 to '
. . .1.9. "Therefore, it was concluded that the containment structure (design o
- " “temperature of 281°F) provides adequate safety margm for the maximum steam
. superheat temperature of 340°F ' : L

Alézmza
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6.2.1.3.2.2 Containment Short-Term Response to a (DBA) LOCA for Minimum NPSH Available

. Various cases involving different pump combinations, pump flow rates, initial conditions and

. assumptions were analyzed as shown in Tables 6.2-3, 6.2-3a and 6.2-3b. The short-term
scenarios (0-600 seconds) that resulted in the minimum net posmve suction head (NPSH) are
described as follows: .

e . Four (4) LPCI pumps and two (2) Core Spray (CS) pumps for vessel makeup and no
containment cooling up to 600 seconds following the DBA-LOCA with no operator actions
required (Case 6a2 in Tables 6.2-3, 6.2-3a and 6.2-3b). This analysis was performed to
determine the short-term (0-600 seconds) suppression pool temperature and suppression

: - - .- chamber pressure response for a postulated break in the recirculation discharge line with all
N o ‘ -+ 4 LPCI pumps and 2 Core Spray pumps available for vessel injection and with the assumed
- - -single failure of the loop selection logic which allows all the LPCI flow to be directed to the
" . containment from the broken. loop It was assumed that all LPCI ﬂow was injected drrectly
" into the drywell : .

L e “Two (2) LPCI pump's and one (1) Core Spray pump for vessel makeup and no containment
‘ cooling up to 600 seconds following the DBA-LOCA with no operator action required (Case
2al with 100% thermal mixing in Tables 6.2-3, 6.2-3a and 6.2-3b). This scenario provides
. the minimum conditions for NPSH with the smgle failure of an. Emergency Diesel ’
) Generator : :

: S, - The GE computer Model ‘SHEX-04 with decay heat based on the ANS 5.1, 1979 decay heat
: . e o *.model (without-adders) was used in each analyses. Analyses performed to benchmark analyses
' ST - - with the SHEX-04 code to the Dresden FSAR analyses were performed. The benchmarking
. analyses included sensitivity studies to quantify the effect on peak suppression pool temperature
" due to differences. between the updated analyses and the FSAR original analysis.

'Vanous assumpuons were used in the analysrs These assumptions are included in Section
-6.2.1.3.3.3. Addmonal assumptxons for the short-term response are as follows

- . Wrt.h a sxgnal for LPCI 1mt1at10n, all 4 LPCI pumps start vessel injection mode and
.77 inject directly into the drywell (no flow to the vessel) at a flow rate of 5,150 gpm per
- pump for 6a2 and 5,000 gpm per pump for 2al during the first ten minutes of this event.

< . ’ . After receiving a signal for CS initiation, the 2 CS pumps start injecting into the vessel
- at a flow rate of 5,800 gpm per pump for the first ten minutes of this event.
o There is 60% thermal mixing efficiency of the break liquid with the drywell atmosphere

~,..for Case 6a2 and 100% thermal mixing efficiency of the break liquid with the drywell
atmosphere for Case 2al. These thermal rmxmgs were chosen as appropriate for the
condmons represented ’ : v

, Asa result of the large LPCI mjecnon dxrectly mto the drywell dunng the first ten minutes, a.

" significant reduction in drywell pressure-and temperature produced a reduction of pressure in the

“suppression chamber.  The results of this analysis are summarized in Case 6a2 of Table 6.2-3 and
_-..include the suppression pool temperature and suppression chamber pressure at 600 seconds (at
_.°. initiation. of operator acuons) Figures 6.2-19a, 6.2-19b, 6. 2-20a and 6:2-20b shows the

S suppression pool temperature and suppression chamber pressure responses. Various other

, - evaluations were performed assurmng different pump scenarios.and mixing levels. The results of
these are also listed in Table 6.2-3. The results of the Case 6a2, 60% thermal mixing and Case
‘J‘_"Zal '100% thermal mixing analyses, which provide the minimum NPSH in the short term, are

input to the 0-600 second short-term posmon of the NPSH analysrs in Sectlon 6.3.3.4.3.1. .
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(ond olueu\a LPCI and core spray mJecrmn For The
Ten minuTes,

However, soon after initiation of the containment spray the gases
ibute between the drywell and the suppression chamber via the

A vacuum-breaker system as the spray reduces drywell pressure.

The core spray system would remove decay heat and stored heat from the core,
thereby minimizing core heatup and any metal-water reaction. The core heat is
removed from the reactor vessel through the broken recirculation line in the form

..of hot liquid. This hot.liquid combines with liquid from the containment spray and
- flows into the suppressxon chamber via the drywell-to-suppression-chamber - :
“connecting vent pipes. Steam flow would be negligible. The energy transported to
the suppression chamber water would ultimately be removed from the pnmarv

containment system by the oontamment cooling heat exchangers

.To assess the long-term pressure and temperature response of the prxmarv _'
. containment after the postulated blowdown, and to demonstrate the adequacy and
o redundancy of the core and containment cooling systems; an analysis was mede of

the recirewlation line break under various conditions of core and primary

SENRY S

o For ea he-above listed analyses, two containment oooizng service w; :
* | (CCSW) pumps iding a.total flow of 7000 g'al/mm per opergting-heat exchanger

s _The mmal pressure response of the yile the reactor vessel' is blowing
.| down (the first 30 seconds ~the break) is as re in Section 6.2.1.3.2 for all
"+ | cases considered —For each case, the temperature of : ression pool was
- | calculate ction of time, conservatively considering the pool" the .only

.. containment cooling. The)asigiaal licensing basis long-term pressure and
' temperature response of the primary containment was vzed for the-felewing
Va.(*uous FLpuJ Pc.'CCS.l!\ n-utg 0-044 rt‘:oas -
Operatlon of two core spray system loops and one of the two contgi nt
Qg loops with two LPCI pumpsmservwe '
B. Operatxon of oxdyage of the two core. spra , loops and both of the
oontamment ooolmg Pagach with tws LPCI pumps in sennoe,

. C Operanonofonlyon etﬁooore ” systemloopsandoneofthe"
two contai oling loops with two LPLH in service; and
D,@peration of only éne of the two core spraysystem loops aB half of |
. one containment cooling loop, ie., one LPCI pump in service. -

were assumed tobe in s

sorber in the system The effects of decay energy, stored energy in
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For containment cooling after 600 seconds, two CCSW pumps providing flows evaluated at 5,000
gal/min, 5,400 gal/min and 7,000 gal/min per operating containment cooling heat exchanger were
assumed to be in service at a cooling water temperature of less than or equal to 95 degrees F. LPCI and
CS pump flow rates were also evaluated for different values. Analyses were performed at these LPCI, CS
and CCSW pump flows by GE using the SHEX computer code with current standard assumptions for
containment cooling analyses , including the use of the ANS 5.1 decay heat model. Long term

temperature is. maximized and NPSHA minimized with a thermal mixing efficiency of 20%.

All analyses cases-(except 6al and 642 as described in Section 6.2.1.3.2.2) were performed assurrung that

during the first 10 minutes, two LPCI pumps and one CS pump are conservatively used for vessel makeup
to provide the initial conditions for the long term cooling analysis. This assumes a single failure of an
emergency diesel generator. At 10 minutes into the event, the operator shuts down one LPCI pump and |

~ aligns the other LPCI pump from the vessel injection mode to the containment cooling mode. At the same
time, two CCSW pumps and one LPCI heat exchanger are lined up for long term cooling. The resulting

~ long-term containment cooling configuration consists of 1 LPCI pump, two CCSW pumps and one LPCI
. heat exchanger. The various analyses used different pump flow rates and heat exchanger performance
- values which were also evaluated for the various flows. The evaluated heat exchanger performance values
- are 1dent1f1ed m Table 6.2. 3b : :

Drﬂ'erent mmal containment condmons were used for each combmatton of pump flow rates. Sen51t1v1ty
cases were also analyzed to minimize the suppression chamber pressure response. The sensitivity

. .parameters include heat sinks and the efficiency of thermal mixing between liquid break flow and drywell .

atmosphere :Additionally, the mput assumptions were chosen to conservatively minimize the suppressmn
chamber pressure and in the a’ cases, rmmrmze the available NPSH ' - o

LY

l The reactor is assumed to be operatmg at 102% of the rated thermal power

2. Vessel blowdown flow rates are based on the’ Homogeneous Equilibrium Model.

.3. The core decay heat is based on ANSI/ANS-5.1-1979 decay heat.

-4. "Feedwater flow into the RPV continues until all the feedwater above 180°F is injected into the vessel.

5.~ Thermodynamic equilibrium exists between the liquids and gases in the drywell. -~ . = .

6 * The heat transfer to the drywell airspace from the liquid flow from the break which does not ﬂash is
. assumed to be partial (20%) or full (100%), depending upon cases to minimize the containment .
. pressure. Thermal equilibrium conditions are imposed between the held-up liquid and the fluids in

C- - the drywell as described in. Assumption No.5 above. The liquid not held up is assumed to flow .

- directly to the suppressron pool without heat transfer to the drywell fluids.

""" 7. Thevent system flow to the suppressron pool consists of a homogenous mixture of the ﬂmd in the

. drywell.

- 8 The initial suppresswn pool volume is at the rmmmum to maximize the calculated suppressmn pool

temperature.

" °*9. For the ‘a’ and ‘al’ cases, the initial drywell and suppressron chamber pressure are at the rmmmum

' expected operatmg values to minimize the containment pressure. -

S 10, For the ‘a’ and “al’.cases, the maximum operating value of the drywell temperature of 150°Fand a

- .relative’ hurmd1ty of 100% are used to minimize the initial non-condensable gas mass and minimize
‘the long-term_ containment pressure for the NPSH evaluation. - :

' 11 The initial suppressron pool temperature is at the maxrmum TS value (93°F) to maxmuze the

calculated suppression pool temperature.

12.- Con51stent with the UFSAR analysis,’ contamment Sprays are available to codl the contamment Once - -

initiated at 600, seconds 1t 1s assumed that contatmnent sprays are operated contmuously wrth no




14. Passive heat sinks in the drywell, suppression chamber air space and suppression pool are .
conservatively neglected to maximize the suppression pool temperature. For the ‘al’ cases, heat sink
inputs were developed based on the Dresden drywell geometry parameters which were compiled and
used during the Mark I Containment Long Term Program and which are documented in GE
Document 22A5743 and GE Document 22A5744, Containment Data, September , 1982. The drywell
and torus shell condensation heat transfer coefficient is based on the Uchida correlation with a 1.2

. multiplier. The inclusion of the heat sinks conservatively minimizes suppression chamber pressure.
'15. All Core Spray and LPCI system pumps have 100% of their horsepower rating converted to a pump
* " heat input which is added either to the RPV liquid or suppression pool water. )
. 16. Heat transfer from the primary containment to the reactor building is neglected. .
"~ 17. The effect of containment leakage is negligible eonsndermg that oonservanve input assumptions are
_ usedtomnmmmeeontammentpressure .

h "I‘he desngn parametets determmed by the evaluanons for the various LPCL, CS and CCSW flow rates ,

" including the sensitivity cases, are shown in Table 6.2-3. The table includes the suppression pool

temperature and suppression chamber pressure at 600 seconds (at initiation of operator actions), the

minimum suppression chamber pressure following initiation of containment (drywell and suppressnon

_chamber) sprays and the suppression pool temperature and suppression chamber pressure at the time of
peak suppression pool temperature. A comparison of the results between the ‘a’ and the ‘al’ cases show

" - that the heat sinks have a negligible effect on the suppression pool temperature. As for the impact of the

‘suppression chamber pressure, the inclusion of the heat sinks resulted in a reduction of approximately 0.8
.psi at 600 seconds, and a reduction ofapproxxmately 0.2 psi in the minimum suppression chamber -
;pressure following initiation of suppression chamber sprays. However, the heat sink effect on the
- suppression chamber pressure is negligible at the time of peak suppression chamber temperature The

" results demonstmte that once eontamment sprays are. mmated, the effects of heat sinks become :

o .mslgmﬁmnt

) The paxameters 1dennﬁed m the evaluanon performed for Case 2al (see Table 6 2-3), Above nommal :
. pump flow rate for LPCI pump (5,800 gpm) and CS (5,800 gpm) for first 10 minutes and nominal pump -
flow for LPCI (5,000 gpm) and CS (4,500 gpm) rate afier 10 minutes -Containment Initial conditions to
minimize containment pressure, drywell and torus shell heat sinks modeled’, provides the minimum

T "NPSH. Figures 6.2-20a, 6.2-20b, 6.2-20c and 6.2-20d shows the suppression pool temperature and

suppression chamber pressure responses. This case provides the limiting condition for evaluating

s * available NPSH after initiation of containment sprays including available NPSH at the time of the peak
* ... suppression pool temperature. The analyses performed for Case Sal of Table 6.2-3 identifies the .

~ maximum suppression temperature to be 176°F. These desngn and operatmg parameters are such that

. they ensure that plant safetymargmsaremet

- 'Thetesults ofthenewanalysnsmdleatethattheheatremoval eapabnhtyofthe eontammentheat removal
_system remains sufficient to maintain containment integrity following DBA’s with a peak suppression =
pool temperature of 176°F. The consequences of this higher peak temperature have been analyzed and
found to be acceptable. The results of the Case 2al analysis, which provides the minimum NPSH in the
*  long term, are input to the grwter than 600 swond long-term posmon of the NPSH analysns in Secuon
: ~6.3.3.4.3.2. SROAN . o L : .
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at a cooling waterislet temperature of 95 degrees F. T is currently
operating under tempera limitations which. f peration when the
cooling water inlet temperature 6 t ' water temperature exceeds 75
degrees F. Under the current t imit, a CCSW flowrate of 5600 gpm
‘ensures that the requirec-20psi differential be the CCSWand LPCI
systems is maiptairéd at the LPCI heat exchanger during~the limiting DBA LOCA
with a di generator failure and a containment cooling pump bination of 1

pump/2 CCSW ppmps.

Caare
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" spray) would then drain back

flow.

“The total number of moles of no
--determined from the amount

Dsmv the drywel
‘the system, t
" suppressi

‘th

qd energy from any metal-water reaction on the pool temperature were included
Alsdythe effect of heat from operating LPCI pumps was included.

The dryweM\t{emperature was calculated considering an energy balanc n the
containment cdaling and core spray systems. The containment coolifg flow was
assumed to enter containment at the discharge temperaturs/6t the heat
exchanger, and the codaspray flow was assumed to enter the’reactor at the
suppression pool temperadsge. The combined flows (coptdinment cooling and core
the suppression poghaving been heated by the
deécay energy, stored energy in th¥®gore, and anysetal-water reaction chemical
energy. The drywell temperature wanthen jefken to be 5°F hotter than the exiting

ndensible g; the containment system was
gas originally in the system plus gas generation
from any metal water regatfon. o '
mperature, suppression pool temperature, and moles of gas in
System pressure was calculated assuming the drywell and
hamber gases to be saturated. Also, it was assumed that™hhe drywell
ression chamber would be at equal pressure. This is reasonable Bsgause
ressure difference cannot exceed 4 feet of water (1.8 psi), the vent '

and s

bmergence depth, after the initial reactor blowdown.

. operating' follow}

“The analysis assumed

Thxs a.nalvs1s also assumed that onl
‘containment spray .cooling subsystems ¢
{{ after the recirculation line break. T
it - LPCI pumps was assumed to.be

: for thxs cond.\tlon is shown

2:1.3:3.1

~Case A — Operation of Two Core Sprav Loops and One Containme
. Cooling"Loog with Two LPCI Pumps
"Th_e' analvsi resentea here assumed that both of the core spray svsfems were

the recirculation line break. Core spray sys operatlon does
not produce full flo until the reactor vessel pressure has deprfased to 90 psig.

at the systems commenced operg#on 30 seconds after the
recirculation line break. This time is well within the sifhie calculated for the vessel

pressure to reach 11:: psxg

e four LPCI pumps in the two ‘
menced containment spray 400. seconds
eatexchanger associated with these two

ailable with™wo CCSW pumps operating for
ression chamber Water at this time. The flowrate.
Table623 Casea L

WOO

rremoval of energy from the s

f'The calculated core eatup and extent of metal-water reactionwas found to be
, _'.'fessentlallv the sa
. Figure 6.2-1

e as for operation of only one core spray systém _as shown in

. The total metal-water reaction was calculated to be Megs than 0.1%.
.} ~.The presgufe and temperature response of the system is shown as Cur¥sa in
Flgur ¥6.2-19 and 6.2-20, respectively. :After the postulated blowdown, tha\drywell
S ang% uppression chamber pressures would equalize at about 27 psig. Initiatiotngf

e contamment spray would result in quenchmg of the steam in the drvwell an
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621333 . Case C—Aperation of 'oﬁe c;m; Sprav Svsthm and Two LPCI

{n a corresponding containment pressure reduction. Energy addition due to core
cay heat would result in a long-term pressure increase to the maximum shown j
Tab]e 6.2-3. Thereafter, energy removal by the containment cooling heat exchapger
wouly exceed the addition rate from all sources, resultmg in decreasmg

contaihment pressure '

6.2.1.3.3.2 Case B — Operation of One Core Sprav Loo and Four I¥CI Pumps.

For this analysis gnly one of the two core spray systems was assyfued to
commence operatioX 30 seconds after the recirculation line brea}{. The analysis
also assumed that alNfour LPCI pumps in the containment co mg mode and all
four CCSW pumps wolNd commence operation 400 seconds gfter the recirculation

* line break. The flowratey _corresponding to these operating/conditions are shown in

Table 6.2-3, Case b.

Core heatup and the extent o metal-water reaction whre found to be as discussed

above for the two core spray cask. It is the same fgf a single core spray system
because ‘each of the two independdnt core spray systems are designed to maintain

| continuity of cooling in the event.of\a LOCA, and experimental results show that
" increasing the flow above that delivered by thesingle core spray system does not

appreciably change the heat transfer chara eristics during spray cooling.
Therefore, core heatup and extent of metgfwater reaction would be the same for
one and two core sprav pump operauon ‘ S :

) Imtxatlon of contamment spray cooh (-4 would sult in quenchmg the steam in the
"drywell and in a corresponding redAction in con inment pressure. Energy addition

due to core decay heat would res tina long-term\pressure increase to the

‘maximum shown in Table 6.2-3/ The containment pressure and temperature are .

-

shown as Curve b in Fxgures 2-19 and 6 2- 20 respe 1velv

Pumg

Core spray and dntainmernt sprayio’peration for this analysis was'{ssumed to

be as discussed/in Case A. The flowrates corresponding to these corNitions are

shown in Tabfe 6.2-3, Case c. The results of this analysis were found g be the .
same as prgéented for Case A.- The containment spray cooling flow usedwas
identical #6.that analyzed in Case A and the cooling characteristics 'of one\and two -

| core spphy pump operation do not change. The containment pressure and
'l temp ature are shown as Curve c 1n Fxg‘ures 6. 2 19 and 6 2-20, respectively.

.2‘.,1.-'3.'3'.4“: iCase D ;‘JOgerainn of Orie Core Sprav Loop and One LPCI Pump

I'
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is analysis assumed that only one of the two core spray systems commenc
operatiqn 30 seconds after the recirculation line break. However, only of the
four LPC s in the containment spray mode and two CCSW ps were
assumed to com e operation 600 seconds after the recirpetdtion line break. The
flowrates corresponding™tethese conditions are showgirrTable 6.2-3, Case d.

Again, the core heatup and extent o talater reaction are as discussed above.
The containment pressure and te turdare shown as Curve d in Figures 6.2-19
and 6.2-20. Following the initiefion of the single I pump, two.CCSW pumps,
and the associated heat anger in the containment Spray mode, the containment
pressure would degr€ase initially, then slowly increase to the imum shown in
Table 6.2-3 to addition of decay-energy to the containment. T ter, energyv
remoyaby the single LPCI pump and heat exchanger would exceed the atditjon
€ from all sources, resulting in decreasing containment pressure.-

. Containment spray itself does not significantly affect the peak post-accident '
_ pressure rise. It does, however, result in a somewhat faster depressurization . -

immediately following the completion of the blowdown. The controlling parameter
affecting the post-accident secondary pressure peak is the heat removal capability

“of the containment coohng heat e\chanver relatxve to the core decay heat

productlon S

Additional analyses of theshort- term containment pressure and temoerature
response to a SBA, IBA, and DBA have been conducted as part of the Mark I
Program .Refer to Sectxon 6.2.1.3.6.4 for-a description of these analyses.

6.2.1.3.4, ‘Mark I Progzam Descnptxon for Reew aluatlon of Contamment Respons
. to Hvdrodvnamlc Loads S : .

‘This subsection describes the ana.lysis performed to resolve new loadings
f1dent1ﬁed a.fter the ongmal des1gn of the pnmarv containment.'"?! ‘

. The, ﬁrst generatlons of GE BWR nuclear steam supplv svstems are housed in a

containment structure designated as the Mark I contalnment svstem Dresden

_ Umts 2. and 3 ut1hze Mark I Contamments

The origina] desig'n of the Mark I containment. system considered postulated
accident loads previously associated with containment design. These included
pressure ‘and temperature loads associated with a LOCA, seismic loads, dead

~ weight loads, jet impingement loads, hydrostatic loads due to water in the
}suppressxon chamber overload pressure test loads, and construction loads

In the course of performmg large scale testmg of an advanced deslg'n

pressure- suppressxon containment (Mark III), and during in-plant testing.of Mark I

' containments, new suppression pool hydrbodynamic loads, which had not been

“explicitly‘included in the original Mark T contdinment design basis, were identified.
" These additional loads- result from- dynamic effects of drywell air and steam being
- rrapxdly.forced into the suppression:pool (torus) during a postulated LOCA and from
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mass after drywell air carryover. The larger initial torus water mass has only
approximately a 1°F effect on peak pool temperature. These effects result in a
calculated increase in peak torus pressure of about 0.6 psi. For the IBA and SBA
the peak drywell pressure increases by an equal amount. For the DBA, the
increase in containment pressure increases the density of the vent flow which
reduces the vent system pressure drop. This partially offsets the torus pressure
increase and results in only a 0.3 psi increase in the peak drywell pressure.

6.2.1.3.6.4.3 Safetv Relief Valve Dlscharge Device leltatlon

- Abd vsERT I (:o& Poge ¢.2-48

. within the prescribed ljsfii

As:a result of studies of the instabilities in the condensation process previously
described in Section 6.2.1.3.5.3 for the SRV discharge transients, it was determipéd
that the magnitude of the SRV discharge-related loads is a function of the typ< of
discharge device used and the suppression pool temperature. In the past,
ramshead discharge device was used to direct the steam flow from an SB¥ into the

i q:\u During the Mark I program, a T-quencher SRV discharge devige, which
inchudes perforated pipe sections, was installed on each SRV dischapge line. The

" T-quencher device has been found to reduce substantially the hyg<odynamic '

loads in comparison to those observed for the other gi§charge dev1ces

'Refer to Sextion 5.2 for a description of the SRV discharge ices.

To preclude unstable condensatxon and: ehmmate the coficern that SRV
actuation at elevatsg pool temperatures.could result /i severe vxbratorv pressure
loads, .a suppression dQc! ta mperatue hm1t has b h -established. - :

To establish this limit, thé\difference betwee he local and bulk ;temperature was
_ determined. Local temperathge denotes verage water temperature in the
vicinity of the discharge device and reprgéents the relevant temperature which -
. controls the behavior of the condehsatién process occurring at the pipe exit.

The bulk temperatnre is a calculzfed vhlue based on the total energy and mass

. Telease into the pool, assuming/the pool abts as a uniform heat sink. Since bulk

temperature is used in planf/transient analyses, the difference between the bulk:
and local values must be specified so that the aqalysis can demonstrate operation

itions for the T-quencherw
s\c at Monticello.””® The

To determine the difference between bulk and local cod
device, the Mark’] Owners Group relied on the in-plant t

B .. results indicg#éd that the difference between bulk and localgmperature is 43°F for
" - the test without the RHR system in operation and 38°F for th;tests with RHR

"operatiop! The test with RHR was conducted with only one oop operating in
the podl recirculation mode. - .Note that RHR at Montxcello is equlvaxont to LPCI .

;co i ent coolmg mode at Dresden

In late 1978 the Mark I Owners Group conducted an adJunct series of testat the
_ same facility.”” The purpose.of the tests was to investigate methods to imprdve
“-thermal mixing in the suppression pool and to reduce the bulk tolocal pool -~

- _,.tempe.ra‘ture difference. These methods include modifications .of T-quencher design




- Dresden Station is equipped with safety/ relief
valves (SRVs) to protect tne reactor from overpressurization during operating
transients. When the SRVs open, steam released from the reactor vessel is routed
through SRV discharge lines to the suppression pool where it is condensed.

. Extended steam blowdown into the suppression pool, however, can create
* temperature conditions near the discharge location that can lead to instability of
~ the condensation process. These instabilities can, in'turn, lead to severe vibratory
_ loading on containment structures. This effect is termed condensation oscillation .
* This is mitigated at Dresden Station by the usage of quenchers at the end of the
- SRV discharge lines, as well as restrictions on the allowable bulk- suppression pool
", . water temperature, in order to ensure that the local pool temperature stays within
- . acceptable ranges. Technical Specification Section 3/4.7 K provides Limiting
" Conditions for Operatlon and Actlon requirements, regardmg the suppression
o chamber temperature

-— By letter dated March 21 1995, the BWR Owners Group (BWROG)
. requested the NRC staff review and approve GE report, NEDO-30832 entitled, -
. %o 0. “Elimination of Limit on BWR Suppression Pool Temperature.” NEDO-30832
e ":presented a discussion of test data and analysis that supports deletion of the
. ~.. 7. requirement to maintain the local suppression pool temperature 20 °F below the -
) saturatlon temperature of the pool during SRV d:scharge .

Df‘ﬁaen ""-5 J'"\l ﬂ’-ﬂl’d ‘the local suppressnon pool temperature hmlts The test

The NRC Staff Safety Evaluation Report (SER) approval of NEDO-30832, dated -
~ August 29,1994, concluded that the elimination of the local suppression pool ..
Lo il temperature limit is acceptable if the plant has emergency safety features pump
~'= .. <. - -inlet located below the elevation of the quencher. Because Dresden Station’s. .
- ST ~ pump inlet is below the elevation of the quencher, NEDO-30832 is applicable to -
" . .Dresden Station (see UFSAR Figures 1.2-7 and 3.8-17. The NRC staff found that
" the quencher device is effective in maintaining the unstable condensation -
oscillation load to benign levels when the suppressron pool is operated at
,.temperatures neanng saturatlon : -

data and analysis presented within NEDO-30832 is applicable to Dresden Station. "
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d the LPCI suppression pool cooling mode discharge pipe configuration. The
Tquencher was modified by adding a number of holes on the tips of one of the
quexcher arms. The LPCI system was modified by installing a 90° elbow. with a
reducing nozzle, at the end of the existing discharge lines. These modifications
were in ended to promote mixing in the suppression pool during SRV dischargg.
Test results show a substantial improvement in pool mixing. The difference
between biNk and local temperature was reduced to approximately 15°F fop/the
test, with on¥ loop of LPCI operatmg in the suppressmn pool cooling mo

| A plant-specific Apalysis was performed to determme the suppression fool

‘temperature limit\or Dresden. Figure 6.2-39 shows the resulting lg€al pool
temperature limit f Dresden Units 2 and 3 as a function of reacydr pressure

qure 6.2-39 shOWs thi, for all plant tran51ents involving SR operation during
which the steam flux through the T-quencher perforations eyfeeds 94 Ibm/fi*-sec,
the suppression pool local temperature limit is 200°F. For/ll plant transients
| ‘involving SRV operations duNng which the steam flux thfough the T-quencher
~perforations is less than 42 lbnNft>-sec, the suppressw ool local temperature limit
shall ensure 20°F subcoolmo " .

"I‘heDresden ‘T-quenchers are subm ged in 9.17 féet of water corresponding to

| 18.53 psia. The saturation temperatuke at 18.5) psia is 224°F. Thus, to achieve
| 20°F subcoohncr the’ local temperature it with a steam flux of less than 42
..ilbm/f *-sec is 904°F L P R

"To* demonstrate that the local pool temp atdxe limit is satisfied, seven hmmnc7
transients involving SRV discharges wgfe anal¥zed. - Table 6:2-6 presents a
summary of the transients analyzed Znd the corrgsponding pool temperature |

‘results. Three of the transients copbervativelv ass\med the failure of one RHR
loop, in addition"to the single eqyfpment malfunctiom\or operator error which

- initiated the event. This consepfative assumption excdeds the current licensing

basis for anticipated operationAl transients. -As noted in\Table 6.2-6, the

‘containment cooling heat ex \anger heat transfer rate asSymed in these analyses i is '

416.7 Btw/s-°F -per loop. TAis was derived from the containient cooling heat

B exchanger specxﬁcatxon ich.states an overall heat transfer Mate of 105 x 10° -

 Btu/hr is achieved givgfhi CCSW flow of 7000 gal/min at 95°F, and LPCI flow
thr ough the heat ex anger of 10, 700 gal/mm at 165°F. ‘ ER

|- Each of the SRV scharge transxents was analvzed assummg an inital pool

| ~temperature of #5°F, which is the Technical Specification pool temperasure limit for
|- normal power/operation.. The notes to Table 6.2- 6 hst other xmtxal conditons and
1 assumptlon mcluded in these anavaes ' :

1 The ran fses of Table 6 2 6 Case 9C normal depressunzatxon at 1solated hot \

‘shutdg shows .a maximum local pool temperature of 153°F. This demonstrates -

-} that 1th no system failures and in.the event of-a nonmechanistic scram,

.| depfessurization of the reactor pressure:vessel via SRVs at 100°F/hr results in loc
fol temperatures well below the condensatxon stablhtv hmxt shown in Fxgure

12:397 77 4 R
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This limit ensures that an e

: pfovided ass

overall LPCI heat exchanger

f containment heat removal is
.6 E6 BTU/r.

- Laelete

. . :
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. , Table 2:6, Case 3A, a SBA with one RHR loop available, results in a imum
local pool te ature of 180°F, which is below the condensati ability limit of
204°F. The local to temperature difference at the timeof maximum local
temperature is 26°F. o
!.U/Qﬁ—é/ The maximum local pool temperat ther cases also remains below the
. condensation stability limit ghout the tramnsteqt.
: f‘ To ensure ade fe monitoring of the suppression pool tempe asugre, the SPTMS
was in to monitor bulk pool temperature. The SPTMS is desc in
on 6.2.1.2.8. T

6.2:1.3.7 : Containment Capabilitv

76.2.1.3.7.1. _Potential For Hvdrogen Generation -

... . ..If, as a result of a:severe accident, Zircaloy in the reactor core was to be heated -
-above about 2000°F . in the presence of steam, an exothermic chemical reaction
would occur in which zirconium oxide and hydrogen would be formed. The
_corresponding energy release of about 2800 Btu per pound of zirconium .

. “c-: 7 .- reacted,would be absorbed in the suppression pool. The hydrogen formed, however. .
.- 7 ™.would result in an increased pressure due simply to the added moles of gas in the

' < .= 'fixed volume. Although very small quantities of hydrogen would be produced -

during a DBA, the contamment has the mherent abxhtv to accommodate much

'larger amounts ‘

: 'The Dresden contai'nment is normally provided with an inerted atmosphere to
.. preclude the possibility of a hydrogen combustion event within the containment. -
= Theoxygen deficient atmosphere assures that hydrogen build-up due to
_metal water reaction is. not a concern.. :
o The creneratlon' of ‘s’xgmﬁcant quantmes’ of hydrogen due to a metal-water reaction
.. from.high fuel cladding temperatures is prevented by assurance of adequate core-.
- cooling. During normal operation, there are several systems, including feedwater
and control rod drive (CRD), which add water directly to the reactor pressure .
~ vessel: A reliable, automatic means of cooling the core is provided by ECCS. This
. system is designed to provide adequate cooling in accordance with 10 CFR 50.46
" limits-assuming any single failure in addition to loss of offsite power. Refer to
.,‘.Sectxon 6. 3 for an evaluatxon of the ECCS performance

T Followmv a postulated LOCA both oxvgen and hydrogen may v be produced by the
EE 'f,éradxolvtlc decomposition: of primary coolant and suppression pool water.

~ .Decomposition .would occur:due to the absorption of gamma and beta energy
-released’ by fission products into reactor coolant and suppression pool water.
Radioly: sisiis:the only: 51gmﬁcant reaction mechanism whereby oxvgen, the limiting
ombustmn reactant, is produced within the containment. Therefore, radiolysis is
the primary focus relative:to. combusnble gas control for contamments with xnerted '
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The containment cooling heat exchangers are sized on the basis of their

required duty to meet the contaipment capability.| Phis duty is ed b,
lat] ount 6f hea 1ch ust p€ rejedted fyom th sup essiol pog
ope txon) ens hayin the’eventof a. /the tefmin
not

erature do cceed A70%F.] Refer to Sectxon 6.2.1 for a

~ description of the suppression pool cooling requirements. The heat exchangers are

designed to withstand the maximum pressures corresponding to the shutoff heads
of the CCSW and LPCI pumps. When service water is flowing, the pressure on the

" tube side of the heat exchanger is maintained 20 psi above the pressure on the

shell side to prevert shell side water leakage into the servicé water and subsequent
discharge to the river. Local instrumentation is provided to monitor the AP
between the LPCI heat exchanger tube side and shell side. Additional containment
cooling heat exchanger design information is provided in Table 6.2-7.

Since the LPCI flow pas'sesvthrough the containment cooling heat exchangers,

" containment heat may be rejected during post-LOCA LPCI mode operation by
starting the CCSW pumps (when sufficient electrical power is available) to provide
 _cooling to the heat exchangers. This results in the transfer of heat from the

suppression pool to the CCSW system. During this mode of operation, suction is

*~ .taken from the suppression pool, pumped through the containment cooling heat
- . exchangers to the reactor vessel, and back to the drywell via the postulated break.

When the drywell water level reaches the level of the containment vent pipes, the

g water ﬂows through the vent plpes to the suppressxon pool

Stagnant water condmons in the contamment coohng heat e}.changers (EPNs
2(3)-1503-A&B) during standby conditions cause both pitting and corrosion of the

-'70-30 CuNi tubes.®™ This has resulted in heat exchanger tube leaks and excessive .-
‘equipment outage durations.. Various materials were evaluated for better corrosion
_resistance and AL-6XN was selected as the replacement tube material. A limited

number of tubes will be replaced with AL-6XN tubes as tubes faxl (AL-GXN has

o been accepted by ASME under Code Case N-438)

-

| demonstra he use of AL-6XN tubes will not change the h oval

design of 105 X 10° Btwhr and a 7% drop from the FSAR value of 1 E

ransfer analysxs was performed by the heat exchanger manufactur

capabilities of the heaTexehanger to the extent that the Tession pool ‘
temperature would exceed its hcermss limit.'\. alysis used Heat Transfer
Research Institute proprietary com T. . The heat exchanger heat
transfer rate was calculat € 95.2 X 10° Btwhr assumigg that all the tubes
were replaced. ie-would constitute a 9% drop from the originat exchanger

r. \To ensure that other design basis evaluations are not invalidated by

‘replacement. of these tubes, the number of tubes plugged or replaced in each heat
-exchanger will be limited such that the total reduction in heat removal capability
-will not exceed that which would result from plugging 6% of the 70-30 CuNi heat

**"  exchanger tubes. The 6% limit is based on the-number of excess tubes.provided in

the containment cooling heat exchanger design. The 6% replacement limitation

‘will ensure that the design basis heat exchanger capability will not be reduced.

o "The. relatlonshxp ‘between- pluggmg tubes and. replacmg 70-30 CuNx tubes with -
e ‘AL-GXN tubes is shown in Flgure 6. 2-49
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Fibrous insulation is a molded insulation used only on parts of the recirculation
system and the 4-inch and smaller lines. The total amount of such material used
in the drywell is only 0.16% by volume or 0.05% by weight of the suppression pool
water. Any postulated accident would dislodge only a fraction of this material.

Miscellaneous items are expected to contribute a negligible volume of contaminates
in comparison to the suppression pool water volume. Any particles contributed are
expected either to be stopped by strainers if they reach that position or to be
_colloidal rust type particles which would have httle or no effect on ECCS pump

‘ ‘seals or beanngs ‘ A .

~ As well as having limited contaminate sources, minimal probability of problems .
exist because of the circuitous path from the drywell to ECCS pump suctions.
Particles first must pass through 1 x 1 %-foot openings from the drywell to the
.8-foot suppression pool downcomers. The downcomers are connected to large -
spherical shells which are interconnected by 4-foot diameter pipes forming the
inner suppression pool ring header. From this header, the path to the suppression

' pool is through 96 circumferentially spaced 24-inch diameter pipes which extend

- - - The suppression pool water will be disturbed and a certain portion of materials will

" diameter) will be stopped and the strainer effective area will be somewhat reduced.
- . ‘To account for this possxbxhty, hydraulic performance of the ECC pump system 1s-

. assume-the.use.of two LPCI pumps and one corespray pump, or two core spray

+ screen area.’ Also, the’ suppression pool water is.demineralized and does not.

below the suppression pool water line. The path then proceeds through four
suppression pool suction strainers located about % of the suppression pool water
. ‘level height above the suppression pool bottom.. From the strainers the path leads
“-into a 24 inch suction ring header and then to the pump suctions. This path is
. .quite circuitous, providing many places to trap foreign objects and also spreading
~ the particles that do get through uniformly throughout the suppression pool
volume. Larger pieces of metal will settle to the bottom of the suppression pool,
-and lighter materials such as’ umbestos w1ll ﬂoat rather than be drawn into the _
"ECCS pump mlets ’ - :
5.6 faet

. The average water- velomty in the suppressmn pool during ECCS equipment
operation.is less than 0.1 ft/s and is not sufficient to transport particles (except for
.the smaller pieces in colloidal suspensxon) However, during a postulated blowdown
from the drywell to the suppression pool, there will be a less idealized situation.

“be near the suction strainers." The strainers are stainless steel perforated plates
with %2 inch diameter openings. Larger pieces and part of longer pieces (of smaller

- based on  100% plugging of one of the four strainers with Gre—fest
-assumed across each of the remaining strainers. Therefore, more than a 33% extra
strainer capacity is available. : This conclusion is conservatively based-on

- :ssmultaneous operatxon of all ECCS eqmpment at full rated ﬂow ,
3 (X (0,00cgpm
“E}.tended operatlon of all ECCS pumps is not reqmred in order to satisfy long

term decay heat removal reqmrements Short term DBA-LOCA cooling analyses

-pumps, to prov1de adequate core cooling. However, on a long-term basis, only one .
. LPCI: and :one-core Spray pump are necessary to prov1de required cooling to the
:contamment and the core. “This. flow would require only one-eighth of the total -

contam specxa.l addmves." .Therefore'-'the pH is. e:.pected to remain- essentxa]lw

kcawess :chkPovéATE,p }
CUNDER DFL. T6t46 — :
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' , ’I‘able623

.MA CONTA[NMENT PRESSURE AND PFAK TORUS TEMPERATURE FOR VARIOUS COMBINATlONS
: « - OF CONTAINMENT SPRAY AND CORE SPRAY PUMP OPERATION o

v

'v\,Contain‘rﬁent Spray | . ‘ Core 'Spray.' S "CCSW

aximum

Containment
Pressure

(psig)

. Pumps 'I‘Etal ©" Number  Total = = Number
er Flow - of . Flow of Pumps Total Flow
(gal/min) Loops (gal/min) ‘per HX'  (gal/min)

‘ - ’ 6.5
1400 - - 4.5

! 7.2
| 8.6
4,795 m 7.6
| 94

- N
950!
[*. 3 ~>)
[« B =]
o O
e =
o N
o

fer to Figures 6.2-22 and 6.2.23.

(Sheel,l of 1)
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Table 6 2-3

SPRAY AND CORE SPRAY PUMP OPERATION

SUMMARY OF DRESDEN CONTAINMENT ANALYSIS RESULTS

ASE“;;' e

(' A.1a

1a

2a‘

2a

2a1

2a1

T

3a'

3a

3a1

‘3a1

T

Aa

4a

4a1

Sa

Sa_

S5a1

5ai

6a1

6a2

< |Thermal Mixlng
Efficiency (%) .-

| 100

100

20

100

100

20

100

20

100

100

20

100

.20

100

100

20

100

20

4a1

100

100

20

100

20

100

60

: IHeat Sinks .

no

no

no

no

no

yes

no

no

yes

yes

no

no

yes

yes

no

no

no

yes

yes

yes

yes

Suppression ool

Temperature at 600
: |sec (CF) (At initiation
- lof operator actions)

148

149

148

150

150

150

yes

140

148

150

150

no

150

149

148

150

150

150

149

148

150

150

150

149

148

149

149

" {Suppression -

.- {Chamber Alrspace -
1. | Pressure at 600 sec
:%.7: |(psig) (At initiation of
i-.operator 'adlons)

11.3

8.5

16.5

8.7

8.3

12,5

55

10.9

82

123

55

1.0

8.7

6.3

125

5.5

10.9

8.7

6.3

125

5.5

10.9

26"

3.1

-1, |Minimum -

:, "|Suppression. .

.- |Chamber Pressure

+ .+ |Following Initiation of |
L Comainment Spray

ig)

45

27

6.3

4.0

22

‘3.6

1.8

6.2

3.9

20

35

17

6.3

4.0

24

3.7

2.0

6.4

40

24

3.7

20

NA

N/A

eak Long-term : »

s Suppression Pool .

173

173

173

173

173

173

172

173*

171

17

17

17

171

175

175

175

175

175

178

176

176

175

176

N/A

N/A

‘ ‘:ﬁ’f.' Temperature (°F) -

L Suppression

. |Chamber Airspace
- |Pressure at time of

- |Peak Suppression

- |Poot Temperature

12

49

73

49

4.8

2.9

1.2

4.7

31

4.7

EXE

76

53

34

52

33

18

54

3.5

3.5

N/A

N/A

4 ‘_'5: (G ™

T emperature rounded up - actual temperature 172.1 °F
**A description of the containment analysis case specific assumptions are as follows:
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e long-term this trend is reversed. After the drywell sprays reduce the drywell temp to| . . -‘
below the: vessel lxqmd temperature, the break lxquxd heats up drywell temperature. Therefore a

' xmmxmzes suppression chamberpressme

' Case‘3a are also evaluated with heat sinks. F6r these cases, which are
e 3al, the drywell shell, vent and torus shell are modeled
are evaluated with high ow rmxmg efficiency.

In addition, Case 2a
| identified as Case 2al an
as heat sxnks Both of these

Table 3 1denuﬁes mpv* values (relanve no inaj A “ues) used to minimize the suppression o
-+ | -chamber pressure response. Heat sinks used¥r Cases 221 and 3al were developed based an the ;
| ‘Dresden drywell ‘and torus geometry e ‘which were compiled during the Mark I
"'i.‘Contaxnmem Long 'I'erm Program and ' ch are doctimented in Refexence 10 ' \

-»-».;Case-specxﬁc.-contmnment in parameters for the d1ﬂ'eren es are summanzed in Tables 6}
.| cand7. Exceptasxdenuﬁe ' elowanmeables6and7 the i ' uesusedmtheanalysesfor
ul _f.thxs report are th_e e as prevxously uscd m the analysxs des thed in Refex'ence 1 and|
. : 'Refereuce'l;;_j;':: ORI . S : : :

- A descrips6n of the containment analysis cases is provided below. |

e Speci N
{ Case 1 Nommal Pump How Rate -Nommal Contamment!mtwl Coud:twns - E %

o In Case 1 it'is assumed thatthe LPCIIComamment Coohng pumps are opexaung at the nommal ,
o -"-jpumo ﬂow of 5000 gpm perpump and the cs pump 1s operatmg at the rated pump flow of 4500
. _: gpm 1hroughout the evem. P C . : '

P

RE 1-.1Case la - Nommal Pump FIow Rate -Contamment Inmal Condztwns to. M'uumzze 4'

L vC’ontamment Presxure

TN

o Same as Case 1 exeept 'that conservanve mput assumpuons ‘are used 7 rmmm:ze suppressxon
L ﬂ'f'chamber pressure ‘7”I'lus'case  was ana!yzed thh both 100% and 20% therma.l rmxmg eﬁcxency




Case 2 - Above nominal flow rate for LPCI/Containment Coole'ng Pump and CS for first 10
minutes and Nominal Pump I"Iow Rare after 10 minutes - Nominal Containment Initial

Conditions

.In Case 2 xt is assumed that the LPCL/Containment Cooling pumps are operating with an above
_nominal pump ﬂow of 5800-gpm per pump and the CS pump is operating at an above rated pump
“flow of 5800 gpm for the first-10 minutes . It is assumed that at 10 minutes the operator reduces
"the LPCl/Containment Coohng pump flows to the nominal flow of 5000 gpm per pump and the

o f '. _‘7' Cs pump flow to the nomma! pump flow of 4500 gpm.

Case 23 Above nommal pump ﬂow rate for LPCI/Containment Coolmg Pump and CS jor
o ﬁrst 10 minutes and Nominal Pump Flow Rare after 10 mmutes Containment Initial
x Condztwns 0. Mimnuze Containment Pressure

RN Same as Case except that conservative mput assumpuons are used to minimize suppressxon
o chamber ptessure ‘I'hxs case was analvzed wuh both 100% and 20% thermal m1xmg eﬁcxency '

‘f"’ Case 231 Above nomuzal pwnpﬂow mtefar LPCI/CO’”“‘"""”‘ Coolmg Pump and CSfor o .‘
s ‘ ﬁn‘t 10 ‘minutes and Nomuzal Pump Flow Rate after 10 minutes - Containment Initial .
N Condmons lo Mu'umze Cantemmenx Pressure, Drywell ami Torus shell lxeat sinks modeled '

;‘.f .ASame as- Case 2a except tbatthe drywell shell vent system, and torus shell are modeled as heat: | '
L smks Th.\s me was analy:aed thh both 100% and 20% thcrmal mixing eﬁicxencv .

K 'Case 3‘- Abaye Nom'iaal Pump Hoiv Raze -Nomiizhl Contax'{:ment Im’tial Conditions

s In Ca.se 3 it is assumed that the LPCI/Contammcnt Coolmg pumps &< op*ranng at the above

normnal pump ﬂow of 5800 gpm per pump and the CS pump is operanng ax the above nominal

2 ;pump ﬂow of 5800 gpm throughout the event.

',;Case 33 Above Nomuuzl Pump Flow Rate Comamment Inmal Condttwns to Mmumze L

'Contamment Pressure ;‘:3 T

.Same as’ -Case 3 except that conservanve mput a.ssumpnons are used to minimize suppresswnr
sure Tlns me was analyzed wnh both 100% and 20% thermal mixing eﬁcxeney



-

‘Case 3al - Abave Naininql Pump Flow Rate - Containment Initial Conditions to Minimize »
‘Containment Pressure, Drywell and Torus shell heat sinks modeled

| Same as Case 3a except that the drywell shell, vent system, and torus shell are modeled as heat -'
sinks. This case was analyzed with both 100% and 20% thermal mixing efficiency. :

‘Case 4 - Above nominal flow rate for LPCY/Containment Cooling Pump and CS
for Jirst 10 minutes and Nominal Pump Flow Rate after 10 minutes ~ Nominal
Contamment Initial Canddwm'

In C.uc 4 it is assumcd that the LPCI/Canmnem Cuoling pumps are operating
with an above nominal pump flow of 5800 gpm per pump and the CS pump'is
o opcr:mng at an above rated pump flow of 5800 gpm for the first 10 minutes . Itis
.. assumed thatat 10 minutes the operator reduces the LPC/Containment Cooling
. pump flows to the nominal flow of 009 gpm per pump and thc CS pump flow | to
 the nommal pump ﬂow of 4500 gpm '
‘ -«Cnse 4:1» - Above nominhl pump_'ﬂbw rate Jor LPCI/Containment Cbbling Pump
. _-and CS for first 10 minutes and Nominal Pwnp ﬂou; Rate after 10 minutes - ;
; £ Camammem Inmal Candmon: o Mmmmz Contammem Pressure
" ‘ - Same as Case 4 exccpx that conse'\anve mput assumpuons are used to minimize
ST "..‘:'-suppressnon chamber prcssun: o : : :

S . ‘Case 431 Abave namuml pump ﬂow rate f0r LPCVCamdmmgm Caalmg ,

S ‘_P ump and CS Jor first 10 minures and No. ominal Pump Flow Raze after 10

o minutes - Camammznt!mtz'al Cond:twm-to Mmmuze Comammm Pressure,
fL ',-.'_Do»wdz and Torus :1::11 I:ecl smlc modg[ed | -

: Sam" as Case 42 °X°=Pt ﬁm fhe dr}'wcll shell vent system, and torus shell are
I .modcicd as hcat smks. : o :

o Case 5. Abm-euamalﬂaw}uteformminmaobnofumpmdd
i jbrmemada'audNanulndPangzﬂawRdeaﬂalomuta Nmml




Case Sa - Above nominal pump flow rate for LPCl/Contairnment Cooling Pump '
and CS for first 10 minutes and Nominal Pump Flow Rate after 10 minutes - ;'
- Containsment Initial Condzlzafs o M‘mmuze Cautmmznt!’nn’urz

SamemCaseSe:weptthatco' Vempmasmwpﬁonammdmmmm

- suppression chamber pressure; -
.. Case 5al.- Above nominal p+-pﬂow rate for LPCI/Contairment Cooling 5
" Pump and CS for first 10 minutes and Nominal Pamp Flow Rate after 10 ;
manutes - Containsmeryd Initi ' Conditions to M’ummze CoumumentPra:mrc, ;
Dt:ywelland Tmsltdlhw inks modeled : ' Do

SameasCaseSaacceptthat cdryw:ﬂshell vmtsysm.andmmsshellare |
modeled as heat sinks. - ' .

| ":'-C‘;S&z&_l 4&12 ”: W'uhas:gnalﬁn' hmnmonan4I.PCUCmtammmCooﬁngpumpssmt
.- vessel injection mode and inje dhecdymthodtywcn(mﬂowtotbaml)naﬂow
_ mofSlSOmnnpcpmnpdnnngdneﬁxlomof&xsem ~ '

’ B O Aﬁa-mvmgaagnﬂﬁrCSnnﬁaﬁm.ﬁoZCSpmmmmgnm&e
" A vsselataﬂowmof5800bnpcrpmnpﬂrﬂnﬁmmmmofﬂnsevm '
" For Caso Gal itis asswmed that] nlmdnmlmmngcﬁamcyofthebmak '

: hqmdwnhthcdxyweﬂ
Fm&x&zuxamdﬁﬂtﬁﬂehﬁﬂ%wmgeﬁnmoﬁhehmkhqmd




Table 6. 2-3a
Key Parameters for Contalnment Analysls

e PN : : 4 - ) . .

o . casEnm CASEM . . CASE4e CASE Sa A-
: CASE1 CASEfa CASE2 CASE2a1 - CASES CASE3al ~CASE4 CASE4al CASES CASESal CASEGal CASE6e2
pecmmmooeu. ANSSI  ANSSY  ANSSY CANSS1 CANSSI ANSE1  ANSSH © ANSSA  ANSSH  ANSSH | ANSSA  ANSS!

Te8 6. e e s s o e 8s 8s e
' YES YES .YES  Yes© . YE8 ‘' 'YEs . 'YES YES ° YES  YES - YES

. YES ‘.. YES - ¥YES.. . ¥YE .  vEs ' .. YES - YEs YES YES YES YES

mtexcmmsnx B T T P ,
. VALUE BTWSECF) '"3074. "~ 3074. 3074 . ° 3074. ' 3254, 3254 - . 288 . 288 , 287 . 2017 NA - NA

sy 89577 i870°., 1595, 1870 1 4585 1570 1888 1570 .. 1570 ' 1570

D470 1ass 4485, 1470 1485 1470 1485 1470 1470 1470

Cis0 T s 1so 435 150 ;o138 450 . 138 10 . NA NA

w0 20 0. 20 . 10 20 - 10 20 - 100 NA - NA

- 100 10 100 . 100. 100 - 100 100 . . 100 . 100 NA NA

. MIXING EFFICIENCY ‘ , B = _
" . BETWEEN BREAK - - ) L . o . L ’

LIQUID AND : . . _ A T . ‘ i
Davwsunum(%) 100 100/20** ~ 100 100720 100 © 10020 '~ 100 - 100720 100 100/20* 100 60

* Case 281, 3a1, 421, 501 md&:mthuamouem!n 3a, 4: 50 aMGﬂmpedlwlympchdMM mmmmsheummodeleduhoddnh

* Case 18, 22, 2.1 3a,3a1, 4- 4.1 sundsnmmtumdm1mmungmmmmmﬁ-mwnmmmmmmmwmmm
mddrywellﬂuld . . .

Page 1
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“'I"able: 626 .

dae
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SRR SUMMARY OF DRESDEN UNIT 2 AND K
- POOL TDMPERA'I‘URD RDSPONSD TO SRV TRANSIEN'I‘S

; . Number of : Maximum Maximum " Maximum
SRVs | Cooldown * Local Pool
"Case . - Manually " . Rate . " Temperature
Number . ' : Opened | (°F/hr) (°F)
1A | SORV at power, one R lob'p_,; oo | e AT s 161
© 1B~ SORV at power, spunous 7 ‘0_"' - ‘ ‘ 129 167
7. 1| isolation, two RHR loops - NG
2A .. Rapld depressurlzatnon at- 4 258 - 113 156
R isolated hot shutdown one RHR -
loop : -
f-2'B SORV at isolated hot slmtdown / S| 51;7' 122 160
o two RHR loops / ' ‘ L
2C | Normal depressurizati f at o 2 258 N 153
S isolated hot. shu wn, two RHR '
loops' ‘ e
g 3A SBAs~Sccident mode, one RHR 5ADS 2100 180
‘ Jedp - . i :
. 3B SBA—failure of shutdown - 5. 100
“cooling mode, two RHR loops ' '

o~

(Sheet 1 of 1)
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: The core spray puinps have'a manual shutoﬂ' at vesgel i

t
_'Control rod drnve ﬂow 18 mamtamed con

SRV (manual automatlc, ADS) c§ acmes are at 122 5% of ASME rated ﬂo

| ‘No heat trans :

it . Notes .tb'f‘rablléfs.z.;-sg

@

Th"'eE vsuppr;e'ssmn' povl has no mltlal velocnty

ystem Ci, ADS).

water level (level 8 elevatlon) ’l‘hey are reactlvated when
the level drops as needed to mamtam water levgband may b hut off again.

nt at 11 11 lbm/s

) conservatively calculate maximum pool

- temperatures.
- 'The hcensed decay he curve"(May-Witt) for'containmeﬁt ehal'y's'is i$ used.- - N

is con31dered in the drywell or. wetwq.ll airspace.

“ The M s close 3 seconds after a '/z.-second del'ly for the |solatlon signal.

perator actions are based on normal operator actwn tlmes and licensing basns delays durmg the glven event.

o
g ’

. L o IR o - ' (Sheet 2 of




“‘Once it'is"turne" g, the pool coolmg functlou stays on and is not affected by the actuation e shutdown cooling
L 2A, and3A _.' TN k "

_3 Drywell fan coolers are mntlally \ 1lable in SORV events and lsolatlon eveiy«to keep the dryWell pressure below the
S lugh drywell pressure trlp. setpomt . psng) :

<'I‘he feedtvater' tempe'rature is taken he actual temperature in the eedwater system. However, for that portion of
. feedwater which is lower than 17 ', the temperature is coniServatively assymed to be 170°T".

" Phe service water temperatdre for the RHR heat exchangers is assumed constant™»{ 93°F, giving a heat transfer
. capacity of 127.4 Btw/g”T" per loop for shutdown coolmg functnon and 416.7 Btu/s-°l" loop for pool cooling function.

The 10-lnch R] -LPCI dl'scharge line is directed parallel to ﬂow in the discharge bay.

“regui(s ol' SBA cases more couservatwe because it mamtams a "hot spot” around the quenchers at all tim

shutdown coolmg system and the pool coolmg mode of the RHR LPCI system are two independent systefis. The
iqp of one system is not dependent on' turning! ioff the other system ’I‘he operator action time to fufn on the
olmg system is assumed to be 16. mmutes B o

3

system. There are t loops of pool coolmg and one loop can, be assumed failed, as demgr§trated in Event Cases 1A,

“ The ADS system i§ modeled by fully opemn veSR'Vs in the ADB Thode. The ADS system may be actuated -
manually at a hngh suppressnon pool temperatu of 120°F.. . ' : -

All RHR and ECCS pumps have 100% of thelr horse rating converted to a pump heat input (Btws) and added

dnrectly to the pool as an enthalpy rise over the tisfe of punrp operation. This assumption adds conservatism to the
pool temperature results o

s

The brpek flow mass and energy are added to flow through the quenchers for SBA cases. This approeh makes the
Y
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Notes to 'I‘ablejG'.'.‘ZTG '(Co_n‘tinue'dl L

Theag alyses are termmated when the pool temperature reaches a maxlmum and turns around, or whenthe steam
dlSchar I actwntles of the SRVs are over. . ‘ «
The operator w attempt to reclose an SORV Based on avanlable operatmg plant data prior § the implementation of
= the reqmrements ofNE Bulletin 80-25 (Reference 20), SORVs have been shown to reclose at"an average pressure of
260 psig. The. lowest r osure pressure recorded was 50 psng, and thls value is consepvatively assumed for this
analysns.v .';:"; o PR < Ll o

: )
1, . oL )
'.'l‘ ’

h The nsolatlon condenser can be acthated by a hlgh reactor pressure signal 1085 psia sustamed for 15 seconds.
“However; an additional 60-second deldxjor ils tube side outlet valve op€hing is assumed to line up the condenser for
“full-operation. A total of 90,000 gallons iSNyailable from the coridenGate storage tank to supply the shell side water
_inventory whenever needed. The isolation cohdgnser has a desighed cooling rate of 252.5 x 10° Btwhr.

1
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SERT C to Table 6.2-7

Notes

. (1) CCSW flow is 56Q0 gpm to maintain the required pressure differential
between CCSW and LPGL systems when LPCl is gpefating at rated flows during
the limiting DBA LOCA with 2~Rjesel Generatgefailure and a containment
cooling pump combination of 1 L C pumps. The pressure differential
across the LPCI! heat exchanger pre release of radioactivity in the event of
a tube leak in the LPCI heat ex nger dun a desngn basis accident. '

(2) CCSW inlet temperature is hmated to less than or alto75 degrees F
when the plant is eperating to compensate for the reduce w, heat exchanger
duty and resgatve low pressure ECCS net posntwe suctron head cems.

-

(3" ual heat exchanger performance is 98 6 E6 BTU/hr

/ er(eTQ

T p\se f”c;lcu@q B
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‘ : - Table 6.2-7 (continued)

CONTAINMENT COOLING EQUIPMENT SPECIFICATIONS

. Containment Spray Headere
Drywell Spray Headers_ . |
© Number T 2
‘Size . " 8in. schedule 160
. No. of nozzles (each) o - 160
'Tvpe nozzle - Fogjet.
| Suppressxon Chamber Spray Header — o ‘
o .-Number . . 1 _ 3
© Size o . 4in, schedule 40

o “ No. erlozzles ‘ L L 12

® ~ 0 e

. Notes:. S o ' RN
1 Contamment water desxg‘n temperature SO

) T'f. (Sheet 2 of 5 L
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‘ that could be accommodated without any clad temperature rise would be extended
- " from 0.2 to 0.7 square feet. The 0.7 square foot break is equivalent to a double-

ended rupture in an 8-inch line. For very large breaks the continued injection of
feedwater does not influence the peak clad temperature curve so markedly. These
breaks would cause the vessel to blowdown very rapidly with or without feedwater.
The resultant core thermal transient would be terminated by flooding the inner

" shroud and since any feedwater flow would enter the vessel ‘outside the shroud,

- feedwater cannot be considered as part of the flooding capacity. Hence, the end
points of curves C and D are at essentially the same peak clad temperature.

6.3.3.4.3 Net Positive Suction Head for ECCS Pumps | |
Ihnsert &4 - - o —

emonstrate that adequate net positive suction head (NPSH) will be available to
es, an analysis was performed based on

| the core spray and LPCI pumps at all
the following degraded conditions: .

A. An indefinite loss of gffsite power.

B. An indefinite loss/of one onsite diesel generator.

B C. The maximyrm service water temperature — normallyv the service water
is at least J0°F cooler-than maximum, which would reduce the peak pool °
e - . ' A S s

‘ " - _ tempe
- - D. Th Mmaximum pre-acr:ldent drvwell temperature (laO°F) and relatlve
A - idity (100%). . Normal operating conditions are about 135°F/35%

relative humidity which increases NPSH by about 4 feet due to increased

gas pressure resulting from the increased moles of noncondensible gases o

in the containment. Evenifa sma'.l] leak preceded the accident, thereby

" increasing the drywell temperature and relative humidity,:the moles. of -
noncondensxble gases contained in the primary containment would still

" be specified by the normaVeonditions since venting of these gases is not
a.llowed Therefore assumed initial condxtmns are very conservatwe

" E. A minimum pre-acmdent containment pressure (0 ps.lv) —_ norma.l
operating pressdre is currently 110to 1.25 psig, and there are no

— ot

‘the opérator will actuate the sprays only in the event of an abnormal -
. risg/An containment pressure.. . Therefore, actuation of the containment ,
' ys requires an operator error. Actuation of the containment sprays :

»will rapxd.ly reduce the contamment pressure o
/ 7 0/-1. 96075

ST ; G Contamment gas lea’kage at the rate of o‘/}per day. . : _
R —:..';;_4;:11:' : The results of t.he ana.lysxs/a‘!'e summanzed in Figdre 6 3-80 where the contamme&

3 3 W
N €4 “°',L’°"1 ;s prer rmech wS/ ?
. , ! ,‘
l

B

!

)
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/
"Additional analyses were performed to determine the ava.llable NPSH for LPCI
pumps assummv vanous malfunctions as deﬁned in GE SIL 151 The analvses

Three and four pump combmatmns injecting into one broken
he break in this case is assumed at the injection point in the
ation loop, and no credit is ,taken for recirculation piping

//

| / Case 3 — Three and four pum'p combmatxons mJectmg into t.he intact
loop thh the dxscharge va]ve open

L "ta.kerm t'be 14.7 psia. - oA

- D."Reactor pressure was taken as 56 p&'io ’

/

Ahe contamment ::oohncr heat ,excha.nver bypass va.lve was, assumed
" open., i .

F. ‘_'LPCI desw'n ﬂow pomt ‘5350 gal/xmn v:as used

: ; !
/ !
ed asa pomt on the flow charactenstxc curve at |

- ..'"'Runout was mterp '
- ‘which cavitation
“.the available !
T (DFL %6 06%) . ;
H. Thefsuctio a.lve isolates even if the. dxscharge valve does not a.nd t.hus

: w11.l prev t bacLﬂow through the. pump ' _ ,

‘ available NPSH. In fact, all conﬁgm-anons for whxch.é small deficit in reqmred ‘
" NPSH- involve postulated failures or breaks which prevent the refléoding of .

. .not be sufficient to prevent/ _
a However the pump vendor has nducted cavitation tests at ppints between 400
A I cant eﬁ'ect on the pump mt

-C. -.Atmosph ic pressure about the suppressxan pool and in the drvwell “asi

- o —— 4 & ev.

JERTRTY

1]

because the net posmve suction reqmred exceeds

by the LPCI system. The most extr e case is'a 3-foot deﬁmency in cme ‘

als after an hour éf . .'
/ B
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Insert G on page 6.3-77

The evaluation of post LOCA NPSH for Core Spray and LPCI pumps was
divided into two pOl‘thIlS

.. Short Term (less than 600 seconds-no operator action crednted-vessel
. injection piiase)

e Long Term (greater than 600 seconds-operator action credlted-

. containment cooling phase) '

It should be noted that the 600 second mark for operator action was .
established per UFSAR Sections 6.2.1.3.2.3 as the time in which credit for

o manual initiation of containment cooling can be taken.

633431 CS/LPCIPUMP Post:LOCA Short Term Evaluation '

A calculation was perfonried to evaluate LPCI and Core Spray NPSH
- requirements in the short-term post-DBA LOCA. Short-term is
~ :considered the time period from initiation of the Design Basis LOCA untll

- 10 mmutes post-aocrdent when operator action is credrted

e ';The most hrmtmg fallures relatmg to Peak Clad temperature (PCT) were B

nsrdered

o '..l) SF-LPCI fmlure of a LPCI Injectlon Valve :

_ ‘This case results in two (2) Core Spray pMps mjectmg at
" ‘'maximum flow with four (4) LPCI pumps runmng on minimum
ﬂow only . :

- - "2) SF-DG Loss of a Dxesel Generator

 This case results in two (2) LPCI: pumps and one (l) Core Spray
pump injecting at maxxmum ﬂow : S ,

B "The most lmutmg faﬂure with- regards to LPCI/CS pump NPSI-I, however,

- is failure of the LPCI Loop Select Logic (SF-LSL). This scenario involves
the LPCI pumps injecting into a broken reactor recirculation loop and is

discussed in detail in GE SIL 151.  From a PCT perspective, this caseis ' . .
" .identical to the SF-LPCI case since the net result of each scenarioistwo . -
e iCore’ Spray pumps injecting into the core with no.contribution from the

~ LPCI'pumps. SF-LSL is the NPSH limiting scenario due to the LPCICS

o ',:-pumps operatmg at the highest achlevable flow rates, resultinginthe =~ -
*-maximum pump.suction losses and NPSH requirements. Additionally, the

LPCT water escapmg to the contamment results in reduced contamment
and suppression pool pressures, which limit the available NPSH, See -
‘Section:6.2.1:3.2:2.._ Both the SP-LSL and SF-DG single failure cases |




were evaluated in the calculation. The SF-LPCI case is bounded by the
SF-LSL case.

The calculation uses the following inputs:

1. -Maximum LPCI and Core Spray pump flow conditions (un-throttled
system, reactor pressure at 0 psrd) maximizing suction friction losses
and NPSH required.

: "a.'Maximum LPCI and Core Spray pump flows-Case SF-LSL

~ CS  1-Pump Maximum Injection Flow: 5800 gpm
~ LPCI '3-Pump Maximum Injection Flow: 16,750 gpm -
. o : .. [5610/11,140]
- LPCI- 4-Pump.Maximum Injection Flow: 20 600 gpm

'b Ma)nmum LPCI and Core Spray pump ﬂows-Case SF-DG
S | CS l Pump Maxlmum Injectxon Flow: 5800 gpm
.- -LPCI 2-Pump Maximum Injection Flow: . 11,600 gpm -

- ' 2 Increased clean, commercial steel suction piping friction losses by715% -
+to account for potentlal agmg effects thus mammmng suction losses '

3 To account for strainer pluggmg, the most limiting of the four torus .
stramers is assumed 100% blocked, whnle the remammg three stramers -

are assumed clean :

‘4 Contamment condmons used in the analysns are glven in UFSAR
' Sectron 6.2.1.3.2.3 whxch minimize NPSH avanlable

SR ‘-'i'-.-." '

Imtxal suppressron pool temperature is 95°F whxch is the maximum
- allowable pool temperature under normal operating conditions. This
~ -value is used as the initial pool temperature to maximize pool peak
. temperature, -and is used as a minimum temperature during the LOCA

to maxmuze plpmg fnctlon losses (maxlmum v1scos1ty)

S 6 lThe minimum suppressron pool level elevatlon using a maximum °
o~ ¥ -drawdown of 2.1 ft. is 491°5”, (491.4 ft). LPCI and Core Spray
: :-’pump centerhne elevatlon is 478.1 ft '

7. - The suppressnon pool stramers have a 100% clean head loss of 5. 8 ft.



. 8. NPSHR values at various LPCI/CS pump flows are taken from the
' vendor pump curves.

‘The minimum suppression pool pressure required to meet LPCI/CS pump
NPSH requirements was determined for both the SF-LSL and SF-DG
single failure cases. The minimum pool pressure required was compared
to the minimum pool pressure available post-LOCA for two cases:

o Case 6a2 w1th 60% thermal mixing used for SF-LSL contamment
~ conditions.
e Case 2al with 100% thermal mixing used for the SF-DG containment -
condmons ‘ .

;'If the préssure avmlable is greater than the pressure required, then adequate
. . NPSH exists. If the available pressure is less than the pressure required,
~ thenthe potentlal exists for the pumps t0 cavxtate resultmg in reduced
o ﬂows A

. ,'.Fo_r the SF-LSL- case, no cavitation is expected to occur for the first 290
. seconds post-LOCA. During this time, the LPCI and CS pumps will
Lo o0 w7 deliver maximum flow of 5800 gpm per pump: Since PCT occurs at about
4 - .- °.170 seconds, the CS pumps will deliver adequate flow to ensure no impact .
‘ .0 .. .0 onPCT. After 290 seconds, the LPCI and CS pumps may cavitate,
R resulting i in reduced flows. - The CS pump NPSH deficit reaches a
..~ maximum of 10.0 feet at 533 seconds. Under these conditions for NPSH,
- . Core Spray pump flow will reduce from 11,600 gpm (5800 gpm per pump)
- -~ at 290 seconds to about 10,200 gpm (5100 gpm per pump).  This
.. " represents the minimum expected flow from the Core Spray pump for the
.. ~290 to 600 second interval. Figure 6.3-83a glves pool pressure, -
temperature, and LPCI & CS pump required pressure for several pump
o combmatlons over the short-term penod for the SF-LSL case.

. ;As stated above a potentlal exists for the LPCI and CS pumps to cavxtate :
after the first 290 seconds post-LOCA. However, as part of the original

design of the plant, the pump vendor performed a cavitation.test ona LPCI -. .~

5.5 pump (a Quad Cities (RHR) pump was actually used). The Cavitation
. %4 Test Report for Bingham 12x14x14x1/2 CVDS pump demonstrated no .
" -. - evidence of any damage to the pump components from cavrtatnon wnth up
"7 toone hour of operatlon at the cavrtatmg condmon '

Thls analysrs was revnewed wrth respect to the Core Spray pump and the
‘results determined to be appheable ‘The rationale for this determination is
the followmg'f"»--' e S S




e Core Spray and LPCI are the same make and model pump (only
impeller diameter is different.

e LPCI and Core Spray utilize the same impeller pattern and therefore
- the same overall characteristics.

e Al LPCI and Core Spray pumps have tested NPSHR curves that are
essentrally identical (w1th1n 1%)

For the SF-DG case, adequate suppression pool pressure is available to \
satisfy LPCI/CS pump NPSH requirements for the entire 10 minute period.

- That s, no LPCI/CS pump cavitation will occur, nor will any reduction
. take place from 5800 gpm for Core Spray and 11,600 gpm for LPCI (5800 :
gpm per pump). Figure 6.3-83b gives pool pressure, temperature, and’
LPCI & CS pump required pressure for several pump combmatlons over
. the short-term penod for the SF-DG case. :

'LPCI/CS pump ﬂow requlrements are as follows

For the SF-LSL and SF LPCI cases, a two pump Core Spray ﬂow
. 'of 211,300 gpm up to the 200 second mark results ina PCT of
o _2030°F ) : o

. 'For the SF-DG case, a two-pump LPCI flow of at least 9000 gpm

. -and a single Core Spray pump flow of at least 5650 gpm are
' requtred for PCT consrderattons

e -'Only a. constant nomrnal total pump ﬂow of 9000 gpm is requlred
- to ach1eve 2/3 core reﬂood in less. than 5 mmutes

: :,4 'Therefore under the most'llrmtmg angle fatlures the ECCS‘wrll still
. 'perform 1ts ﬁmctlon in the short term wnh no credit for operator actlon

- 6.3.3.4.3.2 CS/LPCI PUMP Post-LOCA Long Term Evaluatlon

_:frr{e‘ eizaluatlon exarmned the Net PoS1t1ve Suctron Head (NPSH) available

*__ to the Dresden'LPCI and Core Spray (CS) pumps after the first 600

1 ‘fpseconds followmg a DBA LOCA for severa.l pump combmatlons o

L If the suppress1on pool pressure avallable is greater than the pressure
- - required for adequate NPSH to the LPCI and CS pumps, then these pumps
"~ have. adequate NPSH for operation. If the suppression pool pressure

“availabe is less than-the pressure required by the pumps, ‘then there isin-- «

’ adequate NPSH for operation and potential. pump cavitation. In these

"~ situations;

3

LPCI pump flows were reduced below nommal values and new .



’ ' cases were run to establish the ability of the operator to throttle the pumps
~ to an acceptable condition. :

A spectrum of pump combinations was explored to determine the bounding
NPSH case for the LPCI and Core Spray pumps. It will be shown that the
4 LPCI/2 CS pump case is bounding for NPSH.

“The calculation uses the following inputsf

1. Various LPCI and Core Spray pump flow condrtlons are evaluated (See
table 6.3-18).

2. Increased clean, commercial steel suction piping friction losses by 15%
" to account for potential aging effects, thus maximizing suction losses.

3. 'Itis assumed that at 10 minutes into the accident, operator action will
" be taken to ensure that the LPCI/CS pumps have been throttled to their
. rated flows (5000 and 4500 gpm respectively). Therefore, the pumps
~.are at their rated flows at the time of peak suppressmn pool
N temperature (~20 000 seconds) e -

i T ' o ‘4, To account for strainer pluggmg, the most limiting of the four torus
o .  strainers is assumed 100% blocked while the rema1mng three strainers -
.are assumed clean : :

5. .'-‘,"Initial suppression pool temperature is 95°F. This is the maximum
~ allowable suppressron pool temperature under normal operating
. condmons S
- 6. The contarnment pressure and pressure responses provrded in case .
R 2a(1) with-20% mixing as:shown in UFSAR Section 6.2.1.3.2.3 are
o .used These responses result in the boundmg NPSH case.

" 7" The minimum torus level elevation with a maximum drawdown of 211
~15491.4 ft. At the time of peak suppression pool temperature, a
*rec'overy'of 1 'l ft occurs, resulting‘ in a net 'drawdown of 1 ft.

L 8 E.The torus stramers have a head loss of 5. 8 ﬁ @ 10,000 gpm clean.

9 '.-jLPCI and Core Spray pump centerlme elevatron is478.1 .

The calculatlon deterrmned the minimum suppressron pool presstre
reqmred to meet pump 'NPSH requlrements for several ECCS pump
combmatxons "The calculatron shows that adequate NPSH exists to meet
Core Spray pump requirements post-LOCA for all ECCS pump




combinations. However, potential exists for the LPCI pumps to cavitate

at rated flows in the 4 LPC1/2 CS and 3 LPCI/2 CS pump scenarios. For
these cases, throttling of the LPCI pumps to below rated flows may be
required to ensure NPSH requirements are met. A munimum of 5000 gpm
total LPCI flow is required for containment cooling. Table 6.3-18

provides NPSH margin for throttled LPCI cases. Figure 6.3-84 gives the
pool pressure and LPCI pump pressure requirements for several pump
combinations over the long-term period. -

‘Operators have been trained to recogr1ize cavitation conditions and to

protect their equipment by throttling flow if evidence of cavitation should
occur due to inadequate NPSH. The control room has indication of both
discharge pressure and flow on each division of Core Spray.and LPCL The
Emergency Operating Procedures (EOP’s) also provided guidance to
maintain adequate NPSH for the Core Spray and LPCI pumps. The NPSH
curves provided in the EOP’s utilize torus bulk temperature and torus

" bottom pressure to allow the operator to determine maximum pump or

system flow with adequate NPSH. These curves are utrhzed as long as the

core is adequately flooded.

633433 NPSH Margin

- Figure 6.3-80 gives a graphical representation of the minimum require,d‘ '
" containment pressure to meet NPSH requirements for both LPCI and Core .

Spray pumps. The chart covers both the short- term (2600 seconds) and
long-term (> 600 seconds) periods. C _

- The conta.inment pressure response shown on'the chart, and covered in

"UFSAR Section 6.2.1.3.2.3,is for the followmo pump combmatrons over

the short and long-term penods

< 600 sec 4 LPCIpumps/ 2 CS pumps Case 6a1-60% thermal mixing

> 600 sec 1 LPCI pump/1 CS pump ~ Case 2a1-20% thermal mixing -

The LPCI and Core Spray required containment pressure on the chart is for

 the following pump combmatrons and ﬂows over the short and long-term

periods:
"< 600 seconds 4 LPCI pumps @ 5150 gpm each/ 2CS pumps @
. .- _ 7 5800gpmeach . .
“ > 600 seconds . 4 LPCI pumps @ 2500 gpm each/ 2 CS pumps @
- o . 4500 gpm each ‘ ,

‘ At runout ﬂows the Core Spray pumps have the potentral to cavitate for a
: -'short penod of trme (290 sec -600 sec) dunng the < 600 second penod



This 1s acceptable per the discussion in UFSAR Section 6.3.3.4.3.1.
Figure 6.3-80 also shows graphically the ability to throttle the Core Spray
and LPCI pumps to an acceptable long term operating condition as
discussed in UFSAR Section 6.3.3.4.3.2.
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phase) S |
- Long Terry (greater than 600 seconds -operator aciion credited - containment cooli
- phase) ‘ L ' ‘

‘ - It should be noted Yat the 600 second mark for operator action w: o
\ ‘UFSAR Sections 6. 3.3 as the time in whih credit for manual initiation of containment
R coolmg can be taken ' ‘ : '

/LPCI PUMP Post-L ) CA Short Term Eval ﬁ'on

' 'I'hls culatron examines the\Net Positive Suction He d (NPSH) avaxlable to the Dresden
“LPCI apd Core. Spray (CS) pymps in ‘the first 600 seconds following.a' DBA-LOCA.
o Specxﬁ Nly, the GE SIL 151 case was evaluated, whxch postulates a failure of t e LPCI .
.. - Loop Selext logic. Such a failure ¥esults in 4 LPCI and 2\CS pumps operating,
*. "LPCI pumps\injecting into a broken Xeactor recirculation looR (minimizing flow to r
. for Peak Clad\Temperature considera ons) “Due to the high ows anticipated, the
. .Spray pumps ‘may cavitate; resultmg I reduced system flow\ This reduced flow
- calculated and colypared to the minimum Ylow required of the' CS gystem. This calculation\
. ~will be performed ing a reduced initial torys temperaiure of 75°F aqd a torus pressure of .

e rmmmurn suppressx pool pressure Tequireg to satxsfy LPCI and S pump NPSH
irements - was. determined ‘under short-term\post-LOCA conditions, If the pool
y re required is greater\than the pressure available, then the potential ¥xists for the .
. _pump), to ‘cavitate, resulting ¥y reduced flows. A minmum Core Spray system flow of -

1 10,552 276 per pump) is reqhjred for the first 200 sekonds post-accident to spsure the-

; . .“pump developed 4

‘below 2200°F winl a nommal Core Spray ow of 4500 gpm is eptable o

(NPSHR) curves fo the LPCI/CS pumps : provided on the original
xves. These NPSHR cut\es Tepresent the point & which a 3% reduction Iy -
‘has occurred Cavniation tests were perforried on this pump model
ious flow rates. The test data indicates that the pump remains stable

the NPSHR va.lue ich is  expected, before the pump - head
ates at whxch the pumpy were tested itis

~ vendor pump

‘by:the vendor at.
\, for :several .feet beloy
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I\was determined that ‘when al| six ECCS pumps are running, the potenUaJ exxsts for the

and will result in a neghglble reduttion in flow due to cavitation\(< 100 gpm per pump).
- The redixced flow at which the Core Spray pumps will operate in the\first 200 seconds was
estimated Q be greater than 5300 gp er pump, which is adequate\to ensure the PCT

at least 5300 ppm per pump, which is er than the nominal 4500 \gpm per pump
© required. Therefd e, it-is concluded that adeuate NPSH exists to ensure'the LPCI/CS
. pumps can’ perform heir safety function usmg a‘xeduced initial torus temperatyre of 75°F
- and a torus pressure o2 psig. ' ‘ -

- /LPCI Pixm Post-LOCA Long Term Evaluatio_n |

The migimum suppressron pool pr sure required to ensure LPCRand CS pump protection
‘was detexnined under long-term postSLOCA conditions at the bourding NPSH condition.
~ Since the syppression pool pressure refrains constant after 600 secends (14.7 psia), the
bounding NPSH condition occurs at the time of peak suppression pool temperature. If the
pressure requireq is less than 14.7 psia, then Ye pump NPSH requirements have been met.

 Ifthe required pressure is greater than 14.7 psia, then the potential exists fox the pumps to

~ cavitate. In these sitwations, LPCI pump ﬂows ll be reduced to below-nokinal values
- and new cases were run to establish the ability of the operator to throttle the pusps to an
o acceptable condmon Thl acceptable condxtxon was defined bythe followmg cnte Do

1) Adeuate NPSH to\the pumps - minimum pr e avarlable is greater
than rmmmum pressu requrred for the LPCI and S pumps ‘

N\ 2) Adeuate containment codling - the minimurn containthent cooiing flow
T\ analyzed is 5000 gpm. (LPCI)h ough a smgleLPCI heat'w changer. '

If an »accept le cbnditior_x eaﬁxiot belvach:e by throttlmg, then cases volvmg reduced

:CHA-IJ&E::;/DITIA-TF'D uupgg Dp,_ ctélq_( |
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\ Insert G to page 6.3-77 (S of 6)

post-accrdent

il In the 3 LPCI/2 Core Sp
- -10.be throttled to below 5001

" Athe 2-pump loop This wrll ‘

ing of the LPCI pump to 5000 gpm It determined that a reduction
: suppressron ;pool temperature to 168JF would result in positive
. This is. achreved by mamtammg CCSW maximum inlet

Therefore at aireduced suppressr sn pool peak temperature ‘of 160°F, it is ¢
N ‘under all post-LOCA pump_combih ion__s,":positivel'N‘P»SH’ margin .can be oRtai
throttlmg the. avaxlable LPCI pumps NG e T ' '
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’ : Atachment for UFSAR section 6.3.53.4.3 Page 6.3-77 [FL 96 - 068 D"/W

The original TS Bases 3. 7A states that a rull loop of suppression pool cooling (2 LPCI2 .
CCSW) will provide sufficient cooling that reliance on overpressure is not required to
-~ agsure adequate NPSH for the ECCS pumps. This case is less restrictive than the above
- analysis in that offsite power would need to be available to support the equipment lineup.
- The above analysis demonstrates that in the most limiting scenario, NPSH requirements
‘can be met without crediting overpressure. but with little or no margin. S
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During a LOCA, the operator’s concern will be restoration of the vessel water level.
The LPCI flow will be among the parameters closely monitored in the minutes
immediately after the LOCA. The operator has several motor-operated valves
available to him in the main control room to adjust flowrates or even isolate flow
paths. It is, therefore, concluded that operator observation and response to ﬂo“
“conditions will be completed shortly after the LOCA.

.Because of the fallmg head characteristics of these pumps, the brake horsepower
requirements are nearly constant from 4000 to 6000 gal/min. It is thus concluded
that no overload.will occur for either the LPCI pumps or for the emergency diesel
generators powering them in the event of a loss of oﬁ'sxte power

. It is, therefore, com:luded that for the condmons evaluated no threat to the
long-term coolmg capability exists. .

' '-Hence adequate NPSH is ensured at all times to allow contmuous operatxon of the

'LPCI and core spray pumps.@—g,

'1%33</3 . HPc [ NPSH

. e HPCI subsystem takes suction from the condensate storage tank Wthh
--remains cold throughout the plant cooldown so that the NPSH available is

unaffected by torus heatup. If suction were taken from the torus, the maximum

" torus water temperature would be less than 140°F and the minimum NPSH

L ‘_avaxlable would be 30 feet compared to the 21 feet reqmred by the HPCI pump

- 634 Tests and Iusnectiohs
 6.34.1 ‘Core Sp rav Sul>svste_m .

- ‘Provisions have ‘been designed into- the core spray subsystem to test the: ,
_performance of its vanous components The;e prOVlSlOllS and tests are summanzed .
- as follows SV T T o

L A.a_‘:Instrumentatxon

) o Operatmnal test of entire subsvstem
. Penod1c subsystem tests usmg test lines.

. B, Valves S
ST e Preoperatmnal test of entu'e subswstem
-+ ¥ .e "Periodic subsystem tests using test lines. -
" e " ‘Test leak-off lines between isolation valves.
.= “Test drainline on pump side of outboard isolation valves
e Motor-operated valves can be exercised independently.

Preoperatmnal test of entire subsvstem A
‘Periodic subsystem tests using test lmes ETUR
‘Momtormg pump “seal leakage g




LPCI SYS’I‘I"M PDRPORMANC Wl'l‘ll 1 IIREE PUMPS lN OPDRA’]‘ION
I‘OR CASLS OU'] LlNI~ D IN GENBRAL ELDC'I‘RIC SIL 151

Pump I‘lows TR NPSHR ~ NPSHA at 130°F . j.\‘\

credit taken for recnrculatlon p||)mg resnstance.

h ~Three pumps injecting into one intact loop with the dlscharge value open. ,

(gngm) ; (feet’of waler) (fect of water)

A and/or B dnnd/or D . A nnd/or B CandrD A _and/dr B C and/or D
5,920 _;.95"’.‘ EEERE IR I 41

16205 A3 e a0 AL

. 5,920° a7 aee L, 34 41

11,620, /¢ 39 ar Al 34

" 5,300 30 .39 . 36 41

132 30 41 36




5 »:;z-n‘mr;’sb‘mw‘ﬁ—*'U'F,‘SfAﬁ' N

o 'l‘ahle G ’! 18

L nan'rm_c SIL 161 \\ |
T e N i ) .\\\.\'
" NPSHR .. _ NPSHA&t130°F . . \_
(feet of water) /___(feet of water) : -\

.j"*' . '—),:' ‘ . : ~ ‘ - A .. < . ' ) ) . \\‘ ‘
" 11,000 . 339
10,770 330 . 343 B \

p - %1 /
/

1 Design now, pump fair: 10 700 gal/mln

2 Runout flow, pumg pair: 12 000 gal/mm _

3. " NPSH calculated Yor greater pump flow in each case. .
4. TFriction drop for NPSH calculation at flows other than degi
6.
6

7

" Torus water temperature from GE process diagram 73 .o
Pressure above torus 14.7 psia (reférence Regulatory Guide 1.1). o

_ Stramer nearest pump is plugged (reference GE T30E776). ‘ /

T
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‘ Table63 18 a

EFFECT OF THROTTLING ON LONG TERM LPCI NPSH MARGIN

NPSH margms for all attamable pump combmatnons at ﬂow rates 5000 gpm LPCI and 4500 gpm CS:

i ; LPCI/CS Pumps E M1mmum LBCI Margm R) Minimum CS Margin (ﬁ)
: a2 48 1.0 |
B 7] 5 R W A 4.2
202 T 0T 6.8
Sl 112 38 .7 8.5
© - . NPSH margins with, thrdt’tied’ LPCI flows: ..
. LPCI/CS Pumps
(LPCI flow rates per pump)
All CS flow rates @ 4500 gpm per _ B _
| pump. , Minimum LPCI Margm (ﬁ) Minimum CS Margin (ft)
4/2 (2500) 10.6 : - 6.6
3/2 (2500/5000)* - 2.0 . 6.6
2/2 (2500) . 12. 4 8.6
1/2 (5000) 3 8 g 8.5

' "‘Two pumps @ 2500 one pump @ 5000

coN
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"+, .:i Minimum Requited Containment Piessure

for NPSH Consideratiofis Only

"' (After 10 minutes: CS @ nominal flow, LPCI throttled to 5000 gpm/Hx)

Pool Pressure Available
—&—Pool Pressure Requiréd - Core Spray

—a—Pool Pressure Required - LPC!

10 100 - 1000 10000 _ 100000
Poakj’(ﬂ:.T ﬂ,me (se€). ‘
(<200 sec) 10 minutes
Reflood
(<300 sec)
s . - DRESDEN STATION
. UNITS2 &3

~ MINIMUM CONTAINMENTVPRESSURB AVAILABLE AND
- CONTAINMENT PRESSURE REQUIRED FOR PUMP NPSH

FIGURE 6.3-80
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" ""’'Long Term Post-LOCA LPCi Pump Pressiite Requirements - Throttied Flows

[

.

—&—4LPCl-2C8
—e—3LPCI-2CS
—a=2 LPCI-2CS

‘ ;hoicuro Avnﬂablg

—e—:1LPCl:2CS

S 10000 . o 100000
~ Time (sec) P S : , :
~ ' DRESDEN STATION
| o UNITS 2 & 3 :
. LONG TERM POST-LOCA LPCI PUMP PRESSURE REQUIREMENTS
.. FIGURE 6.3-84
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‘ : : .d.xagrams of the CCSW systems for Umts 2 and 3 are shown in Figures 9.2-1 .
: (Drawing M-29, Sheet 2) and 9.2-2 (Drawing M-360, Sheet 2), respectively.

The CCSW system provides cooling water for the containment cooling heat
exchangers during both accident and nonaccident conditions, as described in
Section 6.2.2. System piping is arranged to form two separate, two pump, flow
networks (loops). Each pair of CCSW pumps takes a suction from the crib house
via separate supply piping. Two CCSW pumps discharge into a common header

. which routes the cooh'ng water to that loop’s associated heat exchanger. At the

. heat exchanger, heat is transferred from the low pressure coolant injection (LPCI)

-subsystem to the CCSW system, and subsequently to the river. :

. During nonnal plant operation, the CCSW system is not operating. Followmg an
. accident or other plant evolution which requires containment heat removal, the
CCSW system is manually started. Each CCSW pump is rated at 500 hp with a
.... . service factor of 1.15. The CCSW pumps are powered by normal ac or diesel
n generator ac power, Additional CC gormatxon 1s prov1ded in Table 9 2-1.

- A

head o mamta.m the cooling water heat
pressure 20 psi greater than the LPCI subsystem

. : % “MEEL&D
‘maintained b a differential pressure control valve press

differential prevents reactor water leakage into the service water and thereby into
" the river.f A minimum o 5000 gpm 15 Necessary To Mmaiataiq
LT containmeat’ ceo \lnga :
‘ " The four CCSW pumps are located in the turbine bmldmg Two of the four cCsw
.~ pumps (pumps B and C) are located in a single, common watertight vault for flood .
"7 protection. To preventthe CCSW pump motors from overheating, the vault has
" two vault coolers. The cooling water for each cooler is provided from its respective
L e .~ CCSW pump discharge line through a four-way valve. This valve also permits flow
~_ o o7 reversal of the cooling water through these coolers to help clean the tubes. Refer to
T - .- ~,Sectlon 3.4 fora d15cussxon of the flood protectmn features at Dresden. :

S A contmuous ﬁll of the CCSW system is. provxded by- the service water system or,in
.-"the case of a loss of power to the service water pumps, the diesel generator cooling
‘" ‘water system may be aligned to provide the continuous fill. ‘This eliminates the

, '--.:potentxal “for water hammer upon CCSW system startup. The diesel generator

e icoohng water system is dlscussed in Sectwn 9.5. 5 :

. .The Umt 2 CCSW loops also prov1de a safety-related source of service water to the |
-control room air conditioning condensers. Refer to Sections 6.4 and 9.4.1 for a
i Adescnptlon of the control room ventxlaf.mn system '

R I i e ‘_ /.in t_th CCS\.U oullet pi 'o,ng "From )
9213 _,Safetw_( 'Evaluation' DR _

he L.PCA. heeT e.&cl'.a.njer

- Containment cooling is not immediately required followmg a design basis loss-of-
. coolant accident (LOCA). "The required timing of the initiation of containment
cooling functions by CCSW is described in Section'6.2.2. One of the two heat

-exchangers, two CCSW. pumps, and one LPCI pump all in the same loop are the

"minimum’ reqmrements for contamment coolmg o
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‘ ‘ - - LPCIHEAT EXCHANGER PERFORMANCE ANALYSIS
LPCI/C CSW Heat Exchanger Performance Analysis

As dlscussed in Section 5:2.7 of this report, the proposed performance of the LPCI Heat
Exchangers are based on the followmg parameters:

LPCI minimum ﬂow, 5000 gpm (See Sec,tion<4.2.5)
‘CCSW minimum flow, 5000 gpm (See Section 4.2.3)
Maximum CCSW inlet temperature, 95 °F ‘
Maximum tube side fouling reistance, 0.002 °F-ﬁ2hr/Btu s
. ‘Maximum shell side fouling reistance, 0. 0005 °F-ft’hr/Btu
S . oo <o “Number of tubes per heat exchanger, 2512 (6% of tubes are plugged)
e Ta e -‘Heat transfer- area per heat exchanger 9880 ft ‘

The above condmons result ina heat transfer capablhty of 71 x 10 Btu/hr when the LPCI
mlet (suppressron pool) temperature is 165 °F. L o

‘ i. The heat exchanger heat transfer capablllty has been ca.lculated by GE dunng the des1gn
S '_Lbasm reconstltutlon usmg a LPCI ﬂow of 10 700 GPM and a CCSW flow of 7000 GPM '

: ~vf~'CaleuIatlon of UA. PR ;

: ‘ ":":AThe overall heat transfer coeffrcrent,U 1sg1ven by "'. ',._ R - G . _. .
| ' fﬂl—l/(Rw+Rfs+th+Rfouls+Rfoult) S _(5)‘ A
Where " ) :Rw tube (CCSW) metal wall resrstance s

"+ Rf;s=shell side fluid resistance

* = Rf;t = tube side fluid resistance

LT j-.Rfoul s = shell side foulmg resnstance

-~ - Rfoul,t = tube side fouling resistance =

sl Reference x values - L
--0.00025 °F-ff-hr/Btu '.‘ T

DT

. Values of the above thermal resrstance s from Reference (25) are also shown above

N The reference ﬂow condmons used in the present analysns are
) 10700 gpm LPCI ﬂow for shell srde (2 LPCI/Cont Coohng pumps)

: = 165 °F LPCI inlet temperature for shell side -
- 7000 gpm CCSW flow for tube.side.(2: CCSW pumps) .
.95 °F LPCI inlet. temperature for tube side _ ;_f’_‘,-‘-_ R - :

PR RN i &,}~-;.4,. P

Appropnate adJustments to the resrstance values can be made to account for the unpact of dlfferences in .
flow. condmons for the proposed hcense amendment. e . ; :




ATTACHMENT F
LPCI HEAT EXCHANGER PERFORMANCE ANALYSIS
The value of Rf;s is a recip_rocal of the convective heat transfer coeft'lcient. Namely,
- A.‘Rf,s = 1/hftr,s | |
. - 4 Where:' ‘hfr,s = convective heat transfet coefﬁcient on sheil:side
The value of hfr snls calculated from the followmg relatlonshtp N

Nud 0. 33Red° 6Pr° 3’-(hfr s‘d)/kf

Where. Nud Nusselt number S
- L. kf=fluid thermal conducnvnty
"S- .-.d=tube diameter - A
v T Pr= Prandthumber (pC,,/kf) ce S
;% - Re=Reynolds Number = (med/u) B
~.p = fluid density. -~ - .

- =fluid viscosity - 7t
»'_-."C"-spectﬁc heat

-

For ttus analysxs lt is assumed that the eﬂ'ect of ﬂllld temperature change is neghgible and the major effect
sis'the effect of fluid velocity change Therefore the major impact of a reduction in pump flow rate is the
.-impact due to a.reduced fluid velocity. - “This means that lf pump ﬂow is changed then flow veloclty is’

changed and the Reyno]ds number (Re) is changed : R

© ©
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LPCI HEAT EXCHANGER PERFORMANCE ANALYSIS

Rf,t (new tube-side flow) = Rft (reference flow) * (new tube-side ﬂow/reference flow)m @)

.Using the above relatlonshxps and the. followmg assumptlons the U for the proposed hcense amendment
can be calculated '

,The unpact of dlfferences in the flow conditions on Rw. Rfoul s and Rfoul,t is negligible with the range of -
- flow conditions consxdered in the present analysis. - -~ o .

S TR Rweo0002s
S e S Rfoul's—QOOOS'
‘ T e Rfoult—00023

3

R o k ’l'he ﬂurd (convectlve heat transfer) resnstances (Rf s and th) are. affected by the flow rate only within the
IR range of flow conditions considered in the analysis, neglecting temperature effects. .Using the procedure,

T calculatmg the values of Rf s.and th for dlfferent flow condmons described above, the followmg is

- calculated : :

Rfs =0. 000988
th 0001014

The heat exchanger thermal performance K, is used m the contamment analysns performed w1th GE’
-SHEX code.” The defmmon of K.i 1s grven below R

T,,, 1nlet temperature on hot fluid snde (suppressxon pool water)
= mlet temperature on cold ﬂuld srde (servrce water) '

maxinmm poSSlble heat transfer" is'the heat transfer rate when the fluid of louver flow e
rate’in 'the heat exchanger reaches the inlet 1 temperature of the other ﬂund Namely, tlus




AI_TA.CHMEN.'LE
- LPCI HEAT EXCHANGER PERFORMANCE ANALYSIS

€= Q/(W CP(Tln‘ c:)) )
Where. '

Cp speclﬁc heat of water -
* Wi = lower value between shell-side and tube-side ﬂow rates

- "“From Equatiqns (1) and (2) above, K can be.calculated by the following equation:

K=e W, c,, o NO)
| Acccrdlng to Reference (4), the value of € for shell-tube heat exchangers'rs calculated by
.-e'=._~2‘{l+C+(lsz)"2,°(‘l'+exP[-’N(1_+Cz)m»])/(1-eXP[-N(1.+C -myvevoe

=W W
L N= UA/Wm
Colamd TS
W, "'—“hi-;gher v—alue“betweEn shell-side and tube-side flow rates
_ Wi = lower value between shell-side and tube-stde ﬂow rates.
U eﬁ'ectrve overall heat transfer coefﬁcrent S
A'- tube surface area - : :

T "I'hus the K-value can. be calculated for grven shell-srde and tube-srde ﬂow usmg Equatrons (3) and (4),
g once the value of UA is determmed :

. For the evaluanon of the Dresden Heat exchanger K-value the value of UA is first determrned as |

" previously ¢ discussed. Then, the K-value is calculated usmg Equatlons (3) and (4), usmg the followmg
:proposed ba51s e

-—5000gpm 25x10 e
‘-~sooogpm 25x10° Ib/hr -

. K387 ”Bm'/s:é ,ng' :

:Table -2 below suramarizes the resas of the benchmark cases s described above. Table F-3 below
summanzes the results of the calculatlons to determme the K values for a long-term containment coohng

-Tube Side Flow Rate

_ Heat Transfer Rate (165 .
(2 CCSW pumps) B

°F shell side

Sheli side flow rate o
2 LPCl/Contamment'-'«

* side temperature -

" BTU/SEC-°F — MBTU/HR.

: = .| temperature, 95 °F tube .|

e



'LPCI HEAT EXCHANGER PERFORMANCE ANALYSIS

5000 -

10700 7000 390.7 98.5
~ 3913 (Ref. (20)) 98.6 (Ref. (20))
2495 62.87

3500 -

62.89 (Ref. (20))

249.6 (Ref. (20))

Shell side flow rate Tube Side Flow Rate K Value | Heat Transfer Rate (165
| (1 LPCU/Containment - | " (2 CCSW pumps) T °F shell side
L . . CoolingPump) " | . . . . - _ temperature, 95 °F tube
S - : o ST side temperature -
.:GPM - 7 'BTU/SEC - °F - MBTU/HR.-

281.7

71.0

5000
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