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This set of analyses addresses the minimum levels in the D.C. Cook recirculation sump
following a postulated Loss-Of-Coolant Accident (LOCA). In these analyses a spectrum of break

sizes has been considered from 1/2 inch in diameter to the equivalent of a double-ended cold leg

break. In addition, analyses have been performed for postulated main steam line breaks into the
containment lower compartment. Moreover, analyses have been performed for postulated breaks. - |
associated with mode 3 operations with the initial Reactor Coolant System (RCS) temperature at ?
or below 350°F. As part of these analyses, the MAAP4 models for ice melting and ice condenser
containment response were benchmarked with available experiments for ice melting anci global

containment response for ice condenser containment geometries.

v
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m ‘ “ | " INPUT DATA AND ASSUMPTIONS ‘ ||

listed below.

) . v
The input data and assumptions used in this report are derived from several references as

LOTIC-3 and NOTRUMP resuits_- Westinghouse Electric Corpdfation letter NSD-
SAE-ESI-97-555 from Donald E. Peck to Bob Henry dated October 1, 1997.

AEP document on recirculation sump inventory analysis - analysis' input
assumptions, transmitted to FAI by a letter from John Olvera to R.E. Henry,
October 2, 1997. This “includes items that are closed, which are treated as input
and items that are classified as “opened” which are treated as assumptions unless

they have been resolved by documents listed below.

Information related to stated values in the Donald C. Cook UFSAR which include:
- performance of the ice condenser drain lines, |

: spfay droplet size for the containment sprays,

- water holdup in the refueling canal during spray operation is conservatively

assumed to be UFSAR value.

Evaluations of operator responses during the post-LOCA cooldown and RCS

depressurization are taken from the Donald C. Cook procedure number 02-OHP

" 4023.ES1.2, Rev. 5.

A series of Des‘ign Information Transmittals (DITS) which are included and

" discussed in this report as Appendix A. °
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@ 6. Initial containment pressureis the highest atlowed (0.3 psig) per Cook Technical
Specifications Section 3/4.6-7 as this minimizes the time to spray initiation which

reduces the melted ice mass.
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This report evaluates the containment sump level history for pqstulafed LOCA conditions,

. including the injection phase, the transfer from injection to recirculation and recirculation phase.

As such, this integral analysis using the MAAP4 code 4.0.4.1 (FAI, 1999) addresses whether the
containment sump level is above the licensing base limit for vortexing established at the 602°10”
elevation (approximately 4 ft above the lower compartment floor) by D.C. Cook specific
containment sump tests under maximum Emergency "Core Cooling System (ECCS) and
containment safeguard flow rates (Padmanabhan, 1978). (The last digit in the code designation
indicates an enhancement to the official mtematlonally distributed version of 4.0.4 to enable
separate temperatures to be supplied on the cooling side of the containment spray heat exchangers
and the RHR heat exchangers.) These scaled containment sump expenments are the licensing
basis for protecting against vortexing/air ingression into the D.C. Cook recirculation piping. The
necessary water level derived from these expe}iments, along with additional information derived
from the experiments for less than full ECCS and containment safeguards flow rates, is used to
evaluate the protection against air ingfession for accident conditions. Since most of the accidents
have relatively, small breaks in the RCS, the demands on the containment su'mp are less than those
for the design basis Double Endefi Cold Leg (DECL) br'eak. .'

The MAAP4 code was used since 1t provides an integral evaluation of the RCS and

containment response. Both are necessary for this assessment since the water inventory in the

sump is influenced by:
J the RWST injection and containment spray, \
. the melted ice mass, .
. the holdup in the RCS,
. the extent of accumulator injection, and
. the water flow between containment compartments.

FAIN99-77; Rev. 0
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The integral nature of the MAAP4 model for D.C. Cook, the nodalization of the various
compartments of the ice condenser containment, the behavior of the ice condenser inlet doors, and
the capability to. consider that the break discharge flow may be simultaneously directed to two
compartments are importa;lt'code features. Moreover, the MAAP4 models describing ice melting
and jce condenser containment response have been benchmarked with the large scale ice melting §

and containment response experiments performed to investigate the containment response..

. These analyses were performed using the following f':omputer system, operating system,

and compiler, -

Computer: DEC ALPHA
Operating System: Open VMS V6.2
FORTRAN Compiler: DEC FORTRAN V6.3-711

The version of the parameter file used for these analyses is:
$6$DKAQ:[DCCOOK.AEP005.INPUT]JCOOK_MAAP4_REV4.PAR

The input and output files for these analyses are documented in FAI QA Report FAI/99-84 entitled
“Input and Output Files for D.C. Cook Minimum Sump Level Analyses Reported in FAI/99-77,”
(FAI, 1999), The input and output files can be found in the record

$6SDKAQ:[DCCOOK.JUL9S. 1CEQ.SUBMIT.SAVE].

A complete spectrum of RCS break sizes are evaluated for Mode 1 conditions beginning
with the DECL and including all break sizes which are sufficient to initiate containment sprays.
Also included are the opérator actions associated with establishing recirculation and RCS
cooldown. Furthermore, as a conservatism these analyses use the plant conditions that have been
judged to be the most limiting in terms of the mass of ice mélted since this water inventory is

added to the containment sump and is an important element of the evaluation. These analyses also

~ FAIN99-77; Rev. 0







1-3
include new plant modifications to the crane wall to permit open communication of water between
the pipe annulus and the active sumb as well as the earlier actuation of air recirculation fans.
These analyses also considered different system configurations, such as one train of |
ECCS/safeguards operating, two trains of ECCS/safeguards operating and two trains performing
with an individual single failure. Through thes€ integral analyses, the most limiting cases for the ‘

containment sump water level recirculation can be determined.

In addition to the Mode 1 LOCA evaluations, the containment response to breaks in the
RCS pressure boundary conditions were also assess_ed for Mode 3 conditions, i.e., conditions
inclusive of hot shutdown to a RCS temperature of 350°F. (During the cooldown, the RCS
pressure is maintained at, or above 1000 psia.) These analyses considered the low end of Mode

" 3 at the time the break occurs since this is conservative with respect to ice melt and sump water

level. With these conditions, the reactor coolant saturation pressure is 135 psia, and as a
consequence, the steam flow to the containment is substantially reduced. As a result, these
sequences are extended in time which has a substantial influence on the performance of the ice

condenser containment.

Lastly, analyses were also performed for two main steam line bredk sizes with the reactor
at 100% full power. These breaks discharge steam into the lower compartment and also are
sufficient to pressurize the containment to the setpoints for the air recirculation fans (CEQ fans)
and the containment sprays. Therefore, these sequences are also included in the evaluation matrix.

To document these analyses, this report is organized as follows.

K Section 2 - discusses a descrfption of the MAAP4 model for D.C. Cook.

. Section 3 - provides the dynamic benchmarking information for the MAAP4

models with available design basis models and ice condenser experiments. These

*include:

FAIN\99-77; Rev. 1
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- a cqmparisoﬁ of the ice melting rates for the MAAP4 best estimate model
and thé LOTIC-3.Design Basis Analysis (DBA) approach,

- a comparison of the MAAP4 mass and energy releases to the containment
and those calculated for a small break LOCA using the licensing basis
NOTRUMP code, |

- comparison with the Waltz Mill and PNL ice condenser experiments as well '

as the CSTE tests for mixing in ice condenser containments.

. Section 4 - documents those conditions which are the most limiting for containment

sump evaluations.

. Section 5 - discusses the analytical results for the containment sump level with |

respect to the 602’10” licensing base limit for vortexing for the Mode 1 LOCAs.
. Section 6 - discusses the results for the Mode 3 LOCAs.
. Section 7 - discusses the results of the main steam line break analyses.

. Section 8 - provides the conclusions from these evaluations.

Section 9 - lists the references for the text.

The list of appendices include:

. Appendix A - information documented in Design Information Transmittals.
. Appendix B - a discussion of the flow split for cold leg breaks near the reactor
vessel.
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Apbendix C - a discussion of:.ho’isv MAAP répx:esents opéning of the ice condenser

doors. . .

.

Appendix D - a description of the MAAP4 model for the ice condenser exit

temperature.
Appendix E - a summary of the MAAP4 benchmark with the Waltz Mill tests.

Appendix F - a description of the MAAP4 benchmark with the PNL ice condenser
tests.

Appendix G - a discussion of the MAAP4 benchmark with the CSTF experiments.

Appendix H - a discussion of the spray droplet fall velocity used for water holdup

calculations.

Appendix I - an assessment of water film dfainage on vertical walls which is also

used for estimating water holdup.
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The MAAP4 integral characterization of D.C. Cook (FAI, 1997) includes models for the

RCS, containment, ECCS, emergency safeguafd systemé, etc.. This fast running, best-estimate

model can explore the influence of variations in the accident, the initial conditions, tech spec
allowable variations in key plant parameters, operator actions, etc. This section summarizes the
MAAP4 model for D.C. Cook and also discusses some of the important modeling features that

are important for assessing the minimum sump inventory.

2.2 MAAP4 Modeling of the D.C. Cook Plant

This MAAP4 model of D.C. Cook uses a 14 node containment model and 44 flow
junctions coupling the various nodes. Both forced and natural convection flows are represented
. with the hydrogen skimmer flows being considered as part of the forced flow system. Figures 2-1
and 2-2 illustrate the containment and the 14 node scheme with Tables 2-1, 2-.2 and 2-3 listing the
containment nodes, the 44 flow junctions and the flow rates used for the hydrégen skimmer and
CEQ flows to the various compartments. Typically each node is represented by a free volume
versus height table, Since the reactor cavity is a major part of the containment sump analyses,
this has a detailed volume versus height table as illustra;ed in Figure 2-3. It should also be noted-
in Table 2-2 that, in addition to the normal ﬂqw paths, two flow paths (junctions 43 and 44) are
included to represent the flow area between the lower compartment and the reactor cavity due to
“holes in the biological shield wall to accommodate Nuclear Instrumentation System (NIS) reach
rods. An additional node (number 15) was used to represent the containment spray header which
distributed water to the upper and lower compartment sprays simultaneopixsly. Note that this is
only used for spray headers in the different compartments. The 14 nodes listed in Table 2-1

FAIN99-77; Rev. 0 .
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Table 2-1
Node Region
1 ECavity
2 Lower Compartment
3 Pipe Annulus Region
4 Ice Condenser
5 Ice Conden'ser Upper Plenum
6 'Cylindrical Section of Upper Compartment
7 Lower Dome of Upper Compartment
8 Upper Dome of Upper Compartment
.9 Pressurizer Enclosure
10 Steam Generator 1/4 Enclosure
) 11 Steam Generator 2/3 Enclosure
12 - |EastFanRoom
13 West Fan Room
14 Instrument Room

FAI\99-77; Rev. 0




2-3

690'-0° | .

11
652'7%" | 652

7%

A A

A A\

Yo A

3 §12'-0°

B>
b
% o 8
$- -
()]

NN

40

A ,
- A

: A A

yYyyvy

7

‘@, A
Ol oee A
| 1 s1200 |48\

598'.9%°

AV N VAVAN

]
Py B

621'-0°
1
566'-11%"
1 - Cavity 8 - Upper Dome Region
2 - Lower Compartment 9 - PZR Enclosure
3 - Pipe Annular Region 10 - SG 1 & 4 Enclosure
4 - Ice Condenser 11 - SG 2 & 3 Enclosure

5 - lce Upper Plenum

12 - East Fan Room

6 - Upper Compartment Cylinder 13 - West Fan Room
7 - Lower Dome Region 14 - Instrument Room

A- Junctions

O - Indicates Connected Flow Paths

RR99A005.COR 8-3-99

Figure 2-2

FAL/99-77; Rev.

(14 nodes/44 junctions).

0 ‘ - '

D.C. Cook containment nodalization revision 4 MAAP4 parameter file






2-4

Table 2-1
D.C. Cook 14-Node Contzi t Nodalizati
Node Region

1 Cavity .

2 Lower Compartment

3 Pipe Annulus Region

4 Ice Condenser

5 Ice Condenser Upper Plenum
6 Cylindrical Section of Upper Compartme:nt
7 Lower Dome of Uppér Compartment
8 Upper Dome of Upper Compartment
9 Pressurizer Enclosure

10 Steam Generator 1/4 Enclosure

11 Steam Generator 2/3 Enclosure

12 East Fan Room

13 - West Fan Room

14 Instrument Room
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) Table 2-2

’
! . .
-

Junction | Type ' bescription

1 AQ" | [Cavity ~ Lower Compt. (Bypass Tunnel)

2 AO . Cavity -~ Lower Compt. (Annular Gap)

3 AO Lower Compt. -~ Upper Cylindrical Sec. (Refueling Cavity Drains)
4 UD™ "I Lower Compt. - Ice Condenser (Door Model)

5 AO ) LLower Compt. - Pipe Annulus (over Weir Wall)

6 UD Ice Condenser ~ Ice Upper-Plenum

7 AO Lower Compt. ~ Upper Cylindrical Section (Bypass)

8 Fan Upper Cylindrical Section - West Fan Room (Cont. Air Recirc.)
9 OOAO™ | Ice Upper Plenum -~ Upper Compt. Lower Dome

10 AO Normal Cont. Leakage (Pipe Annuls - Env.)

11 00AO Cont. Failure (Pipe Annulus - Env.)

12 AO Lower Compt. ~ PZR Enclosure

13 AO Lower Compt. - SG 1/4 Enclosure

14 AO Upper Compt. Lower Dome - Upper Dome

15 AO Upper Cyl"irider Section - Upper Compt. Lower Dome
16 Fan PZR Enclosure - East Fan Room (H, Skimmer)

17 Fan SG 1&4 Enclosure ~ East Fan Room (H, Skimmer) .
18 Fan Upper Dome -~ East Fan Room (H, Skimmer)

19 UD Ice Condenser -~ Lower Compt. (Floppers)

20 AO Ice Condenser ~ Lower Compt. (Drain Line)

21 AO Lower Compt. ~ SG 2/3 Enclosure

22 Fan SG 2/3 Enclosure ~ East Fan Room (H, Skimmer)

23 Fan Instrumeht Room - East Fan Room (H, Skimmer)

24 Fan West fm Room - East Fan Room (H, Skimmer)
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Junction | Type Description
25 Fan Upper Cylinder Section - East Fan Room (Containment Air Recirc.)
26 Fan PZR - West Fan Room (H, Skimmer)
27 Fan SG 1/4 Enclosure - West Fan Room (H, Skimmer)
28 Fan SG 2/3 Enclosure -~ West Fan Room (H, Skimmer)
29 Fan Instrument Room ~ West Fan Room (H, Skimmer)
30 Fan Upper Dorite - West Fan Room (H, Skimmer)
31 Fan East Fan Room ~ West Fan Room (H, Skimmer)
32 AO East Fan Room - Pipe Annulus (Floor Holes)
33 AO West Fan Room -~ Pipe Annulus (Floor Holes)
34 AO Instrument Room - Pipe Annulus (Floor Holes) y
35 AO East Fan Room ~ Lower Compt. (Fan Windows)
36 AO West Fan Room ~ Lower Compt. (Fan Windows)
37 AO East Fan Room - Instrument Room (Wall Openings)
38 AO West Fan Room -~ Instrument Room (Wall Openings)
39 AO Instrument Room - Lower Compt.
40 AO Ice Upper Plenum —~ Upper Cylindrical Section (Bypass Area)
41 AO Ice Condenser ~ Ice Upper Plenum (Bypass Area)
42 AO Lower Compt. ~ Pipe Annulus (Holes in Weir Wall)
43 AO Lower Compt. -~ Rx Cavity (NIS Holes)
44 AO Lower Compt. -~ Rx Cavity (NIS Holes)
Notes:
‘AO Always Open - means junction is always open and flow may occur in either
direction as well as counter-current natural circulation flow when applicable.
*“UD Uni-Directional - means that the junction performs like a check valve and
only permits flow in one direction, as well as counter-current flow if the
junction is open due to uni-directional flow.
**00A0 Once Opened Always Open - means that once a sufficient pressure
differential is developed to open the junction, it remains open thereafter
regardless of the pressure differential.
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Table 2-3

train operation assumed. For East train, the skimmer is

from West to East). |

FAI\99-77; Rev. 0

Main fan flow (suction from the upper volume). 39,000 cfm
Upper containment dome skimmer. 1,000 cfm
Steam generator 2&3 enclosure skimmer. 500 cfm
Steam generator 1&4 enclosure skimmer. 500 cfm
Pressurizer enclosure skimmer. 500 cfm
Instrument room skimmer. . 100 cfm
Skimmer from East fan room to West fan room. (West 100 cfm
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Volume of Node 1 (Cross Hatched Portion)

= 15,748 ft.3 up to the 610’ Elevation

Fraction of the
lower compartment spray
flows into the reactor cavity

Spill Over
Elevation

-
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Figure 2-3
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MAAP4 representation of the D.C. Cook reactor cavity (Node 1).







2-9

describe the physical én-angement of the containment. The spray flow calculations also consider
that a small fraction of sﬂpray droplets in~the active sumi) region will fall through the grated
opening to the instrument tunnel and thereby inﬂﬁences the water mass held up in the reactor
cavity. This fractional quantity is determined by ratioing the area of this opening to the cross-

sectional area of the lower compartment.

The MAAP4 model of the D.C. Cook reactor coolant system is illustrated in Figure 2-4
and is a typical model for a Westinghouse 4-loop design, For the 2 loops considered, 1 loop
represents a single steam generator while the other represents the composite behavior of 3 steam
generators. The MAAP4 parameter file for the reactor coolant system has been upgraded at
several stages beginning with the IPE process in 1992." Table 2-4 summarizes the pedigree of the
parameter file and the reports/QA records which document this information. This parameter file
was used, along with any specific changes identified through Design Information Transmittals
(DITs) (see Appendix A) to evaluate the reactor coolant response for the spectrum of accident

scenarios included in this analysis.

An important feature of the MAAP4 primary system model that is influential for these
assessments is the mpresentatfon of mass and energy releases leaving the reactor coolant system.
For these analyses, the MAAP4 code sums the contribution of water and steam flows and assumes
a thermodynamic equilibrium characterization for this mixture to determine the steam released to
the containment atmosphere. As such, this maximizes the water enthalpy and minimizes the steam
flow rate that would be available to melt ice. For an assessment of the minimum recirculation
sump water level, an evaluation that minimizes the steam released to the containment atmosphere
produces a conservative assessment of the ice melting phenomenon. Consequently, the MAAP4
representation of mass and energy release to the containment is appropriately biased for these
specific analyses. For analyses that are directed towards containment integrity,. a different
characterization of the steam released to the atmosphere is desired, i.e., an evaluation which
minimizes the water enthalpy and maximizes the steam mass flow rate. AIt is.impor'tant to
understand these differences related to different design basis evaluations since this directly

influences the water contribution to the sump inventory due to ice melting.
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Table 2-4

Pedi ¢ the D.C. Cook MAAP4.P ter Fil

Parameter File Update

Year

Supporting Activities

Nl Generic Ice Condenser Parameter
File for MAAP3

1986

Generic ice condenser review associated with
IDCOR issue resolution.

D.C. Cook MAAP3B Parameter
File

1992

IPE evaluations supported by a containment
walkdown and documented MAAP3B (Rev.
17) parameter file, FAI/92-42, FAI QA
Record 5.38-6.

D. C. Cook MAAP4 Parameter
File

1994

Updated hydrogen assessment for 75% clad
oxidation evaluation, FAI/94-113, FAI QA

Record 5.38-2.

Updated Containment Parameter
File for MAAP 4.0.3

1997

Containment walkdown and resolution of input
for containment parameters with AEP
personnel, FAI/97-104 as well as FAI QA
Records 5.16-52 and 5.16-66.

Updated MAAP4 Parameter File
for Version 4.0:3 (several minor
revisions)

1998

Review of drawings and walkdown
information.

Update of the D.C. Cook
Parameter File for MAAP 4.0.4

1999

Resolution of qualified input information from
the AEP documents and visual checks by a

containment walkdown, AEP DIT-B-00011-00 ||
(June 28, 1999) and FAI QA File 5.38-7.
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2.2.1 Important Features in MAAP4.0.4
2.2.1.1 Jce Condenser Door Models
Lower Inlet Door Models

The ice condenser inlet doors control the flow junction that enables steam to enter the ice
condenser, be condensed and add the condensate and the. melied ice inventories to the lower
compartment. These doors and their characterization aré a major element of the containment
response. Consequently, the force to open each door is checked and recorded at each outage.
Experiments to measure the forces necessary to opén the containment ‘doors and their opening
interval was the subject of substantial efforts at the time that the plant was constructed and licensed
" (Newby, 1973). MAAP4 models the door response (degree of opening) as a function of the
imposed flow rate. Appendix C is taken directly from the MAAP 4.0.4 User’s Manual.

Intermediate and Top Deck Doors

These do;)rs are essentially held in place by their own weight with a bypass (~ 20 ft?)
around these doors that enables a small through-flow without forcing the doors to open. For the
analyses performed in this set of calculations the intermediate doors are assumed to lift a sufficient
amount to vent the through-flow with the initial opening being governed by the weight of the
doors and their'projected area. The top deck doors are assumed to fully open and remain fully
open once the weight of the doors is exceeded by the force on their projected area. Since these
doors and the bypass control the flow for a thermally stable environment (high temperature gas
over low temperature gas) it is expected that these doors have a very small influence on the overall

response of the ice condenser system and on these sump evaluations.
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2.2.1.2 Ice Condenser Exit Temperature

The energy balance determining the extent of energy transfer in the ice condenser is based
ona knowledge of the gas exit temperature. Previous versions of MAAP used a fixed, user
specified value which was derived from the large scale Waltz Mill tests. This is sufficient for
large break evaluations directed at containment integrity evaluations. However, the PNL ~
experiments (Ligotke et al., 1991) showed a significant dependence of the exit temperature on the
incoming steam mass fraction. Small break analyses have a large variation in’ the inlet steam

fraction, especially when the lower compartment sprays are operating.

To address this, a mechanistic model was devéloped for calculating the ice condenser exit
temperature. This model correctly describes the variations in the exit temperature as the inlet

conditions change. Appendix D is the MAAP 4.0.4 User’s Manual description.

2.2.1.3 Effect of Steam Condensation on Water Pool Surface and due to Drainage From -
Ice Condenser

The following two models have been included in the latest code (MAAP4 PWR Revision
4.0.4) to represent the potentially influential processes of condensation on the ice melt drainage
and the agitated water pool in the sump region. Both of these tend to reduce the ice melt by

increasing steam condensation in the lower compartment.
S Cond . Water Pool Surf

When a water pool is stable, a hotter, lighter thermal layer develops at the water pool
upper surface to prevent any significant condensation, . However, when a water pool is
continuously disturbed or agitated by inflows, it is possible to have steam condensation at the pool
surface when the water temperature is lower than the saturation temperature based on the steam
partial pressure. For example, the containment spray and the water drainage from the ice

condenser drain pipes continuously disturb the lower compartment water pool in the D.C. Cook
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. ' ‘
plant. For the integral evaluations in this report, steam condensation is allowed on the water pools

in the cavity, the lower compartment, and the an;lular compartment. If steam condensation can
occur, the convective heat transfer coefficient is calculated based on the heat sink (water pool)
facing downward (inheréntly unstable) instead of facing up. This approach increases the heat
transfer coefficient, thereby mimickiﬁg the heat transfer enhancement factors due to agitated gas
space. The mass transfer coefficient and subsequent steam conderisation rate are evaluated using
the Reynold’s analogy between heat and mass transfer. Increasing heat transfer coefficient on the
pool surface will increase steam condensation in the lower compartment and decrease potential ice

-

melt in the ice condenser.

The drainage from the ice condenser into lower compartment is calculated in a mechanistic
manner. The drainage would be discharged from the flapper covered drains and fall through the
gas space in the lower compartment. During this fall, the water would breakup into capillary' size
droplets and energy transfer between the gas and the water would occur. To represent this in
MAAP, the initial capillary droplet size and the drainage flow rate are input to subroutine SPRAY

to calculate the energy transfer between the gas and the drainage water, including steam

condensation on the droplets.

To investigate the most demanding set of conditions for the recirculation sump water level
inventory, the possible variations in the break location must be considered includi};g the lower
compartment and the reactor cavity. Possible locations of breaks in the cavity included the bottom
of the RPV (instrument penetration), the vessel nozzles (cold leg and CRDM) and the reactor head
vent (Westinghouse 1999b). Westinghouse evaluations of these possible locations (Kury, 1998)

conclude that break sizes up to 0.6-inch diameter need to be considered in the bottom of the
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vessel, sizes up to 1 ft? are to be evaluated for the RPV nozzles and break diameters of 2.75-inch
for the Control Rod Drive Mechanisms (CRDM) and 0.6-inch for the head vent in the RPV uppér
head.

Another attractive feature of the MAAP4 integral analysis is that the discharge flow rate

"from a postulated RCS break can be dlrected simultaneously to two different containment '
compartments. This is important when consxdenng potential breaks in the cold leg at the reactor
vessel nozzles where a fraction of the discharge flow could be.directed into the reactor cavity and
the remainder into the lower compartment as a result of the tight configuration in the holes
through the biological shield. The fraction of the ﬂow diverted is evaluated principally through
. jet impingement considerations and is discussed i in Appendlx B. Functionally this is accomplished
using the generalized opening in the MAAP4 RCS representation and using discharge coefficients
to determine the extent of flow directed to each compartment. For example, a typical discharge
coefficient of 0.7 for that flow rate &irected to the reactor cavity and a value of 0.3 for the flow
rate directed to a lower compartment means that 70% of the discharge is directed to the reactor
cavity and 30% to the lower compartment. This capability is used in characterizing those

postulated breaks in the cold leg at the reactor vessel nozzle level in the near vicinity to the RPV.
Break Size

The variations in the postulated size of the RCS LOCA range from those which are
considered to be small-small LOCAs (1/2 to 1 inch in effective diameter) to those which include
large break conditions (6 -inch equivalent diameter and DECL LOCAs). As expected, the large
break LOCAs eventually transition to a condition in which the water injected to the RCS is
discharged from the break with the RCS never being completely refilled. In these cases there is
an additional water inventory from the RCS, in addition to that from the RWS:I‘, which
accumulates on the containment floor. Moreover, when there is little potential for contairzlment
pressurization as a result of the partial pressure of the relatively cold water being discharged from
the break once the RCS is cooled down, there is no significant continuous steam source to force

continued containment spray operation. Therefore, the large break conditions typically have a
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spray demand early in the acmdent sequence : and then are secured for the remainder of the accident
with respect to the contamment pressunzauon glven the assumptxons controlling the mass and
energy releases for minimum sump inventory evaluations. As a result, for long term spray
. operation and sump water level assessments, the small LOCAs typically result in a reduced sump
‘water level compared to the large LOCAs. On the other hand, the sgnall-small LOCAs can be so

small that tliey cause ice melting and initiation of the CEQ fans but do not cause the containment ~

sprays to be initiated. In this sense the very small LOCAs will have more water in containment
when any long term recirculation will be demanded. Therefore a break size spectrum is

considered from the large DECL to a size which is insufficient to initiate sprays.

C . S IB . ]- E SI . -

The setpoints for actuation of the recirculation fans (CEQ) and the containment sprays
(CTS) for D.C. Cook are 1.1 psig and 2.9 psig respectively with the measurement location i)eing
in the lower compartment (MPR, 1999a). This is the basis for numerous containment analyses
and provides the necessary characterization for the plant reéponse given the spectrum of break
sizes considered. Uncertainties in this setpoint must also be considered since this may also have
some influence on the demands for containment sprays. An uncertainty of £ 0.6 psig is
considered for this instrument with the lower pressure being conservative with respect to the mass
of ice melted. A lower setpoint leads to earlier spray initiation which results in a decrease in the
mass of ice melted. Hence, the respective setpoints considered, including instrument uncertainty,

are 0.5 psig and 2.3 psig.

C . |S B S .

Securing of containment sprays would be through the Emergency Operating Procedures
(EOPs) by instructing the operators to take this action when the containment pressure has been
decreased to an indicated value of 1.5 psig. An uncertainty evaluation shows that the combined

uncertainties for the instrument and for the operators reading the instrument indicates this is +
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0.73 psi. Hence, the actxon to secure the sprays can be as low as 0.77 psig. This action is

combined with the mformahon regarding minimum spray duratlon
Recirculation F

To address the fundamental question for the;e analyses, the decision for the recirculating °
fan performance was based on that which would give the minimum ice melt’and therefore the
minimum inventory in the active sump. The flow rate génerated by the recirculating fans pushes
the atmosphere from the lower compartment through the_icé condenser. An increase in the fan
flow rate would increase the energy transferred to the ice and therefore increase the water
inventory due to ice melting. Consequently, the nominal case investigated was for one train of
recirculating fans with the variation considered as two trains operating once the recirculation fan

setpoint is reached.

External Bypass of the Ice Condenser Compartment

There are bypass flows around the ice condenser itself (~ 5 ft?). The results of this flow
bypass are considered according to the values given in the D.C. Cook FSAR.

2.2.3 MAAPA4 Representation of Pump and Air Recireulatior Fan Curves

An integral model needs to represent the feedbacks associated with RCS pressure changes,
as well as the pressure changes in containment, since this can influence the air circulation through
the containment. The respective curves for the high head injection and charging pumps were
developed from the vendor shﬁtoff head (see DIT information in Appendix A) and the behavior
ux;der full recirculation, assuming that each system experiences a functional behavior that the flow
rate varies as the square root of the available pressure difference. Figures 2-5 and 2-6 illustrate
‘the functions used for the high head and charging pumps, respectively.

A similz;r approach was used for the air recirculation fans. Specifically, a stagnation

pressure was used with a run out flow to determine a quadratic function. This is shown in Figure
2-7, along with vendor data, for the vanes opened 45° and fully opened. As shown, this
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@ ~ functional description is conservative since an increased air flow through the ice condenser causes

g

an increase in the ice melt.
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It is essential that this approach be compared with the design basis assessment to assure that °
the calculations for the containment behavior are consistent and that the differences between the
calculated results are also consist;.nt with the differences in philosophies of best-estimate and
design basis assessments. Therefore, before entering into a series of MAAP4 integral system
calculations to'investigate the influence of variations in the break area and key plant parameters,
the best-estimate model for the integral system behavior is compared with several design basis
Reactor Coolant System (RCS) and containment assessments. Through such a comparison, one
can assure that there is consistency in the modeling of the containment response for the two

different modeling approaches.

DBA containment evaluatio-ns for the D.C. Cook Units 1 and 2 have been performed using
the LOTIC-3 (Westinghouse, 1997) codé to describe the containment response, including the
performance of the ice condenser compartment. Typiéally such analyses are performed by
developing the mass and energy releases from the RCS to the containment using the Westinghouse
design basis small LOCA code, NOTRUMP (Westinghouse, 1997). These mass and energy
releases are then input to the LOTIC-3 computer code, which represents the containment as
different nodes and also has the plant specific dimensions for D.C. Cook containment, to assess
the transient pressure and temperature distributions throughout the containment, the ice melting

rate, the depth of water accumulation in the lower compartment, etc.

Comparisons of the LOTIC-3 and MAAP4 ice melting rates calculations have been
perfc'umed using mass and energy releases input from both a six-inch LOCA and a two-inch cold
leg break as calcuiated by NOTRUMP. This provides a comparison between the MAAP4 and the
LOTIC-3 calculations for a range of effective break diameters. Moreover,ﬁ it provides an

opportunity to establish the uncertainty bands that should be considered in the MAAP4
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@ calculations to examine the possible influences of the minimum ice melting rate on the accident

sequences in question.

MAAP4 also has a dynamic benchmarking capability (Henry, 1996) which enables major
experimental observations to be captured (documented) in the code software and these benchmarks
are updated with each new code version. Three types of benchmarks are considered. The first -
are nuclear power plant experiences and exercise the complete capabilities of the code (RCS and
containment), such as the Davis-Besse loss of feedwater event. The second are large integral
experiments which exercise a major part of the code computa.tional capabilities but not the entire
code (one such example is the full scale HDR containment experiments). The third category

_includes separate effects tests which exercise only ‘2 limited part of the codes computational
capabilities. These benchmarks are used to test and verify numerous parts of the MAAP4 code
and are discussed in Volume III of the MAAP4 User’s Manual “Benchmarking” (EPRI, 1999).

Three benchmarking activities have been performed to test the modeling capabilities for
G representing ice melting and the flow patterns developed in ice condenser containment

configurations. These include:

¢ the large scale ice condenser tests performed by Westinghouse at their Waltz Mill
facility (Salvatori, 1974),

. the full length ice condenser basket experiment at Pacific Northwest Laboratories
(Ligotke et al., 1991), and

. the ice condenser containment flow distribution tests at the Containment Systems
Test Facility (CSTF) (Bloom et al., 1983).

Each of these is important in establishing a level of confidence that the MAAP4 code can represent

the response of the D.C. Cook ice condenser containment system to a spectrum of postulated
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@ accident sequences. These benchmarks provide insights into the modeling capabilities

‘representing:

Y

the ice melting rate,

the response of the ice condenser doors,

the potential for single-phase countercurrent. natural circulation flows given the
substantial density differences between compartments of the ice condenser

containment,

the response and importance of.the structural heat sinks as steam is introduced into

containment compartments,

the potential for condensation on agitated water pools collected in the various

containment compartments, especially the lower compartment (active sump),
the potential for condensation on containment sprays,

the potential for condensation on the drainage of melted ice from the ice condenser

compartment into the lower compartment, and

the distribution of flow in the containment compartments when the air recirculation

fans are operating.

Consequently, these dynamic benchmarks are an important part of the code qualification and

testing of individual model capabilities. As such, these are reviewed through the dynamic

benchmarking program and are also summarized here with the details for the various experiments

given in Appendices E, F and G.
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3.2.1 Boundary Conditions

As mentioned above, the element of principal interest for these integral plant analyses is -
the minimum sump water level which protects against vortexing (air ingression). An important
contributor to this inventory is the mass of ice melted by condensing steam. Hence, a comparison
of the MAAP4 containment model with the LOTIC-3 result for the transient ice melt rate is of
particular interest. To accomplish this, the mass and energy releases from a 6-inch cold leg
LOCA calculation using NOTRUMP results (FAI, 1997) were input to the MAAP4 containment
model in the same manner as they are used for the LOTIC-3 analysis. This time dependent
information is input as a transient boundary condition (see Table 3-1). It is assumed that there is
no feedback from the containment to the RCS. To provide the same initial conditions, the
following boundary conditions, which are different than those used in Sections 4 and 5, are
specified in the MAAP4 calculations:

. the containment initial pressure is 14.7 psia,
. the lower compartment gas temperature is 120°F,
. the upper compartment gas temperature is 70°F,

. the RWST water temperature is 105°F,
. the cooling water for the containment spray heat exchanger is 86°F, and

. one train of containment spray is operating without the RHR spray.

This is performed as a dynamic benchmark for the MAAP4 code such that the compé.rison
is with the containment modeling used for all of the analyses accompanying this small break
assessment. In particular, the dynamic benchmarking assures that the comparison is directly with
the appropriate MAAP4 containment software models and is not performed with a standalone,
special code version. Also, these dynamic benchmarks for this activity are archived in the FAI
QA files (FAI, 1999).
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@ | Table 3-1

- Mass Flow Rate | Rate of Energy Addition
Time (sec) (Ibm/sec) (BTU/sec)
-1. 5600 3.0339E+06
0. 5600 3.0339E+06
10. 4279.4 2.3854E+06
20. 2417.7- 1.3920E+06
30.1 1973.6 "L1310E+06
40.2 1830.6 = 1.0400E+06
50.2 1753.5 0.990247E 406
60.4 1720.3 0.968205SE+06
70.5 ( 1786.4 ) 1.0018E+06
80.5 1789.2 ~ 1.004E+06
90.5 1778.8 .+ 0.993281E+06
100.5 , 1797.8 1.0026E+06
110.5 1906.9 1.05762E+06
'120.5 1876.9 1.0426E+06
130.6 1971.5 1.0901E+06
140.7 2010.9 1.1102E+06
150.7 1865.5 1.096E+06
160.7 1663.2 0.920538E+06
170.7 871.3 674220.
180.7 994.8 713703.
190.8 802.1 636242,
200.8 795. 1625980.
210.8 748.4 599745.

. 2229 799.4 608020.
230.9 671.1 548867.
240.9 . 510.7 478961.
250.1 571.4 485297,

. 250.8 359.3 430991,

Lq 300.8 351.2 379299.
350.9 262.3 318283.
401. 195.1 240141,
451. 143.4 179459,
S01. 130.8 163958.
551. 129.1 . 160324.
601.1 128.7 158092.
651.1 129. 157918.
700. 115.6 142295.
1500. 115.6 142295.
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The values in Table 3-1 were input through subroutine EFECT using the dynamic
benchmaﬂdng c:apability' accessed through subroutine BENCH. With this approach, the
comparison can be easily. repeated for future code versions to examine the MAAP4 comparison
with the DBA calculation. ”

3.2.2 Results

A comparison of the code i)redictions for the remaining ice mass during the two models
for the first 1500 secs is shown in Figure 3-1. The best'.estimaté calculation includes steam
condensations in the lower compartment due to cold water pool and ?old water drainage from the
ice condenser drainage pipes as discussed in the previous section. These two MAAP4 models will
reduce the ice melt in the ice condenser because of increased steam condensation in the lower
compartment. As expected, the ice melt from the best estimate MAAP4 calculation is slightly less
than the LOTIC-3 results. In this regard., the MAAP4 representation is the conservative

representation for the minimum sump inventory.

3.3.1 Boundary Conditions

This benchmarking comparison is carried out in the same manner as that described above.
The mass and energy releases from a two-inch cold leg LOCA calculation using NOTRUMP
results (FAI, 1997) were input to the MAAP4 containment model in the same way that was used
for the LOTIC-3 analysis. The transient mass and energy releases for this calculation are
illustrated in Table 3-2, |
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Figure 3-1  Comparison of the LOTIC-3 and MAAP4 ice depletion rate for a six-inch diameter cold leg LOCA
(NOTRUMP) for the D.C. Cook Unit 2.
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Mass Flow Rate Energy Flow Rate
Time (Ibm/sec) (BTU/sec)
0.01 672.32 343776.09
24.46 589.21 306724.84
50.59 467.2 252904.58
100.59 366.67 200798.7
163.37 ’ 303.18 166565.56
314.97 311.75 - 171573.41
433,91 234.63 - 129801.85
500.34 259.88 142323.66
600.34 302.73 161726.95
700.68 310.16 164810.02°
800.52 333.74 174618.25
900.25 359.35 184711.30
.1000.68 366.11 186407.45
2100.71 370.27 187081.73
1161.06 54.39 61667.56
1234.43 307.47 162575.5
9 1247.26 54.61 61388.5
1300.33 237.59 127066.84
1329.34 269.2 145428.66
1351.04 | 73.58 64738.06
1450.69 88.3 68026.2
1511.87 *122.19 78115.33
1574.64 115.87 76351.45
1600.4 101.49 - 71851.73
T 1650.5 93.40 70239.51
1700.54 / 88.35 68337.6
1750.24 84.13 67021.08
1825.01 - 71.64 63029.41
1850.18 . 71.57 62858.77
1900.88 71.49 62587.18
1950.92 71.36 62197.95
2001.8 71.14 61609.86
3000.57 69.92 58521.9
4000.53 68.25 55160.46
6000.78 67.15 53195.57
, 8000.7 65.26 49330.02
10000.0 63.16 ’ 45410.11
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3.3.2 Results

A comparison of the MAAP4 and LOTIC-3 predictions for the remaining ice mass is
illustrated in Figure 3-2," As shown in the figure, MAAP4 calculates less ice melt compared to
the nominal LOTIC-3 results (LOTIC-3 used an exit ice bed gas temperature of 105°F in this

calculation). After 10,000 seconds, the remaining ice mass calculated by LOTIC-3 is about -

380,000 1bm compared to about 700,000 Ibm of the best estimate MAAP4 calculation. Thus, the
best estimate MAAP4 calculation is conservative‘in terms of ice melt and is appropriate for sump

level analysis.

Figure 3-3 illustrates a comparison of the uppei' and lower compartment temperatures from
the LOTIC-3 analysis with those by the best estimate MAAP4 calculation. As illustrated, there
is general agreement between the transient.thermal history in these two compartments with the
LOTIC-3 analysis.

For this benchmark, the boundary conditions are the D.C. Cook prim'ary system operating

at 102% of 3250 MWt core power with a system pressure of 2033 psia and experiencing a two-
inch cold leg break. To provide the same initial and boundary conditions in both NOTRUMP and
MAAP4, some of the MAAP4 inputs such as initial conditions, ECCS flows and temperatures,
and AFW temperature and flow rates are adjusted to the NOTRUMP values (Westinghouse,

1999). In addition, the initial core pbwer is increased to 120% at 10 seconds after the reactor

scram in the MAAP4 calculation to match the decay heat used in the NOTRUMP calculation
(ANS + 20%). In this sequence, NOTRUMP calculates recirculation occurs at 2199 seconds into
the transient. The operator action of 100°F/hr cool down was mimicked in the same manner in
both codes. ('
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Figure 3-2  Comparison of the LOTIC-3 ice depletion rate for a two-inch diameter cold leg LOCA with the

MAAP4 calculation using the same mass and energy inputs from the NOTRUMP calculation.
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Figure 3-3 Comparison of the upper and lower containment compartment temperatures for a LOTIC-3 calculated biased for
maximum containment pressure and the MAAP4 representation with the accident initiator being a two-inch
diameter cold leg LOCA as represented by NOTRUMP.
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The MAAP4 calculated insténtanepus mass release rate is compared to the NOTRUMP
value in Figure 3-4 along with the integrated mass and energy release in Figures 3-5 and 3-6. As
shown in the figures, NOTRUMP discharge rates are higher early in the transient, i.e., within the
first 1500 seconds. Between 1500 seconds and 4000 seconds, NOTRUMP calqulates two-phase
discharge from the primary system while MAAP4 calculates a subcooled (all water) two-phase
critical flow discharge. Such differences are likely due to the different ways in which the primary '
system and the break flow model are modeled. For most of the transient, the average MAAP4
and NOTRUMP flow rates are in good agreemént. Overall integrated mass and energy releases
to the containment are in general agreement between MAAP4 and NOTRUMP with NOTRUMP
having about 10% higher integrated mass ax_td energy flow out of the break. In this regard the
MAAP4 energy release is conservative in that it minimizes the ice melt for these analyses. The
primary system pressure response is similar between MAAP4 and NOTRUMP as shown in Figure
3-7. These demonstrate that using the best estimate models in MAAP4 will provide a somewhat
different history for the accident, but the integrated mass and energy releases to the containment,

which is the principal issue regarding sump water level, will be very similar,

3.5  Westinghouse Waltz Mill Test

The Waltz Mill tests were performed with eight 36 ft long ice baskets in a facility set up
to provide scaled steam delivery rates typical of large break LOCAs, medium size LOCAs, small
break LOCAs as well as one test with a large LOCA followed by long term steaming from the
decay heat in the reactor core. As such, these experiments provide an important test of the
MAAP4 ice melting model to that observed in the various experiments covering the spectrum of
LOCA sizes considered in the containment sump evaluations. Consequently, these are an

important benchmark for the integral MAAP4 ice melting rate representation.

3.5.1 Boundary Conditions

The important boundary conditions for the various experiments include the break size, the

initial ice mass, whether long term steaming from core decay heat was represented (Test K only)
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Figure 3-4 A comparison of the instantaneous mass flow rates for the MAAP4 primary system and NOTRUMP

assuming a two-inch cold leg LOCA.
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Figure 3-5 A comparison of the integral mass release to containment for NOTRUMP and the MAAP4 primary

system model assuming a two-inch cold leg LOCA.
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Figure 3-6 A comparison of the instantaneous energy release to the containmient for NOTRUMP and the MAAP4

primary system model assuming a two-inch cold leg LOCA.
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as well as the initial pressure and temperature of the blowdown vessel simulating the reactor
coolant system water inventory. The various boundary conditions for the individual Waltz Mill

tests are discussed in Appendix E.

3.5.2 Results

The results for the various benchmarks are comparisons of the following information:

. the transient simulated containment pressure history,

. the extent of ice melting for the diffé;t;nt experiments,

. the tem;;erature history of the water in the bottom of the ice gohdenser (Test K
only), and |

. the‘comparison of the temperature hi;tory in the simulated lower compartment for

this scaled experiment (Test K only).

These comparisons are provided in Appendix E as the write-up used in Volume III of the MAAP4
User’s Manual “Benchmarking”. The conclusions derived from each of these comparisons are that
the MAAP4 model provides a good characterization of the ice melted in each test and the water

temperatures in the bottom of the ice condenser compartment and the lower compartment as well.

3.6 PNLIce Condenser Experiments

The PNL experiments differ from the Waltz Mill tests in that the ice condenser baskets
were full length but the experiment did not include the ice condenser inlet doors. Furthermore,
the steaming rates for these experiments, as wéll as the noncondensible gas (air) flow rates were
typical of the ice condenser response after the blowdown transient has been completed and the

steam generation rate is due to decay heat steaming in the reactor core and is subsequently
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4
discharged to the contamment atmosphere A spectrum of experiments were performed with

similar noncondensible ﬂow rates but dtfferent steam pamal pressure which enables the MAAP4
ice condenser model to be compared with the PNL experiments over a variety of steam and air
recirculation rates. Consequently, these experiments provide an important benchmark of the ice
condenser/ice melt model for the range of conditions expected in the spectrum of break sizes

considered in these analyses.

3.6.1 Boundary Conditions

-

Boundary conditions for the PNL experiments are described in Appendix F of this report,
which is the write-up extracted from Volume III of the MAAP4 User’s Manual “Benchmarking”.

3.6.2 Results

The results from these comparisons are described in Appendix F along with the conclusions
derived from the comparisons. In summary.the MAAP4 ice condenser model provides a good
representation of ice melting rate and the exit temperature behavior observed for the different inlet

conditions tested.
3.7 CSTF Ice Condenser Experiments

Large scale egberiments were performed related to the flow distribution and mixing in ice
condenser containment configurations. These were performed in the CSTF vessel as part of an
EPRI funded program to examine the mixing in different regions of the ice condenser pressure
suppression containment design. As part of this experimental program, the potential for single
phase natural convection circulation between the upper and lower compartments hxrough the
simuléated ice condenser‘ doors was examined along with the potential for “flooding” of the gas-gas
countercurrent natural circulation procéss by the imposed flow of the air recirculation fans. With
these complex flow patterns, this is an important benchmark for the natural convection models in
the MAAP4 code.
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3.7.1 Boundary Conditions

The important boundary conditions for the CSTF ice condenser containment experiments
are the initial temperatures in the upper and lower compartments, the steam addition rate to the
lower compartment representative of the postulated LOCA condition and the imposed flow rate
of light-gases into the lower compartment to simulate the release of hydrogen under the postulated
accident conditions. Furthermore, the boundary condition of the imposed air recirculation flow
determines both the mixing potential between the upper and lower compartment as well as the
potential for gas-gas “flooding” in the simulated ice condenser doors. These l;oundary conditions

are discussed in Appendix G of this report.

3.7.2 Results

The results from the comparisons associated Witl:l the CSTF large scale flow distribution
test show good agreement between MAAP4 modél and the experimental data for mixing of the
upper and lower compartment gas spaces. This agreement is obtained for those conditions in
which the air recirculation fans are operating as well as for those where there is no forced

circulation flow. The details of the comparisons are given in Appendix G of this report.

3.8 Discussion of the McGuire Event

In December of 1993, McGuire Unit 2 experienced a total loss of offsite power which led
to a Safety Injection (SI) signal due to low pressurizer pressure and a consequential containment
isolation. One of the Main Steam Contz‘xinment Isolation Valves (secondary side) failed to isolate
allowing the associated steam generator to depressurize. As a result an excessive steam generator
differential pressure was observed and &1e pressurizer Power Operated Relief Valve (PORVs) were
opened to reduce this differential. Subsequently, the Pressurizer Relief Tank (PRT) rupture disk
was broken releasing steam to the containment lower compartment and causing the ice condenser
inlet doors to open. Post event weighting of the ice baskets showed that ice melting occurred in

the inboard baskets for all of the ice condenser bays. While these observations are more global

FAI\99-77; Rev. 1



3-20

than the large scale experiments discussed above, this event provides a test for the integral model

to determine if the calculated response would open the ice condenser lower inlet doors.

To perform this benchmark, the MAAP4 D.C. Cook model was initiated at full power and

" given a loss of offSite power and after the reactor scrammed, the RCS pressurized, and a safety

valve was forced open. About 200 secs later the PRT rupture disk burst and steam was discharged
to the containment lower compartment. This is sufficient to open the lowe; inlet doors and begin
melting ice. Consequently, the integral model calculations are consistent with the McGuire
experience. Equaly important, the McGuire post incidenf observations show the uniformity of

the inlet door response (all doors open) for this small break accident sequence.

3.9 Summary

Numerous benchmarks have been performed E:omparing the individual models of the
MAAP integral RCS and containment representation with major experiments and other analytical
approaches. All of these show that the MAAP4 representation (models) are in good agreement
with the experimental observation and also the results of design basis computer codes. Table 3-3

summarizes the benchmarking activities and the conclusions.
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Table 3-3

S f the Benchmarks Related to t}
D.C. Cook Contai t Sumn Evaluati

Issue

MAAP4 Approach

Relevant Benchmarks

Representation of

different regions of
the containment.

different conditions in

MAAP uses a 14 node containment model
including the

* reactor cavity

+ lower compartment
* annular compartment
* ice condenser

« fanrooms
* instrument rooms

* ice condenser upper plenum and
+ upper compartment (3 nodes),

» HDR tests have many rooms.

¢ CSTF tests have the major rooms of
an ice condenser containment,.

* Waltz Mill tests have the ice
condenser compartments.

Variations in break
size and location.

14 node containment mode! with 0.5:inch
to DECL breaks postulated in lower
compartment and 0.5-inch to 2.75-inch in
the reactor cavity.

¢ Comparison with the NOTRUMP
mass and energy releases for a 2-inch
dia cold leg break.

¢ HDR tests, T31.5 (large LOCA), and
E11.2 (small LOCA).

Structural heat sinks.

Each node has separate concrete and steel
heat sinks, including the ice condenser
node.

+ HDR tests, T31.5, and E11.2 has
numerous rooms and both concrete
and steel heat sinks.

» CSTF includes steam addition and
condensation of steel and wooden
structures,

Ice melt rate.

Mechanistic ice melt model.

¢ Comparison with LOTIC-3 for the
same mass and energy releases.

* W Waltz Mill tests and PNL full
length ice condenser tests. :

* McGuire ice melt due to rupture of
pressurizer drain tank.

CEQ fan flow. Model for each train of fans and each fan | W Waltz Mill test K, long term steam

room modeled separately. * released to the containment with
recirculation air flow.

Containment spray Sprays are distributed to the upper, Theoretical basis for spray droplet

flow distribution, lower, and annular compartments. response.

Additional water for Integral model, including RCS and RCS response for Davis-Besse LOFW

the RCS to remain containment response for a spectrum of and Prairie Island SGTR during

full during cooldown | postulated LOCA sizes. cooldown. Also McGuire for the drain

for small LOCAs. tank rupture disk incident.
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These evaluations focus on the minimum water level in the containment sump during
recirculation. To perform such an.alyses, it is important to have an integral representation of the
containment and the RCS since the water inventory retained Vin the RCS is an important component
of the water distribution, i.e., it is not available to the containment sump. Furthermore, the extent
of ice melting is an important contribution to the sump inventory and is influenced by the break
discharge enthalpy and flow rate. | }

With ax; integral representation, the cooldown transient-for the small break accidents
represents the increased density of the RCS coolant and the capabllmes to keep the reactor coolant
system full as instructed by the EOPs. Moreover, the accumulators are also important since they
could inject approximately 30,000 gallons into the RCS depending upon the pressure and the
system status as defined through EOP decisions. They are a part of this analysis and are discussed
further in this section.

Other influential components ?f the analysis that determine the minimum containment level
are the initial containment temperature, (sets the initial steam partial pressure) and the cooling
water temperatures for both the Emergency Service Water system (ESW) and the Component
Cooling Water system (CCW) for the containment spray and RHR heat exchangers respectively.
These, along with the UA product for the respective heat exchangers, determine the temperatures
of the containment spray and RHR spray/RHR injection under recirculation condition and thus the
potential for reducing the ice melt by condensing steam in the lower compartment. Similarly the
RWST water temperature is important since this influences the potential for spray condensation
in the lower compartment during injection phase. These limiting conditions are also discussed in

this section.
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4.2  Key Plant Parameters .

For all LOCAs, there is no overpressure challenge to the containment as long as (a) ice is
available, (b) the containment sprays are operating with water drawn from the RWST or (c) the
containment sprays are operating in the recirculation mode with cooling provided by the
containnient spray heat exchangers. When investigating a spectrum of break sizes, there is a break ’
size where the break discharge flow.over the long term can have a significant vapor pressure, for
example several psi. For such conditions, there will be.steam released to the containment
atmosphere that is cc;ndensed by the containment sprays. The sprays are assumed to remain on
until the reset pressure (0.77 psig) is achieved, at \_vhich time the sprays are shut off. This is
conservative with respect to the extent of ice melting. |

The spray distribution for the D.C. Cook plant includes spray headers in the upper and
lower compartments as well as in the pipe annulus. With the water flow paths between the various
containment cc;mpartments described in Section 2, during long term containment spray operation,
water would accumulate in the pipe annulus and lower éompartment and with the communication
(flow) through the crane wall, the level would be essentially the same in these regions. As noted
in Section 2, a small fraction of the lower compartment spray flow would fall through the grated
opening between the lower compartment and the reactor cavity which decreases the water
inventory in the sump. Furthermore, the long term flow through the NI holes also enables water
to fiow from the lower compartment into the reactor cavity, or from the cavity to the lower

compartment for a postulated break into the reactor cavity.

With this focus on the water inventory distribution, the basic analysis issue becomes one
of the available water inventory. Therefore, there are several volumes of importance to the
analysis since these control the water available in the sump. These are listed in Table 4-1. (This

assumes that the pressurizer water level remains at the normal operating level.) Those RCS and

containment volumes controlling the water distribution are listed in Table 4-2. Several other

volumes are noted as reference volumes since they are calculated without including the volumes

. occupied by various pieces of equipment such as pipes, support structures, etc.
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Table 4-1

Water Inventory Available
Volume Description . Volume/Mass
Available RWST Water Inventory 314,000 gal
Available Ice Mass : 2.11 x 10° Ibm
| . (253,089 gal)
TOTAL - . 567,089 gal
Accumulators (4) © 230,252 lbm
S, (27,618 gal)
[LTOTAL WITH ACCUMULATORS 594,707 gal |
Table 4-2
Volume Description Volume
Reactor Coolant System (including the pressurizer) : 11,159 f¢
(83,469 gal)
Volume of the Pressurizer ’ 1800 £
’ (13,464 gal)
Approximate Inventory Needed to Keep RCS Full During Cool ~ 20,000 gal
Down : N
Inactive Sump Water Volume (pi'pe annulus) " 334,950 gal
Net Volume for Water Accumulation in the Sump (active and 220,300 gal
inactive) to the 602’'10" Level
Water Volume for the Reactor Cavity Up to 610°0” 117,795 gal
TOTAL ‘ : 572,795 gal
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As illustrated by these two tables, the water ;iistribution is determined by the water
inventories in the RCS and containment. Of partich}ar noté; the RCS cooldown process requires
a substzlmtial water addition for the RCS to remain full, which may be the case for small break
events. On the other hand, the large LOCA accidents do not keep the liCS full, i.e., there is a

larger water inventory in the active sump to support ECCS operation.

For very small breaks there are addition_al components to be considered such as the water
stored in the pressurizer. Typically; the pressurizer drains and only partially refills, hence there
is somewhat of a net contribution to the containment water inventory. This pressurizer response
is determined by the EOPs which instruct the operator to’keep the level between high and low
level if possible. Maintaining the pressurizer level is unlikely for break sizes of 2-inch or greater.
For these conditions the pressurizer drains and the accumulators remain unblocked and discharge
as a result of the LOCA condition combined with a RCS cooldown (100°F/hr was used in this
analysis since this maximizes the RCS water density increase). The accumulators contribute
potentially another 27,618 gallons to the containment water inventory.

In these evaluations it is conservative for the reactor cavity to be filled with water, hence,
sequences were analyzed assuming that the break discharge is into the reactor cavity, which
ensures that the reactor cavity is flooded as well as the lower compartment. Furthermore, the base
case analyses are performed following the system response and operator procedures for the
containment sprays, i.e., the sprays actuate automatically at a containment pressure of 2.3 psig
and are turned off, as stated in the procedures, when the indicated pressure is less than 1.5 psig
which is 0.77 psig when the uncertainties for this instrument and reédiﬁg the instrument are

considered.

’,

For the integral evaluations, the containment water distribution includes assessments of

where water accumulates and flows into drains and thus into the lower compartment. The most

important place for water accumulation and drainage is in the bottom of the ice condenser. Figure

4-1 shows an elevation view of an ice condenser with the drain pipe at the bottom passing through
the crane wall such that the melted ice and condensate drain into the lower compartment. Figure

4-2 is a plan view for the bottom of the ice condensers showing the floor drains in the ice boxes.
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Figure 4-2

Elevation view of an ice condenser including the drain line.
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As stated in the D.C. Cook FSAR, approximately 18 inches of water in this drain pipe is sufficient
to open the flapper valve cc;vering the drain exit into the lower compartment. In compari‘son, the
height of the drain line is approximately 4 feet, hence, this flapper valve would c;pen before the
drain pipe would be filled with water. Like the previoué MAAP4 analysis (FAI, 1997), this
analysis also models this junction between the ice condenser and the lower cdmpartment as a water
only junction that does not allow reverse flow,, i.e., the flapper valve closes. . Hence, the drainage °
from the ice condenser into lower compartment is modeled in a mechanistic manner and includes
a relatively small water mass. that' would exist on the ice condenser floor. This drainaée is
modeled with capillary size drops as the water falls through the lower compartment. (It is noted
that each drain line has a small (1/2-inch) pipe which drains ice melted during normal operation
and ducts the water to the sump. These are also modeled but have essentially a negligible
influence on the containment response.)

Another location for water accumulation is the refueling pool, which ha;s two 12 inch
drains and one 10 inch drain into the lower compartment and requires water to be accumulated
to a depth that Would permit flow into these drains in the bottom of the refueling canal. The
MAAP4 code provides a mechanistic spillover calculation for this regioxi. Howevér, a value of
9500 gallons is given in the D.C. Cook FSAR for the water retained in the refueling canal as a
result of this spillage process and accumulation in the fuel transfer pit. Therefore, the MAAP4
“curb height” for this location was increased such that the depth to be accumulated before spilling

could occur to match a value of 9500 gallons.

In addition there are several minor elements influencing the water distribution, which are
modeled in terms of the thermal hydraulic containment response, but the water inventory is not
calculated directly by MAAP. These include the water required to fill the various pipes for
containment spray and RHR operation, the water inventory that is airborne during a steady-state
operation of the containment sprays, that portion of the containment spray which impinges on
walls in a given compartment and drains to the floor region as a film draining down the wall and
water that accumulates on the top of the dog house following spray initiation. The various water

volux;neé held up in these additional processes are listed in Table 4-3 for the readers reference.
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) Table 4-3 .
Potential I ¥ (S Water Hold

. Location Magnitude of Water Holdup

Water required to fill spray piping and S/G
doghouse roof

« containment spray header, : 7789 gal
* RHR spray header, 1730 gal
* top of S/G doghouses. _ ‘ 5312 gal
Water in-flight during spray operation
« upper compartment (h = 80.2 ft), ) 656 gal
* lower compartment (h = 50.9 ft), ' 155 gal
+ annular compartment (h = 36.75 ft). . 40 gal
Sprays impinging upon walls and draining as a
film®
« upper compartment (42,000 ft?), 206 gal
* lower compartment (15,000 ft?), 74 gal
s annular compartment (10,000 ft%). 49 gal
TOTAL , 16056 gal

* A conservative value of 50 ft’ (374 gal) was used in the analysis.

The first item was determined by summing the volumes of th;a .respective piping
configurations, the second is calculated using the spray fall height in the respective compartments
(see Appendix H) with the third item being determined by the containment geometry and a
methodology for approximat}ng drainage films (see Appendix I). Since MAAP4 does not
specifically represent these holdfxp volumes, these were accounted for by transferring from RWST
.injection to containment recirculation at a RWST level equal to that defined by the RWST low-low
trip plus the sum of the volumes listed in Table 4-3. Therefore, the water inventory injected to
the RCS and containment from the RWST is 314,000 - 16,056 = 297,944 gal. In this manner,
the water involved in determining the water level history already has the sum of these volumes

subtracted from the final distribution.
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4.3 EMEA’CQnditiQns Used in the Analyses

To support this effort a Failure Modes and Effects Analysis (FMEA) was performed to
determine the most limiting conditions related to the containment sump inventory under the
spectrum of LOCA conditions evaluated. Since the ice melt inventory is part of the containment
sump evaluation, the FMEA conditions are directed towarc} minimizing the extent of ice melt with
the particular focus being the lowest spray temperatures which produce the maximum steam

_condensation, i.e., minimize the ice melt. Specifically, these relate to the minimum RWST
temperature, according to the D.C. Cook technical spécifications, and the minimum lake
temperature that is the cooling water for the ESW systems. In addition, there are other elements
of the containment which cause the sprays to be initiated at the earliest time in the accident, etc.
The results of this FMEA study are listed below:

. RWST temperature of 70°F,

. initial containment pressure 15 psia, ]

. initial containment temperature in all compartments 60°F (this minimizes the steam
partial pressure to be condensed),

. lake water temperature used for cooling the ESW system is 33°F,

. the CCW heat exchanger inlet temperature is 60°F, .

. the initiation signal including uncertainty for the CEQ fans is 0.5 psig, and

. the setpoint including uncertainty for initiation of containment sprays is 2.3 psig.

4.4  Modeling of the EOPs’

'Several operator actions directed by the EOPs are important to this analysis. These rélate
to the RWST water level at which transfer to recirculation is started, the shutdown of containment
sprays to transfer to recirculation, the use of the RHR sprays, the instructions for refilling the RCS
to obtain and maintain a water level in the pressurizer, cooldown of the RCS w‘ith the maximum

rate of 100°F/hr, the isolation of the accumulators depending upon the specific response developed
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in the RCS, and the termination of containment sprays once initiated. Each of these has an

influence on the accident behavior and the modeling of each is discussed below.
4.4.1 Transfer to Confainment Recirculation

For the D. C. Cook Units 1 and 2 design, transfer from the injection mode to containment
recirculation is a manual operation. As represented in the DIT values presénted in Appendix A,
this transfer begins when 280,000 gallons have been taken from the RWST with the initial action
being to transfer the suction of the large pumps (containmerit spray and RHR) from the RWST to
the recirculation sump. The assumption of two trains of ECCS injection and spray operatiop is
conservative for the sump wdter level analysis. Transfer to recirculation 6f both trains is

acco;nplished by shutting down both trains of containment sprays and RHR, aligning the valves

" to recirculation and restarting the pumps. These actions are performed within a five minute

interval; hence, this is modeled as five minutes without containment spray once the RWST transfer

level is reached.

Once these high volume pumping systems have been transferred, the operators then transfer
the smaller systems, such as the high head injection pumps and charging pumps from the RWST
to the containment recirculation sump. This is completed when 314,000 gallons have been taken
from the RWST. ;

The above values are the calculated deliverable volumes. Holdups in the spray piping, the
airborne water in the containment and the film drainage on the containment walls are all
represented in the analysis ‘as water which remained in the RWST. Consequently, the actual
amount of water injected to the RCS and containment are the above values minus the individual

holdup contributions.
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4.4.2 Duration of the Containment Sprays

Containment sprays are initiated when the lower compartment pressure reaches 2.3 psig.
Water is initiall;: taken from the RWST and takes a few tens of seconds before the spray is
injected to the cqptainment gas spaces.

The duration of the containment spraying, once initiated, is determined in this analysis by
the pressure in the containment lower compartiment, which is monitored-by the control room
operators. The RHR sprays (this system only sprays to the'containment upper compartment) are

initiated by the operators given the following three conditions are met:

. 50 minutes or more have elapsed since the SI signal was received, and

A}

. a single train of containment sprays is operating.

Note that the RHR sprays would not be initiated if both trains of containment sprays are operating.
It should also be noted that RHR sprays take their suction from the containment sump and
influence the overall containment thermal hydraulic conditions (some reduction of ice melt), but
do not, by themselves, increase or decrease the water level in the containment sump since the

water sprayed into the upper compartment returns to the sump through the refueling pool drains.

Control room dose evaluations have suggested that the containment sprays may operate for
a significant period before the dose associated with the postulgted design basis accident source
term (Soffer et al, 1995) would be reduced by containment spray operation. Currently, these
analyses consider the sprays are terminated when the containment pressure is reduced to 0.77 psig.
This is the minimum containment pressure corresponding to an indicated pressure of 1.5 psig, the
operator set point for terminating containment spray. Generally this results in a time which is
comparable to the 6 hr. duration. However, no specific time duration has been imposed on these

calculations.
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4.4.3 Pressurizer Level Control A

For small break LOCA conditions, the capability of injection systems to restore the RCS
inventory (pressurizer levei) determines the ECCS injection rate. The EOPs instruct the operators
to establish pressurizer level and to control the level between 30% and 47% of the full inventory.
In these evaluations, this is represented by a throttling of the injection flow if the pressurizer
inventory approaches the 47% full limit. Since this is the upper limit that the operators are
instructed to maintain, this represents the rr;aximum holdup in the pressurizer and is a

conservatism in the analysis:

4.4.4 RCS Cooldown

RCS depressurization and cooldown is based on the conditions following transfer to
recirculation. Since the initiation of two trains of containment sprays is a key element of this
assessment, the LOCA conditions evaluated are those which would initiate containment sprays.
Typically, these are LOCAs for break sizes which are 1 inch in diameter or larger. Once the
containment sprays initiate, which is generally within a few minutes of the postulated LOCA
transient under Mode 1 conditions, the containment sprays actuate automatically with two trains
operating and this determines that the operators attention would be directed towards recirculation
since this occurs approxlmately 12 hr after the sprays have been initiated. Given the importance
of transferrmg from RWST injection to taking suction from the containment sump, this is the
highest priority for the operators. Hence, cooldown would be deferred until transfer to
recirculation was completed: .This is modeled as taking 15 mins which for this high priority
activity is an underestimate (conservative) of the time over which the operators would have
devoted their attention to actions other than.RCS cooldown. Therefore, RCS cooldown is

evaluated as beginning 15 mins after the start of the transfer to containment recirculation.
Once cooldown is initiated, it is evaluated at the maximum rate described in the EOPs of

100°F/hr. In the analysis this is represented as 10 steps of 10°F over each hour and is
accomplished in the MAAP4 model by resetting the secondary side PORVs to sequentially lower
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values corresponding to the 10°F steps._ The steam generator secondary side saturation
temperature follows this cooldown as long as thé generators can blowdown at a sufficient rate
through the PORVSs controlling the secondary side depressurization. Early in the depressurization
the cooldown is about 100°F/hr, but at reduced secor{}dai'y side pressures later in the transient, the ‘

blowdown cannot produce 100°F/hr.

4.4.5 Isolating the Accumulators

One of the actions in the EOPs is to isolate the accumiulators during RCS depressurization.
Reviewing the procedure ES-1.2 for RCS cooldown and discussions with D.C. Cook control room
operators, the accumulators would only be isolated if the pressurizer level could be maintained
with normz;.l charging flow. For the break sizes sufficient to initiate containment sprays, which
is discussed in Section 5, the pressurizer level is not capable of b::ing maintained with normal
charging. As a result, the accumulators will not be isolated for any of the LOCA conditions

considered and are modeled as being available for injection during the entire transient history.
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In assessing the minimum containmerit sump level for a spectrum of potential LOCA
conditions, the two most influential boundary conditions are the size of the LOCA and its location.
As mentioned previously, the assessment for the minimum lével is compared to the licensing base
limit for vortexing established at an elevation of 602'10” through D.C. Cook specific scaled
experiments performed at Alden Laboratories (Padm;mabhan, 1978). This level was developed
for injection flow rates typical of maximum ECCS and containment safeguard flows and is the
licensing basis for all LOCAs initiating from a Mode 1 state begin even though the sump demand
flowrate may be substantially reduced for smaller break accident initiators. Mode 3 analyses have

less stored energy in the RCS and have smaller break sizes and therefore smaller sump demands.

For very small LOCA conditions, the steam entering the lower compartment pressurizes
the region and opens the ice condenser doors. Continued steam delivery to the lower compartment '
displaces noncondensible gases from the lower compartment to the upper compartment and
increases the containment pressure sufficiently that the setpoint is reached for actuating the air
recirculation fans. Until this time, the normal containment Qentilation system is operating but the
cooling water for this system is isolated o"ncle the CEQ fan setpoint is reached. Since this occurs
early in the accident sequence for the spectrum of LOCAs examined, the influence of the normal

ventilation system is considered insignificant and neglected.

Forced flow from the CEQ fan(s) increases the condensation in the ice condenser and
begins to mitigate the containment pressurization. As the lower compartment pressure increases,
the steam condensation rate in the ice condenser also increases. If the containment pressure
remains below the containment spray setpoint, the minimum sump inventory is assured since the

transfer to recirculation occurs after many hours and there is sufficient ice melt to assure that the

.

FAI\99-77; Rev. 1







5-2

minimum sump ir;ventory_is alwdys above_the licensing base limit for vortexing. Howevér; for
a somewhat larger break size, the containment p}essure reaches the containment spray setpoint
even though the recirculation fans are operating. At this juncture, the containment sprays are
initiated and the spray flow rate into the lower compartment condenses steam such that the ice
melt is substantially reduced from that'immediately prior to the sprays being initiated. These
conditions result in minimal steam partial pressure in the lower compartment to be forced through
the ice condenser by the air recirculation fans. Moreover, the limiting case of two trains of
contaiqmgnt sprays operating results in the minimal time to, the transfer point from injection to
recirculation. Consequently, the ice melt contribution fo the sump inventory at the time of

minimum sump level is further decreased by the relatively short interval available to melt ice.

As the break size is further increased, the steam part.i‘al pressure in the lower compariment
" is increased even with the actuation of containment sprays. Consequently, an increased steam
partial pressure causes more ice melt and the minimum sump inventory during recirculation will
increase compared to the smaller break sequence where the sprays were also initiated. With these
general considerations, it is apparent that the minimal sump inventory results from that postulated
LOCA size, which is large enough to actuate the containment sprays but also results in minimal

steam partial pressure in the lower compartment once the sprays are actuated.

The secéond element addressed is the break location with two general locations considere&,
i.e., the lower compartment and the reactor cavity. If the break is postulated to occur in the lower
compartment, the accumulated water inventory in the reactor cavity is only due to the flow
between the lower compartment and the reactor cavity through the small nuclear instrumentation
(NIS) holes and the spillover which occurs if the active sump water level reaches the 610’
elevation. As a result, most of the water inventory is accumulated in the active sump and the pipe
annulus, both of which have essentially the same water level as a result of the water flow
" (communication) through the holes in the crane wall. Conversely, if the postulated break is into
the reactor cavity, the same steam discharge flows into the lower compartment but the water from
the postulated break is discharged, at least partially, into the reactor cavity. If the break is in the
bottom of the RPV, all of the break liquid discharge is deposited in the reactor cavity. If the
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break is in the cavity at the cold leg nozzle elevation, the water discharge would be split between
the reactor cavity and the lower compartment (see Appendix B). Henée, there may be a

substantial water holdup in the reactor cavity until spillover occurs at the 610’ elevation.

Several different break sizes have been evaluated for the reactor cavity with the breaks in
the bottom of the reactor vessel being considerc:.d as a severing of an in-core instrument
penetrations with a diameter potentially as large as 0.61 inches (Kury, 1998). The penetration
diameter for the in-vessel instruments is illustrated in Figure 5-1. Severing of an in-core
instrument with the thimble tube ejected leaves the full iriner diameter of the penetration for a
discharge of the reactor coolant inventory. The penetration structure remains in the 10wi3r plenum
and this results in a flow path for the discharge of about 2 ft. Hence, for the D.C. Cook
penetration design this results in a-break geometry with an effective length of 40 to 50 L/Ds.
Given this configuration, the effective discharge coefficient is 0.6 or less as illustrated by several
experiments with saturated and subcooled liquid discharge through similar configurations as
summarized and modeled by Henry (1970). With this significant L/D ratio, a discharge
coefficient of 0.4 to 0.5 is the expected range. In the MAAP4 analyses discussed here, a
discharge coefficient of 0.61 was used and is a conservatism in that it overstates the break

discharge flow rate into the reactor cavity.

Break sizes Iaréer than 0.61 inch diameter are also considered but these are into the upper
regions of the reactor cavity, specifically at the cold leg nozzle location. In these locations the
postulated break is in the weld between the safe end (RPV nozzle) and the reactor coolant piping
with a spectrum of break sizes considered ranging from an effective diameter of 1 inch to an area
of 1 f2. This large break size is the largest that could occur in the vicinity of the RPV considering
the vessel mounts and the pipe restraints. Evaluations of the critical flow discharge from the break
and the secondary choking at locations in the downstream passages results in a flow split of 28%

to the reactor cavity and 72% to the lower compartment (McCurdy et al., 1968).

Because of the tight geometry in this locale and the possibility of the break discharge being

delivered to both the reactor cavity and the lower compartment, the split of the dischafge flow for
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the smaller breaks is evaluated i;l Appendix B. A best estimate of the flow split is 50/50 based
on the analysis of the two-phase jet impinging on the wall of the biological shield. Westinghouse
GOTHIC analyses (Westinghouse, 1999¢) concluded that even more than 50% of ‘the water
discharge would flow to- the lower compartment. These split break flow analyses have been
performed with a 50/50 split of the water discharged from the postulated break. Since the break

is never submerged at this elevation, the steam discharge flows from the cavity to the lower ’

compartment as a natural consequence of the MAAP4 generalized containment model.

Lastly, break sizes in the reactor cavity are also considered in the top of the reactor vessel
in the control rod drives. Considerations of possible ruptures in the top of the reactor pressure
vessel included assessments for the CRDMs and the reactor head vent. Assessments for the
CRDM behavior (Westinghouse, 1999b) conclude that rupture of the CRDM would either be very
small leaks or a rupture and ejection of the entire mechanism. This was represented in the
Lspectrum of accident sequences by considering a 2.75 inch break in the top of the reactor vessel
with a discharge coefficient of 0.75. While this is the default coefficient in the MAAP4 code, it
is also a typical value given the entry into the break location and the length of the flow break
location. As will be discussed this break size initiates containment sprays and is analyzed as
having 100% of the break water flow into the reactor cavity. An increase in this discharge
coefficient would tend to actuate the sprays slightly earlier but would not significantly change the
minimum level in the sump. Hence, there is no significant influence of the discharge coefficient
for these analyses. The representation for a postulated severing of the reactor head vent considers
that the effective discharge coefficient for the upper head is 0.61 as determined from the length-to-
diameter ratio (> 7) and thc; composite set of two-phase critical flow experiments for the

discharge of saturated subcooled liquids as summarized and evaluated by Henry ((1970).
Given the sensitivities to the break size and the break location, an evaluation matrix was

developed (Table 5-1) to assess the influence for variations in both of these parameters given a

Mode 1 operating state.
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@ | = Table 5-1

Break Size/Location Matrix for Evaluating Mini Level
in the Contai  Sump for a Mode 1 Oneratine Condifi

Break Size | Location

DECL* Lower Compartment (Sump)

6inch - | Lower qupartment (Sump)
4 inch Lower Co}npanmeqt. (Sump)
3 inch Lower Compartment (Sump)
2 inch Lower Compartment (Sump)

1.5 inch Lower Compartment (Sump)

1 inch Lower Compartment (Sump)

0.5 inch Lower Compartment (Sump)
@ 1inch® Cavity/LC (Split Break)
1.5inch® | Cavity/LC (Split Break)

2 inch® Cavity/LC (Split Break)

3inch® Cavity/LC (Split Break)

4 inch® Cavity/LC (Split Break)

1f° Cavity/LC (Split Break) ’

0.61 inch ¢ | Cavity

2,75 inch © | Cavity

* This break represents a Double-Ended Rupture on the
Cold Leg. :

® The break occurs in the cold leg and 50% of the water
flows to the sump.

° The break occurs in the cold leg and 30% of the water
flows to the reactor cavity,

4 The break occurs at the bottom of the reactor vessel.
* The break occurs in the top of the reactor vessel.
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5.2 Base Case Results
5.2.1 RCS Break Location in the Lower Compartment

Given the size of the piping configurations in the lower compartment, a complete break
spectrum from an effective diameter of 0.5 inch to a Double-Ended Cold Leg break (DECL) were -
considered for this region. Figure 5-2 summarizes the response for the DECL condition which
is the break sized used in the design‘basis assessment for the ECCS and containment systems. In
this sump inventory analysis the mass and energy releases. fr.om the RCS to the containment are
produced by the MAAP4 code. The resulting steam discharge to the containment is determined
by the thermodynamid anuilibrium of the water and steam discharged from the break during a
blowdown. Using this assumption results in the minimum steam flow rate to the lower
. compartment gas space and hence resuits in the minimum potential for ice melting. This
conservative representation for the ice melt behavior is consistent with the structure of evaluations -
for the minimum sm;)p inventory. It is to be noted that this thermodynamic equilibrium
representation differs from that used in design basis assessments related to containment integrity

which maximize the steam flow rate from the break into the lower compartment.

As illustrated by this composite plot of the four variables depicted in Figure 5-2, the water
level history in the sump increases rapidly due to the break discharge and ice melt as well as the
water added by the containment sprays once the spray setpoint pressure is reached. Furthermore,
with a large break, the reactor coolant system cannot be refilled and the containment sump
inventory includes essentially half of the RCS inventory as well as the accumulator inventory.
This results in a water level at recirculation of approximately 7.7 ft (an elevation of '606.5") with
a minimum level of 604.7' at 9.1 hours into the accident. This lower level is due to long term
flow into the reactor cavity through the NIS holes. Therefore, for this accident sequence the

minimum water level is well above the 602°10” licensing basis limit for vortexing.

« Note that these four plots summarize the integral plant response represented by the MAAP4 .

code and in particular illustrate the ice melt history, the sump water level, the water inventory in
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the reactor cavity and the RCS pressure which indicates whether the RCS is essentially half full
(depressurized) or completely full (pressurized b).l the injectipn flow). Interactions between the
RCS and containment are important for this evaluation and can only be tracked with an integral
médel. This set of plots are used to illustrate the integral response as a function of the LOCA size

and location,

Figufe 5-3 illustrates the calculated results for a LOCA into the lower compartment with
an effective diameter of 6 inch. This accident sequence progresses in a similar manner to the
DECL case except that the RCS refill is somewhat more efféctive such that some additional water
is held up in the reactor coolant system. However, the pressurizer is nbt refilled and accumulators
inject early in the accident. Consequently, the watex" level in the active sump at recirculation is
6.8 ft (an elevation of 605.6") and, like the DECL assessment the minimum water level occurs

at 9.2 hours and is 604.1’ which is above the 602°10” licensing basis limit for vortexing.

Figure 5-4 summarizes the results for a 4 inch dia. LOCA into the lower compartment.
In comparison to the 6 inch dia. break, this sequence can have more water held up in the RCS.
The water level in the sump at recirculation is 6.5’ (an elevation of 605.3") with the minimum

level being 603.9 at 9.7 hrs. This is above the 60210 licensing basis limit for vortexing.

The results for a postulated break into the lower compartment with an equivalent diameter
of 3:inch is illustrated in Figure 5-5. For this intermediate size break, two trains :of ECCS
injection are sufficient to eventually begin refilling of the pressurizer after the reactor coolant
system has been substantially depressurized. Therefore, there is additional holdup of water in the
RCS but the accumulators have injecteci completely by the time that the minimum level occurs in
the sump. With this smaller break diameter, the steam released to the lower compartment
atmosphere is substantially less than that which was calculated for both the 6 inch an;i the DECL
break and consequently results in a smaller mass of ice melt added to the lower compartment. As
illustrated in Figure 5-5 the water level in the active sump at recirculation is 6.1 ft (elevation of
604.9"), with the minimum level occurring at 10 hrs. with a value of 604.3’, This is less than that

of large breaks but above the licensing basis limit for vortexing of 602'10".
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Conﬁnuing the analysis to a smaller break with an equivalent diameter of 2 inches further
reduces the steam flow to' the lower com;;artment. How;aver, this steam flow is sufficient to
actuate both the CEQ fan (with a 150 sec delay) and the containment sprays. With the smaller
steam release to the lower bompaﬁment atmosphere: after condensation by the containment spray
flow rate, there is a reduced contribution of ice melt i‘or this smaller break case. Also, two trains
of ECCS injection are sufficient to eventually recover the pressurizer level after the RCS °
cooldown begins. The accumulators inject during the accident as a result of the RCS cooldown
and this inventory is added to that accumulated in the active sump. As illustrated in Figure 5-6,
the minimum water level for this LOCA at recirculation is'5.1 ft (an elevation of 603.9) which

is less than that calculated for the 3 inch dia case but above the licensing basis limit for vortexing.

A MAAP4 analysis was also performed for a 1.5 inch dia. effective break into the lower
compartment. The results of this accident sequence are illustrated in Figure 5-7. The reduced
steam discharge into the lower compartment is sufficient to pressurize the containment to the CEQ
fan setpoint as well as to the containment spray setpoint. Actuation of the containment sprays in
the lower compartment is sufficient to substantially decrease the ice melt rate and therefore
decrease the contribution of the ice melt to the sump inventory. As illustrated, tl_le minimum sump
level is approximately 5.1’ (an elevation of 603°9“) which is above the licensing basis limit for
vortexing of 60210".

For the minimum sump water inventory assessment, the analyses also considered a small-
small LOCA with an effective diameter of 1 inch. The results for this calculation are illustrated
in Figure 5-8 and show that thie steam released to the lower compartment is sufficient to again
actuate both the CEQ fans and the containment sprays with the spray initiation being
approximately 800 secs into the accident. During this time, there has been a significant amount
of ice melted which has drained to the lower compartment. Once the containment sprays are
initiated, the ice melt rate is reduced and the water addition by the sprays to the lower

compartment results in a significant water level in the active sump. As was the case for the other

_ LOCA conditions into-the lower compartment there is some loss of water to the reactor cavity

through the nuclear instrumentation holes in the biological shield which continues to decrease the
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water level in the active sump over the duration of the containment sprays. However, once the
sprays are secured, this loss of water to the reactor cavity is offset by the existing ice melt rate.
Throughout this transient the minimum water level in the active sump is 4.8’ (an elevation of

604‘) which is above the licensing basis limit for vortexing of 602'10".

A LOCA into the lower compartment with an effective diameter of 1/2 inch was also;
investigated in this assessment, as illustrated in Figure 5-9. This very small LOCA does not
initiate containment sprays. This is. manifested by the extended time to recirculation and the large -
mass of ice melted at this time. Consequently, during thie time that this release occurs into the
lower compartment atrhosphere, the CEQ fans are initiated and circulate the air-steam mixture
through the ice condenser sufficiently to prevent the i)ressure from increasing to the containment
spray setpoint of 2.3 psig. Therefore,.thiS‘represents a condition in which there is substantial ice
. melt and a very long time (greater than 36 hours) before recirculation is required. (At 36 hours,
the sump water level is at 604.8°.) Hence, the water level in the active sump is always above the

licensing basis limit for vortexing.

5.2.2 Split Flow Pipe Breaks into the Sump and the Reactor Cavity

Because a break in the reactor vessel piping inside the biological shield could cause some
of the break discharge to collect in the cavity and some in the sump, these possible break locations
need to also be investigated. In this region, the spectrum of small breaks considered is the same
as that considered for the lower compartment, The largest break associated with the vessel nozzles
and piping is a postulated break at the vessel safe end which has an effective area of 1 ft?
(McCurdy et al., 1968). A spectrum of smaller break sizés are addressed for this locale including
those which do not initiate the containment sprays, i.e., the same analy;ical approach used in the

i

lower compartment.
Figure 5-10 illustrates the system response to the postulated break of 1 {t into the reactor

cavity at the elevation of the reactor nozzles. Because of the relatively large break in this confined
configuration, 30% of water is added to the reactor cavity and 70% of the water is discharged to

- FAI\99-77; Rev. 1
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the lower compartment (Westinghouse, 1988). The steam, is released to the reactor cavity but
is‘ calculated to flow thréugh connecting flow pfaths to th'e lower compartment l?y the MAAP4
containment model. Given the elevation of the reactor cavity, the break location is never
submerged. As was the-case for breaks into the lower compartment, the initiation of the single

CEQ fan and two trains of containment sprays occurs for this accident sequence with the lower

compartment sprays condensing steam thereby minimizing the steam partial pressure circulated

into the ice condenser. With this break size, two trains of ECCS injection are not sufficient to
refill the reactor coolant system, .hence, the water inv’entory in the containment sump includes
some of the water from the RCS (primary systém is not refilled) as well as the accumulators which
have injected prior to the minimum water level. As illustrated in Figure 5-10, the minimum water
level for this condition is 5.6 ft (elevation of 604.4"), which is greater than the licensing base limit
for vortexing of 602°10”. | .

A effective break size of 4 inch dia. into the reactor cavity was also considered with the
location being at the cold leg nozzles as previously discussed. With this size break, the water
discharged into the reactor cavity and the lower compartment follows the guidance in Appendix
B. Specifically, the best estimate would suggest that this break flow rate is split 50/50 between
the reactor cavity and the lower compartment as a result of the flow due to the jet impingement
on the biologicz;l shield wall. Figure 5-11 summarizes the behavior for this accident sequence and
illustrates that there is substantial ice melt resulting from the steam discharged during the accident.
This ice melt in combination with the water lost from the reactor coolant system, including
accumulated discharge, and that discharged by the containment sprays into the lower compartment
results in 2 minimum sump level of 4.71 ft., or an elevation of 603.5’ which is greater than the

licensing base limit for vortexing.

A similar accident sequence was assessed for a 3 inch dia. break in the cold leg with the
water discharge simultaneously directed to the reactor cavity and the lower compartment as
discussed above. Figure 5-12 summarizes the observations from this accident sequence. This

break is sufficient to initiate the CEQ fans and the containment sprays. For this postulated break
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Figure 5-11 A summary of the primary system and containment response for a 4 inch dia. cold leg break

into the reactor cavity and lower compartment.
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Figure 5-12 A summary of the primary system and containment response for a 3 inch dia. cold leg break
into the reactor cavity and lower compartment. '

v .
- o LI INL I N Y L O B N O L O ’°-I6||l|ll|lilil|||||ili||as|i-
= : ' '
" ™ - -

«~ H < =
o = = .
-_ = — .
N . H 0'
- =] > -
¢ = == © '
o I =1
~— Z
- -5 LN | IS
’;.-Z B g .
E =
- N - w
- £ - '
- B o
= 5 > - :
- = B
T -
. 3 < -
e ==
. B
) E
q‘rll!lll!ll!!ll!!l!llll!llll!!E V:I!l!lll!ll!!!ll!l!!l!!!!'Y!!!l
0 5 10 15~ 5 10 15
- A - .
- Time, ‘Hours " Time, Hours
« ETT I T I T I T T T T3 T I T T e T T T e I LALLM B L B BN L B L B
= y g = . © - ,
=3 = 4 eem .
o E- = by :
= E L] -
w E E - o )=
== == 'Y s
~n§ E - -
hal = B -] oy t P
o E. = - B
- o E T - < <
< E 1 ¢ wf-
s S 3 O~ "F
-lo'::' E g -
== - o .
L2 A 5 E -
- H . 5 s
ws B - ——
:—-:_ . B w
ch e >
- = = .-
H B b
d =
w | - e
= -
[ | p o v e le s no !:g . = } —
o O I I O B O [ : o Lt e 11 v P T Ty T L r 2ty
0 5 : 10 15 0 ' 5 T ¥;







\!

5-23

size, the minimum sump level observed is 4.84 ft. (an elevation of 603.6") which is above the

E

602’10 licensing basis limit for vortexing.

The break spectri]m into the reactor cavity also considered a 2 inch effective diameter
break in the cold leg/RPV nozzle region. As was the case witll; other breaks in this locale, the_
flow split of the water, discharge follows the guidance given in Appendix B. Figure 5-13
illustrates thg results from this anal);sis and shows that the containment sprays were initiated early
in the accident sequénce ahd that the minimum water level occurs after several hours and reaches

a value of 4.63 ft. (elevation of 603.4") which is above the licensing basis limit for vortexing.

The results for a postulétgd break with an eft:ective diameter of 1.5 inch at the cold leg-

RPYV nozzle weld is illustrated in Figure 5-14. As was the case with the smaller breaks in the
lower compartment, there is a reduced steam inventory released to the lower compartment but this
is sufficient to actuate both the single CEQ fan and the containment sprays. This results in a
reduced ice melt coﬁtribution to thc;. containment sump and the RCS inventory can be established
b); two trains of injection. As shown in this figure, the minimum water level in the containment
sump is 4.57 ft (an elevation of 603.4), which is above the licensing basis limit for vortexing.
. The results for a very small LOCA with an effective diameter of 1 inch at the nozzle safe

end is illustrated in Figure 5-15. The steam released is very small but is sufficient to increase the
lower compartment pressure such that both the CEQ fan and the containment sprays actuate. Once
the sprays have been initiated with the assumption that two trains are initiated and sustained, the
system progresses to recirculation at approximately 45 mins into the accident sequence. The
active sump water level decreases until about 5 hrs into the accident sequence. At this time the
wat;r level in the sump reaches a minimum of 4.35 ft (elevation of 603.13’) which is 3.5 inch

above the licensing basis limit for vortexing.
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Figure 5-13 A summary of the primary system and containment response for a 2 inch dia. cold leg break
into the reactor cavity and lower compartment. ’
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5.2.3 Breaks Into the Reactor Cavity

Analysis for a postulated 'éjection of a CRDM due to weld-failure is illustrated in Figure
5-16. A rupthre in this location may have an increased steam discharge due to two-phase
separation within the reactor vessel. MAAP4 does not represent phase separation in the RPV
upper plenum and as a result provides for a mass and energy release to the containment which ‘
minimizes ice melt for this po;tu_lated accident sequence. In contrast to the split flow break
locations considered above, this postulated break in the RPV upper head is assumed to discharge
all ‘of the break flow to the reactor cavity. With this LOCA size, the RCS is eventually refilled
by two trains of ECCS injection and is essentially full at the time the minimum level is calculated
in the containment sump. However, auﬁng thé blowdown and cooldown transient, the
accumulators have partially injected and this inventory is discharged to the reactor cavity. As
illustrated in Figure 5-16 the minimum water level during the transient is 4.41 ft (an elevation of

603.2’) which is above the licensing basis limit for vortexing.

Figure 5-17 illustrates the results from a postulated break of 6.61 inch in the bottom of the
reactor vessel. A break of this size is sufficiently small that the containment sprays are not
actuated, which is the expected behavior given the results previously discussed for very very small
LOCAs into the lower compartment. As long as the containment sprays do x{ot actuate the time,
to recirculation is determined by the ECCS injection which is in excess of 36 hrs. Consequently,
the' sump inventory includes a substantial amount of ice melt and the sump water level at
recirculation is of no concern with respect to the licensing basis limit for vortexing. This result
. also characterizes a similar break size in the RPV upper head, which i; the severing of the reactor

head vent. Therefore, the containment sprays would not initiate for this postulated event. |

5.2.4 Summary of Minimum Sump Level
Compiling the information from the various size postulated LOCAs into the lower

compartment results in a characteristic behavior demonstrating the minimum active sump level as

a function of the LOCA sizes for break location for these Mode 1 initiation cases. Figure 5-18
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shows the minimum sump water level for the si;ectrum of breaks into the lower compartment and

. the reactor cavity and F'igure 5-19.show‘s the n.1ass of ice melted at the minimum level for the

different accident sequences. As illustrated, the wéter level in the active sump follows the

expected trend of decreasing with a decreasing break size and results in a minimum Value of 4.35

ft (elevation of 603.13") for the smallest split flow LOCA which is sufficient to actuate the
containment sprays. For completeness‘, the 2.75 inch LOCA in the RPV ﬁu’pper head is included

here as having an effective diame_ter of 2.4 inches. For effective LOCA sizes less than 1 inch,

the containment sprays are not initiated and the minimum sump level is the level at recirculation

which takes'many hours and includes a substantial mass of water due to ice melting. Hence, these .
analyses demonstrate that the postulated LOCAs into either the lower compartmentkor the reactor
cavity have a minimum sump level that is above the lfcensing basié limit for vortexing regardles:é
of the LOCA size pbstglated.

5.3 D I ol El] nI IIQ olo C A

The information from the most limiting case was examined to provide the necessary details
of the RCS and containment behavior to clearly illustrate the integral behavior of the system under
this condition. These are documented in Figure 5-20 with the information in Figure 5-20a
showing that the water level in the active sumb (the lower compartment) is above the 602'10”
licensing base limit for vortexing. This also shows that the reactor cavity reaches the spillover
condition after approximately 6 hrs. into the accident and that the water level in the pipe annulus
(inactive sump) is the same as that in the active sump region (lower compartment), For these
anélyses the contairwnment‘ sprays were secured when the lower compartment pressure is decreased
to 0.77 psig.

Figure 5-20b shows the respective break flow rates to the sump and the reactor cavity and
these follow the flow split evaluated in Appendix B. This figure also illustrates the required safety
injection flow to the RCS eventually is reduced when the RCS is cooled down and the pressurizer
level reaches the upper limit indicated in the EOPs. Injection flows were throttled in these

analyses to maximize the water inventory in the pressurizer. This is different from the plant

¥
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Figure 5-19 A summary of the melted ice mass for the spectrum of LOCAs considered into the lower

compartment and the reactor cavity.
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dia. break into the reactor cavity.

€e-S



LL-66/1Vd

3
.

1 "A%Y

[N

xlo’

FLOW LB/HR

Si

RCS BREAK TO SUMP LB/HR x10°

"

i E

1 LOCA INTO RX - 2 TRAINS ECCS/SPRAY

(505 TO RX 50% TO LOWER COMPT)
“ oo
~ oo ‘.”“l““l““I””l““'””l““l””l““I”“l”“l“‘f
- o §o -
«~ % ~ :
— S~ -
. o - -2
«~ o~ -
e =< @ =
s ° % E
- -
: v : -Te
< bt
“ U —
- w -
o :
Z o = E
(&) t
o oo o -
= [~ =
~ [ST1STIT1 INTTIATIT1 ITTT1 IYRY1 [N T AYITARITTR AYIL ANATL TN : -~ 1!!!]u!lln!llnn!unlnnlnl!llnll!!nlnulnnl!u

001 2 3 4 5 6 1 8 9 10 11 12
TIME HOURS

hi ~ Jullnnlunlnnlnnlnlilln||5|n|unlnnlnn'nlL
2 - ) :

»x = [ -

- © -

- . " :
< @ -

R N . -

“lw 2 =

” = oI -
pn } p= -

- T2 = Ny

. e : :
~1> - :

o - w | -
- ) - - .

- 2 b - z

- = - =
- = 1o o -
: 4 : V! [ -
o 3 L ;!!!l!!!!IHl!l!H!l!Hll!!!ll!!!!'!!!!l!!Hl!!l!l!llll!!!F

o

1 2 3 4 S5 6 1 &8 9 10 11 12
TIME HOURS

0o 1 2 3 4 S 6 7 8 9% 10 1t
TIME HOURS.

—
~

o 1 2 3 4 s 6 7 8 9 10 11 12
TIME HOURS

Figure 5-20b Details of the primary system and containment response for the most limiting case of a 1 inch

dia. break into the reactor cavity.

»

1259



‘LL-66\IV

0 'A%y

xlo‘

CTS FLOW LB/HR

1 LOCA INTO RX - 2 TRAINS ECCS/SPRAY
(50% TO RX 50% TO LOWER COMPT)

:m'”“lnTlllﬂlllllll“”lllllllllll]lnTlillllHl_lHlT IIIIIIIIl!ll”l“ll|‘lll|llll|llllllllllll1ilﬂ'”‘i1ll|ll '

N - -

3
}

ll[l'llj—i

-
-

=
—

-0.5
\

O DA SN SR A SRR DR NN DT SR AN U |

o ll!llll!LLl_LlllIlll!llLLl!llllllLllllll!lll!!‘ll;lll!!)»‘ .lllll!l!llll!l‘ll;!LL!J!L!_llll!l!Lll!!!ll!!!!!!1_1'!!!!'!!!!
0 1 2 3 4 s 6 7 8 9 10 11 12 0 1 2 3 4 5 6 7 8 9 10 11 12
TIME HOURS TIME' HOURS

Figure 5-20c Details of the primary system and containment response for the most limiting case of a 1 inch
dia. break into the reactor cavity.-

=

(359




‘LL-66\IVd

0 *A%Y

ACTIVE SUMP WATER TEMP F

xlo'

CTS HX BTU/HR

E ’

1 LOCA INTO RX

T . LT

2 TRAINS ECCSISPRAY

(50% TO RX 50% TO LOWER COMPT)

-

150 200 250

100

ATII’IFI]'III

50

o 1 2 3 4 5 6 71 8 9 10 11 12
TIME HOURS

L 2]

- =
»
[oe]
: ot
]
']
- <C
=3
a
o
-~
<<
g |
v =
: =
>
(&)
O
- i<

o llllLllj_L!L!Jll_!LLlLLLlll_lljJ!llllilll'!ll!llll!llllllnn

6o 1 2 3 4 5 6 7 8 9 10 11 12
TIME HOURS

40

(=]

ll;l R AR AR IR R AR LA T A AN LR AR RN AL
: (RARAE LR KRR LAY LLER) RELLY ALY KL RLAN R

ﬁlnn-l-lillnlnl-pnu’-u

' | i \_

!llll!!ll!!lll!llLl!l!_ll!j!ll!lllllllll!!!!l!Ll_!!!J!!'!!i!

3,

0 1 2 3 4 5 6 1 8 9 10 H 1
] TIME HOURS'

rlllrllnli1lrl“ll|llll|llll'_llrl|lTll]’llIIlleTlill‘T1l

!!l!l!!!lllLLlLLllLl!!!lll!!Lll ‘]!l!!!l'!!l!l!!l!'!!!ll!l!L

0 1 2 3 4 s 6 7 8 9 10 11 12

TIME HOURS

<

Figure 5-20d Details of the primary system and containment response for the most limiting case of alinch

dia. break into the reactor cavity.

Ye

9¢-§




N
.
-

x10'

.
(]
.

LL-66\IVd

0 "A%Y

RCS PRESSURE PSI

(50% TO RX

1 LOCA INTO RX - 2
50% TO LOWER COMPT)

TRAINS ECCS/SPRAY s

2.5

l(iljllj

o
3

15

10

lTIllrllel1l I—IIIIHIIIIHIIWWWLW

B

inn:lln-i
»

!llllllll!lljll!ll'lllllllll'll!l,!ll!'ll!llll_[!llll!l!!

1L

o 1 2 3 4 S5 6 7 8& 9 10 11

-

12 0o 1 2 3 4 5 6 1 8§ 9 10 11 12 .

o TIME HOURS - TIME HOURS
3‘lllllll'lllrrl1llllllr'llll'llllllllr’lllllllli]l(l]—[lll‘:.o {54 lllllllllllllllmllﬂ”llllll]lllllllll”Il[lllllllllllIll
; 1< L . )
w oF -1_ -~ .
. o - ~jv L
a. ]
= [ - - :
w (1)
=~ - e
o = .
&g 7
= w
= - L=
ES I~ - -
m °P‘ o ¢ -
o o |- [7z]
« "l
s : o ;nuluuluulu Py A FERRa FR T AAR R RCRULRTARA RRLT]
“9 1 2 3 4 S5 6 1 8 9 10 11 12 0 1 2 3 4 5 6 1 8 9 10 i1l 12
TIME HOURS TIME HOURS
Figure 5-20e Details of the primary system and containment response for the most limiting case of a 1 inch

dia. break into the reactor cavity.

LE-S




LL-66\IVA

0 "A%Y

16 17 18 19 20

LOWER COMPT PRESS PSI

15

(50% TO RX

— S ——

1 LOCA INTO RX - 2 TRAINS EECSISPRAY
50% TO LOWER COMPT)

TIME HOURS

vy .
": SRR AR R AR AR AR AR A L RAAR A IR A A BRI L I RERE LRRR R RERNY
- Rl RARE KAL) RALAE LALR) LALR LAY LAY RELE LR LA LA
- i
- - .
N n =
= < -
:_— S -
- -
- w —
-3 : . :
- m ;
[~ A= 2~ _
- -mo < F
- 14 - P
lllllllllllJ_L!LLIJlIl!LLllll!lJlJ_L!!lll_ll!lllllll'l!!lllllr o 1[!!'!!!!1!!!!l!!!!llllll!ll!l!!l!ll!llll'zlllJJLLlLL!!J!L!!
0 1 2 3 4 ) 6 7 8 9 10 11 1}

0o 1 2 3" 4 5 6 1 § 9 ¢ 11 12

S

TIME :HOURS

s

Figure 5-20f Details of the primary system and containment response for the most limiting casg of a 1 inch

dia. break into the reactor cavity.

8¢c-S |




5-39

behavior since the high head flows can not be throttled. Such an assumption is a conservatism in

the analysis.

The flow rates of the containment sprays and RHR sprays are indicated in Figure 5-20c.
It is particularly important to note that the RHR sprays were not actuated, which is consistent with
the conditions inpﬁt to the calculation requiring that the RHR sprays would 6nly be used when |
both trains of containment sprays are not operating. Also, this figure shows that the containment
sprays are actuated early in the accident progression with the injection phase terminating at about
3/4 hr. Once transfer to recirculation has been completed, both trains of sprays are restarted, i.e.,

the same flow rate as the injection phase.

The sump water temperature and the containment spray injection temperature are illustrated
in Figure 5-20d which shows the influence of long term spray operation with containment heat
removal through the containment sprays. Also, the heat removed by the containment spray heat
exchangers is; shown in this figure and as expected, the heat removal rate is highest early in the
transient and decreases as the sump water temperature decr&ses. It should also be noted that the
containment spray injection temperature changes substantially over the accident with the initial
temperature being that set for the RWST and the”ﬁnal temperature approaching 42°F. This figure
also shows the discharge of the accumulator mass, which begins at about 3 hrs. into the accident
and is slowly discharged over the next 3-1/2 hrs. Hence, the accumulators provide most of their

inventory to the containment sump at the time of the minimum level, i.e., at 5-1/2 hours.

Another important par.t of the system response is the RCS behavior\, including the
pressurizer and the secondary side transient respon‘se as illustrated in Figure 5-20e. With this
small initial break size, the pressurizer does not drain completely and this level is restored once
the cooldown begins. This figure also illustratés the influence of the cooldown process on the
RCS water temperature. As discussed previously, a cooldown rate of 100°F/hr was used which
is the maximum rate allowed in the EOPs and the maximum rate results in the minimum sump
inventory. Once the cooldown process is initiated, the RCS water temperature decreases 200°F

in 2 hrs, consequently, the cooldown effected by control of the secondary side pressure
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accomplished the desired .influence on the.reactor coolant system. It should be noted that this

cooldown and depress;u'ization has the integral influence of enabling the pressurizer to be refilled,

initiating accumulator injection and requiring additional water mass in the RCS as the coolant

density increases.

Figure 5-20f illustrates the lbwer compartment pressure and the steam mass fraction in the
lower compartment gas space during the accidén.t sequence. ' This demonstrates that the pressure
increases to the containment spray setpoint (17 i)sia) early in the accidgni sequence. This also
shows that once the injection phase is completed and the co—ntainment sprays are shut down for 5
mins. during the transfer to recirculation, both the steam mass fraction and containment pressure
increase during this interval which is the expected behavior. Once tra;nsfer to recirculation has
been completed and the two trains of containment sprays are re-established with suction from the
containment sump, the containment pressure and the steam concentration decrease rapidly to a
quasi-steady value until the RCS cooldown begins to decrease the brea}c flow rate and the steam

flow rate to the containment.

In summary, the details of this most limiting case follow the expected behavior from the

integral analysis: In addition to examining these details, a mass balance check was performed for _

this case. The water mass balance is examined for the most limiting break size (i.e., 1 inch small
LOCA with a 50/50 flow split of saturated water from the break to the cavity the lower
compartment). In this 1 inch small LOCA case, the minimum sump level occurs at around 5.4
hours. At the time of minimum sump level, the water level (referenced to the lower compartment
floor; 598'9-3/8") in the active: sump is 4.35 ft.

In these MAAP run analyses, it is assumed that 280,000 gallon - 16,100 gallon (assumed
holdup volume;) of RWST water will be injected into RCS and containment before switching from
injection to recirculation. After the recirculation is completed, an additional 34,000 gallons of
RWST water will be injected into the RCS. Thus, the total available RWST water to the RCS and
the containment is 297,900 gallons (~ 2.48E6 Ib). The additional water can be supplied from the
accumulators and melted ice. At the time of the minimum sump level, 1.97ES 1b of accumulator
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@ water has been injected into the RCS and 4,3ES 1b of ice melt has occurred. Table 5-2 shows a
detailed mass balance of the entire system at the time of the minimum sump level. As illustréted,

there is a check on the water inventory at the time of minimum sump level.

Table 5-2

(50% to Cavity and 50% to Lower Compartment)

Initial Water Mass in RCS + Pressurizer 5.230E5 Ib
RWST Water Available (all'injected) LT 2.48E6 1b
Accumulator Water Injected at 5.4 hour 1.97ES 1b
Ice Melted at 5.4 hour ' 4.3E5 Ib
TOTAL | 3.63E6 Ib
Water Masses in RCS + Pressurizer at 5.4 hour 6.40ES Ib
Water Masses in Containment at 5.4 hours
in Cavity 0.93E6
in Lower Compartment 1.03E6
in Annular Compartment 0.94E6
in the Rest of Containment 0.9E5
TOTAL '3.63E6 Ib
A
5.4 * S OIO OI ! l [ n I l ] E l l.

As discussed previously, the most limiting containment conditions for a loss-of-coolant
accident in the containment with respect to the containment sump inventory were addressed
through a Failure Modes and Effects Analysis (FMEA). In general, these conditions are those
which minimize the ice melt through the earliest spray initiation for a given break size combined
with the minimum steam mass in the lower containment compartment and the coldest spray water

temperature. Since the most limiting cases for this evaluation had already been established, these

were not a subject of sensitivity analyses.
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One aspect of the containment evaluation to be assessed through an integral model is the
sensitivity to the ECCS and containment safeguards configuration. The base case for the sump
evaluation was performed with two trains of ECCS and a single train of air recirculation fans in

operation. Hence, the siﬁgle active failure is a single CEQ fan failed Cvigh the remainder of that

train operating as designed. To address the sensitivity to this assumed failure, two additional

configurations were considered:

. failure of a complete ECCS train and containment safeguards (one CEQ fan is in

operation along with one injection train and one train of containment sprays),

. the single active failure was not in the ECCS and containment safeguards such that

two trains of all the systems were available.

Figure 5-21 illustrates the response to a 1.5 inch LOCA into the reactor cavity using a
50/50 split flow to the reactor cavity and the lower compartment (the limiting case) for these three
different cases. As illustrated, the failure of a single CEQ fan is more limiting in terms of the

minimum sump level by several inches with the principal reason for this difference being increased

- ice melt for the two conditions considered in addition to the base case. This demonstrates that the

system configuration evaluated for these assessments is the single most limiting case in terms of

presenting the minimum containment sump level for the spectrum of LOCA conditions.
5.5 Conservatisms in the Analyses

Several of the conservatisms can be quantified. These are detailed below.

The free volumes assumed in the pipe annulus and lower compartment regions are
documented in the DIT information in Appendix A. This analysis represents the total volumes
in these compartments and no assessment has presently' been made for the volume occupied by

internal structures such as pipes, valves, etc. In the previous analyses (FAI, 1997) an allowance

of 5% was given for structure in the pipe annulus. Given the large pipe annulus volume, a 5%
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@ value for the internal equipment represents about 16,000 gals. Approximately half of this blocked
volume could become: submerged. The blocked volume in the submergible portion of the lower
compartment is given as’507.6 ft’ (3800 gals). The combined suf)merged blocked volume is
appioximately 11,800 gals or a sump level increase of about 2.2 inches. This influence is not
included in the evaluations documented in Section 5 and therefore is a conservatism in these

analyses.

* These assessments assumed the maximum cooldown rate of 100°F/hr. Slower cooldown
rates, such as 30°F/hr or 50°F/hr would increase the energy discharged into the containment and
therefore increase the ice melt inventory. Therefore, using the maximum cooldown rate in this

assessment is a conservatism in the analysis.

Other parts of the analysis are conservatisms but cannot be directly quantified. The

influence of these assumptions are discussed in the following paragraphs.

These split flow breaks postulated very small ruptures in the reactor coolant piping inside
the biological shield. Such small breaks which are smaller than the piping thickness are highly
unlikely. In particular, a postulate of cracks in the RCS piping would be demonstrated as leaks
but not ruptures of this size and those ruptures which are postulated as a result of other events,
such as seismically induced movement of the piping would result in larger break sizes if such a
rupture would occur. Consequently, postulating very small ruptures of the RCS piping inside the

biological shield is a substantial conservatism in these analyses.

For the assessments provided in this section, the most limiting conditions with respect to
containment conditions, ECCS/containment safeguard configurations, postulated break sizes, break
location, etc. have been considered. As discussed for each of these issues, the most limiting case
is that which results in the earliest actuation of containment sprays combined with the smallest
steam discharge rate to the lower compartment atmosphere. Hence, each of these parameters that
has been examined through the FMEA calculations or specific MAAP4 analyses tends to provide

‘ for minimal ice melting which therefore translates to a minimal ice melting inventory to the
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containment sump. Therefore, these are all individually conservatisms in the analysis since it is
skewed towards the most conservative boundary of each parameter.

The mass and energy releases to the containment, regardless of the break size, are provided
by MAAP4 using the assumption that the steam and water discharged from the break are in
therquynamiq equilibrium. This results in the maximum water enthalpy and therefore thé ‘
minimum stean:| mass produced as the mixture flashes into the containment. Therefore, the use
of the MAAP4 mass and energy releases prodtices the minimal ice melt for a given postulated
break size.

-

/

Another conservatism is the invariance of the licensing‘base limit for vortexing with the
flow rates demanded by the ECCS and containnient spray systems. The information in the
literature with respect to changes in flow rate indicate that the water depth necessary to protect
against substantial air ingression varies as the square of the velocity and therefore as the square
of the flow rate (Weigand et al.," 1982). For the most limiting cases examined, the ECCS
injection flow is only a few hundred gpm and the containment spray flow is 3700 gpm per train.
This is well below the 9500 gpm through a single section pipe that was considered in the Alden "
scaled test for.the D.C. Cook sump. The vﬂue of 9500 gpm was considered as the runout
condition for one ECCS train given complete failure of the other train. Another case considered
was 7700 gpm flow fof each suction pipe with both trains operating which is more representative
of the conditions used in this analysis. This 7700 gpm flow rate simulated the runout condition
of ECCS pumps with both trains ope;'ating. As mentioned earlier, the Alden Laboratory scéled ’
experiments observed that a level of 602°10” was sufficient to protect both of these cases.
M;)reover, the parametric sump studies performed by Sandia National Laboratories and Alden
Laboratories for the Nuclear Regulatory Commission (Weigand et al., 1982) show that a reduced
injection rate could have sufficient protection for air ingression by a much lower water level. The
guidance from the parametric study suggest that a Froude number of 0.55 can be used to describe
_ the submergence sufficient to protect against air ingression up to 2.5% void fraction. This extent
of ingested void would not result in damage to large pumping systems during long term operation.

The Froude number in this context is defined as
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U
Ves

where U is the water velocity in the pipe inlet, g is the acceleration of gravity and s is the

Fr =

submergence depth of thé pipe inlet.

In the D.C. Cook speciﬁc scaled experiments the observation of no air ingression for a
suction flow of 9500 gpm and a sump level of 602’10" can be used to'formulate a Froude number
function for such pr&tecti_on 2t lower suction flow rates. In the D.C. Cook sump, the vortex must
be pulled below the bottam of the crane wall 5939-3/4" (Figure 5-22) before air could be
ingested into the suction piping. Combining this submergence (9°1/4") and flow rate with an 18
inch suction pipe diameter results in a Froude number of 0.7. Water levels necessary to prevent

air ingression can be assessed using this characterization.

An additional observation was made by Padmanabhanﬁ(1978) for the D.C. Cook sump
tests, i.e., “Preliminary tests indidéted that the minimum water level in the sump should not be
less than EL 602 ft, 3 inches so that the necessary head over the curb to effect the needed inflow

balancing the outflow from the sump was available,” This is the only reference to this elevation

~and there is insufficient data reportéd to check this against standard weir flow models.

'Furthermore, there is no such limitation noted for the same suction flow with the water level at

a scaled height of 602°10” and a 50% blockage of the entry to the sump. Nevertheless, this
observation provides a means of determining a bounding condition for characterizir{g the water
supply flow to the sump. From standard weir flow theory (Vennard, 1954), the volumetric flow
rate (Q,,) is proportional to the: water height differential (H) as given by

Qv o« H3?

The appropriate height in this calculation is the distance above the curb which has an elevation of
599°4-3/8" (Figure 5-22). Solving for the constant of p'roportionality for a differential height of
2.89 ft. with a total flow rate of 15,400 gpm provides the functional behavior shown in Figure

5-23: Note that this is displayed ona per train basis and has a value very close to 602°10" for
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a flow rate of 9500 gpm. Thus, this curve can be used to bound the behavior for air ingression

as well as supply flow to the sump:

To illustrate the conser{'atisms in this representation, Figure 5-23 includes the air
ingression boundary (N, = 0.7) as well as classical weir flow results for one and two trains of
ECCS ahd containment safeguards operating including conditions for no blockage and 50% '
blockage of the sump inlet periphery. There is substantial margin between the bounding
representation and these more mechanistic anal}'ses.

Figure 5-23 also shows the results of the split flow Mode 1 analyses, which are the most ‘
limiting cases. These minimum levels are all above ti1e 602'10” design basis limit for vortexing.
Moreover, these postulated accident conditions also have the smallest suction demand. Hence,
there is additional margin for these smaller break sizes than represented by the submergence above

602’10”. This is an added conservatism for the Mode 1 analyses.

Lastly, the most limiting containment configuratio'n is evaluated with respect to the
ECCS/containment safeguards available in the accident response. In particular, the configuration
selected, the failure of a single CEQ fan, results in the lowest g':is flow through the ice condenser
and therefore the minimal ice melt during the transient evaluated. No credit is taken for
termination of a single train of sprays for these very small LOCAs or for shutting down one of
the injection trains to the RCS. Each of these would slow the time to recirculation and would also
increase the ice melt without creating any challenge to containment integrity. Neglectinwg such

operator actions in very long transients is a conservatism in the assessments.
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The assessment for the minimum sump inventory considered aEcident sequences other than
the spectrum of possible ruptures in the RCS under Mode 1 conditions. One such set of conditions -
considered were the integral RCS and containment behavior following a postulated break in the
reactor coolant system when the RCS had been ceoled to a temperature of 350°F. (In these cases
the break is initiated at 3 hours which is the interval requir;ad to cool down. the RCS.) Several
cases were examined, with the bounding cases being a 6 inch equivalent diameter bréak
discharging to the loWér compértment and a 2 inch diameter break in the cold leg near the reactor
vessel nozzle which discharges water into both the lower compartment and the reactor cavity. The
results for the first case are illustrated in Figure 6-1 and show that the accident is initiated after
the RCS is cooled down to the temperature of interest. Note that this lower bound of the Mode
3 temperature range was used sinée this results in the minimum steam production due to flashing
and therefore the minimum ice melt contribution to the sumi). A LOCA of this size is sufficient
to actuate the CEQ fans and the containment sprays with the water level in the sump being greater “
than the licensing base limit for vortexing at all times after recirculation which occurs at about 4
hrs. The result§ forthe second case are illustrated in Figure 6-2. Such a small LOCA would not
initiate containment sprays for the conditions defined. Consequently the location of a break of this

size, or smaller, has no influence on the sump level since the sprays would not actuate.

Other effective break sizes were considered for locations in the lower compartment and the
split flow cases since ghése are the limiting set of conditions. Break sizes larger than 2 inches
release sufficient steam to increase the containment pressure to the 2.3 psig spray setpoint
considered for these evaluations. Consequently, with the reduced energy inventory in the RCS,
the net steam produced by these breaks.results in a reduced water level in the active sump
compared to the Mode 1 analyses. Figures 6-3 and 6-4 resﬁectively illustrate the Mode 3 results
assuming 4 inch and 3 inch effective diametex: breaks into the lower compartment. As shown by

these two figures, the water level at the initiation of recirculation, which occurs at approximately

FAI\99-77; Rev. 1
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Summary of the results for a 6 inch LOCA into the lower compartment under Mode 3 conditions.
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4 hours into the evaluation, is approximately 2-1/2 feet above the 4 foot level which corresponds
to an elevation of 602/10”. With the long term flow through the NIS holes and the potential for
containment spray to fall through the entry to the instrument tunnel, this slowly decreases to a

minimum value which is above the 5 foot level, i.e., an elevation of 604 feet. .

The resporise of postulated split flow breaks in the cold leg piping as analyzed for the ’
Mode 1 analyses is illustrated in Figures 6-5, 6-6 and 6-7 for respective effective break diameters
of 6 inches, 4 inches and 3 inches. These cases experience a substantial flow rate to the reactor
cavity early in the accident séqugnce and as a result less water accumulated in the sump. With
the reduced contribution of ice melt for the initial RCS temperature condition, there is insufficient
inventory in the sump at the time of recircﬁlatiox:: to remain above the 602'10” condition.
Howéver, this is for a very short time and the level recovers to a value above the 602'10”
condition which corresponds to 4.05 feet in these figures. The Mode 3 sump level results are

summarized in Table 6-1.

With these smaller break sizes, the water demand from the containment sump is
substantially reduced since the ECCS flow rates are well below those associated with the DECL
design basis condition, Consequently, the information produced from these inte;gral analyses can
be integrated with that reported in the Alden Laboratory studies (Padmanabahn, 1978) as well as
those integrated through the MPR evaluation of meaningful requirements for the recirculation
sump based on the Alden Laboratory data. Similar to the analyses performed for the Mode 1
cases and shown in Figure 5-23, Figure 6-8 compares the minimum required sump level for these
reduced suction flow rates on a per tram basis with that resulting from the Mode 3 assessments.
As illustrated, with the reduced sump demand flow, the minimum sump level is above the
bounding limit charactenzmg both vortexing and the cntlcal depth to support flow into the sump.
Hence, while the level may be below 602'10” for postulated break sizes in the reactor coolant
system piping inside the biological shield, the redlfcéd recirculation flow has a correspondingly
reduced demand witl_l respect to vortexing (air ingression) and the flow rate into the sump (weir

flow) to assure that the inflow equals the outflow. Consequently, there is also sufficient inventory

FAIN99-77; Rev. 1
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Table 6-1

Break Switch to Recirculation Minimum Sump Level Containment Spray Operation
Size Break - : : -
@inch) | Location® Time® Sump Level Time® Sump Level | Start Time® | Shut-Off Time®
(seconds/hr) (ft) (seconds/hr) (ft) (seconds/hr) (seconds/hr)
2 LC 21037/5.84 6.4 21037/5.84 6.4 Not Initiated N/A
3 LC 12048/3.35 5.5 12048/3.35 5.5 10440/2.9 24109/6.7
4 LC 11724/3.26 5.5 11724/3.26 5.5 10409/2.9 20228/5.6 '
6 LC 11639/3.23 5.5 61200/17.0 5.2 10387/2.9 20297/5.6
2 RX 21033/5.84 4.3 21033/5.84 43" Not Initiated N/A
3 RX 12045/3.35 4.6 13860/3.85 4.25 * 10430/2.9 26470/7.35 -
4 RX 11709/3.25 4.0 12600/3.5 3.55 10404/2.9 20741/5.8
6 RX 11627/3.23 4.3 12200/3.4 3.55 10386/2.9 20874/5.8

M | ower compartment designated LC and reactor cavity designated RX.

@ All times referenced to start of cooldown from normal operating conditions which is time of O seconds. The Mode 3 LOCA is

initiated when the primary water temperature reaches 350°F which occurs at 10,375 seconds (2.9 hours):
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6-12
in the active sump during recxrculatxon for th& lowest RCS temperature in Mode 3. Other Mode

3 conditions (RCS temperatures between hot standby and the 350°F value used in these analyses)

are bounded by the Mode 1 and Mode 3 results given here for the minimum sump level.
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As with the cases addressed for a break fn ;he reactor coolant sy;stem, the spectrum of
. conditions also considers the potential break in the secondary side, i.e., a mam steam line break.

This type of accident is different from those with a break in the RCS smce there is no continuing
need to inject to the RCS. The containment sprays can be actuated by the steam generator
blowdown into the lower compartment and the RWST would be drained.to the recirc condition
but little injection is needed to the RCS. Also, there would be a substanit‘i‘al ice melt associated
with the steam generator blowdown and this inventory would drain to the sump. Figures 7-1 and

7-2 illustrate the integral response for postﬁlated break diameters of 1.4 f€ and 4.6 ft*

respectively. There is essentially no difference in the global accident behavior. In both cases the
failed steam generator is isolated 600 seconds after the postulated main steam line break. As
illustrated in these figures, there is a substantial amount of ice mass melted early in the transient
(approxinllately 400,000 1bs) and the water level in the sump increases to about 5.7 ft (an elevation
of 604'6") due to the activation of containment sprays‘and the ice mass melted. There is flow into
the reactor cavity through the nuclear instrumentation ports in the biological shield and by the

spray flow into the entrance to the instrument tunnel which slowly increases the level in the

reactor cavity and decreases the level in the sump. In this calculation the containment sprays were

secured after about 8 hours when the containment pressure reaéhed the reset condition. At this
time the RCS is full and undergoing cooldown with very little ice melting. Hence, there is
virtually no demand on the contain;nent sump. During the time at which there was a suction
demand from the sump, the level was well above the licensing base limit for vortexing of 602’10”,
which is approximately 4 ft. of level in the active sump. Consequently, neither of these steam line

break initiating events resulted in any challenge to recirculation flows.

FAI\99-77; Rev. 1
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The conclusions from these analyses are as follows.

-

1.

v

With the changes in the containment design to assure adequate communication ~

between the pipe annulus and"the sump, as well as the éhange in the CEQ fan
setpoint, there is sufficient sump level for the complete spectrum of RCS and
secondary side breaks to protect against vortexing and air ingres:sion. Hernce, there
is no need for additional plant modifications or changes to the EOPs.

The assessment of the minimum sump inventory requires an integral analysis which
includes representations of the RCS and containment as well as the s;'stem
performancc; of the ECCS and containment safeguards.

The containment building model needs to provide sufficient nodalization to
represent water inventories in the sump (lower compartment), the pipe annulus and
the reactor cavity as well as to model the flow connections between these different
compartments.  Furthermore, the assessment must provide a mechanistic
descrilition of the ice melt behavior such that the complete spectrum of LOCA
conditions can be evaluated. .

*

The MAAP4 models for the ice condenser, ice condenser containments and the

inlet door characterization are in good agreement with the available experimental

results from large scale experiments and plant observations, i.e., the forces

required to open the ice condenser lower inlet doors.

The most limiting case for the minimum sump level during recirculation are those
conditions in which the containment sprays are initiated but there is minimal ice

melting when the sprays are operating. These are situations in which the steam

FAI\99-77; Rev. 1
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partial pressure in the lower compartment is minimized (small-small LOCA) and
the potential for condensation is maximized (the coldest spray temperature). These

conditions were developed through an independent FMEA assessment and applied

in this analysis.

For the spectrum of LOCA conditions’ evaluated into the lower compartment, a ’
LOCA with an effective diameter of 1" represents the minimum condition where
sprays would be initiated and the steam partial .pressure in the lower compartment
the lowest. This represents the most limiting case for a break into the lower '
compartment and the minimum level in the sump for this most limiting transient

is 9 inches above the licensing base limit for vortexing of 602°10".

For postulated breaks in the cold leg inside the biological shield, the water
discharge from the break is represented as having a 50/50 split between the reactor
cavity and the lower compartment based on jet impingement analyses of the two-
phase discharge. For these types of breaks, the most limiting case of a 1 inch
effective break diameter results in a minimum level in the sump of 6031-1/2"
which is 3-1/2 inches above the licensing base limit for vortexing of 602'10”.

Possible break locations were also considered for the RPV lower and upper heads.
The maximum break size in the lower head is a rupture (severing) of an in-core
instrument penetration tube which provides a break diameter of 0.61 inches with
a discharge coefficient of less than 0.6. This is not sufficient to actuate the
containment sprays. Th‘us, the sump water level is well above the 602'10" at the
time of recirculation which is in excess of 36 hours. A review of possible upper
head breaks concludes that two size ruptures should be considered, a failure of a
CRDM and the severing of the 0.6 inch diameter reactor head vent. The former
initiates the containment sprays and has a minimum level of 603.2" and the latter,

like the instrument line break, does not result in the sprays being actuated.

FAI\99-77; Rev. 0
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Therefore, the Mode 1 LOCAs into the reactor cavity result in water levels during

rec1rculat10n which are greater than the desngn basis limit for vortexing.

Several Mode 3 cases were examined, the largest was a 6 inch break and the
smallest has an effective diameter of 2 in“ches. The 6 inch break into the lower
compartment results in a water level above the licensing .base limit for vortexing
and a 2 inch break_does not actuate the sprays. This break size spectrum was
examined for breaks into the lower compartment as well as for the split flow
conditions. While some of these resulted in minimum levels below 602°10",
considering the reduced sump demand flows for these LOCAs which are sméller
than the design basis DECL, there is a sufficient water level to prevent vortexing

based‘ on the D.C. Cook specific sump tests.

The assessment of main steam line breaks into the containment for two different
size breaks result in a water level in the sump that is above the licensing base limit
for vortexing. Furthermore, since there is no break in the RCS there i is no long
term need for the containment sprays and the injection to the RCS is only that
needed to maintain the pressurizer level as the RCS cools down, i.e.,
approximately 20,000 gals. Hence, the level in these sequerices is always above

the licensing basis limit for vortexing.

FAI\99-77; Rev. 1
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AEP Drawings
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1-2-3184-15
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1.2-3193C-3 :
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1-2-3193E-1
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2-5321-2

1-5330-9

2-5330-5

1.5343-20

2-5343-7

1-5344-13 '

2-5344-7

1-5358-2

2-5358-2 v

1-5484-11

2.5484-9 .

TRANSCO Drawings
3790D-1

3790D-3

3790D-5

3790L-3

3790L-5 , ‘ : ’
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D.C.Cook Unit: (J1 [J2 (XJBOTH . Page _1 _ of _13

X
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James T. Hawley " ENSA Engineer 9/15/99 .
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Descniption of Information: Input values for all parameters previously provided by AEP to FAI for use in the containment
sump inveatory analyses. The values herein supersede all parameter values previously sent to FAI by Design Input
Transmittals DIT-B-00011-00, DIT-B-00011-01, and DIT-B-00011-02. Parameter values were sclected consistently with the
biases identified in their descriptions. In this case, parameter biases are provided that minimize recire sump water level by
minimizing ice melting.

Purpose of Issuance (Including any Precautions or Limitations): For FAI to perform sump water level analyss. Within the
intended applications there are no precautions or limitations.

In addition, the values contained herein may be used as Design Inputs for other calculations, accident analyses, etc., as long as
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Qriginal to NRM (Transmitted by DIT Administrator)

Note: This or other similar form may be used, provided the content is consistent with the currently appraved 12 EHP 5040,DES.001, Attachment §

<

FAN99-77; Rev. 2






"AEP DESIGN INFORMATEON TRANSMITTAL (DIT)

DIT-Form, Part 2

AEP . DIT No. DIT-B-00011-04
Design Information Transmittal

"

Page _ 2 _of _13

Attachments to this DIT are as follows:

Attachment 1: Excerpts from DIT-B-00128-00, Subject: Design information for Proto-Power Corporation
calculation, 99-064, Rev. 0 for D. C. Cook Unit-1 Containment Air Recirculation/ Hydrogen Skimmer System
Proto-HVAC TM mode! development, Approved on 8/18/99. The excerpts provided herein are comprised of the
following pages: Page 2 of 2 (1 page), Attachment B (3 pages) and Attachment C (1 page), for a total of 6 pages
including cover sheet. : . ’

Attachment 2: Excerpts from WCAP-14286, “American Electric Power Service Corporation Donald C. Cook
Nuclear Plant Unitl Steam Generator Tube Plugging Program Analysis Input Assumptions,” Revision 7,
12/29/95. The excerpts consist of the following pages: Report Cover Sheet; Table 4.4-15 “D. C. Cook Maximum
Safeguards 2 HHSI and 2 RHR All Lines Injecting,” and Table 4.4-19 “D. C. Cook Maximum Safeguards 2
Charging/SI Pumps All Lines Injecting,” for a total of 4 pages including cover sheet.

Attachment 3: Two memos from Operations Department to ENSA. The first memo is 4 pages, dated 7/12/99 |
from Jim Abshire, EOP Project Manager to Gary Brassart, ENSA and Vance Vanderburg, ENSA, re: ES-1.3. The ) |
second memo is one page, dated 9/17/98 from Paul Cooper, EOP Coordinator to James Feinstein, subject: ECCS :
Switchover Times. There are 6 pages including the cover sheet in this attachment.

Attachment 4: A tabulation of the cases to be analyzed for the Containment Sump Water Level Analyses, titled
9 "Break Size/Location Matrix for the Resolution of the Coatainmznt Sump Issues Program™

Attachment 5: A discussion of the application of the single failure criterion to the Containment Sump Water Level
Analysis, titled "Single Failure Configuration For DC Cook Containment Sump Analyses

Note: This or other similar form may be used, provided the content is consistent with the currently approved 12 EHP 5040.DES.001, Attachment 6
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AEP DESIGN INFORMATION TRANSMITTALS (DIT)

DIT Form, Part 2
AEP , DIT No.
Design Information Transmittal DIT-B-00011-04
Page3 of 13
Item Description [ ValueProvided |  Source . | Stawus |

# i )

1 Definition of Scenarios Postulated for See Attachment 4 | Engineening Judgment. Information Approved
Recirculation Sump Inventory Behavior identifies combinations of LOCA / MSLB for Use
Analysis toe break size, location, and plant mode that

address Chapter 14 cases or result in
minimum sump water level at recirc switch-
over. The latter cases consider guidance in
“Containment Sump Level Design
‘ Conditions & Failute Effects Analysis for
Potential Draindown Scenarios,” Rev. 0,
MPR Associates, Inc., 7/16/99.
2 Single Failure Considerations for Determining See Attachment 5 | Engineering Judgment. Information Approved
« Equipment Operation Following LOCA ) included providing guidance on application for Use
Initiation - of single failure criterion.
3a | Containment Volume vs. Height for Fill-up - 1,005 DIT-B-00033-00 Approved
Gross Lower Containment Volume up to . for Use
elevation 598'- 9.375" (i.e., recirculation sump ™
*filled up to floor) (cu. Ft.) _
3b | Containment Volume vs. Height for Fill-up - 22,657 DIT-B-00033-00 Approved
Gross Lower Containment Volume up to for Use
clevation 604°- 8.75™ (i.e., recirculation sump . :
plus active sump filled up to 604"~ 8.75") (cu.
Ft.) .
3¢ | Containment Volume vs. Height for Fill-up - 40,740 DIT-B-00033-00 Approved
Gross Lower Containment Volume up to g for Use
elevation up to 610° (i.e., recirculation sump
plus active sump filled up to 610°) (cu. Ft.)
3d | Containment Volume vs. Height for Fill-up - 507.6 DiT-B-00033-00 Approved
Volume Blocked by Equipment and Piping ) for Use
' Inside Crane Wall up to elevation 602°- 10
(cu. Ft.)
3¢ ] Containment Volume vs. Height for Fill-up - 2651.1 DIT-B-00033-00 Approved
Volume Blocked by Equipment and Piping for Use
Inside Crane Wall up to elevation 610°-0" (cu. ,
Ft) .
3t | Containment Volume vs. Height for Fill-up - 56,488 DIT-B-00033-00 Approved
Gross Lower Compartment Volume up to for Use
elevation 610" st weir overflow (i.c.,
recirculation sump plus active sump filled to
610" plus reactor cavity filled to 610') (cu. Ft.) :
3g | Containment Volume vs, Height for Fill-up - 65,582 DIT-B-00033-00 Approved
Gross Lower Containment Volume up to ‘ for Use
elevation 612' (i.c., recirculation sump plus
active sump filled to 612’ plus reactor cavity
filled to 612°) (cu. Ft.)
3h | Containment Volume vs, Height for Fill-up - 3079.8 DIT-B-00033-00 Approved
Volume Blocked by Equipment and Piping for Use
Inside Crane Wall up to elevation 612'- 0" (cu.
Ft.)
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' DIT Form, Part2 -
AEP DIT No.
Désign Information Transmittal DIT-B-00011-04
_ _ _ _ _ * Paged of 13
ftem Descaption Value Provided Source Status
#
31 | Containment Volume vs. Height for Fill-up - 110,361 DIT-B-00033-00 Approved
Gross Lower Containment Volume up to | for Use
clevation 612° 2nd weir overflow (i.c., i
recirculation sump plus active sump filled to
612’ plus reactor cavity filled to 612° plus
inactive sump filled to 612*) (cu. Ft.) - ‘
3j Containment Volume vs. Height for Fill-up - 114,127 ° DIT-B-00033-00 Approved
Gross Lower Containment Volume up to 612"- s - for Use
5.5" (i.e., recirculation sump plus active sump
filled to 612°-5.5" plus reactor cavity filled to
612'-5.5" plus inactive sump filled to 612°-
.| 5.5™) (cu. Ft.) ’
4a | RWST - Delivered Yolume at End of 314,000 Design Requirement tracked by CR-99- Approved
Recirculation (gal) 21216. for Use
4b | RWST - Delivered Volume at Start of 280,000 Design Requirement tracked by CR-99- Approved
‘ Recirculation (gal) 21216, - * for Use
5 Minimum Containment Spray Flow rate - 1960 AEP Calculation TH-98-09, Reviston 2 Approved
] Upper Header (gpm) ' : for Use
| e 6 Minimum Containment Spray Flow rate - 706 AEP Calculation TH-98-09, Revision 2 Approved
l Lower Header Inside Crane Wall (gpm) for Use’
7 - | Minimum Containment Spray Flow rate - 259 AEP Calculation TH-98-09, Revision 2 Approved
Lower Header Outside Crane Wall (gpm) for Use
8 Maximum Lower Compartment Containment 2486 AEP Calculation TH-98-09, Revision 2 Approved
Spray Flow rate with 1 Train - Upper Header for Use .
(gpm) .
9 Maximum Lower Compartment Containment . 892 AEP Calculation TH-98-09, Revision 2 Approved
' Spray Flow rate with | Train - Lower Header for Use
Inside Crane Wall (gpm) . .
10 | Maximum Lower Compartment Containment 322 AEP Calculation TH-98-09, Revision 2 Approved
Spray Flow rate with I Train - Lower Qutside for Use
' Crane Wall (gpm)
1T | Maximum Containment Spray Flow rate with 2 5002 AEP Calculation TH-98-09, Revision 2 Approved
.| Trains - Upper Header (gpm) - for Use
12. | Maximum Containment Spray Flow-rate with 2 1760 AEP Calculation TH-98-09, Revision 2 Approved
Trains - Lower Header Inside Crane Wall for Use
(gpm) “ .
13 Maximum Containment Spray Flow rate with 2 638 AEP Calculation TH-98-09, Revision 2 Approved
Trains - Lower Header Outside Crane Wall . - for Use
(gpm) _ :
14 | Containment Spray - Fall Height through 80.167 DIT-B-00014-00 Approved
Upper Compartment (Ft.) . for Use
15 | Containment Spray - Fall Height through 50.0 DIT-B-00014-00 Approved
active sump (Ft.) . for Use
16a | Containment Spray Termination Criteria - 1.5 Design Requirement tracked by CR-99- * Approved
. Nominal Containment Pressure to Terminate 21182 for Use
: CTS (psig) ' ;
16b | Containment Spray Termination Critena - 0.73 Design Requirement tracked by CR-99- Approved
Lower Compartment Indicated Pressure Total 21194 for Use
. Loop Uncertainty (psig) .
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%

"DIT Form, Part 2

AEP DIT No.
Design Information Transmittal DIT-B-00011-04
_ Page 5 of 13
[tem Description Value Provided Source — Status |
#
17a | RHR Spray Initiation Criteria 50 min. after SI Design Requirement implemented by EOP Approved
signal if less than 2 | Project acceptance of CRA-9 for CR-98- for Use
. CTS pumps are | 0913
i operating .
17b | RHR Spray Termination Criteria Terminate when | Design Requirement tracked by CR-99- Approved
CTS pumpsare | 22783. for Use
secured
18 | Minimum Containment Humidity (%) 15 Engineering Judgrient supported by write- Approved
. up included in this DIT for Use
19 Minimum Containment Ice Bed Mass (Mlbm) 2.2 Westinghouse Safety Evaluation SECL 99- Approved
076, Revision 2, “Containment for Use
] Modifications Evaluation”
20 | Minimum Containment Ice Bed Temperature 10 Engineering Judgment supported by write- Approved
°F) : up included in this DIT for Use
Z1a | Openings in Crane Wall Between Active Sump 6 DIT-B-00016-00 Approved
and Piping annulus - Number of Openings for Use
21b | Openings in Crane Wall Between Active Sump 7.5"x 7.5" min. | DIT-B-00016-00 Approved
and Piping annulus - Height vs. Width for Use
2lc | Openings in Crane Wall Between Active Sump 19.25" max. DIT-B-00016-00 Approved
and Piping annulus - Length for Use
21d | Openings in Crane Wall Between Active Sump | 599°-9.375"+3" | DIT-B-00016-00 , Approved
and Piping annulus - Centetline elevation for Use
22 | Containment Air Recirculation - Latest Fan 150 after High-1 | Design Requirement tracked by CR-99- Approved
Start Time (sec) , signal 16842, for Use .
23 | Containment Air Recirculation - CEQ Fan Various ‘| DIT-B-00128-00 Approved
Capacity Curve . (See Attachment 1) for Use
24 | Containment Spray - Normally Voided Piping 7789 DIT-B-00023-01 Approved
Volume for Both Trains (gal.) : for Use
25a | RHR Spray - 1E Normally Votded Piping 217.11 DIT-B-00005-01 Approved
Volume (cu. Ft.) - for Use
25b | RHR Spray - 1 W Normally Voided Piping 227.46 DIT-B-00005-01 Approved
Volume (cu. Ft.) ’ ) for Use
25¢ | RHR Spray - 2E Normally Voided Piping 223.14 DIT-B-00005-01 Approved
Volume (cu. Ft.) T for Use
25d | RHR Spray - 2W Normally Voided Piping 231.26 DIT-B-00005-01 Approved
Volume (cu. Ft.) for Use
26 Maximum ECCS Pump Two-Train Flow Rate Various WCAP-14286, Donald C. Cook Nuclear . Approved
as a function of RCS pressure (gpm) (See Attachment 2) | Plant Unit 1, Steam Generator Tube for Use
Plugging Program Engineering report,
Volume 2, Tables 4.4-15 and 4.4-19
272 | Maximum Containment Spray Heat Exchanger 2.5 AEP Calculation MD-12-CTS-008-N, Rev. Approved
UA (MBTUr-°F) 0; (Engineering Judgment for case selected for Use
- is included in this DIT.)
27b | Containment Spray Heat Exchanger U-tube, Yuba Heat Transfer Division, Exchanger Approved
Configuration for UA Calculation Counterflow Specification Sheet, Donald C. Cook for Use
Containment Spray Cooler, 9-18-70
Z7c | ESW Flow to Containment Spray Heat 3300 Engineering Judgment supported by write- | Approved
@ Exchanger for Maximum UA Case (gpm) ‘ up included in this DIT. Value is consistent for Use
- with AEP calc. MD-12-CTS-008-N, Rev. 0.
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DIT Form, Part 2
AEP DIT No. -
Design Information Transmittal DIT-B-00011-04
Page 6 of 13
ftem Description Value Provided ) Source [ Status |
# ' i . ,
27d | Minimum ESW Cooling Water Temperature to 33 Engineering Judgment supported by write- Approved
Containment Spray Heat Exchanger (°F) up included in this DIT ) for Use
282 | Maximum RHR Heat Exchanger UA .3 AEP Calculation MD-12-CTS-008-N, Rev. Approved
(MBTU/Ms-°F) 0; (Engineering Judgment for case selected for Use
. is included in this DIT.]
28b | RHR Spray Heat Exchanger Configuration for U-tube, Engineers & Fabricators, Inc., Exchanger Approved
UA Calculation . Counterflow Specification Sheet, Westinghouse Electric for Use
) Corp., Atomic Power division, Residual
. . Heat Exchanger, 6-23-69
28¢c | CCW Flow to RHR Heat Exchanger for 5500 Engineering Judgment supported by write- Approved
Maximum UA Case (gpm) up included in this DIT. Value is consistent for Use
. with AEP cale. MD-12-CTS-008-N, Rev. 0,
28d | Minimum CCW Cooling Water Temperature to 60 OHP 4021.016.003, Unit 1 - Rev. 14; Unit2 | Approved
RHR Heat Exchanger (°F) . -Rev.9 for Use
292 | Openings in Biological Shicld Wall Between Horizontal AEP Drawings: 1-5343-13; 2-5344-7 Approved
Active Sump and Reactor Cavity - Orientation ‘ : for Use
29b | Openings in Biological Shicld Wall Between 8 AEP Drawings: 1-5343-13; 2-5344-7 Approved
Active Sump and Reactor Cavity - Number of for Use
Openings at Elevation 599’-9 3/8" . :
29¢ | Openings in Biological Shield Wall Between 8 AEP Drawings: 1-5343-13; 2-5344-7 Approved
Active Sump and Reactor Cavity - Number of for Use
Openings at Elevation 605°-9 3/8”
29d | Openings in Biological Shield Wall Between 2.50/0.187 AEP Drawings: 1-5343-13; 2-5344-7 Approved
Active Sump and Reactor Cavity - Largest for Use .
Quter Diameter of Penetration Liner (in.) /
Liner Thickness (in.) .
29¢ | Openings in Biological Shield Wall Between | 2.00 Westinghouse Drawing 618F235 Approved
Active Sump and Reactor Cavity - Largest . for Use
Shaft Quter Diameter within Penetration (in.)
29f | Openings in Biologicat Shield Wall Between 13.86 AEP Drawings: 1-5343-13; 2-5344-7; Approved
Active Sump and Reactor Cavity - Shortest ~ Westinghouse Drawings 618F235, 113E421 for Use
Flow Length Through Smallest Annular Area ‘
(in.)
30a | EOP Valve Manipulation Sequence Initiate and | See Attachment3 | 7/12/99 Memo to Gary Brassart and Vance Approved
Complete Recirculation Switchover VanderBurg from Jim Abshire, EOP Prog. for Use
: Mgr, re: ES-1.3; 6/17/98 Memo to J. G.
: . Feinstein from P. Cooper and G. Tollas
30b | Duration of RHR/CTS Flow Interruption 5 7/12/99 Memo to Gary Brassart and Vance Approved
During Recirculation Switchover (min) (See Attachment 3) | VanderBurg from Jim Abshire, EOP for Use
Program Manager, re: ES-1.3
31 |-ECCS Leakage tollowing recirculation 1 Design Requirement tracked by CR~99- Approved
switchover (gpm) 21213 . for Use
32a | Initial Reactor Coolant System Pressure (psia) 2250 Engincering Judgment. This value is Approved
coasistent with the previous analysis of for Use
record (i.e., WCAP-14286).
32b | [nitial Reactor Coolant System Temperature 556 Engineering Judgment. This value is Approved
(°F) i consistent with the range of values in the for Use
previous analysis of record (i.e., WCAP-
¢ 14286)
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037-01 (Unit 1) reported that this design
basis value was exceeded and committed to
restoring and maintaining this value for
divider barrier leakage area. Procedure 12
EHP 6040.PER.154, “Containment Divider
Barrier Survey” was implemented to “...
determine the operability of the containment
divider barrier by demonstrating that the
actual bypass area is less than the design
bypass area of 5 f2."

‘ Page 7 of 13
Item Description Value Provided Source Status
#
32c | Initial Reactor Power (MWt) - Mode 1 Hot Full .3250/0 Engincering Judgment. This valueis Approved
Power (HFP)/ Mode 3 consistent with the previous analysis of for Use
record (i.e., WCAP-14286) and a lower
) power level is conservative., ‘
33a | Minimum Accumulator Water Temperature 60 -Engineering Judgment supported by wnte- Approved
(°F) up included in this DIT for Use
33b | Minimum Accumulator Pressure (psia) 600 Engineening Judgment supported by write- Approved
up included in thisDIT for Use
33¢ | Minimum Water Mass per Accumulator (lbm) 57,563 Engineening Judgment supported by write- Approved
. up included in this DIT for Use
34 | Maximum Divider Barrier Bypass Area (sq. ft.) 5 Historical value established in original Approved
FSAR. LERs 98-004-01 (Unit 2) and 98- for Use

FAN99-77; Rev. 2
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Old Value:

New value:

Reason:

References:

15% (Reference 1)
15%

1. Engineering Judgment based on a consensus of attendees at a Steam Generator Tube Plugging
program meeting on 4/27/94 to discuss design inputs. -

Since containment relative humidity is not a monitored parameter, a typical value is not readily available.
This lack of data precludes identifying a physically-ba.scd estimate for the lower-bound containment relative
humidity. Although a relative humidity value of zero is an obvious analytical lower bound for relative ’
humidity, this value is not a reasonable lower bound given that:

- The RCS and containment are normally open during refueling outages, which leads to a high relative
humidity in containment at these times; and

- There is always some water present in the recirculation sump during normal operation due to the .
requirement to maintain the recirculation suction piping water-filled.

Following RCS and containment closure, however, it is possible that containment relative humidity will
decrease due to operation of the containment purge system, condensation of steam vapor if containment
temperature decreases, etc. However, it is unlikely that the containment relative humidity outside of the ice *
condenser could actually decrease to zero. Based on recent conversations with a system engineer and a
licensed operator, there is always a shallow pool of water in the recirculation sump to maintain the
recirculation suction piping water-filled. Conscqucntly, the low value of 15% rclatwc humidity is considered
a reasonable estimate for a lower-bound on containment relative humidity.

Old Value:

Reason:

New value:

References:

Mini Contai lce Bed T

10°F (Reference 1)
10°F

1. 10/7/98 Letter from V. VanderBurg documenting Engineering Judgment based on a consensus of
attendees at a Steam Generator Tube Plugging program meeting on 4/27/94 to discuss design inputs.

2. NRM Archive Boxes #8037 and 9076, Chart Recorder Records for Unit 1 (Dates: 3/30/96 - 5/23/96
and 7/16/96 - 9/2/96 contained in Box # 9076) and Unit 2 (Dates: 1/28/96 - 2/12/96 and 3/27/96 -
4/10/96 contained in Box # 8037; 5/7/96 - 6/30/96 contained in Box-# 9076)

Although the ice bed temperature is 2 monitored parameter and there is a High/Low temperature alamm, there
are no operator actions required by the occurrence of a low temperature alarm. Informal discussions suggest
that the low-end temperature is maintained above 10°F, This lower-bound temperature is based on

FAN99-77; Rev. 2
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Unit 1

Unit {

Unit 2
Unit 2
Unit 2

operational considerations related to the glycol cooling system, specificaily that the cooling system operation
becomes more difficult as glycol propcrtics change with dccreasing temperature,

To establish whether the 10°F tcmpcraturc is in fact a reasonable lower-bound ice bed temperature, chart
. recorder data were reviewed as documented'in Reference 2, The data are summarized as follows:

3/30/96 to 5/23/96 All ice bed temperature channel readings fell between 8°F and 20°F
Values below 10°F occurred for only two channels and persisted only
during three days. During that time frame, the rest of the channcls were

" above 10°F.
7/16/96 to 9/2/96 All ice bed temperature channel readings fell between 12°F and 20°F
1/28/96 to 2/12/96 . All'ice bed temperature channel readings fell between 12°F and 16°F
3/27/96 to 4/10/96 All ice bed temperature channel readings fell between 13°F and 32°F
5/7/96 to 6/30/96 All ice bed temperature channel readings fell between 10°F and 20°F

While the above data are not comprehensive, they do show that over relatively long historical periods of time
the ice bed temperature has been maintained above 10°F. On this basis, a minimum ice bed temperature of
10°F will be adopted for analysis purposes.

References: 1.
2.
3.
Reason:

ESW Flow to Containment Spray Heat Exchanger for Maximum UA Case
(o) 1] V:_alu'e: None (New parameter)

New value: 3300 gpm

1/2 EHP 4030.STP.241 “ESW Flow Balance”

Yuba Industries, Yuba Heat Transfcr Division, Exchanger Spccxﬁcatxon Sheet for American Electric
Power Containment Spray Cooler

Excerpts from survcillances documented by completing 1 /2 EHP 4030.STP.241; surveillances
performed on 9/21/95 (U1), 4/26/96 (U2), and 4/2/97 (U1)

Reference 1 contains acceptance criteria for minimum ESW flow to each Containment Spray (CTS)
heat exchanger of 2 2472 gpm (2476 gpm for the pre-1997 versions of Reference 1). However, the
procedure does not contain acceptance criteria for maximum allowable ESW flow to the CTS heat
exchangers. Since UA values typically increase with increasing shell-side flow, determining an
appropriate, upper-bound shell-side flow is necessary. ’
The design shell-side flow identified on Reference 2 for a CTS heat exchanger is 3300 gpm. Since
this design shell-side flow value is significantly larger than the acceptable value for ESW flow to the
CTS heat exchanger contained in Reference 1, it was expected to represent a conservative upper-
bound for ESW flow through the CTS heat exchanger. Consequently, information was obtained as
identified in Reference 3 to determine whether the design shell-side flow could in fact be established

FAN99-77: Rev. 2
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as a conservative flow for use in determining the maximum CTS heat exchanger UA. The
' Reference 3 values for measured ESW flows to the CTS heat exchangers are as follows.

East CTS Heat Exchanger: 2940.7 gpm (as-found)  2768.8 gpm (as-left)
: " 26915 gpm (as-found)  2705.8 gpm (as-left) -
2773.9 gpm (as-found)  as-left not reported

West CTS Heat Exchanger: 2640.5 gpm (as-found)  2552.7 gpm (as-left)
. 2487.2 gpm (as-found)  2571.4 gpm (as-left)
2536.7 gpm (as-found)  as-left not reported”

The above data substantiate that the heat exchanger specification data sheet design value for shell-
side flow of 3300 gpm provides a conservative upper-bound value for this parameter.

Old Value: None (New parameter)

New value: 33°F X g
References: None
Reason: The coldest possible temperature for lake water that can brought into the plant via the ESW system is 32°F. *

This water would absorb heat from the ESW pumps and the piping walls as it passes through the plant on its
way to the containment spray heat exchangers. As a result, some pre-heating of the ESW cooling water is
expected to occur prior to its entry into the shell-side of the containment spray heat exchanger. Since sucha
low ESW minimum water temperature yields very large temperature differences across the containment spray
heat exchangers, a precise quantification of ESW cooling water pre-heating was not made. Instead, the ESW
pre-heating was judged to be at least 1°F, and this value was added to the theoretical minimum water
temperature that could exist in the ESW system.

CCW Flow to Residual Heat Removal Heat Exchanger for Maximum UA Case
Old Value: None (New parameter)

New value: 5500 gpm

3

»

References: L. 1/2 EHP 4030.STP.248 “ESW Flow Balance”
2, Engineers & Fabricators Inc., Exchanger Specification Sheet for Westinghouse Electric Corp,,
Atomic Power Div., Residual Heat Exchanger
3. Excerpts from surveillance documented by completing 12 EHP 4030.STP.248; surveillance
. performed on 4/4/97 (U1)

FAN99-77; Rev. 2
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Reason:

Reference 1 contains acceptance criteria for minimum CCW flow to cach Residuat Heat Removal (RHR)
heat cxchangcr of 2 5000 gpm for recirculation alignment.. However, the proccdurc does not contain
acceptance criteria for maximum allowable CCW flow to the RHR heat exchangers. Since UA values
typically increase with increasing shell-side flow, determining an appropriate, uppcr-bou.nd shell-side flow is

necessary.

The design shell-side flow identified on Reference 2 for an RHR heat exchanger is 4950 gpm. Since this
design shell-side flow value is less than the minimum acceptable value for CCW flow to the RHR heat
exchanger contained in Reference 1, it cannot be used to provide any insight into the magnitude of a
reasonable upper-bound for CCW flow through the RHR heat cxchangcr. Conscqucntly, information was
obtained as identified in Reference 3 to determine a conservative CCW flow for use in determining the
maximum RHR CTS heat exchanger UA. The Reference 3 values for measured CCW flows to the RHR beat
exchangers are as follows. .

East RHR Heat Exchanger: 5353.4 gpm (as-found)
5310.8 gpm (as-found)

West RHR Heat Exchanger: 5467.1 gpm (as-found)
. 5279.9 gpm (as-found)

The above data suggest that a value for RHR shell-side flow of 5500 gpm provides a conservative upper-

bound for this parameter.

Parameter:
Value:

Reference:

. Comments:

60°F

1. D. C. Cook Nuclear Plant Unit 1 Technical Specifications, through Amendment 225

2. D. C. Cook Nuclear Plant Unit 2 Technical Specifications, through Amendment 210

This is the minimum a.ccmlnulator temperature based on the minimum lower containment air temperature per

Technical Specification 3.6.1.5 (Ref. 1 and 2). The minimum value is used to minimize the break flow
energy and ice melt addition to the containment sump.

Parameter:
‘Value:
Reference:

Comments:

Mini l
600 psia
Technical Specification 3.5.1.

This is the minimum value per Technical Specification 3.5.1. The minimum pressure provides the least force
to injecting water into the RCS. This minimizes the accumulator water mjcctcd into the RCS, which can spill

* to the containment sump.

-
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Parameter: Minimum water mass per accumulator
Value: 57,563 Ibm

Reference: 1. D. C. Cook Niiclear Plant Unit 1 Technical Specifications, through Amendment 225l
2. D. C. Cook Nuclear Plant Unit 2 Technical Specifications, through Amendment 210

3, ASME Steam Tables, Sixth Edition, ASME Press, reprinted 1997
Comments: This value is based on the minimum water volume of 92} cu. f. per accumulator in Technical Specification

3.5.1 (Ref. 1 and 2). The minimum volume minimizes the accumulator water injected into the RCS, which
can spill to the containment sump. The specific volume for the temperature and pressure given above is
0.01600 f/Ibm (Ref. 3). Then,

921 ft° '
m = =57,5631bm
0 “m o 0.016008° /bm
, | # of Tubes Plugged: 16
Tube-side Fouling Factor: Design
Shell-side Fouling Factor: Design ’

Sump water temperature (°F) 160

Reference: 1. AEP Calculation MD-12-CTS-008-N, “CTS & RHR Heat Exchanger UA Determination for Containment
Sump Analysis,” Rev. 0. :

2. FAL/99-77, “Containment Sump Level Evaluations for the D, C. Cook Plant,” Rev. 0, Figure 5-20d.

Per Reference 1, the number of plugged tubes is chosen as the mean of the number of plugged tubes in the existing
Unit 1 East CTS heat exchanger (33 tubes) and a new Unit 1 West CTS heat exchanger (0 tubes). Basedon -

. information provided in Reference 1, the average number of plugged tubes in the Unit 2 CTS heat exchangers is 25 |
(East 23; West 27). For this analysis, the conservative direction is that which minimizes ice melt. Thus, a larger UA
value is conservative. Since both trains of CTS are assumed to operate for these analyses, use of a value slightly less
than the average number of tubes plugged is conservative.

inventory analysis, more heat transfer through the CTS heat exchangers will minimize ice melt. More heat transfer is

& Per Reference 1, the use of design fouling factors is reasonable for these heat exchangers. For the recirc sump"

FAI99-77; Rev. 2
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obtained from the CTS heat cxchangcrs if a higher UA is used. A higher UA is determinedif smaller fouling factors
"are assumed. For this case, according to Reference 1, the design fouling factors represent a realistic value for tube
fouling. Specifically, the design fouling factors specified on the heat exchanger spec sheet are consistent with the

relatively clean raw water on the shell side (i.c., Lakc Michigan) and the relatively clean tube-side condition observed
during recent inspections.

~

Per Reference 2, the recirculation sump water temperature may be seen to reach about 100 °F prior to the switchover
to recirculation. Since Reference 1 shows that CTS heat exchanger UA increases with increasing sump temperature, a

conservatively high value of 160 °F was chosen to represent the recirculation sumj temperature for the sump water
level analysis. .

Basis for Maximum RHR Heat Excl UA Case Selected

# of Tubes Plugged: . 0
" | Tube-side Fouling Factor: 0 (i.e., clean)
Shell-side Fouling Factor: 0 (i.e., clean)
@ Sump water temperature (°F) 160
Reference: 1. AEP Calculation MD-12-CTS- OOS-N “CT S & RHR Heat Exchanger UA Determination for Containment

Sump Analysis,” Rev. 0.
2, FAL/99-77, “Containment Sump Level Evaluations for the D. C. Cook Plant,” Rev. 0, Figure 5-20d.

Per Reference 1, there are no plugged tubes in the existing RHR heat exchangers at Cook Plant. For the recirc sump
* inventory analysis, more heat transfer through the RHR heat exchangers will minimize ice melt, which is the
‘appropriate conservative direction. More heat transfer is obtained from the RHR heat exchangers if a higher UA is

used. A higher UA is determined if fewer plugged tubes are assumed. As a result, the rcahsuc value of plugged tubes
is appropriate for this analysls

Per Reference 1, the use of clean conditions is reasonable for these heat exchangers due to the high purity water that
flows through both the shell and tubes. For the recirc sump inventory analysis, more heat transfer through the RHR
heat exchangers will minimize ice melt. More heat transfer is obtained from the RHR heat exchangers if a higher UA
is used. A higher UA is determined if smaller fouling factors are assumed. As a resuit, the fouling factor values
chosen are appropriately conservative for this analysis.

Per Reference 2, the recirculation sump water temperature may be seen to reach about 100 °F prior to the switchover
to recirculation, Since Reference 1'shows that RHR heat exchanger UA increases with increasing sump temperature, 2

conservatively high value of 160 °F was chosen to rcpnmnt the recirculation sump temperature for the sump water
level analysis. }

lc

FAN99-77; Rev. 2 » “



A ,,
@ o7 : ‘ o Page 1 of 6
Attachment | to DIT-B-00011-04:

Excerpts from DIT-B-00128-00, Subject: Design information for Proto-Power
Corporation calculation, 99-064, Rev. 0 for D. C. Cook Unit-1 Containment Air
" Recirculation / Hydrogen Skimmer System Proto-HVAC TM model development,
- Approvzsd on 8/18/99. The excerpts provided herein are comprised of the following
pages: Page 2 of 2 (1 page), Attachment B (3 pages) and Attachment C (1 page), for a
total of 6 pages including cover sheet. ‘ i

«
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Dcscnptxon of Change (continuation):

1. Latest revision no. for flow diagram and lsomemc drawings ar¢ as noted In the Awtachment A (Ref. 2).

2. Latestrevision for Ametican Warming and Vensilating, [ric. drawing no. DAA-D-9823 is “G™ (Ref. 3).

3. Flow vs. Pressure curve for (an [-HV-CEQ-! and 1-HV-CEQ:-2 is provided in Artachinent “B". This curve i§
with mlel box and inlet vanes closed at 20°. Also, noted In dus Attachment is the fan outlet area which is
13.91 R 3(Ref. 1).

4, Flow vs, Pressure cucve for fan 1-HV-CEQ-1 and l-HV-CF.QoZ is pravided in Attachment “C", These curves
arc based an Westinghouse fan modcl 3049 SWS1 49" diamerer at various inlct positions. Fan model no. is
the same as the model no. used for the fan performence test curve with inlet box and vene closed at 20° as
noted in item 3. Also, based on flow comparison at vanes closed at 20%, the curves compare fairly well.
Therefore, based on en"memngjudgemcﬂf the flow/pressurc fan curve at different vane position is correct.

5. Model no. for the buttce(ly valve used is Fischer Control butterfly valve serics 9!00(Rcf 4). Cy values used
should be consistent with this. Proto-Power Inc. to abtain these values.

6. See amachment “D" fur the physical data for the fans (1-HV-CEQ-1 & 1-HV-CEQ-2) intake grills. ‘This is
based on walkdown,

a Attachments: ‘ f
A -Latest revision na. for flow disgram and isometric drawings, Pages A1 thru A10
B - Flow vs. Pressure curve for fans 1-HV-CEQ-1 and 1-HV-CEQ-2 with inlet box and inlet vanes ut 20° Payes
Bl thru B3
C - Flow vs. Pressure curve for fans 1-HV-CEQ-1 and 1-HV-CEQ-2 without injet box, Page Clthru C1
D ~Fans (1-HV.CEQ-1 and }- HV-CEQoZ) Intake grills physical data, D) thru D2

Source of Information (continu(lon):

1. Westinghouse sabmittal dated July 31, 1974 for fan performance test with inlet box and vanes control at 20°
for fan modcl 3049 SWSI silent vane.

2. NDIS conmolled document Query search results, dated August 11, 1999,

3. American Warming And Ventilating Inc. Vendor Technical Manual, VTM-AMVI-0001, Rev. |

4. Fischer Controls Vendor Technical Manual, VTM-FISC-0001. Rev.3

FAN99-77; Rev. 2
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Attachment 2 to DIT-B-00011-04:

Excerpts from WCAP-14286, “American Electric Power Service Corporation Donald C.
Cook Nuclear Plant Unitl Steam Generator Tube Plugging Program Analysis Input
Assumptions,” Revision 7, 12/29/95. The excerpts consist of the following pages:

Report Cover Sheet; Table 4.4-15 “D. C. Cook Maximum Safeguards 2 HHSI and 2 RHR
All Lines Injecting,” and Table 4.4-19 “D. C. Cook Maximum Safeguards 2 Charging/SI
Pumps All Lines Injecting,” for a total of 4 pages including cover sheet.

FAN99-77; Rev. 2
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WESTINGHCUSE PROPRIETARY CLASS 2C
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»

- DIT-B-0001]-0Y
Attach. 2
PL- 2of 4-

AMERICAN ELECTRIC POWER SERVICE CORPORATION
DONALD C. COOK NUCLEAR PLANT UNIT 1

STEAM GENERATOR TUBE PLUGGING PROGRAM

ANALYSIS INPUT ASSUMPTIONS

REVISION 7 . ,

. DECEMBER 29, 1995

This docuritent is the property-of and contains Proprietary Information owned by Westinghouse
Electric Corporation and/or its subcontractors and suppliers. It is transmitfed to you in
confidence and trust, and you agree to treat this document in strict accordance with the terms and
conditions of the agreement under which it was provided to you.

0 WESTINGHOQUSE ELECTRIC CORPORATION
: Nuclear Technology Division
P.O. Pox 355
Pittsburgh, PA 15230 .

Copyright 1995, Westinghouse Electric Corporation, all rights reserved.
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"WESTINGHOUSE PROPRIETARY CLASS 2C
TABLE 4.4-15

D.C. COOK MAXIMUM SAFEGUARDS
2 HHSI AND 2 RHR

A-25

ALL LINES INJECTING

RCS Pressure
—{psig)

0
100
200
300
400
500
600
700
800
900

1000
1100
1200
1300
1400
1500
1600
1700

97

Flow

{gpm)

7565
5580

1409

851
817

. 783

747

" 708

666
623
585
527
468
402
326
214
68
0

~Y -
PUIT- &-000l1-0%
Athch . 2
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~ D.C. COOK MAXIMUM SAFEGUARDS

Pressure

(psig)

0
100
200
300
400
500°
600
700
800
900

1000
1100
1200
1300
1400
1500
1600

1700 -’

1800
1900
2000
2100

2200,

2300
2400
2500
2600

A-26

'WESTINGHOUSE PROPRIETARY CLASS 2C

TABLE 4.4-19

2 CHARGING/SI PUMPS

bl

ALL LINES INJECTING

DIT-B-0001(-0%
Athach. 2

Py 4 of

Total Flow Into Core

(lbs/sec)

127.50
125.22

.t 12291
-+ 120.56
118.18

* 11575

113.28

110.77

108.20

105.58

102.89

100.14

97.32

. 94.42
‘ 91.43
88.34

85.15

81.82

78.35

74.71

70.87

66.80
62.42
57.67
52.60
46.40
39.19

101

(spm)

922.99
906.51
889,78
872.79
855.53
837.97
820.09
801.87
783.29
764.29
744.87
724.97

" 704.54

683.54
661.90
639.54
616.38
592.31
587.19
540.85
513.08
483.56
451.89
417.47
379.35
335.90
283.73
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Attachment 3 to DIT-B-00011-04:

Two memos from Operations Department to ENSA. The first memo is 4 p;ages, dated
7/12/99 from Jim Abshire, EOP Project Manager to Gary Brassart, ENSA and Vance
Vanderburg, ENSA, re: ES-1.3. The second memo is one page, dated 9/17/98 from Paul
Cooper, EOP Coordinator to James Feinstein, subject: ECCS Switchover Times. There
are 6 pages including the cover sheet in this attachment. '

- 200
d

FAI99-77; Rev. 2
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Memo

'EOP Upgrade Project *

DIT-5 -000f)-0Y
Atbael -+ 3

b 2 of-6

" To:'  GaryBrassart, ENSA,
Vance Vanderburg, ENSA ‘ _
Jim Abshire, EOP Project Manager Lo .
Roger T. Rickman, EOP Program Manager -

Fromz
c

.Date: 07/12/99
Re: ES13

Analysis of the proposed final disposition of the steps contained In emergency procedure ES-1.3,

Item # 1 - The 5 minute maximum Interruption of RHR flow to the RCS Is acceptable to the EOP group as
formerly agreed to and previously validated in 1998. :

tem#2-The swapover sequence for realignment of the RHR pumps and CTS pumps suctions from the
RWST to the containment sump will remain the same as was previously va!ndated on the simulator (This is Step
‘ 8inthe curentdraft of ES-1.3). -

ltem # 3 Possible changes to the current draft of procedure ESo1 3 are as follows:

: Step 1C1

e - Sten 102
Step1C3

Step 1
Sfep 2

® Page 1
FAN99-77; Rev. 2

ThnswuﬁonwﬂlremahasistoremmdtheopefatormatﬁowtomeRcsnstobe )
mamtamedatalltnn&s . ‘

- This caution will remain as.ie to elert the operator that auto restart of the injection -

pumps may not occur under the listed conditions potentially causing interruption of
flow to the RCS.

This wution will remaln the same to alert the operator to possible changing
radiological conditions in the- Auxiliary Buiding, allowing him to alert any personnel
that may be sent out into the bu‘lding to accomplish local tasks.

mbstepwmranainasishawordancewrthﬂ'leERG

Thnsstepwillbedmangedtoprov{deaquickmedcmatCCWﬂwhasbeen
established to the RHR heat exchangers, and actions to establish this flow provided in
the RNO, specific flow path (splitting of trains) verification will be moved to after the
ECCS pumps have been ahgned to the sump, to be consistent with the ERG.



@ . Step 3

n WPk Temiemmicemuanse @ ¥

fD'lr»(ﬁ—ooOll-otp
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This Step will remain as is to provide the operator with a check that the equipment
necessary to support the swapover to recirculation mode is available and operable, - -
and to provide transition to the correct procedure in the event that the equipment is

not available,

*This step will be changed/or deleted to reflect the automatic operation of the CCP

miniflow valves if and when the Seal Water heat exchanger is upgraded to a pressure
great enough to prevent relief of contaminated water from the containment to the
Auxiliary Bldg., via its relief to the VCT and the VCT relief to the HUT's. Once this is
accomplished, the CCP miiniflow valves can be allowed to operate in automatic mode.
The portion of the step that uses the Pressurizer PORV for a miniflow valve for the
CCP’s will.be eliminated due to its nature as an unresolved safety question. These
leakoff valves should be closed during the recirculation phase, and the analysis
conceming the deadheading of a CCP during a small break LOCA should be revisited
to verify if this condition could occur (any LOCA large enough to empty the RWST will
drop pressure enough to provide ample flow for pump protection, any leak small
enough to hold préssure up far enough to deadhead a-pump will allow Si temunabon
‘criteria and reestablish normal chargmg and letdown).

Th:sstepmaybe deleted rfthe entryoondxﬁonformeprocedurewn be changed to
the maxdimum RWST level that will permit swap-over of the RHR pumps to the
containment sump. Entry at this maximum level will ensure that sufficient water has
been injected to the RCS make the swapover to recirculation mode necessary, while
al!owmg sufficient time for the operator to accomplish the swapover prior to reaching
minimum NPSH level in the RWST, and allow the operator to perform the procedure
without any delays because the action level has been reached when the operator
armrives here. (Operations would like to restors this number to 32% to allow more time
to complete actions).

This step will remain as Is to be consistent with the ERG and provide the comrect order
of priority for the emergency procedures. (under these conditions this instruction takes
priority over the performance of the FRG's)

This step will remain as is to provide the proper indication to the operator that NPSH

® Page 2
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Step 4
i
4
_t;
8
:é Step 5
i
3 Step 6
Step 7
1
{

R “ e p - ir e
Step 8C1 -
’ Step 8

3 .
’ Step 9

exists for the operation of the RHR pumps from the containment sump, to prevent
vortexing at the pump suction, and provide transition to the proper instruction if the
RHR pumps cannot be used. .

teabs ‘g L AR5 ’a«'.- RYACEEY T L1 ARY o SRS A ]

Thismuﬁmwﬂlremalnasiswaledmeopaataofﬁmemhamtassooatedmﬂ\
the listed'steps.

This step and all substeps will remain as s, and have been validated as performable
in the prescribed time frame successfully on the simulator. The associated RNO's
provide the proper contingency actions and transition points to account for equipment

This step will remain as is to provide a check that the CTS portion of the swapover to
recirculation has occurred and alignment of the eooling medium for the Heat
exchangers Is comredt, In order to remove the maximum possible heat from the
containment sump (this is plant specific).

AY
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Step 10 This steb will remain as is as part of the verification that the n stk f
ECCS heat removal required to remove the heat generated in the RCS is avanlable
When entering the recirculation mode.”

Step 11 This step may be deleted (pending licensing direction) or will be reworded to check
-, both RHR pumps running with CCW flow on their respective heat exchanger, and
RNO to disable any non-operating pump or pump with no CCW flow to its heat
exchanger, as well as the isolation of the injection line of the non-operating RHR
pump to prevent injection flow from the operating train via the SlICCP suction cross Ue
header.

Step 12 " This step will remain as is to provide verification that the maximum amount of water *
that is available has been injected to the RCS prior to swapover of the remaining
injection pumps to the recirculation mode. A number for the minimum NPSH for
operation of the high head Injection pumps Is needed here.

Step 13 . This step will remain as is (pending licensing direction) in order to provide train

‘ © T "separation on the S| pumps and prevent runout conditions on one pump if the other
should trip.

Step 14C1 This caution will remamasishoalertthe operator of potential damagetothe Sland
) CCP's when available NPSH from the RWST s minimal, and to be consistent with the
ERG. A setpoint for the minimum NPSH for high head pumps should be obtained
from engineering and Inserted here.

Step 14 This step will remain as Is to prevent transfer of any of the water from the containment
sump to the RWST via the Sl pump recirc fine, and verify that RCS pressure is below
shutoff head of the SI pumps in accordance with the ERG (small break LOCA or
Secondary line break that allows pressure to remain above shutoff head). RNO will
be changed to stop the pump instead of initiating a cooldown if RCS pressure is

above shutoff head of the pumps.
Step 15 This step wil be deleted as redundant td step14.
Step16 . This step will be deleted as redundant to step 14,
Step 17 This step wil remain as I with the omission of substep "a.” if the ‘seal water heat

e o ———- exd\angerlsupgradedandmeCCPminrﬂmvsareallowedtooperatemme verep ¢
automatic mode.allomersubsteps remain in order to provide the properlnstmctions

tocanpleteﬂweswapovertoredmlaﬁonmodeofmeSlandCCP‘s
Step 18 Thisstepwﬂmahaslsbhdlmtewmeopetatormatmmdamofmecm
Parameter Status Trees and the FRP’s are in affect.

Step 19Note  This note and-the associated step should be deleted (pending licensing direction)
since the RHR pumps are each individually capable of supplying suction to all four
high head injection pumps, (both St and both CCP’s) and there Is no need to stop the
operating pumps as long as one of the suction cross tie valv&s are open (established

in step 17).

Step 19 This step will be deleted (pending licensing direction) since one RHR pump is capable
of providing the flow required by all four high head injection pumps when the SUCCP
suction cross tie valves are open which is verified in step 17 or the proper pumps are
stopped if the suctions cannot be cross tied. -

® Page 3
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Step 20
Step 21

Step 22

. . Step23ct

Step23C2

Step 23

Step 24

-

SRO Review:

® Page 4’
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This-step will remain as is and i is provided to restart ECCS pumps that may have been .
shutdown during the swapover process and that are now available.

This step will remain as is to complete the swapover to the recirculation mode by
closing off the RWST as a suction source for any ECCS pumps.

This step m'ay be deleted if the seal water heat-exchanger can be upgraded, or will
remain as is to detect and isolate any backleakage through the VCT to CCP, suchon
dtedwalvematwouidbeacorebypasspaﬂ\ ;

This caution may change to contain a specific value (if analysis allows) to alert the
opetator to the containment pressure that will require plaang RHR containment spray
in seqvice.

This caution wording may change to alert the-operator that a confainment pressure
spike will occur at some time after the eventduetodepleﬁon ofthelcebed.
Thlsstepmaydlangetousemmtpr&surehs’mdof time (if analysis allows), and
directs the operator In placing one train of RHR spray in service whenever cnmt
pmsweream%apmetvalue the event.

. Thlsstepwﬂlmamasisandprowd&smeproperhans:ﬁontomepmcedumheﬁed

at the completion of this procedure.

Preparer /// {:%» ///2/0‘7

7//1/94 mf /%mye,

7/:./??-_. e
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Attachment to VanderBurg to °§\c§2!.etter. 9/18/98

e

L [ Call Jom lauley / AMERICAN
~ ~ ELECTRIC —

. kall ROW,
Date: Seplomber 17, 1938 Mavs ;«"{13‘! urse DIT-B-cob) - o4

Attach. 3
ﬁ' b ofé

Subject: ECCS Swilchover Times

From: EOP Coordinator /a,.[ é’oa/_, Q/I‘? /‘K’

! Ra/u Rick vman,

. To: | " James Femstem

The information below far the no faxlure case was obtained from actual time'validation data.
The time provided is bounding for the data sets reviewed. The ofher time data was oktained
by estimation except for valve strake times which are ISI program maximum limits.

ES-1.3 Valve Manipulauon Sequenco.

Assumptions: 2 trains operating, no failures . - )
Time (sec) Event : . -
0 RWST level drops to Initfation setpoint (20%) ’ ”
60 . RHR and CTS pumps in 1st train are stopped
120 RHR and CTS pumps in 2nd train are stopped
300 " RHR and CTS pumps In 1st train are started with suction on recirc sump
360 RHR and CTS pumps In 2nd train are started with suction on cecirc sump
Same switchover event but new refarence poiat for time:
0 - " RWST level drops to high-head switchover setpoint (11%)
300 CCP/HHSI get suction from recirc sump (i.e. IMO-340 and IMO-350 are
open)

Assumptions: 2 trains operating, most limiting single failure {DC contral power]
[Loss of dc control power to 1st train is most limiting failure vs., operator tesponse]

HUITSSI20MPOA TAMEMOTVE 3 19MEM0.00C =

i

|
1
Time (sec) Event |
0 RWST level drops 10 initiatjon setpoint (20%) l
75 Pumps in 1st train fail to stop but suction valves begin to ‘close
136 RHR and CTS pumps in 2nd train are stopped |
205 Suction valves for 1st train pumps are fully closed '
230 - Recirc sump suction valve for {st train starts to open |
275 Recire sump suction valve for 1st train is full open ) '
3758 RHR and CTS pump in 2nd train are started with suction on recirc sump
Same switchover even: but new reference paint for time:
0 ' RWST level drops to high-head switchover setpoint (11%)
300 CCPMHHSI get suction from recire sump
These times have been approved by Operations Department management;
N . 9298 _
. . Suqnaun Oate

FAI\99-77;‘ Rev. 2
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Attaphrqent 4to DIT-B_-OQOI 1-04:

“Break Size/Location Matrix for the Resolution of the Containment Sump Issues
Program” ‘ '

FAN99-77; Rev. 2







A-34 DIT-5-000l/-0+

Break Size/Location Matrix for the Attachment 2'7‘
Resolution of the Containment Sunip Issues Program /7 of 1

BREAKSIZE | mopeE1 | MopE3® | mopE 4™
(Dia. or Area) | LOCATION (HFP) (350°F) (235°)
061" M Cavity X X X
275" & Cavity X X X
1z © Sump/Cavity * X, N/A N/A
DECL ¥ Sump ' X ‘N/A N/A
6" Sump X X X
4" 1 Sump X X - X
3” Sump X X X

W " Sump X . X X
1.5” Sump X X X
1” Sump X X ) X
0.5" Sump X X X
g O Sump/Cavity X X X ’
3 ©) Sump/Cavity X X X
2 0O Sump/Cavity X X X
15n O Sump/Cavity X X X
v O Sump/Cavity X X X
MSLB 4.6 Sump X N/A N/A
MSLB 1.4 f# | Sump X N/A NA

(1)
@
©)
@)
&)

©

0

HFP
HZP

The break occurs at the bottom of the reactor vessel.

The break occurs on the top of the reactor vessel and is a steam space break.
The break occurs on the cold leg and 72% of the break flow flows to the sump.
This break represents a Double-Ended Rupture on the Cold Leg.

The break occurs on the cold leg and the analysis should direct appropnate
fractions of the break flow to the sump and cavity.

Run cases by reducing size until containment spray does not actuate; smaller
cases not required to berun h

Cases for Mode 4 not required to be run for FAI/99-77.

Hot Full Power (100% Full Power)
Hot Zero Power -

FAIN99-77; Rev. 2
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Attactiment 5 to DIT-B-00011-04:

“Sirigle Failure Configuration for DC Cook Containment Sump Analyses”

FAN99-77; Rev. 2
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Attachment §
v @ SINGLE FAILURE CONFIGURATION FOR s, 24f 1.
DC €00K CONTAINMENT SUMP ANALYSES

Ay

. The configuration of the Cook safeguards trains is such that each of the two emergency diesel
generators provides power to:

1 High-Head Centrifugal Charging Pump

[ Intermediate-Head Safety Injection Pump
1 Residual Heat Removal Pump

1 Containment Spray Pump

1 Containment Air Recirculation (CEQ) Fan

Under normal Loss of Offsite.Power conditions, both generators will start and load their assigned
pumps and fans."

If there are no failures, two of each component listed above will function.
If a single failure of one diesel generator is assumed, an entire train is lost.

If offsite powci' is maintained, the equivalent failure would be‘ the.loss of one of the two vital
busses.

If the limiting single failure of a specific component is assumed, either the entire train must be
@ lost or only that single component is assumed lost.

Thus, if the configuration of 2 operating containment spray pumps and only 1 containment
recirculation (CEQ) fan yields the most limiting smglc failure, both dxcscls andall thelr assigned
pumps must be operating. .
Assuming additional equipment lost besides the limiting configuration above would require more
than one failure and is not required.

RHR Operation

If both trains of RHR are operating, they provide suction to the SI and CCP pumps and inject
directly into the RCS. When RHR sprays are actuated, one RHR would be re-aligned from RCS
injection to RHR spray. The supply to the SI and CCP pumps is unchanged. The other RHR
pump is unchanged. °

_ If only one RHR pump is operating, it would (could) provide suction flow to all four SUCCP and
simultaneously inject into the RCS. When the RHR sprays are actuated, one set of S/CCP
pumps would be secured and the RHR pump’s injection flow would be re-aligned to RHR spray.
Supply to one set of SI/CCP pumps would not be changed.

This implies that one RHR pump cannot provide flow to all four SI/CCP pumps AND the RHR
spray system.

FAN99-77; Rev. 2
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The entire set of “Approved for Use” design inputs provided in DIT-B-00011-04 have been
reviewed relative to the -design inputs used in FAI/99-77, Rev. 1 anq correspondence between
these documents has been found for all the design inputs with four exceptions. These four
exceptions used in FAI/99-77, Rev. 1 have all been found to be representative of.the “Approved
for Use” design input values as discussed below. The four alternate input values used in FAI/99-
77, Rev. 1 either have no impact on the minim;lm calculated recirculagion‘ shmp water levels or

provide additional conservatism in the reported results.

The total containment spray flow rate used in FAI/99-77, Rev. 1 was 7429 gpm and the
“Approved for Use” value was 7400 gpm. The split fractions for spray flow delivered to the upper
header and the lower headers inside and outside the crane wall are unchanged by the small (29
gpm) deviation in total Spra}{ flow. The impact of the deviation in tﬁe total flow is negligible and
unobservable on the minimum sump level. If a;ly change in sump level could be detected the
deviation in the-total spray flow rate would lead to slightly smaller melted ice masses. Less ice

~ melt is conservative as it would reducé the minimum sump level.

Mini Contai lce Bed Mass (Item #19)

The initial ice bed mass ﬁsed in FAI/99-77, Rev. 1 was 2.11 Mlbm and the “Approved for
Use” value was 2.2 Mlbm. The inventory of melted ice credited in demonstrating compliance of
the minimum sump levels with the Cook vortexing limit was significantly less than the initial ice
mass for all cases. Since the credited melted ice mass was always less than the initial ice mass,

an increase in the initial ice mass will have no impact on the minimum calculated sump levels.

FAN99-77; Rev. 2



The total air recirculation (CEQ) flow rate used in FAI/99-77, Rev. 1 was 37,000 cfm and

the “Approved for Use” value was 40,000 cfm. The recirculation flow rate equals the flow rate

of gas delivered from the lower containment compartment to the upper compartment. This

dictates the rate that steam in the lower compartment is delivered to the ice condenser where it
condenses and melts ice. A lower-air recircuiagion flow rate will result in a lower ice melt rate
and les; melted ice mass for maintaining the active sump. level. The assessments provided in
FAI/99-77, Rev. 1 based on an air recirculation flow rate of 37,000 cfm are conservative
regarding the minimum sump water levels since smaller ice melt rates than would be produced by

a 40,000 cfm air recirculation flow rate have been credited.

The cooling water (CCW) flow rate to the RHR heat exéhanger used in FAI/99-77, Rev.
1 was 4950 gpm and the “Approved fo} Use’ value was 5500 gpm. RHR sprays were not actuated
for any of the cases assessed in FAI/99-77, Rev. 1 since two trains of containment spray were
always available. Cooling provided by the RHR heat exchanger only affected the temperature of
the RCS injection flow during recirculat\ion cooling. A lower RHR cooling water flow rate would

produce a higher temperature injection flow rate at the RHR heat exchanger outlet. This could

.be expected to lead to higher temperature fluid leavmg the core after decay heat addition and a

corresponding higher steam release rate from the cold leg LOCA break. A higher steam release
rate could lead to higher ice melt rates and higher minimum sump water levels. However, the
conservative LOCA break mass and energy release rates used in FAI/99-77, Rev. 1 mixes the
steam and water break flows which greatly reduces the steam in containment available-to melt ice.
The conservatism in the model for the LOCA break flow used in FAI/99-77, Rev. 1 greatly
exceeds the impact of non-conservatively higher RHR heat exchanger outlet temperatures. No
discernable impact on the minimum sump water level will result from using an RHR cooling water

flow rate of 4950 gpm rather than 5500 gpm.

FAN99-77; Rev. 2
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~ Analyses for potential rupture locations must also consider those regions of the RCS
pressure boundary near the RPV. figure B-1 is-a representation of a cold leg at the RPV nozzle
and illustrates the relatively tight clearance between the cold leg and the biological shield as well
as the fact that a break discharge into this region could result in flow being split into that which
is directed toward the reactor cavity and that directed into the lower compartment. In this region,
the postulated LOCA is considered to occur at the weld between the reactor vessel nozzle and the
cold leg or within the cold leg itself. Thése small LOCAs are not considered in the vessel nozzles
since these are a part of the qualified reactor vessel and the wall is substantially thicker than the
cold leg as illustrated in Figure B-1. Also, since the effective break sizes are small compared to
the vessel wall thickness and are undergoing a large radial expansion (discussed below) hence,
these are not consxdered to be “directed” except radially outward Consequently, the subsequent
response to the ﬂashmg water jet will be almost uniform in the two directions available for
expansion, i.e. into the region next to the RPV and through the biological shield into the lower

compartment.

Given any postulated LOCA in this region with a break area of A,, the two-phase critical
flow rate can be estimated from the Henry-Fauske model (Henry and Fauske, 1971) as

a

W, = Cd A, (2 pe P, ’(1 - T\))o‘s , : B-1)

where C, is the break discharge coefficient, p, is the density of saturated water, P, is the RCS
system pressure and 1) is the critical pressure ratio calculated by the model for subcooled and
saturated conditions. For saturated conditions the critical pressure ratio is approxlmately 0.8 and

for high subcooled conditions the pressure ratio can be approximated as the saturation pressure

r

FAI\99-77; Rev. 0
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divided by the vessel pressure (P,./P,). The.Henry‘-Fauske,‘model uses the minimum of these two
conditions. For these small LOCA e.valuations, the effective break area is the parameter modeled
since a spectrum of effective break sizes are considered. The effective break area is that
calculated using a discha'rge coefficient of unity to represent the product of the actual discharge
coefficient and an assessment of a realistic break area. In this regard, the effective break area is .
a convenient and simplified means of addressing the important issue of potential sensitivities to
the break area. ‘ |
Given the bréak.ﬂow rale, the steam-watervmixtUte‘discharge from the break will expand
rapidly as the mixture depressurizes from the pressure at the break location to the containment
ambient pressure. Considering the jet depressurization considered in the ANS standard for jet
impingement (ANS, 1988) this depressurization is represented as being conical and having a half
' angle of 45°. This depressurizatibn results in a further acceleration of the two-phase mixture as
given by

~

., -P) “ t -
_U) = B-2
(U, - U) ——-pr (B-2)

[

where U, is the mixture velocity at the discharge plane with P, and P, being the respective exit
plane and ambient pressures. Using the continuity equation to define the exit plane velocity results
in an expression for the two-mixture velocity after expanding to the ambient conditions as given
by

P-P G- '
‘LIa = A 1 + __e. , (B-3)
Ge . Pr )

H

where G, is the mass flux for the break. Using typlcal values such as saturated water at 1015 psia
(7 MPa) the two-phase mixture velocity at atmospheric pressure would be about 560 ft/sec (171
m/sec) with the two-phase quality of about 0.3. Assuming a hompgeneous mixture, the two:phase
specific volume is expressed by

Vap = (1=X) v + xv, ~ xv, . , (B-4)
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with the two-phase density being given by _

Py = = - : - “ (B-5)

In the above expressions, X is the two-phase quality, v, is the specific volume of saturated water
and v, is the specific volume of saturated steam. Given this depressurization and flashing, the \
two-phase density would be about 0.35 Ibm/ft* (5.6 kg/m®). Since this discharge flow is moving
radially outward, it will impinge on the wall of the insulation and/or the biological shield creating
a-'point of stagnation with the flow directed uniformly a;;vay from the stagnation point. This
pressurization for the expansion of critical flow jets with impingement on a'wall in the near
vicinity of the break Jocation haé been investigated experimentally by Nguyen and Forrest (1980)
as well as Kastner et al. (1978) i}nd analytically by Epstein et al. (1983) and these observations
have been captured in the ANSI stﬁndard. As this fluid flows radially outward and stagnates, the

stagnation pressure can be estimated from the incompressible relationship

P, = p—“—’-zl‘z + P, . | ] _ (B-6)
Using the two-phase mixture density and the expansion velocity, the local pressure increase above
ambient is calculated to be 12 psi (82 KPa) which forces the flow eciually in all directions. It
should also be noted that the information in the ANS standard suggest that the depressurization
to the ambient pressure for these rapidly expanding jets requires up to 3 effective rate diameters.
Consequently, in this tight configuration it is possible that the local stagnation pressure is greater
than that estimated through this ﬁpproach. With an increased stagnation pressure the flow would

have an increased tendency to be uniformly distributed.

The effective flow resistance for this discharge flow through the annular gap between the
insulation and the biological shield wall is one means of assessing the capabilities for the flow to
escape into the lower compartment. The pressure difference required for this flow can be

expressed by . ‘
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where f is the turbulent friction factor (0.02), L is the effective léngth of the flow path to the
lower compartment, Dy is the effective hydraulic diameter for this flow path, W, is half of the
discharge flow and Ag is the flow area through the biological shield. For an effective break

diameter of 1 inch (2.5 cm) the critical flow rate is 54 Ibm/sec (24.5 kg/sec) such that W, is 27
lbm/sec (12.3 kg/sec). Further assuming that the hole through the biological shield is 3 ft in
diameter with a 1 inch clearance gives a ﬂd.w area of 0.78 f& (0.073 m® and if the length of the

. flow path is 4 ft, the effective pressure difference reqflired for the flow to move from the

stagnation point to the lower compartment is about 0.3 psi (2000 Pa). This approximate
evaluation shows that the flow resistance for discharge into the lower compartment is small

compared to that pressure developed by the jet stagnation.

Two aspects of this jet stagnation flow are important in analyzing these results. The first
is that once the jet is stagnated, the flow split is not generally determined by the respective loss
coefficients | for flow paths through the biological shield to the lower compartment and the .
competing flow path to the reactor cavity. This would only be the case when one or both of these
flow paths could not transmit the flow given the jet stagnation pressure. Certainly the above
analyses indicate that the flow path through the biological shield can easily transmit the flow.
Evaluating the flow paths toward the RPV is more difficult due to the support blocks under two
of the cold legs and two of the hot legs. These larger structures carry the weight of the vessel and
also block much of the flow path toward the reactor cavity. Assuming that the break occurs in
one of the cold legs without a.support structure results in a conclusion that this path also could
transmit one-half of the discharge flow given the jet_stagnation pressure. Hence, once the flow
is stagnated, there is no mechanism to cause the flow to deviate from a 50/50 split of the discharge

flow.

A second feature to consider is that the discharge flow is generally a two-phase jetl With
the steam evolved due to flashing of high pressure water, the steam velocity is sufficient to “flood”

- any local water accumulation. For example, consider the 1 inch diameter break considered above,
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the two-phase discharge of 27 ibm/sec results in a homogeneous velocity of about 80 ft/sec (25
m/sec) which is well above any separation velocity for the two phases. Moreover, assuming that
the phases doe separate, the steam velocity approximately 300 ft/sec (100 m/sec) which is far

greater than the entrainment velocity expressed by Kutateladze (1972) as

*1 80 (o - Py ) 11 | :
=37 |22t "9 .37 Jgo (_ - ._} v? | (B-8)
2 v. v 8
pg £ 4

ent

where g is the acceleration of gravity and o is the steam-water. surface tension. .For préssure near
one atmosphere, the entrainment velocity is about 58 ft/sec (18 m/sec). This shows that water
could not separate out of “pool” in cross-sectional area changes. Thus, the two-phase flow pattern

would be a homogeneous mixture of steam and water in thermodynamic equilibrium.

These analyses also consider substantial changes in the RCS pressure and temperature. As
such, the temperatures could dec;'ease to conditions in which the water temperature in the RCS
would approach the normal boiling point, i.e., there would be little potential for ﬂasl‘ling.
Furthermore, the RCS pressure could also be substantially reduced. As an example of such
conditions, let us consider that the RCS pressure is reduced to*approximately 150 psig with cold
water. Under these conditions, the discharge velocity for the water would be about 150 ft/sec (45
m/sec) which roughly corresponds to the cc;nditions generated by a high pressure fire hose.
Therefore, even under these depressurized and cold conditions the jet impingement behavior would
be expected to produce an equal flow split between the water discharged to the reactor cavity and
that directed to the lower compartment. With these additional features considered for the single-
phase and two-phase behavior after jet stagnation, equal fractions of the discharge flow would be

directed toward the lower compartment and the reactor cavity.

Given the best estimate behavior described above, the assessments for the minimum sump -

inventory have been addressed for the most limiting cases. To achieve the most limiting case,
conservatisms in this assessed flow split may be used by decreasing that contribution directed
towards the lower compartment. For postulated breaks in the new vicinity of the reactor vessel,

the larger the value of theflow directed to the lower compartment the greater the level in the
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a containment sump As discussed above, basic analyses concludes that this flow split would be
50/50.. Furthermore, no mechanistic process was identified that would significantly alter this

equal flow split.
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ca ICDOOR

“ . ICE CONDENSER DOOR. OPENING "

1.0 INTRODUCTION

For ice condenser containments, the flow of steam and noncondensible gases into the ice
condenser control the containment pressurization under postulated accident conditions. In-
addition, this also controls the rate of ice melting which is an integral part of the containment
response. To assess this behavior, which includes uni-directional and counter-current flows, the
containment description models the extent of opening for the spring loaded ice condenser doors
which separate the containment lower compartment from the ice condenser. This subroutine
describes this door model in terms of three different characteristic curves which are typically
considered to assess the influence of uncertainties in the door response.

2.0 STRUCTURE AND INTERFACE

Subroutine ICDOOR is called by AUXEVT, which is part of the MAAP4 Generalized
Containment Model (GCM). In particular, this is called to determine the extent of the junction
area that would be held open as a result of the imposed uni-directional flow. This is then
considered in assessing the flows to the other containment compartments as determined by the
GCM.

3.0 PHYSICAL BASIS OF THE MODEL

The force required to open ice condenser doors is quite small with a typical value being
less than 1 Ibf/f®. Figure 1 shows the typical characteristics for the fractional door flow area as
a function of the differential pressure across the doors. This figure shows the nominal door
characteristic behavior plus the variation limits for the typical characteristics that can be expected
due to variations in the door hinges, static friction, etc. These variations are considered in the
MAAP4 model to determine the potential influence, or lack thereof, of the different characteristic
curves shown in Figure 1, which are taken from AEP [1999].

The MAAP4 model represents both once-through and counter-current flows through
individual junctions, but the once-through flow is that which would determine the extent of the
door open area. The extent of the door opening can be represented in terms of the pressure
differential across the individual doors or this can be represented as the area that would be opened
by a specified once-through flow. Since the once-through flow is more stable than the pressure
differential across the door when considering differential pressures of the order of 10 Pa, and since
the recirculating fans essentially deliver a specified flow rate, it is recommended that the model
be characterized in terms of the imposed once-through flow rate. Such an approach is outlined
below.
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g Figure 1: Flow Area - Pressure Differential
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Consider that chq;acteriétic curves shown in Figure | can be represented by a cubic
expression " ’

A, =K (ARY = FR ¢ Apyy | (1)

where A, is the door open area, Aqor is the total door area, FR is the fractional opening
characteristic shown in Figure 1, AP is the total pressure differential accelerating the flow through

the doors, and K is the constant of proportionality that is different for the three different curves .

shown in Figure 1. Considering that the flow through the .open doors is represented by the
Bernoulli equation with a discharge coefficient (Cp) to treat the non-idealities of the flow, the
pressure differential can be related to the once-through flow rate

W 2
Co FR * Ay

l
2 pyo

AP = 2)

where W is the once-through mass flow rate, and p,p, is the gas density of the donor compartment,
which is the lower compartment in this expression. Casting this in the form of the volumetric
flow rate (Q,) results in the following expression

Q i | |
ap = Peo [ v ) 3)
2 {Cp FR Aor) ‘
Solving equation (1) for the pressure differential and substituting into equation (3) result; in
. 2
f.‘i;f:f_zr_] L P Q ' @
K~ 2 {Cp*FR e Ay K

or solving for the open area
- . ) Q 2 A T '
(FR ¢ Apgrf? = K P f | Zv (5)
2 Co | .

Since the area opened by the once-through flow is the desired result from the function, this is
solved .in terms of the area available as given by

p kiz) Q 617
FR o = KV | 282 =y 6
ATOT ( 2 ] [CD . ( )
or for the fractional area opened by the imposed flow
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The doors in the plant are tested at each outage in terms of the force required to prevent
the doors trom closing at a 40° open angle as well as other tests. A typical value for this is a
torque of 145 in/lb with variations between about 110 and 180 in/Ib. For a door that is partiaily
opened and is acting as a nozzle ducting flow from the lower compartment through the door
opening, the average differential pressure acting to open the doors is the average value of the
~ lower compartment pressure and the ice condenser inlet plenum, minus the inlet plenum pressure
as illustrated in Figure 2. Consequently, the average pressure differential then acts with a lever
arm of one-half the door width, i.e. 21 in. (0.53 m). the force pressure difference corresponding
to 145 in/lb is 6.9 Ibf, or considering the door width to be 42 in and a height of 92.5 in (a cross-
sectional area of 3885 in%/27.0 t%/2.5 m?) the pressure difference required to hold the door open
at a 40° opening angle is 1.78 x 107 psi or 0.26 psf. (This corresponds to 12.2 Pa in the SI
system of units.) Using the information provided by AEP, which includes Westinghouse questions
and answers on the basis for the tech spec surveillance on acceptance criteria for the ice condenser
doors, a 40° door opening is equivalent to a fractional area of approximately 35%, which is taken
to be 350 ft for this analysis. (The full open area is assumed to be 1000 ft® (92 m?).)
Considering that the average pressure difference is one-half of the total pressure difference, the
required total pressure differential is 0.52 psf, Figure 3 compares this value with the characteristic
curves of Figure | and also shows the boundaries represented by the high and low values of the
measured torque to maintain the door open at a 40° angle [Henry, 1999). As shown, a 35% full
open area at a door differential pressure ot 0.52 psf results in a value which is between the lower
characteristic limits and that shown as the nominal characteristic. Hence, the plant measurements
are consistent with the characteristic curves. To analytically represent the characteristic limits let
us consider a cubic functional form which uses the following single points to evaluate the constants
of proportionality for the three characteristic curves.

Lower Limit Characteristic: 35% full flow area achieved at a total door differential
pressure of 0.35 psf. '

Mominal Characteristic: 35% full flow area achieved at a total door differential pressure
of 0.60 psf.

Upper lelt Characteristic: 35% full flow area achieved at 0.85 psf.

Forall the charactcnsuc curves 35% full open area is taken as 350 f¢ or 32. 6 m?, For the lower
limit total pressure difference of 0.35 psf corresponds to 16.8 Pa which results in a value for the
constant proportionality of 6.88 x 10° for the open flow area such that the lower limit
characteristic is given by

Agy = 6.88 x 107 (APY ‘, (8)
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a 'Figure 2: Schematic Illustration of the Average Pressure
Acting to Open the Ice'Condenser Inlet Doors
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@ Figure 3: Comparison of the Measured Plant Behavior for a 40° Door
Opening and the Cubic Functions Used to Model the Door . :
Response With the D.C. Cook FSAR Door Characterization " ‘
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and the fractional opening is
FR, = 7.4x 10% (AP)° = ° 9)

Note that the constant proportionality is dimensional and the above values are for the international
system units since the MAAP internal calculations are in this system. Following the same
approach for the nommal characteristic line, the proportionality constant results in the expression

Aoy = 1.38 x 107 (APY ‘ “ (10)
- with the fractional opening expression being .
FRy = 1.5 x 10° (AP) - (11)

Using the same metho;:lology to determine the upper characteristic limits for the open flow area
results in the expression

Agy =.4.84 x 107 (AP) i (12)
and the fractional obening is given by ,

FRy = 5.2 x 10 (AP)’ (13)

The three expressions for the fractional opening are shown in Figure 3. Using cubic
expressions for the three different door area characteristic curves provides an adequate
representation of the uncertainties associated with the door response which are also consistent with _
the measurements in the D.C. Cook units. Moreover, this representation is consistent. with the
vendor characterization for the uncertainties and door behavior. Furthermore, it provides a means
of evaluating of the influence of such uncertainties on the containment response for a realistic
range in model parameters characterizing the door uncertainty behavior. As illustrated in this
figure, the differences between the cubic behavior.and the vendor information are small compared
to the uncertainties between the nominal, lower limit and upper limit behavior.

The model also consuiers that once the doors are open there is a minimum openmg area
since the doors never return to a completely closed condition. This minimum opening area is
specified in the MAAP parameter file and is used in the following manner.

Aopen = max (Ao.min' Amodcl) | ‘ (14)
In this expression A, is the calculated opening area from the model-parameter selected from

the three expressions given above. In this way, the influence of a minimally open area for the
door behavior is included in the generalized containment evaluation,
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@ 4.0 VALIDATION

The relationship of this model to the three door curves discussed in the D.C. Cook FSAR
and the plant experience was discussed in Section 3. ‘
50 NOMENCLATURE

The nomenclature is defined in the text.
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REPRESENTATION OF THE ICE CONDENSER OUTLET TEMPERATURE

1.0 INTRODUCTION

The MAAP Generalized Containment Model (GCM) includes a representation of the ice
condenser behavior used in this type of PWR containment. This is one of the containment .-
compartments which in addition typically includes the reactor cavity, the lower compartment
deadend volumes, and the upper compartment. Assessments related to uni-directional flows and
counter-current flows are the same for ‘all of -the containment types given the differences in
controlling features, such as the ice condenser inlet doors. One of the principle features
controlling the extent of energy removal in the ice condenser is the temperature of gases leaving
the ice condenser upper region and flowing into the containment upper compartment. This
subroutine evaluates this gas temperature as a function of the dynamic conditions entering the ice
condenser and the available ice mass to condense the steam.

" 2.0 STRUCTURE AND INTERFACE

Subroutine ICEOUT is called by subroutine HTICE to assess the temperature of gases
leaving the top of the ice condenser. An energy balance combines the incoming steam and
noncondensible gas energy fluxes with the output of this subroutine to assess the energy removed
in the ice condenser by the composite process of condensing steam and melted ice.

3.0 PHYSICAL BASIS OF THE MODEL

A review of the available experiniental results, such as the proprietary Westinghouse Waltz
Mill experiments [Salvatori, 1974] and those from the PNL ice condenser tests {Ligotke, et al.,
1991], show that for the different conditions there can be substantially different gas outlet
temperatures. For example, Figures | and 2 are taken from Ligotke and show the measured gas
temperatures near the exit of the ice condenser for tests with high and low incoming steam partial
pressures, respectively. Thesé experiments were representative of small break Loss-Of-Coolant
Accident (LOCA) conditions and it is clear that the outlet temperature is low early in the transient
and increases as ice melting occurs. In the Westinghouse experiments, large LOCA conditions
were simulated and high exit temperatures are observed early in the blowdown and then decreases
with decreasing blowdown flow. Since this exit temperature behavior differs from a constant, it
is more realistic for the MAAP4 model to represent the differences in these temperatures than to
model the outlet temperature as a user-specified constant value. The following is an approach to
represent this information in a more mechanistic manner.

Figure 3 illustrates the ice baskets in the general configuration of an ice condenser
containment and Figure 4 is a cutaway view showing the ice basket arrangement, as well as the
steam/noncondensible entry point at the Lower Inlet Doors (LIDs), the turning vanes, the
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@ | . Figuré 1

Ice Basket Section Thermal Profiles Near the Exit for Test 11 '
‘ {Ligotke, et al., 1991].
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_ Figure 2:
Ice-Basket Seéction Thermal Profiles Near the Exit for Test 13
[Ligotke, et al., 1991]. ‘
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. Figure 3: Containment Cross-Section.
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intermediate deck doors, and the upper deck doors. Consider the gas/steam flow in the ice
condenser as flow through a series of vertical cylinders with the energy transfer limited on the gas
side by convection between the gas stream and the ice surface. Assume that this flow can be
represented as parallel (inline) flow through the densely packed group of ice columns (the pressure
suppression heat sink), as illustrated in Figure 5. Combining this with an additional assumption
that the flow is turbulent, the energy transfer rate from the flowing steam and noncondensible
gases can be expressed as

B

LY

dT
£ = -(h, +_hadd)1’m (Tg"Tim) (M)

Wg Cpg iz
where W, is the increasing gas/steam flow rate, cp, is the specific heat at constant pressure for the
steam and noncondensible gas mixture, T, is the gas temperature, h, is the turbulent convective
heat transfer coefficient, h,,, is the effective heat transfer coefficient due to other processes’such
as natural convection and thermal radiation, P,, is the heat transfer perimeter for energy transfer
(the number of ice baskets (N) times the perimeter of a single basket), and Ty, is the ice melting
temperature. Representing the turbulent flow convective heat transfer coefficient using Reynolds
. analogy gives

f .
hc = Epg Cpg Ug (2)

and substituting this into equation (1), along with the one-dimensional continuity equation for the
gas flow rate, results in the following expression for the axial temperature gradient

dT f  hug Ap ) P 3
dz (2 Wg Cps AF ( lm) ‘ ( )

Separating the variables and integrating yields an expression for dimensionless gas exit
temperature (0) in terms of the turbulent friction factor (f), the effective heat transfer coefficient
for additional heat transfer processes, the incoming flow, and the ice column geometry;

8 = Ig_'ﬂ_i = exp ...f..;...h_‘dd__A_"‘_ .?h_t’L ‘ 4
Tgin = Tim 2 Wyop JAp

where Ap is the cross-sectional flow area, with T, ., and T, ,, being the gas/steam exit and inlet
temperatures, respectively. Note that the length of the ice column (L) is in the exponential term
for this quasi-steady approach. As the ice mass melts, this length decreases causing the exit gas
temperature to increase (assuming all other parameters remain the same).
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-

4.0 VALIDATION

The validation for this routine is through the dynamic benchmarks with the Waltz Mill
Westinghouse and PNL ice condenser experiments. These are presented in Volume III of the
MAAP User's Manual “Benchmarking”. This section should be consulted with respect to the

validation exercise.

7/

5.0 NOMENCLATURE

The applicable nomenclature is defined in the text.

6.0 REFERENCES
Ligotke, M. W, et al., 1991, “Ice-Condenser Aerosol Test,” NUREGICR-5768, PNL-7765.

Salvatort, R., 1974, “Final Report: Ice Condenser Full-Scale Section Test ét the Waltz Mill
Facility,” WCAP-8282. )
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- BENCHMARKING OF THE MAAP4 ICE. CONDENSER MODEL
o WITH WALTZ MILL EXPERIMENTS

1.0 INTRODUCTION

Large scale experiments [Salvatori, 1974] were performed to investigate the response of
the ice condenser compartment to a spectrum of LOCA conditions. Figure 1 is an isometric
view of the experiment whlch includes:

o a boiler vessel to simulate the reactor coolant system,

e ' areceiver vessel which simulates the containment,
o a separation of the simulated containment into lower and upper

compartments by a divider deck,

o an ice condenser compartment to condense steam entering the
upper compartment, and

| eight full-size (diameter) ice baskets with a height which is 3/4 of
that used in the D.C. Cook plant.

This integral experiment contains all of the necessary elements of the containment response to
investigate the containment capabilities with respect to various LOCA events. Table 1
summarizes the major parameters for the ‘experiment and compares these to a typical ice
condenser plant configuration. For this benchmarking effort, various sizes of the LOCA are
considered such that the performance of the MAAP4 ice condenser model can be evaluated for
a spectrum of initiating events, .

Note, due to the proprietary status of this experiment, numeric values have been removed
from some of the following comparison plots. Organizations wishing to receive full disclosure
of this information must first receive authorization from Westinghouse Electric Corporation.

2.0 BOUNDARY CONDITIONS

For these evaluations, it is important to test a vanety of break sizes. In this regard four
experiments have been chosen:’

o Test A - typical of a design basis large LOCA,

U Test C - a blowdown rate similar to a medtum size LOCA,

VOLUME 1II-C . DATE: 6/22/99
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Figure 1 Isometric View of Boiler and Receiver Vessels at the Waltz Mill Test Facility.
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Table 1: . Summary of Test Scale Factors Comparison
With Typical Ice Condenser Plant Design
Parameter . Plant Test Sg?:tl{":cef;r
Ice Condenser | . |
Basket Height (ft) | 48 36 1.33
Basket Diameter ~ (in) EvRY 2.1 1.0
Basket Surface Area”  (ft}) | 295,400 912 | 324
Basket Internal Volume  (£1%) 74,500 230 324
Flow Area ) 1,354 5.61 23
Hydraulic Diameter (ft) 0.88 0.88 1.0
Inlet Door Area  (ft?) 1,064 | 45 236
G Ice Weight (Ibs) 2.75 x 10° 8490 324
| DECL Blowdown Mass Rate  (lbs/sec) 85,000 350 243
DECL Blowdown Energy Rate (BTU/sec) | 47.5 x 10° | 1.956 x 10° 243
\ (average over first 1.5 seconds) | 7
. Total Energy Release “Btw) | 320x 106 | 9.88 x 10° 324
Volumes . .
Lower Compartment () 307,000 912 ' 336
Ice Bed (net with ice)  (ft) 127,000 315 403
Upper Compartment ~ (%) 746,000 | 2,412 309
 Total Active Volume  (ft%) 1,180,000 | 3,639 325
Compression Ratio 1.42 1.39 1.02
VOLUME III-C DATE: 6/22/99
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. Test F - a blowdown rate s{milar to a smal'l LOCA, and

. Test K - a large LOCA followed by post blowdown energy release
typical of decay heat.

Tﬁrough this spectrum of accident conditions, the MAAP4 model can be benchmarked to assess

the capabilities for representing the‘ice condenser response under a spectrum of LOCA -

conditions. Table 2 summarizes the pertinent initial and boundary conditions for these four
experiments. ;

Table 2: Tabulation of Pertinent Initial. and Boundary Conditions
For the Full-Scale Section Tests
_ Test A Test C Test F Test K
Date of Test 12/31/73 | 1/10/74. | 1/30/74 3/11/74
Initial Boiler Pressgrq (psig) 1302 1290 1308 | 1285
Subcooling (°F) 26 43 45 63
Orifice Diameter ' (in) 2.57 0.76 0.295 2.57
Percent Plant Blowdown Mass Rate 101 11 1.65 130
Percent Plant Blowdown Energy Rate 101 10 1.6 117
Percent Plant Blowdown Energy . 137 132 114 Note (1)
Initial Upper Compartment Temp. (°F) 99 77 81
Initial Lower Compartment Temp. (°F) 78 64 75
Boiler Energy Discharge (Btu's x 10%) 1.55 1.53 1.53 3.6
Net Energy Discharge (Btu’s x 10°) 1.35 1.30 1.13
. (1). Blowdown + post blowdb_»ﬂ_e_nergy release.. -

The necessary information for each of these experiments is contained in MAAP4
subroutine BCHICE, which is called from subroutine BENCH. This new subroutine

- characterizes the information necessary to pei'form each benchmark and this is performed in the

following manner.

The following quantities are input to the code, either through the input deck or directly
in BCHICE.

. vessel volume,

VOLUME HI-C DATE: 6/22/99
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. disél.'large pipe volume, - §

o . initial boiler vessel pressure,

. initial water sul;cooling in the discharge pipe, ,

. total ‘energy available,

o measured blowdown pressure vs. time for the given
experiment, and .

o post blowdown steam flow rate vs. time for Test K.

With the information for each experiment the following calculations are performed:

Mass of water in the discharge pipe équals the pipe volume divided
by the specific volume of the subcooled water. -

The energy in the boiler vessel is equal to the total energy minus
the energy in the subcooled water in the pipe.

The combination of the vessel volume and energy are solved
smultaneously to determine the mass of saturated steam and water
in the boiler vessel.

Once the mass of subcooled and saturated water is determined, the MAAP4 subroutine WFLOW

is called based on the measured pressure at a given time and the orifice break area. Subcooled
blowdown calculations are performed until the mass lost equals the mass of subcooled water,
at-which point the remaining blowdown is assumed to be a saturated two-phase mixture. Once
the blowdown transitions to steam alone, the speciﬁc volume of the steam is-determined by the
total volume divided by the calculated remaining mass and the steam enthalpy is assumed to be
the saturated value based upon the measured pressure.

The MAAP4 containment model is set up with five nodes:

the 1ower compartment bottom node,

the lower compartment upper node,

the ice condenser,

compartment directly above intermediate deck doors, and

the annular section of the upper compartment which surrounds the
ice condenser.

‘.

The experimental repori provides little information on the heat sinks for the test
0 apparatus, other than to say that the surfaces were insulated. For the longer running tests, such
VOLUME [II4£A1\99-77; Rev. 0 : DATE: 6/22/99
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as the small LOCA case Test F, and the decay heat experiment Test K, small contributions of
heat sinks are important. From these benchmarks, we assume steel mass of 3600 lbm for the
ice baskets and their supports and a heat sink surface area of 200 ft? is assumed for the annular
compartment attached to the upper compartment, These are minimal values for the heat sinks
that would be available, but as is discussed later, are sufficient for these benchmarks.

There is a limited description available for the steam injection into the lower plenum for.-
the different experiments, particularly: that for the small break representation Test F and the long
term decay heat injection for Test K. Since the principle means of pressunzmg the test facility
is displacement of noncondénsible gases from the lower compartment and the ice condenser to
the upper compartment, this dxsplacement process is an important aspect of the numerical model.
Since there is limited information available, the MAAP model divides the lower plenum into two
nodes (the top node and the bottom node) and splits the incoming flow rate into contributions
to the two different nodes. For Tests A and C, which represent large and medium size breaks,
the i mcommg steam flow was divided into equal portions for the top and bottom node. Also, for
Test K, since the recirculation fan was running during the long term steam release, the i incoming
flow rates were again divided into equal portions for the top and bottom node. For Test F, the
small break LOCA, which was performed without any recirculation fan flow, the incoming
steam flow is divided with 80% going to the upper node and 20% to the bottom node to
represent the potential stratification of the low flowing steam discharge into the lower
compartment resulting from this small break simulation. If additional information becomes
available regarding the details of the lower compartment injection, in particular for the small
break representation in Test F, this modeling aspect can be further refined.

Major parameters controlling the behavior in the ice condenser evaluations are FTWICE
and FCONDP. The best estimate values for these are 0 and 2, respectively, with the former
representing the condition in which the ice condenser drain temperature is the average of the
steam inlet and the ice melt temperatures; and the latter conﬁgures the energy transfer between
the lower compartment steam space and water masses in terms of an agitated pool with an
agitated gas space. In particular, there is no significant condensation if a colder gas layer could
be developed above a water pool which does not circulate. This is not to be expected since there

.is a large water drainage rate as the ice melts and this tends to induce a well-mixed circulation
pattern between the two nodes in the lower compartment, as well as individually within the gas
and water volumes. The other values for these two parameters that are considered include
FTWICE = 1, which is a condition where the drain temperature is the average of the steam inlet
temperature and the steam exit temperature. This is always used for conditions in which the
noncondensable gas flow rate through the ice condenser is sufficient to "flood" the water
drainage. However, this value can also be used in sensitivity analysis to show the influence of
such an assumed behavior on the ice melt rate. Values of FCONDP = 0 and 1 are also possible
with the former indicating no condensation on the water pool and a value of unity indicating that
as condensation ‘occurs a stable cold gas thermal layer develops next to-the water pool which
dramatically reduces the condensation rate. The results of these various model parameters are
compared to the Waltz Mill experiments below.

VOLUME III-C . ’ .DATE: 6/22/99
FAI\99-77; Rev. 0 -6- REVISION: 0.1



MAAP4 BISTEGRAL EXPERIMENT BENCHMARKS
, (WALTZ MILL)

3.0 DISCUSSION OF RESULTS

In the, best-estimate evaluations, the MAAP4 ice condenser model uses values of
FTWICE =0 and FCONDP(1) = 2, with the temperature of the air and steam leaving the top
of the ice condenser being determined by the mechanistic model. Figure 2 compares the
measured containment response and that calculated by the MAAP4 model for Test A. As
illustrated,- the MAAP4 model provides a good characterization of the containment -
pressurization, including the peak pressure achieved during the blowdown history, and the
subsequent depressurization as the mass discharge rate decreases during later stages of the
blowdown. It is not surprising that MAAP provides a reasonable characterization of the upper
compartment pressure history since this is generally due to the displacement air from the lower
compartment to the upper compartment, with a minor contribution due to the increased steam
partial pressure in the upper compartment. Figure 2 shows that MAAP4 somewhat under-
estimates the upper and lower compartment pressures. This is l:kely due to the simplified view
that the mtegral code has of the loss coefficients through the ice condenser inlet doors and
through the ice mass itself, and also the result of not modeling small leakages past the divider
plate for the upper compartment responses. . .

Figure 3 shows the remaining ice mass for the large break representation. MAAP4
provides an excellent characterization of the total ice mass melted in this experiment.
Comparisons of this nature help determine the uncertainty bands to be considered in the integral
containment mode! for parameters. 'I'hls will be discussed further for the other tests considered
at the end of this section.

Of particular interest for small break evaluations are those experiments with smaller
effective break areas. Figure 4 illustrates the measured pressure history for Test C, which is
representative of a medium size LOCA. As shown, there is good agreement between the
pressurization of the simulated containment as well as good agreement between the pressure
differential between the upper and lower compartment for this experiment. Furthermore, as
illustrated in Figure 5, the MAAP calculation underestimates the melted ice mass. It is
important to note in these calculations that the representation for pressure vs. time given in Test
C still has a considerable pressure after 130 seconds, which is the value reported in the
experimental test report. Hence, there was an additional blowdown of steam through the test
facility and additional ice melting that would be typical of the value determined when the
apparatus was disassembled at the end of the test. To examine the influence of additional
~ blowdown energy, the MAAP4 benchmark was continued until the system was essentially
depressurized, i.e., about 180 secs. At this time, the calculated ice mass available is 5000 lbm
compared to the reported value of 4625 Ibm. Thus, the MAAP model is in agreement with the
results of the experiment and conservatively underestimates the ice melting rate.

4

. Of particular interest for break evaluations are the results of Test F and Test K since

these represent a blowdown of a typical small break (Test F) and the ice melt associated with
long term decay heat steam generation added to the containment (Test K). The results for the
measured upper and lower compartment pressures as a function of time are shown in Figure 6
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for Test F. Thereis agreement with the rate of pressure mcrease developed in the test apparatus
and the overall pressure transient. However, the peak pressure is somewhat underestimated,
which is a function of the split imposed for the mcommg steam - flows into the lower
compartment nodes. The remaining ice mass is illustrated in Figure 7 for Test F and it is shown
that the MAAP4 model provrdes a reasonable representation of the ice mass melted during the.
test.

Test K had a different characterization from the previous experiments with the initial
blowdown being that typical of a large break LOCA, similar to Test A. Subsequently, the
steaming rate was decreased to that typical of.decay heat to examine the longer term ice melt
conditions. The steam was provided by an external boiler; with the steam being added to the
lower plenum of the simulated containment. Since the steam rate was low, the details of the
heat sinks in the apparatus become important, and as discussed above, these are only described
in general in the test report. However, there is sufficient information to test the overall
performance of the MAAP4 model. Since Test K is a large blowdown characterization, the
initial phase was modeled in the same way as Test A, and at the end of the blowdown, a
remaining ice mass of 5,776 lbm was input to the calculation to be consistent with the values
described in the test report. Figure 8 illustrates the measured and calculated pressure histories
for the long term behavior. As illustrated by Figure 9, the MAAP4 calculation melts the ice at
about 4500 seconds which is preceded by some pressurization of the test vessel. The
pressurization rate illustrated in the calculation compared to that from the experiment illustrates
that the heat sinks in the experiments are more influential than those considered in the

.benchmark. However, further detailed representation in the heat sink model will only improve

the comparisons. illustrated for the other experiments, and in particular, will improve the
agreement for Test A. For Test K, the recirculation fans are included such that the steam
delivered to the apparatus in the benchmark flows into the lower compartment and thus to the
ice condenser. "If there are significant heat losses in the lower compartment, this decreases the
net energy flow to the ice condenser and lengthens the experiment, which is the antlmpated
behavior given the comparison shown in Figure 8. However, the available benchmark is
sufficient to show that the MAAP4 model can be used to charactenze the ice condenser
performance for a spectrum of plant conditions.

Figure 10 illustrates the incoming temperature to the ice condenser (TWSTI) throughout
the Test K transient and the calculated exit temperature from the mechanistic model (TEXO01).
As is noted, the calculated exit temperature increases as the ice mventory is consumed and
eventually approaches the incoming air-steam temperature when the ice melt is almost complete.
Fxgure 11 compares the measured and calculated results for the melted ice drainage temperature
in the bottom of the ice condenser. There is good agreement between the two with the long:
term MAAP calculation being somewhat higher than the measured data. A similar comparison
for the water temperatures in the lower compartment is shown in Figure 12 which illustrates

excellent agreement between the MAAP calculation and the measured behavior.” With these

good comparisons of the calculated ice melt rate and the water temperatures, the MAAP model
is demonstrated to give a good representation of the energy transfer processes in this large scale
ice condenser experiment.
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4.0 SENSITIVITY'STUDIES

The most sensitive parameter in the evaluation with the Waltz Mill experiments is the
potential’ for condensing steam on the water surface in the lower compartment. If such
condensation does not occur, the steam mass flow rate into the ice condenser is significantly
increased and the ice melting rate is accelerated. Furthermore, the measurement of the water
temperatures in the lower compartment is also affected. This change has little influence on the
large break sequences such as that represented by Test A, but for the small break in long term
steaming behavior as depicted in Tests F and K, respectively, the influence of steam
condensation in the lower compartment is important. Figures 13 and 14 compare the calculated
pressure and ice mass remaining for Test F if the condensation in the lower compartment is
evaluated as if a stable thermal layer develops next to the water surface. As illustrated, this
results in an increased ice melting rate compared to that shown in Figures 6 and 7.
Furthermore, the calculated performance of Test K (see Figures 15, 16, 17, and 18) compare
the calculated performance for Test K with this model parameter variation with the measured
data. As illustrated in Figure 16, the ice is melted out approximately 1,000 sec. earlier and the
comparison with the measured temperature in the lower compartment (Figure 18) does not have
the same level of agreement, as is shown in Figure 12. Hence, while this is a variation in the
modeling behavior, comparisons with the experimental results indicate that the gas space in the
lower compartment is well agitated, as is the water pool, as a result of the drainage from the ice
condenser. Hence, the recommended values for condensation on such water pools is thh the
parameter FCONDP(I) =2 is the preferred model configuration.

Another sensitivity examined is the influence of the imposed flow split for the incoming
steam flow in Test F. Figures 19 and 20 illustrate the influence of using a 50-50 split for this
test. It is observed that-the rate of pressure increase is much faster than the experimentaily
measured pressure, but the peak pressure is close to the measured value. Comparing the
calculated ice mass melted with that shown in Figure 7 shows that an equal split of the 1mposed
flow melts slightly less ice than observed in the experiment.

5.0 CONCLUSIONS

Comparing the MAAP4 ice condenser containment model with a spectrum of LOCA
experiments shows that the MAAP4 characterization  provides good agreement with the behavior
for the various size LOCA conditions investigated, including long term decay heat added to the
containment atmosphere. Furthermore, it shows that the ' MAAP4 mechanistic ice melt model
provides a good characterization of the ice melt for a wide spectrum of accident conditions,
including long term decay heat steam release. The model also provides a good representation
of the ice melt drain temperature and lower compartment water temperature.
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MAAP4 S " F-2NTEGRAL EXPERIMENT BEIVCHMARKS
(PNL ICE CONDENSER TEST)

-

BENCHMARKING OF THE MAAP ICE 'CONDENSER MODEL
WITH THE PNL ICE CONDENSER EXPERIMENTS.

1.0 INTRODUCTION

Large scale experiments were performed at the Pacific Northwest Laboratory (PNL) to
assess the ice condenser response to aerosol particle capture in ice condenser compartments
[Ligotke, et al., 1991]. As part of these experiments, thermal hydraulic test were performed to
investigate the extent of condensation in the ice beds for different inlet conditions representative
of long term steam generation resulting from the reactgr'core decay power. Figure | is a
schematic of the test apparatus, taken from Ligotke, et al. [1991], and shows the vertically
oriented ice basket test section being supplied with heated air and superheated steam. Figure 2
is an elevation view of this test apparatus showing that the hot air and steam are ducted downward
to a diffuser section in which the aerosol particulates are added for the aerosol test. The ice basket
configuration is shown in Figure 3 with four major coolant channels being defined by one full size
diameter ice basket, 4 half diameter baskets and 4 quarter cross-sectional area baskets. The gas
temperatures are measured in the different quadrants and provide assessments for the temperatur
increase of the air-steam mixture as it moves axially through the test section. ’

This integral representation of the ice condenser behavior provides important insights with
respect to the temperature of gases leaving the ice condenser as a function of the mass of ice
remaining for different inlet flow conditions.

A simulation of the ice condenser Lower Inlet Doors (LIDs) was not included in this
experimental apparatus. As a result, there were a number of ‘experiments which encountered
substantial natural circulation between the cold ice condenser and the warm air steam mixture
temperatures in the inlet diffuser. These particular tests are not of relevance to the MAAP4 ice
condenser model since the Lower Inlet Doors (LIDs) do not permit substantial natural circulation
unless there is a means for one or more doors to be held open. Therefore, the tests of interest in
this dynamic benchmark are those performed with higher gas flows through the test section to
minimize, or prevent (by “gas flooding™) this counter-current natural circulation flow capability.

2.0 BOUNDARY CONDITIONS

The important boundary conditions for these experiments are listed in Table 1 in terms of
the tests examined, the volumetric steam flow entering the test section, the accompanying
volumetric air flow, and the temperature at the entrance to the test apparatus. Considering that
the ice basket simulation represents four baskets and that the plant has approximately 2000
baskets, the volumetric air flow shown in Table 1 (0.04 m*/sec) scales to an air flow rate in an
ice condenser containment of approximately 40,000 scfm (standard cubic feet per minute) which
is a typical value for one train of air recirculation fans in operation. Such a flow rate is the value
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~Figure 1:

Facility as taken from Ligotke, et al., [1991].
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Elevation View of the West Face of the Test Section with Identification of Penetration
Locations as taken from Ligotke, et-al., [1991].
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Figure '3:~1 'I:est 'Setj:tid_’n Cross-Section as taken from Ligotke, et al., [1991].
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Table 1

Steam T Air Total T630

Test m’/s m’/s m’/s °C
8 : 0.10 0.12 0.22 126
9 035 ., 0.04 0.39 112
.10, 0.40 . 0.04 0.44 121
11 0.34 0.04 0.38 105
12 0.017 0.057 0.07 92
13 0.02 ~ 0.05 0.07 111
14 0.02 1 0.09 .0.11 115
~ .08 . 0.04 . 0.12 121

that is usually assumed for containment evaluatlons with a single failure being the failure of the
second train of recirculation fans.

This benchmark is performed by inputting the measured ice condenser inlet temperatures
(see Figures 4, 5, and 6 for the Level 5 temperature (inlet) for Tests 9, 11, and 13, respectively).
Furthermore, the flow rates listed in Table 1 are input to the MAAP model which then calculates
the ice condenser exit temperature and the corresponding ice melt rate associated with the available
ice inventory. For this comparison, the results associated with Tests 9, 11, and 13 are explored
since these provide the necessary insights associated with those conditions with a high steam
partial pressure and those with a very low steam partial pressure. Using this spectrum of
conditions provides the necessary assessment for the response of the representation of the gas exit
temperature for the spectrum of inlet conditions. In formulating the inlet conditions for the three
different experiments investigated, Test 11 experienced a boiler transient early in the test
sequence. This causes the inlet temperatures to be lower than the desired vaiue for approximately
10 minutes. This was represented in the benchmark by using the measured inlet temperatures at
the level 5 location over the first 10 minutes to develop a representative inlet air-steam mixture
temperature during this period. This then constitutes the boundary condition being supplied to the
MAARP routines representing the extent of melting given the remaining ice inventory and the inlet
conditions. :

3.0 DISCUSSION OF THE RESULTS

Measured temperatures near the exit to the ice condenser are the most important aspect of
the experimental investigation. Specifically, these provide a detailed representation of the gas exit
temperatures as a function of experimental time. Given that the experimental time can be
translated into the ice mass remaining, this provides an important test of the model representation
for the extent of energy transfer ongoing in the ice condenser given the remaining ice mass. This
is the important variable since it determines the energy balance within the ice condenser;
specifically the ice melting rate.
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(PNL ICE CONDENSER TEST)

“Figure 4: , '
I¢ce-Basket Section Thermal Profiles, Test 9 as taken from Ligotke, et al., [1991].
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' .Figuré 5:
Ice-Basket Section Thermal Profiles,. Test 11 as taken from Ligotke, et al., [1991].
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Figure 6:
Ice-Basket Sec!:ion Thermal Profiles, Test 13 as taken from Ligotke, et al., [1991].
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3.1 Test9

With the inpuit given for Test 9, the resulting comparison of the gas exit temperatures with
the measured behavior is illustrated in Figure 7 and shows that there is good agreement between
the measured exit temperature and that represented by the MAAP model for gas temperature |
exiting the ice condenser. The major reason for the increase of the temperature is the melt out
of the ice bed. As illustrated in this representation, the MAAP uncertainty parameters varied in
the representation is the heat transfer coefficient representing the additional energy transfer
processes of natural convection and radiation (HTADDI) which is varied between a value of 0.5
and 2. The representation in Figure 7 showsthat this variation adequately characterizes the
increase in the exit temperature from the ice bed and also ‘generally represents the variations
between the two different thermocouples at the same axial focation which are shown in the figures
as THIGH and TLOW, i.e., the highest and lowest measured temperatures at location 1 which is
near the top of the ice bed (see Figure 2). Hence, this parameter variation captures the increasing
exit temperature as a function of time (representative of the progressive melt out of the ice bed)
as well the variations in the temperatures at the same location.

3.2 Testll '

- A similar comparison for the data of Test 11 is given in Figure 8 and again shows the
measured temperature increasing as the ice melts out over approximately 1 hour. Again, there
is good agreement between the measured behavior in the PNL test and the calculated behavior for
the MAAP model. Given this agreement, the time for complete ice melting should also be in
agreement. This illustration shows that ice melt is complete in the experiment after approximately
70 minutes whereas the MAAP model calculates this after about 60 minutes. Again this is a good
characterization of the behavior in the test apparatus, particularly since the additional heat losses
associated with the energy transfer to the ice box and the structural heat sinks associated with the
test apparatus walls, etc. are not represented currently in the dynamic benchmark. The uncertainty
variations treated for the variable HTADDI again encompasses the differences between the
thermocouple measurements at level 1 for this experiment early in the transient. Hence, these
variations clearly show the influence of uncertainties in the additional energy transfer early in the
" process when there is substantial ice remaining in the test apparatus.

3.3 Test 13

In this experiment there is very little steam flow associated with the measured air flow
rate. Consequently, the melting rate is substantially less and the gas exit temperatures are
essentially the ice temperature over the duration of the test (see Figure 9). This is also represented
by the MAAP ice condenser gas exit temperature model and the comparison of the two shows
good agreement between the measured and calculated behavior. This is important since it provides
confidence that the MAAP model can adequately represent the various conditions that might be
experienced in the spectrum of accident sequences for the ice condenser containment behavior.
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. ~ Figure 7:
. Comparison of the Calculated and Measured Temperatures
for the Ice Condenser Exit in the PNL Test 9.
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Figure 8: s
Comparison of the Calculated and Measured Temperatures
- for the Ice Condenser Exit in the PNL Test 11.
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‘ Fxgure 9:
Comparlson of the Calculated and Measured Temperatures
for the ice Condenser Exit in the PNL Test 13.
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The variations in the uncertainty parameter HTADDI shows that there is only a minor influence
associated with the uncertainties in this low steam flow case. This illustrates that the uncertainties
provide a reasonable characterization of the differences that can be expected between lean steam
flow conditions and those in which the steam flow rate is the major component of the flow through
the ice condenser.

4.0 SENSITIVITY STUDIES

N

Sensitivity/uncertainty studies are discussed in Section 3.0.

5.0 CONCLUSIONS

Comparison the MAAP ice condenser containment model with a spectrum of inlet
conditions to the ice condenser shows good agreement for the thermal hydraulic response of the
test performed. This is true for those experiments utilizing high steam partial pressures as well
as those with a low steam partial pressure. Furthermore, the imposed gas flow rate is equivalent
to the velocity through the ice bed that would be promoted by a single train of ice condenser
recirculation air fans. Therefore, the behavior observed in these experiments, and the good
agreement observed between the experimental measurements and the MAAP model develop a level
of confidence that the MAAP calculation is a good representation of the containment response for
a spectrum of accident sequences.

6.0 . REFERENCE

Ligotke, M. W, et al, 1991, “Ice-Condenser Aerosol Tests,” NUREG/CR-5768, PNL-7765,
R1.
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. MAAP4 I GI_EITE_GRAL EXPERIMENT BENCHMARKS

(CSTF)

EEERT BENCHNIARKNG OF THE, CSTF»3iliitor .

1.0 INTRODUCTION

This dynamic benchmark is controlled by subroutine which calls CSTFPF to develop a
CSTF parameter file. These values are developed from the dynamic benchmarking file
CSTF.DYB which documents information given in the experimental repori {Bloom, et al., 1983j.--
This routine also performs any unit conversions necessary to be consistent with the MAAP intemal
computations. As a portion of the EPRI-sponsored research programs addressing hydrogen
control in containments following a postulated severe accident at a nuclear plant, the Hanford
Engineering Developing Laboratory Containment Systems Test Facility (CSTF) was used to
investigate hydrogen concentration and mixing for ice condenser containment configurations.
Specifically, these experiments investigated the degree of mixing and the potential for either
“pocketing” of hydrogen or stratification of hydrogen-rich mxxtures Hydrogen-steam and
helium-steam mixtures were investigated on a scaled basis for the releases from a small pipe break
in the Reactor Coolant System (RCS) or from the pressurizer relief tank through a failed rupture
disk. For all but one of these experiments, helium was used as a simulant for hydrogen. In the

" other test, hydrogen was used with a nitrogen atmosphere in the CSTF vessel.

The CSTF is a coded vessel 20.4 meters high, 7.6 meters in diameter with a total volume
of 850 m® and has a rated pressure of 0.52 MPa at 160°C. Sub-compartments characterizing the
containment lower compartment and the upper compartment were fabricated inside of the CSTF
vessel along with representations of partially opened ice condenser doors and the air recirculation
fans. Experiments were performed with and without forced circulation flow to investigate the
potential for hydrogen accumulation for different accident scenarios.

2.0 BOUNDARY CONDITIONS

2.1 Containment Compartments

2.1.1 CSTF Description

* The final report for ﬁﬁs study [Bloom, et al., 1983] contains the followmg description of
the test compartment fabricated inside of the CSTF vessel

The test compartment, which simulated a simplified lower compartment area of an ice
condenser plant, was fabricated in the lower area of the CSTF vessel. The test -
compartment conformed to the modeling criteria; but did not contain any geometrical
objects, such as pipes, tanks, or structural elements. The linear scale factor between test
compartment and reference plant design was 0.3. The test vessel outer wall simuiated the
plant crane wall, and the height to diameter ratio of the test compartment was equal to that
for the reference plant design.. Figures 1 and 2 are schematics of the annular test
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Figure 1: Test éompartment deometry, (taken from [Bloom, et al., 1983)),
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Figure "2 Test'C;omp;zrtmer'\t Air Recirculation Details
(taken from [Bloom, et al., 1983].
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compartment whose outer diameter was 7.6 m (25°ft). The inside annulus was 3 m (10 ft)
in diameter by 4.7 m (15.5 ft) high and was fabricated of corrugated steel sheet. A deck

was provided inside the test vessel to act as the floor of the annular compartment, and on

top of the annular compartment to represent the floor of the upper containment area. The
test compartment occupied 300° of the annulus, leaving a 60° sector to represent the
refueling area of the referenced plant.

The horizontal jet nozzle was located 25° from one radial wall of the annulus, and was at
a height equal to one-third of the compartment height. The nozzle simulated a postulated
break of a 5-cm (2-in) pipe and was directed 60° to the radius, as shown schematically in
Figure 2. ;

The vertical jet nozzle simulating the release from the 25 cm (10 in) rupture disk on a
pressurizer relief tank was directed vertically up into the test compartment. The nozzle
location was 120° from the radial wall and 12 cm (47 in) from the lower deck. The radial
distance from the nozzle to the vessel wall was 150 cm (59 in). A blower was used to
simulate air recirculation from the upper to the lower compartment atmospheres. The size
and location of the air inlet ducts were scaled, as far as possible, from the reference plant
design, except the air register was internal to the vessel walls. The inlet ducts were
arranged, as shown in Figure 1, at 25°, 90°, 210°, and 270°, to represent the openings in
the crane wall which forms the outer cylindrical wall of the room. In the reference plant
air flow is from the fan rooms to the lower compartment. The air flow rate, determined
by the modeling criteria to be 104 m*/min (3730 ft'/min), was distributed through four
openings each 0.73 m (2.4 ft) in hexght by 1.41 m (4.63 ft) wide at a velocity of 0.43
m/sec (140 ft/sec).

The outlet air flow passages, which represented the partially opened ice compartment
doors, were 24 vertical slots 0.64 m (2.1 ft) high by 4.3 cm (1.7 in) wide. The slots were
made in the wall of circular duct segments suspended from the ceiling of the compartment.
The slots were equally spaced along the periphery of the compartment, over the 300°
segment.

2.1.2 MAAP4 Modeling

The MAAP4 parameter file for CSTF defines a 4-node containment model, as shown in

Figure 3. Node 3 is devoted to the entire upper volume. Since this volume is not comprised of
sub-compartments, a presumption of homogeneity is made unless justified otherwise by the
experiment.

The lower volume outside of the shield wall and refueling cavity mock-up is divided into

Nodes 1 and 2 residing side-by-side and separated by a vertically-oriented (horizontal flow)
junction. The balance of the lower volume resides inside the shield wall and refuehng cavity

VOLUME III-C -4- . DATE: 6/15/99

FAI\99-77; Rev. 0 | REVISION: 0.0



MAAP4 GI{§ITEGRAL EXPERIMEMNT BENCHMARKS
. (CSTF)

‘Figure 3: MAAP4 Nodalization for the CSTF Ice Condenser Experiments.,

12 Vo Vi Aa

Jet A -
Source:e Flow E

(Tests H-1 to HA-5)
) JotB

Source Flow
(Tm H-8 o HM-7) CH970089.CDOR 12-16-97

-5- ) : DATE: 6/15/99

VOLUME III-C
REVISION: 0.0

FAN99-77; Rev. 0




MAAP4 " GINTEGRAL EXPERIMENT BENCHMARKS
(CSTF)

mock-up. Since leakage paths existing between these regxons and Nodes ! and 2, the mock-ups
are consohdated into a single dead-end, Node 4.

-

2.2 Junctions
2.2.1 CSTFE Description

As discussed above, the principal junctions of interest for these experiments are the 24
vertically oriented slots in the floor junctions representing the partially open doors of the ice
condensers. These are modeled in the MAAP4 code with the appropriate opening area and the
representative loss coefficient for this slot configuration. Other junctions are relatively large
areas, as illustrated in Figures 1 and 2. Furthermore, the dominant facet of these experiments is
one of the air recirculation operating to establish a forced mixing behavwr These are also
explicitly modeled in the MAAP4 representation.

. The partially open Lower Inlet Doors (LIDs) for the ice condenser, is the expected

configuration in response to a small RCS break with decay heat steaming into containment.
However, the fixed size of these junctions only partially represents the door response, since the
plant doors are designed to vary in position depending upon the imposed pressure differential.
Furthermore, the volumes simulating the lower doors do not have a significant volume. Hence,
in this simulation the ice condenser volume is part of the upper volume, therefore, no dedicated
ice condenser compartment, nor any ice mass, is modeled in this facility.

In addition to the lower door junctions, the main recirculation fans are modeled to take
suction from the upper volume mventory and deliver the flow to the lower volume, as shown by
the four vents in the lower volume in Figure 2. As will be discussed, usage of these fans is test-
specific.

2.2.2 MAAP4 Modeling

An open vertically oriented junction, Junction 2, resides between Nodes 1 and 2. The
junction is not imposed by a physical constriction. Rather, the junction is located to evenly divide
the lower volume among the two nodes.

The ice condenser lower door mock-ups are modeled as two distinct open junctions with.
the doors between Nodes | and 3.comprising Junction 3 and doors between Nodes 2 and 3
comprising Junction 1. These junctions are intended to facilitate the potential for global
circulation between Nodes 1, 2, and 3 in response to the preferential source flow location in
Node 2. By consolidating several doors into only two distinct single junctions, it is presumed that
the flow through the doors comprising a single junction is identical. This is sufficient unless the
benchmark results justify a refinement to the number of junctions between the upper and lower
volumes.

VOLUME IlI-C . 6- . DATE: 6/15/99
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Junctions 4 and 7 define the leakage paths between Node 4 and Nodes 2 and 1,
respectively. The size of the leakage paths are not known. However, an order of magnitude
approximation for leakage size is probably sufficient to represent the minimal influence of Node 4.

Junctions 5 arid 6 define the active recirculation fans between Node 3 and Nodes 1 and 2,

respectively. In MAAP4, fan flow can be defined for any of the junction types (open, failure,’

check valve, or loop seal), but an open junction is conventionally used. Parameter PFAN()
specifies the desired volumetric flow rate for Junction j.

‘Manual control of open/closed status for a junction containing a fan flow, and in general
any junction, is accomplished by setting parameter JFRB(j) = 1/0 for "on" and "off",
respectively. Recirculation fans are enabled at the appropriate sequence time, as dictated by the
specific CSTF test. Furthermore, open Junctions 1 and 3 are also manually controlled. They are
initially closed during the initial segment of the test to prevent natural convection, since the lower
volume is pre-heated. They are then opened immediately prior to the gas injection phase.

It is noteworthy that a desired fan flow may not be achieved identically. Rather, the actual
flow may be different since volumetric flow specified by PFAN(j) imposes a prescribed pressure
differential across the junction necessary to achieve the desired flow rate. However, as
containment-wide balance of pressure and flow is approached, the actual pressure differential may
- change, altering the intended fan flow rate. In the case of CSTF, it is presumed that the reported
fan flow rates are actual measured quantities. To replicate the flow rates, the prescribed PFAN()
values are adjusted so that the reported flow rates are achieved.

2.3  Structural Heat Sinks
2.3.1 CSTF Description

Since steam is injected into the CSTF vessel for these tests, the potential for steam
condensation is also represented since part of the simulated containment configuration is steel and
. part is fabricated from plywood. The operating deck and refueling cavity mock-ups are wood;
and the shield wall mock-up is corrugated steel. The condensation potential for the various heat
sinks are represented in terms of thelr thickness, the heat transfer area, and the material of the
individual structures.

As stated in the experimental report, the v&ssel shell is rated for a design pressure of 0.52
MPa at 160°C. Assuming a design hoop stress of 124 ’MPa, based upon one-half of a typical yield
stress, the approximate thickness of the vessel wall is 1.6 cm (0.63 in.). Furthermore, the report
mentions that the wall is insulated on the outside; this is also represented in the CSTF parameter
file as documented in the benchmark specxfic subroutine CSTFPF.
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23.2 MAAP4 Modeling

‘The heat sinks for the various compartments represented in the MAAP4 CSTF
representation are: )
P s

¥

., ‘ a 12.7 m (0.5 in) thick steel wall,

. a 2.4 mm (3/32 or 0.094 in) thick corrugated steel wall, and

-

e, a25.4m(lin) thick plywood shieet.

These heat sinks are distributed through the various regic;ns and are the only considerable heat
sinks acting during the experiment. . )

4

2.4 Initial Conditions

-

2.4.1 CSTF Description

The final report for this set of experiments [Bloom, et al., (1983)] contains the following
information. "

¢

Gas mixing and distribution characteristics of an ice condenser lower containment region
were determined from three general types of tests. The test parameters are listed in the
Test Matrix of Table 1. The types of tests performed were “preliminary”, high velocity
horizontal jet release, and high velocity vertical jet release. The preliminary tests involved
air only, while a helium-steam release into air or a hydrogen-steam release into nitrogen
were incorporated with the jet release tests. Hydrogen or helium concentrations, gas
velocities, and temperature profiles were measuring during simulations of two hydrogen
release scenarios. Mixing and distribution were determined from the concentration,
velocity, and temperature profiles. The test objective was to determine the maximum
release gas concentration difference between spatial locations in the compartment during
two simulated hydrogen releases. '

The objective of the four preliminary tests (HMP-1 through HMP-4) was to determine the
separate and combined effects of natural and forced air recirculation on gas mixing in the
test compartment. Tests HMP-1 and HMP-2 had relatively lower natural convection
effects due to the smaller temperature difference between the bulk air and the vessel wall.
Tests HMP-3 and HMP-4 were conducted with the bulk air temperature elevated which
increased the temperature difference across the air boundary layer next to the wall and
increased natural convection buoyancy effects on gas mixing. Tests HMP-2 and HMP-4
were provided with forced air recirculation scaled to simulate the air recirculation provided
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Table 1: Hydrogen Mixing Test Matrix.
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to the ice condenser plant lower comainment region: Test parameters measured were local
-air velocity magmtude air temperature, wall temperature and air recirculation flow rate.
The objective of the jet release tests was to determine the maximum hydrogen
concentration difference in the ice condenser lower containment compartment. A
secondary objective was to chaxactenze the relative’ 1mportance of the high momentum jet,
forced air recirculation, and natural convection mixing processes. Helium was a simulant
for hydrogen in six of seven tests. One of the six helium tests and the one hydrogen test
used identical conditions to determine if helium was a valid simulant for hydrogen.

Mixing tests HM-2 through HM-5 were all simulations of a steam-hydrogen release from
a 5 cm (2-inch) pipe break. Tests HM-1 and HM-2 were cases without air recirculation
normally provided during an accident scenario for an ice condenser lower containment
region. Tests HM-3 and HM-4 were conducted’ with modeled air recirculation flows.
Tests HM-1 and HM-3 were conducted with helium-steam release rates arbitrarily set at
one-half the reference release rate to determine the effect of reduced jet momentum on
mixing in the test compartment volume. Mixing test HM-5 was modeled to be “similar”
to HM-4 with the difference that hydrogen was used as the source gas and nitrogen was
used as the containment gas. This test was conducted to determine whether helium was .
a valid simulant for hydrogen in these tests.

The final tests HM-6 and HM-7 simulated a vertical hydrogen-steam jet release directed
upward from a location geometrically similar to that of a pressure relief tank rupture disk
vent. The helium-steam source rates were identical to those of tests HM-3 and HM-4,
respectively. These flow rates were also representative of the releases from a 5 cm (2-
inch) pipe break as well as a rupture of the pressure relief tank rupture disk.

2.4.2 MAAP4 Modeling

The initial pressure and temperature of each node is specified in the parameter file or as
a local parameter change in the input deck. The initial gas constituents (air or nitrogen) are aiso
specified in the parameter file or input deck.

2.5 Time-Dependent Conditions
2.5.1 CSTE Description

At a test-specific time prior.to source flow initiation, covers on the lower door junctions
are removed. Due to the relatively hot gas in the lower volume, buoyancy-driven counter-current
flow is initiated through the door junctions, manifested by a drop in the lower volume temperature
as cold upper volume gas begins to exchange with hot lower volume gas.
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If recirculation fans are part of a specific test, they are actuated at some point between the
opening of the lower door junctions and the initiation of the break source flow. Generally, the
fans are initiated at the same time as the removal of the covers from the lower door junctions. It
should also be noted that this is representative of the plant behavior since one train of the
recirculation fans is sufficient to open’the LIDs. Moreover, this assumption is justified by the
lower volume temperature history. The noted decrease in temperature at the time of door junction
opening is much more pronounced for those tests with fan recirculation, indicating that fan flow
must exist to account for the enhanced mixing of the cold upper volume gas with the hot lower
volume.gas.

The break mass flow rate temperature histories _foi' steam and hydrogen simulant are
documented in Bloom, et al., [1983] for each test. A sample history is shown for Test HM-1 in
Figure 4. The nominal values of recirculation fan volumetric flow rate and steam and hydrogen
simulant mass flow rate as shown in the test matrix, -Table 1. These injection histories are input
by reading the CSTF.DYB file.

.. After termination of steam and hydrogen simulant injection, test data acquisition was

continued until the system stabilized. This always coincided with full dissipation of concentration
and temperature gradients, demonstrating that substantial mixing of the upper and lower volumes
yielded a homogenized state. No hydrogen stratification nor pocketing occurred.

2.5.2 MAAP4 Modeling

- Lower door junction covers, Junctions 1 and 3, are modeled by setting JFRB(1) = 0 and
JFRB(3) = 0, respectively, to close these junctions at.initiation of the code run. Removal of these
covers at the time indicated in the test is accomplished by setting JFRB(1) and JFRB(3) equal to
1 to open these junctions. If recirculation fans are activated for a test, Junctions 5 and 6 are
initially closed and then opened at the indicated time using the appmpnate values for JFRB(S) and
JFRB(6). ’

Time history for mass and energy flow rates of steam and hydrogen simulant into Node
2 is implemented by digitizing the mass flow rate and temperature from the test, a sample of
which is provided in Figure 4. This is read into the calculation through the dynamic benchmark
file CSTF.DYB. The data is added to corresponding look-up tables in the input deck. This allows

> the code to interpolate values from the tables during the transient. After being processed through

the input deck, the data is ultimately transmitted to the MAAP4 containment regional routines,
AUXREG, via the CSTF-specific benchmark routine, BCSTF.
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HM-1A x‘.Jozzle Gas Flm'vrates and Temperature

Figure 4: Test

(taken from [Bloom, et al., 1983]).
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2.6 [ mentati

2.6.1 CSTE Description

The lower volume of the facility is instrumented to determine if local hydrogen
accumulation is possible. Such an investigation is particularly relevant for ice condenser

" containments since the segregation between the upper and lower volumes could result in hydrogen -

accumulation below the operating deck. Instrumentation arrays are located in the axial direction,
to determine the extent of stratification, and in"the azimuthal direction, to investigate concentration
gradients in this direction due to the preferential location of source jets A and B in Figure 2.

Specifically, Table 2 defines the designations of "top", “mid-plane”, and "bottom" in
terms of the respective axial locations for the instrument arrays. Table 3 then provides a summary
of the instrument arrays, including the axial and .azimuthal location of each sensor and the
instruments at each location. These included gas velocity probes (anemometers), gas sample
probes, and thermocouples. Figure 2 shows these locations at the star (*) symbol.

Table 2: Instrument Location Definitions.
Elevation
Designation Location (relative to grade elevation (0 m))
Top 0.2 m (9 in.) below the upper deck . =397 m (-13 ft.)
Mid-Plane 2.36 m (7.75 ft.) up from the lower deck -6.1 m (-20 ft.)
Bottom 0.3 m (1 ft.) up from the lower deck -8.2 m (-26.8 ft.)
Table 3: Instrumentation in Lower Volume.
Sensor Location | Point No. | Gas Velocity Probe | Gas Sample | Thermocouple
' 5°, Top 1 Yes Yes Yes
65°, Top 2 Yes . Yes Yes
125°, Top 3 Yes ) Yes Yes
185°, Top 4. Yes - Yes Yes
5450’ Top 5 . Yes Yes Yes
5°, Mid-Plane 15 : No . No Yes
65°, Mid-Plane 16 No No Yes
125°, Mid-Plane 8 Yes Yes .Yes
185°, Mid-Plane 17 "~ No No Yes
2450’ Mid-Plane 18 No No Yes
5°, Bottom 6 -~ Yes | Yes Yes
65°, Bottom 14 No No Yes
125°, Bottom 7 Yes Yes Yes
. 185°, Bottom 9 Yes Yes Yes
2450»’ Bottom 10 Yes Yes . Yes
VOLUME IHI-C -13- DATE: 6/15/99 -
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Using these instruments and additional instrumentation, the following data types were
collected: »

o . Helium, or hydrogen, concentrations,
o Gﬁas temperatures,
o Gas velocities,
e Oxygen concentration (H, test only),
. Test vessel wall‘ temperatures,
. Atmospheric pressure,
o Steam flow rate,
. Helium or hydrogen flow rate, and
. Air recirculation fan flow rate

The upper volume had substantially less instrumentation since .the focus was lower volume

concentrations. As shown by Figure 2, it may have been limited to one sensor location in the .

middle due to the presumption of homogeneity in the upper volume.

2.6.2 MAAP4 Modeling

The noted CSTF instrumentation is not influential to specification of input boundary .

conditions for MAAP4. However, an output consideration is noteworthy. CSTF gas sample
probe measurements were reported in terms of "dry" simulant content.- That is, the sampled steam
was condensed prior to determining the simulant mole fraction. Of course, the balance of the non-
condensable was either normal air constituents (with helium as simulant) or pure nitrogen (with
hydrogen as simulant). ”

In contrast, steam is included in the MAAP4 calculation of gas constituents, which inhibits
a comparison of conventional code output with experiment data. This difficulty is easily resolved
through the use of the user-defined function feature within the MAAP4 input deck. The mole
fraction of "dry” simulant in each compartment can be calculated at each time step with the
following function: :

’ r T -1

m
Z ekt
i = |1+ MW )
) mj
MW,
- Y
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where j =  index for the simulant;
i - = index for z_xll other non-condensable constituents,
m = 'mass,
MW = - molecular weight, and
x = mole fraction.

x; can then be included in a plot file. In addition, the time scale for the digitized experiment data
1s expressed in minutes. Therefore, a user definition function of time in mmutes is included in
this plot file for easy comparison with the data.

-

3.0 DISCUSSION OF RESULTS
3.1  Test HM-1

Test HM-1 was executed with the parameters shown in Table 1. No recirculation fans
were utilized. Therefore, the contributors to mixing were forced flow, imposed by the helium-
steam source flow, and natural convection, imposed by the lighter gas in the lower compartment
due to the'elevated initial temperature. It was necessary to perform some tests in the series
without recirculation fans since these are actuated only after containment pressure exceeds the
setpoint defined in the plant technical specifications. Therefore, it.is conceivable that a
sufficiently small break in the RCS would liberate steam and hydrogen to containment without
actuating the fans.

( Figure 5 shows a comparison of lower volume gas temperature thermocouples with the

predicted temperature for Nodes 1 and 2. Both MAAP and the data show a shallow temperature
decrease, ostensibly due to the influences of heat sinks. At roughly 14 minutes, there was a
substantial drop in temperature. This was presumed to be the opening of the junctions
representing the ice condenser lower doors, followed by the onset of natural convection between
relatively hot lower-volume and the relatively cold upper volume (= 30°C). Therefore, Junctions
1 and 3 were opened at this time. Indeed, MAAP also predicted a similar temperature decrease.

Upon initiation of the source flow, both the data and MAAP ascend in a similar manner
until termination of the source flow. At this point, the data and MAAP decrease in an asymptotic
manner as natural convection promotes continued mixing, approaching a homogenized system.

In the first ten minutes after source flow termination, MAAP shows a somewhat
more rapid decrease. In contrast, the data shows a more gradual, smooth decrease. Furthermore,
the top temperature separates from the corresponding mid-plane and bottom values. Such
behavior is shown in the data at other azimuthal locations. This signifies a small but sustained
stratification. Most likely, counter-current flow at Junctions.1 and 3 feeds cold gas as a plume
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— . Figure S:
Comparison of MAAP4 Calculated Lower Volume Temperature
and the CSTF Data for Test HM-1.
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into the middle and lower regions of the lower volume. The top region remains hotter due to the
stratification. It feeds the relatively hot gas participating in the counter-current flow at Junctions
1 and 3. SEUR -

- The current MAAP nodalization of the lower volume does not accurately predict these
details since Nodes 1 and 2 are horizontally oriented, not vertically. If further resolution is
needed, additional vertical nodes would provide a better representation of these details. However,
this difference in rates is secondary to the overall agreement in temperature at the end of the test.

Figure 6 shows the comparison between hydrogen sitpulant concentration for the.data and
MAAP. As shown, there is good agreement between the measured and calculated responses.

3.2 Test HM-2

‘This experiment also had no recirculation fans with a high velocity horizontal jet of a
helium-steam mixture being injected into the lower compartment. Here again the major
contributors to mixing were the forced flow imposed by the injection source and natural
convection due to the lighter density of the incoming gaseous source flow. Figure 7 illustrates the
measured and calculated gas temperatures in the lower volume with Figure 8 presenting the
- measured and calculated values for the helium concentration in this region. As shown by the
comparisons, the MAAP models for natural circulation between compartments provides a good
representation of the system transient response in terms of both temperature and light gas
concentrations.

3.3 Test HM-3

As listed in Table 1, this was the first experiment with a recirculation flow rate combined
with an injection flow of a steam-helium mixture. Figure 9 compares the MAAP calculation with
the recorded measurements in the lower volume for thegas temperature, while Figure 10 shows
a similar comparison for the helium concentrations in the lower volume. Since there is a forced
recirculation flow in this experiment, it is expected that there would be agreement between the
measured and calculated values and the figures show that this is the case.

3.4 Test HMA4

This experiment used'a recirculation flow rate equal to that used in Test HM-3, but had
a higher helium injection rate. Figure 11 compares the measured results with the MAAP
calculation for the gas temperature in the lower volume, with Figure 12 illustrating the comparison
of a measured and calculated helium concentrations in this lower volume. Here again the MAAP
calculation provides a good representation for the measured values.
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Comparison of MAAP4 Calculated Lower Volume Helium Concentration
and the CSTF Data for Test HM-1.
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Fxgure 7:
Companson of the Calculated and Measured Gas Temperatures in the Lower Volume
for CSTF Test HM-2. ,
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" Figure 8:

Comparison of the Calculated and Measured Heating Concentrations
in the'Lower Volume for CSTF Test HM-2.
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. “Figure 9: .
Comparison of the Calculated and Measured Gas Temperatures in the Lower Volume
for CSTF Test HM-3.
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Figure 10: .
Comparison of the Calculated and Measured Heating Concentrations
in the Lower Volume for CSTF Test HM-3.
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Comparison of the Calculated and Measured Gas Temperatures in the Lower Volume
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Comparison of the Calculated and Measured Heating Concentrations'
in the Lower Volume for CSTF Test HM-4.
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3.5 Test HM-5

Hydrogen was used as the light gas injection for this expériment and the CSTF vessel was
filled with nitrogen instead of air prior to initiating the experiment. This provides a test of the
calculational capabilities for thé light gas of interest in reactor safety analyses. Figure 13
compares the calculated and measured gas temperatures in the lower volume for this set of
conditions and Figure 14 illustrates the companson for the measured and calculated helium*
concentrations. As was the case with the pervious comparisons, the MAAP response is in good
agreement with the measured behavior for both of these parameters.

3.6 Test HM-6

A high velocity vertical jet was used 'in this experiment with the injection gas being a
mixture of helium and steam and the CSTF atmosphere being air, as listed in Table 1. Figure 15
compares the measured and calculated gas temperatures for the lower volume with Figure 16
illustrating the comparison of measured and calculated temperature in the upper volume. A
comparison of the measured and calculated helium concentrations in the lower volume is given
in Figure 17. The comparisons provided in these three figures show that the MAAP
representations for combined free and forced convection provide a good characterization of the
measured CSTF behavior.

3o7 T "7

For this test, a helium-steam mixture was injected into an air atmosphere with the helium
injection rate being twice that used in Test HM-6. Figure 18 compares the measured and
calculated gas temperatures in the lower volume with Figure 19 illustrating a similar comparison
for the upper volume. Figure 20 compares the measured and calculated helium concentrations in
the lower volume. As demonstrated by these comparisons, the MAAP containment model
provides a good characterization of the light gas behavior in the containment, as well as the gas
temperatures in the-containment volumes.

4.0 SENSITIVITY STUDIES

The principal difference between the various experiments is whether or not forced
circulation flow is imposed between the upper and lower compartments in the simulated ice
condenser containment. In this regard, the major difference in the flow behavior is whether
counter-current natural circulation flows are modeled between the compartments and whether these
flows can be “flooded” by the imposed recirculation flow. To illustrate the importance of these
~ counter-current natural circulation flows in two of the experiments, test HM-1 was calculated with
the counter-current natural circulation flow removed from the model. Figure 21 shows the
calculated and measured gas temperatures for the lower volume with Figure 22 comparing the
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Figure 13:
Comparison of the Calculated and Measured Gas Temperatures in the Lower Volume
for CSTF Test HM-S.
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| Figure 14:
Comparison of the Calculated and Measured Heating Concentrations
in the Lower Volume for CSTF Test HM-S.
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E T "Figure 16:
Comparison of the Calculated and Measured Heating Concentrations
in the Upper Volume for CSTF Test HM-6.
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“Figure 17:
Comparison of the Calculated and Measured Heating Concentrations
in the Lower Volume for CSTF Test HM-6.
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“Figure 18:

Companson of the Calculated and Measured Gas Temperatures in the Lower Volume :

for CSTF Test HM-7.
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' “Figure 19:
Comparison of the Calculated and Measured Heating Concentrations
in the Upper Volume for CSTF Test HM-7.
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~ Figure 20: H
Comparison of the Calculated and Measured Heating Concentrations
in the Lower Volume for CSTF Test HM-7.
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i’igure‘ 21:
Comparison of the Calculated and Measured Gas Temperatures for the Lower Volume
in CSTF Test HM-1 With Counter-Current Natural Circulation Flows Ruled Out.
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Comparison of ‘the Calculated and Measured Helium Concentration in the Lower Volume
for CSTF Test HM-1 With Counter-Current Natural Circulation Flows Ruled Out.
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calculated and measured helium concentration in this lower volume, Contrasting these results with
those show in Figures 5 and 6 demonstrate that the representation of counter-current natural
circulation flows is essential to the good agreement illustrated by.the compa.nsons in Section 3.
In particular, when there is no forced flow by the recirculation fans, which is the case for CSTF
* test HM-1, the major mechanism for distributing light gases and energy between the upper and
lower volumes is through counter-current natural circulation flow. This is further enforced by the
comparisons of the MAAP model without counter-current natural circulation flows for test HM-7,’
shown in Figures 23, 24, and 25. In this test, there is forced flow imposed by the recirculation
fans and it is sufficient such that the counter-current natural circulation flows are calculated to be
“flooded” in the representation of the partially opened lower inlet doors of the ice condenser. As
shown by these comparisons, the counter-current natural circulation flow plays no role in
distributing the energy (gas temperature) -and light gas concentration between.the lower and upper .
volumes. - :

This sensitivity illustration clearly demonstrates the importance of including a
representation for counter-current natural circulation flows in containments, especially during the
portion of the accident when the air recirculation fans are not active. Without this representation,
the containment evaluation under-estimates the potential for distributing light gases through
connected volumes.

5.0 CONCLUSIONS

These comparisons of the MAAP Generalized Containment Model with the spectrum of
test conditions considered for the simulated ice condenser containment in the CSTF vessel show
that the MAAP model provides an effective representation of the containment response under both
natural circulation and forced flow conditions. Good agreement between the calculated and
measured behaviors are obtained for all of the test conditions examined in the CSTF test program
and therefore the user has the confidence that the MAAP model can follow the influences of light
gas, such as hydrogen, being released to the containment as a consequence of postulated accident
sequences. Furthermore, the sensitivity studies performed illustrate the importance of including
representations for both forced and natural circulation flows between the containment
compartments, including natural circulation counter-current flows through the partially opened
doors in the CSTF simulation. Since the expected ice condenser response to small break LOCA
conditions is to have lower inlet doors only partially opened, this potential for examining both the
forced flow and natural circulation flow is important, Furthermore, it is particularly important
to assess the potential for experiencing “flooding” of the gas flow in the partially opened doors
as a result of the imposed recirculation flow by the air return fans.

6.0 REFERENCE

Bloom, G. R., Muhlestein, L. D., Postma, A. K., and Claybrook! S. W., “Hydrogen Mixing and
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: Flgure 23: ‘
Comparison of the Calculated and Measured Gas Temperatures for the Lower Volume
in CSTF Test HM-7 With Counter-Current Natural Circulation Flows Ruled Out.
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a B ‘ " “Figure 24: °

Comparison of the Calculated and Measured Gas Temperatures for the Upper Volume
in CSTF Test HM-7 With Counter-Current Naturé! Circulation Flows Ruled Qut.
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; ‘Figure 25:
Comparison of the Calculated and Measured Helium Concentration in the Lower Volume
for CSTF Test HM-7 With Counter-Current Natural Circulation Flows Ruled Out.
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The terminal velocity for a water drop falling through gas can be determined by equating
the mass of the droplet with the drag. This is given by ‘ | '

-

4 p, V?
P - Py 378" Cp 82 - (H-1)
where the terms are defined as
e p, is the water density,
. p, is the gas density,
. r is the droplet radius,
@ . g is the acceleration of gravity,
. Cp, is the drag coefficient, and
. V is the droplet terminal velocity.
Solving for the terminal velocity results in
- n
V = _g_ Pw pg rg N ‘ (H_z)

pg CD

Note that this equation must be used with a consistent set of units. The drag coefficient is a
function of the terminal velocity as indicated by the curve shown in Figure H=1 which is taken
from Vennard (1959). Since the drag coefficient is a function of the velocity (Reynolds number
N = Vd p/u) this has to be solved in an intricate manner (the term g, is the gas dynamic
viscosity). For the 700 micron spray droplet size given in the D.C. Cook FSAR, it is found that
- “the terminal velocity is approximately 10 ft/sec and the drag coefficient is unity. This corresponds
to a terminal velocity of 600 ft/min, which is a convenient value since the typical volumetric water

flow rates are specified in gpm. Hence, the airborne water mass from a given containment spray
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Figure H-1  Drag coefficient for sphere, disk, and streamlined body as represented in Vennard (1959).



H-3

@ is dependent upon the fall height for the spray and can be estimated from the equation

Q (gal) = Q, (gpm) * WV, (H-3)

where the terms have the following definitions

. h is the droplet fall- height for the compartment,

© e Q is the airborne water volume in gallons, -
. Q, is the spray flow rate in that compartment in gpm, and
. V, is the droplet terminal velocity in ft/min.

This is the approach used to assess the airborne water volumes due to the spray flow actuation for

the three different compartments of interest.

Reference
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As part of the evaluation for water holdup in containment, this analysis considers that some

of the spray flow rate in each compartment would impinge upon structure walls and undergo
holdup due to film drainage on, these walls. This is addressed through a Nusselt laminar film
calculation for the drainage, which is conservative (overstates the water mass) since this dynamic

interaction would tend to promote turbulent film drainage.

The maximum laminar flow drainage film thickness is given by

3 & 13
5 = | Lt (I-1)

max
I

=

as represented by Kreith (1960). The variables in this equation are:

.. g is the acceleration of gravity,
. m, ‘is the drainage flow rate per unit length (perimeter) of wall,
. . Py is the water density, and
. e is the water dynamic viscosity.

“

As indicated by this expression, the film thickness on the wall is weakly dependent upon the water
flow rate. Hence, this is not barticuiarly sensitive to the evaluation of how much of the spray
flow rate contacts the available walls in a compartment. This expression represents the maximum
film thickness at the bottom of the compartment. The average film thickness is appx:oximated as
two-thirds of the maximum value. For the parameters of in“terest here, a typical film thickness
for laminar drainage would be about 200 um (0.008 in). This average film thickness is then
applied to the wall area in each of the three companments’fb determine the holdup that should be
considered in each compartment. These are then summed to determine the water mass that is
assumed to remain in the RWST in the MAAP4 analyées. y

.
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