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[ 4.5 SU8C0!! PAP.TliEtlT AtlAI.YSIS

4.3.1 Design Bases

E.
Subcompartment pressures in the steam generator compartment resulting

{ from dispersion of fluid emanating from design basis pipe breaks

were calculated. !tethods for detemination of characteristics of
b design basis pipe breaks are discussed in Section 4.2. Definitions

E
of dasign basis pipe breaks are also stated in Section 4.2. The

calculated subcompartment pressures constitute one of the forcing

{ functions employed in the evaluation of the structural design.
I

|

4.3.2 Design Features

The steam generator compartment was subdivided into nodes to reflectc
l

physical plant characteristics with respect to components, structures,
} piping and other major obstructions. ftillstone 2 plant arrangement

drawings are shown in Figures 4.3.1 through 4.3.13, Calvert Cliffs
lI

I

I 1 & 2 arrangement drawings in Figures 4.3.14 through 4.3.20,

| Palisades drawings in Figures 4.3.21 through 4.3.30, and Fort
~

Calhoun arrangement drawings can be seen in Figures 4.3.31 through \

{ 4.3.41. The steam generator compartment layouts for f1illstone 2, I

Calvert Cliffs 1 & 2, and Palisades are alike: the compartment
|

contains the steam generator flanked by two reactor coolant pumps.
'=

.

In the fort Calhoun compartment there are walls which extend back|

from the primary shield wall to the secondary shield wall between
| the stean generator and reactor coolant pumps.

I
I

I The generic analysis nodal model is shown in Figures 4.3.42 and

4.3.43, and node and flow path information in Tables 4.3.1 and 4.3.2.

I -

,
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Tabulations of node and flow path paraneters for the Millstone 2 !
|

and Calvert Cliffs 1 & 2 steam generator subcompartment analysis

are given in Tables 4.3.1 and 4.3.2. Palisades parameters are in

Tables 4.3.3 and 4.3.4, and Fort Calhoun node and flow path data are

presented in Tables 4.3.5 and 4.3.6. The method by which the values
1

in Tables 4.3.1 through 4.3.6 were determined for each specific

plant from those calculated for the generic plant is explained in

Section 4.3.3.7.I All node and flow path tables correspond to the

nodalization scheme of Figures 4.3.42 and 4.3.43.

The space occupied by pip.ng and component insulation was deducted in

determining volumes and vent areas in the steam generator compartment.

There were no movable obstructions to vent flow that required treat-
ment.

. 4.3.3 Design Evaluation

4.3.3.1 tiethod for ifass and Eneray Releases
s

The modified CEFLASH-4 computer program was used to compute the

pipe rupture release rates. The CEFLASH-4 program is described

in Reference 3.5 and its acceptability is stated in Reference 3.6.

The modification to this CEFLASH-4 code is the incorporation of a

critical flow correlation subroutine which conservatively maximizes

the blowdown rates. This is the same critical flow subroutine as
discussed in Reference 3.7. The Henry /Fauske critical flow correlation

is used for subcooled and low quality fluid conditions and the floody

| critical flow correlation for the remainder of the saturation
regime.

I A flow multiplier of 0.7 was used throughout. Appendix A i
discusses the selection of this flow multiplier. l

'

\
-

|
Reactor coolant system nodalization shown in Figure 4.3.44 was used.

!I|
43.1 I_



_

~

l
4.3.3.2 Results for liass and Energy Releases

Blowdown release rates were generated for each pipe break postulated

in the reactor cavity and steam generator compartment. Blowdown

mass flow rate and energy release rate as functions of time are

| provided as follows:

Generic Analysis
Postulated Pipe Break.-

Table fiumbers
2RV inlet 1414 in break 4.3.7A and 4.3.7B
2RV outlet 135 in break 4.3.8A and 4.3.8B
2SG inlet 1000 in break 4.3.9A and 4.3.9B

2SG outlet 1414 in break 4.3.10A and 4.3.10B

1
~

These tables are for the generic mass and energy release analysis.

Plant specific mass and energy releases are discussed in Section

4.3.3.3.

4.3.3.3 Application of flass and Energy Release Results

I This section discusses the determination of pipe break releases

for the individual plants under consideration. A comparison of

pertinent plant nominal design parameters is made in Table 4.3.15.

Pipe break definitions are given in Section 4.2.
I

The Calvert Cliffs and Millstone Reactor Coolant Systems are

essentially identical and served as the basis for f.he generic

| analysis. As is indicated in Table 4.3.15, the Palisades system is

similar geometrically and thermodynamically to the generic, except

the initial pressurizer pressure. Since the Palisades system

pressure is initially less than that of the generic, this cauces

the generic system nodel to be conservative for the Palisades

application.

I
_
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Now, the generic analysis system model and pipe breaks are appro-

priate for Calvert Cliffs, liillstone, and Palisades, so the mass and
| energy releases of Tables 4.3.7A through 4.3.108 were used for these

plants.
I

Fort Calhoun's Reactor Coolant System is considerably smaller than

that selected for the generic analysis. The larger inventory and

associated relatively slower de-pres ~surization rate following the

postulated pipe break make the generic RCS model undesirable for

predicting Fort Calhoun mass and energy releases. Therefore, a

dedicated Fort Calhoun CEFLASH4 RCS input model was used. The

I
Fort Calhoun mass and energy releases are given as indicated here.;

Fort Calhoun
Postulated Pine Break Table fiumbers

2 ~RV inlet 905 in break 4.3.11A and 4.3.11B
2pV outlet 200 in break

4.3.12A and 4.3.12B

SG inlet 1608 in break 4.3.13A and 4.3.13B
2SG outlet 905 ia break 4.3.14A and 4.3.148

4.3.3.4 tiethod for Steam Generator Subcompartment Pressure Analysis

The DDIFF-1 110D7 (Reference 3.8) computer program was used to

perform the steam generator compartment subconpartment pressure

analysis. A compartment multi-nodn space-tine pressure response
analysis pas made. |

The steam generator compartment nodal model was developed following a

g detailed review of the gecnetric features. Significant spatial variations

in pressure within a node because of geometric influences were precluded

by the model selected. Advantage was taken of nodalization sensitivity
studies previously performed. Guidance fron results reported in SAR's and

in Reference 3.liwere utilized. Additional nodalization sensitivity
studies were not required.

43+. __- _ . _ _
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{ 4.3.3.5 Reactor Cavity Analyses

{ Independent reactor cavity analyses were performed for the Calvert
Cliffs Units, Millstone 2, Fort Calhoun and Palisades. The Calvert
Cliffs and Millstone cavities are very similar, differing essentially
in the type of neutron streaming shield employed. The other two
cavities are considerably different.

b 4.3.3.5.1 Description of the Cavities

( a) Calvert Cliffs

b The reactor cavity of the B.G.&E. Calvert Cliffs Units 1 and 2 is
composed of two different sectiona(2) The support on the reactor.

vessel (RV) hot leg rests on a shelf at elevation 29'-4". The two
discharge leg supports sit on shelves at elevation 30'-10". The lateral

h portiens of each support are set against partial walls extending out
into the reactor cavity.

Thus, each leg is set in a "well" bounded on
either side by partial valls and extending from elevation 29'-4" (or{ 30'-10") to the vessel seal elevation (44'-10").

{ Below the supports, the cavity walls take the shape of an irregular
polyhedron.

This shape is extende'd to the bottom of the cavity at
elevation 8'-5 ". In this lower region, insulation is placed against-

the walls of the cavity and around the excore neutron detectors. This
placement restricts the free volume at several points. According to
the insulation specifications (3)

, a minimum 15/16-inch gap exists at the
narrowest section.

E

In the upper cavity, insulation is placed against the vessel, the nozzles( and legs.
A convection barrier of insulation at elevation 29'-4" is

placed across the annular air space from the insulation on the wall ofr' -

k

b -

-

..

.

4 's.[
. -. - -

---- - - - -



- --------

. .

.

,

[
the lower cavity to the insulation on the vessel in the upper cavit;.

{ This convection barrier is held in place by stainless steel rivets
and screws which attach stainless steel angles to the insulation. At
the narrowest portions of the cavity, upper and lower insulation
panels are so closely spaced as to block flow without an additional
barrier.

\

The penetrations in the upper primary shield wall (PSW) are tapered
to their widest diameter at the exterior face of the wall. Above the

,

seal at elevation 48'-33",
h

there is a neutron shield consisting ofs

water bags resting on a steel framework } The framework is supported.

in the cavity at the seal elevation. The neutron shield water bags{ are designed to blow away if the cavity is pressurized by a LOCA --
the water bags tearing open as they are pushed away from the frame.

The pathways for flow out ot the cavity are the pipe penetrations
and the annular space between the reactor and the PSW at elevation 44'.
Flow within the cavity is blocked by a combination of insulation and
excore neutron detectors at several locations.

{ b) Millstone 2

The Millstone 2 cavity is essentially identical to that of Calvert
Cliffs. However the neutron streaming shield configuration is
drastically different.

h The streaming shield consists of a segmented
cylindrical annulus composed of tanks containing water. The bottom
and top of each shield segment are designed to rupture under the{ forces resulting from LOCA. The shield structure is clamped on
the vessel flange. Differences in the vessel insulation placement

{ were considered in the modelling of the cavity.

-
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c)~ Palisades

The reactor cavity of the Consumers Power Palisades Plant is essentially
a cylindrical annulus for=ed by the reactor vessel and the inner face

( of the primary shield wall (PSW) extending from elevation 590' to the
refueling pool seal, el. 624'-6".( The reactor vessel is supported
on one hot leg and two discharge legs. The supports rest on beams which(
extend across the esvity both vertically and laterally into the primary
shield wall.

Each support structure occupies about 9 feet vertically
{ and 12 feet laterally within the volu=e of the cavity. '

{ Insulation covers the reactor vessel in the region of the cavity above
the supports and is placed against the PSW belos the supports ( ). At
the interface at the support elevation, there is a convection barrier
across the width of the annulus which prevents thermal contact between
the two regions.

b Concrete blocks are bolted in place in the openings for the legs in the
primary shield wall between the legs and the wall. The blocks are shaped

[ to prevent any flow through these penetrations. There is an open 30 inch
access passage in the lower cavity just above elevation 590'. This
passage leads into one of the steam generator (E-50A #1) compartments.

{ d) Fort Calhoun .

{ The reactor cavity of the Ft Calh' Jnit 1 NPP is essentially a series
of stacked cylindrical annuli ex' jing from elevation 976'-6" to

p elevation 1013'-0"(13) The four reactor vessel supports sit on a ledge'

at elevation 1001'-6 7/8"; beneath this elevation, the cavity has an
irregular shape as there are cutouts in the primary shield wall toc

|
L

accommodate excore neutron detectors. In the immediate area of the
nozzles, the cavity takes the appearance of six interlocked pipe penetra-
ticas. Above the icgs, the primary shield wall (PSW) is brought to within

-
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a'few inches of the vessel up to the seal elevation. Within each of
the pipe penetrations, a sand plug blocks an access passage into the
refueling pool.

Insulation within the cavity is placed between the vessel and the PSW
such that there are sizable, gaps between the insulation and the vessel (
above the legs. At the bottom of the RV, the insulation is " squared off"
so that there is a 4 7/32" gap between the insulation and the tangent line
of the RV.

h
Th'.:re is insulation placed around each of the nozzles and

on the legs.

{ At the bottom of the cavity, a barrier door separates the cavity from an
access tunnel. The tunnel opens into the containment at elevation 994'-0".

E -

E

E
~

E
'

E

E

rm
F

'L

r
L

l

,

| .

I |
.,. ,. _ -. _ _...._

. - _ _ _ _ . --

4 3, .M I



_ _ - - ______ ---

I
1

4.3.3.5.2 Derivation of the Subcompartment Model

The analysis of the pressure transient due to a pipe break in this

compartment is performed using the RELAP4-MOD 6 computer code ( }. This
code simulates the reactor cavity in a lu= ped parameter representa-
tion as a series of subcompartment volumes linked by junctions with
particular flow properties.

The program options used in this study
include:

(a) the RELAP-4 CONTAINMENT option, to account for the
presence of air in the volumes;

(b) the thermal homogeneous equilibrium model (HEM), for
determining the crit,1 cal flow for air-stram-water
mixtures; and

(c) the compressible single-stream form of the momentum

equation, as this break case produces relatively
high pressures in the cavity subcompartments.

The effective inertia (2/A) for each junction is calculated in a manner
consistent with the methods used by the RELAP-4 code for one-dimensional
models. For a pair of volumes v

and v , with cross-sectional areas,g kA and A , and ic__gths in the direction of flow Zf k and i , and for ag kjunction between v and v
with area A) and length I , where I) << I

g k
and i and may be zero, the inertia coefficient. fk

L i 1 l$ 4+ y

"{+AI A 2g II)

Flow coefficients for fri.ction and irreversible losses were also computed
in a manner consistent with the calculations performed by RELAP-4. The

_
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junction " form loss coefficient" utilized in the analysis is a combina-

tion of the vall friction losses (K ) and any irreversible frictionF{ losses due to area changes, turns, obstructions and gratings.
,

The totalwall friction loss is computed as:

b ~ bi+ bj+ bk l

(2)

ZI=f M) 2, f ,1, f,, Ik
2D 4)2Ak (3)Hi Hj Hk

\{ where DHi,j,k are the hydraulic diameters of the system. Typical values
of density and flow for the upper cavity were used to calculate the
friction factor, to realistically model the maximum pressure drop due to
friction, such that:

.

E
0.316

{ *g
~ 0.316 0.010738 (5)f " " =

p yp")
-

(4)g ,

( p H

E
0" 5 -1where 7.5 x 10 fg=

V

E
.

This value was chosen for all junctions to realistically simulate the
maximum pressure drop that could be seen at the junction.

E
L For irreversible losses, the coefficient for a reduction in area in the

direction of flow is computed as:
I
u

= 0.5 (1 S ) ,K
c Ai (5)E -

-

and the coefficient for an expansion in area is computed as:
- .

-

A 3.I*. - . - .
.
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(1 1 )2 (5)K = .

e Ak ,

(6)

{ Additional losses due to turns in flow direction or other changes in
area were included as:

KI=KIi(1) (1) (+K Ij+KIkAi[ Ak (7)

Thus, the total loss coefficient for each junction is calculated from
Equations 3, 5, 6 and 7 as:

K (RELAP-4) = K7+K + K, + K
7 (8)

- i

Loss coefficients for both forward and reverse flow through the junc-{ tion (in the sense of the RELAP-4 definition) were modelled consiste tln y.

A multi-volume model of the reactor cavity compartment is constructed
by considering all the physical flow restrictions as

division betweensubcompartments.
A flow restriction is defined by the presence of an

object in the flow path which alters the area of the cross-section, with
the subdivision defined at the point of minimum flow area. This mini-
mum flow area is the junction flow area used in the RELAP-4 analysis *

By choosing volume boundaries at .

I the various physical flow restrictions,
a method consistent with the lumped-parameter model used by RELAP-4
as described above, calculated differential pressures will reflect the

( actual parameters for flow'in the compartment, and the consequent
external asymmetric loads on the RV can be realistically calculated.( *

Figures 4.3-81 through 4.3-88 show a schematic of the subcompartment
models employed for each of the cavities analyzed. For Calvert Cliffs
(Figures 4.3-81 and 4.3-82), junctions f.n the model are defined in the

I
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upper cavity by the hot and cold legs, the partial shield wal)
, pipe

penetration entrances, the convection barrier and lowest elevation of
the supports, and the reactor vessel flange. In the lower cavity,
the subdivisions are defined by the presence of the excore neutro

( detectors and the angles made by the PSW that create a minimum flow
n

ares in 0 and z directions. Flow between volumes 1 and 13, 12 and
13, 4 and 15, and 9 and 17 are blocked by insulation and no flow is{ assumed through these junctions.

{ The actual values of volume and flow area used in the RELAP-4 analyses
are given in Tables 4.3-21a and 4.3-21b.

The calcuation of these para-
meters is based on detailed drawings and realistic " worst case" approxi
mations were used where uncertainty existed.

-

The upper cavity sub-
division corresponds to that used on many other plants and which h
been shown in sensitivity studies ( ' } to be conservative in calcul

as

( ting forces and moments on the reactor vessel due to a pipe break i
a-

the cavity. n

These studies suggest that there is no more that. a 110%
uncertainty in the results obtained, and this figure is applied to the{ results given in this repott.

The break locations for this study sare
assumed to be the volumes over supported legs.

Volumes 2 and 3 were the{ bisak locations for the discharge leg break, and volumes 6 and 7 wer
the break locations for the hot leg break. e

Total break flow was dividedevenly between each set of volumes.
.

For Millstone 2 (Figures 4.3-83 and 4.3-84), junctions in the model
also defined in the upper cavity by the hot and cold legs, .

-

are
'

the lowest elevation of the supports and the reactor
vessel flange; but also by the neutron streaming shield.
is minimal flow between the volumes at

Initially there

( the legs elevation, but the flow
increases as the shield tanks are computed to rupture. The description
of the analytical method employed to compute the time varying flow area{ across the neutron streaming shield is given in Section 4.3.3.5 3

. .

*

[
-
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The actual values of volume and flow area used in the RELAP-4 analyses |

{ are given in Tables 4.3-22a and 4.3-22b. The calculation of these
parameters is based on detailed drawings and consideration has been

given to the bending of the insulation panels in the mid-region of
the cavity under the influence of the significant pressure forces. The

insulation was modelled as a plate simply supported at the edges. The

deflection of the insulation against the concrete of the PSW has the
effect of increasing the flow area between the volumes modelling the

{[ cavity mid-region. The break locations and =cdelling are identical to
those employed for Calvert Cliffs.

E
For Palisades (Figures 4.3-85 and 4.3-86), volumes and junctions are

Idefined as for the Calvert Cliffs and Millstone 2 Plants. Tables 4.3-23a
and 4.3-23b give che values of the volume and flow area parameters
employed. Volumes 1 and 2 were the break locations for the discharge
leg break, and volumes 3 and 4 were the break locations for the hot
leg break, with the flow being equally divided between each set of
volumes.

{ Figures 4.3-87 and 4.3-88 show a schematic of the Fort Calhoun cubcompart-
Iment model. Junctions are defined in the upper cavity by the hot and !

cold legs, pipe penetratica entrances, the inset of the PSW, and the
reactor vessel flange. In the, lower cav.ity, the axial subdivisions are
extended from the upper cavity and subccmpartments are further defined

,

iby the tangent line and bottom of the reactor vessel.
{

The actual values of volume and flow area used in the REI).P-4 analysis are
given in Table 4.3-2. The break location was chosen to be between volumes

{ 1 and 2 for the discharge leg and bet. Tn volumes 3 and 4 for the hot

leg, with the break ficw geing divided evenly between the sets of
p volume.
u )

r- .

I

E

r-

4.3-13
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h The position of the insulation fn '
cavity deter ~ines the cavity

free volume and flow ~eas and tht. will have ; alginificant effect on
{ the differential pressure calculated by RELAP. The present regulatoryposition on the movement of i~

_ tion during asymmetric pressure
{ loadings is that any assumption of movement must be justified analytically

Traditionally, insulation has been left in place during the transient
.

as it is not possible to predict with any certainty the movement of any
,

piece of insulation during the pressure transient. A defensible yet

b realistic case assumes minimum insulation movement while acknowledging
that in an arrangement of insulation such as that which exists in the
plants analyzed, some pancis will blow away or crush under any

{ conceivable circumstances.
.

The selection of assumptions is conditioned
by the necessity of calculating a defensible yet realistic asyrnetric
load.

This load will occur when the free volume and flow area are
smallest and the surface area of the vessel that experiences the
transient is the largest possible.

.

[ For Calvert Cliffs and Palisades, the insulation occupies approximately133 ft
of the upper cavity, or about 8% of the available volume. The

insulation in the lower cavity reduces the free volume by abmit one-
-

third in most areas, especially where the excore detectors are located

h The principal compenent of the insulation is the convection barrier that
.

blScks flow from upper to lower cavity yolumes. j

For the Calvert Cliffs
cold leg break, for example, this flow obstruction =aintains the pres-

{ sure differentials (V7-V1) and (V10-V4) at constant high levels of about
60'psid, or about 600,000 lb later uly.

The lack of an insulationg

barrier would have the effect of distributing the flow throughout {the
entire cavity during an early portion of the transient, reducing the

-

lateral forces while enhancing the uplift
' force by an amount propor-

tional to the added flow area. Results of the analysis also show that

{ .. upper cavity volumes will be pressurized to well abov'e 30 psia in
. all volumes of the upper cavity. Given the ti=e history of the pres-
surization of the upper cavity, it is clear that the pressure differential

,

between upper and lower cavity volumes will tear away the convection
barrier where it possesses r : cross-section. The plate of insulation.

.

4.3-14
-
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will tear out of the bolts fastening it to the vertical sectiens of
} insulation and will be pushed into the bottom of the cavity or pressed

against the vessel where it is not torn completely.
~

A

There is an average cross-sectional area of 900 in for the convection~~

barrier panels assu=ed to tear away ir. this analysis. The panels were~~

assu=ed to begin tearing at three times their assumed weight, approxi-
mately 4317 lb , translating to a pressure on each section of 5.0 psid.

-

g
-

Once this pressure differential was reached, the area was assu=ed to

-

open at a linear ratn to 95% free area in 50 =sec, and to 99% free area
-

by 0.1 sec, remaining at 99% free area thereafter. This codel is
__

typical of the novocent of panels of this size and weight under this
type of pressurization curve (9)_

, and assumes that some insulation will
remain attached at the barrier. Note that the area will open up only

~

on a +5 psi differential between upper and lower cavities; for reverse-

differentials, the insulation is assumed to be trapped under the legs~

and no flow is permitted through this junction.

-

All other insulation in the Calvert Cliffs analysis has been assumed to--

remain in place during the transient.
This is in conformance with

__ present regulatory positions ( }
, and results in the most realistic,

||
defensible codel for insulatien covement possible.

1

i
For Millstone 2, the insulation below the neutron streaming shield is

"-

assumed to tear scay and blow through the shield panels as they rupture.r-

!
The insulation in the cavity mid-regien is computed to displace at

__

|the i

middle of the panels against the PS*n'.
r~
u

For Palisades there is an average cross-sectional area of 12 fe' for7
~~

the convection barrier panels assumed to tear away in the analysis TheI panels are assumed to tear away at three times their assumed weight,
.

translating in this instance to a pressure differential on each section
of 12 psid.I, Once this pressure differential was reached, the area was
assumed to open at a linear rate to 90% free area in 3 sec, remaining

90% free area thereafter.at

I
4.3-15
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In Fort Calhoun Unit 1, the insulation cuts the free volume of the
cavity in half (volumes 1 to 18). It can be realistically assumed,

h
that the asynetric pressurization of the reactor cavity will tear
off sections of insulation on some of the nozzles and legs and crush
some of the panels of insulation on the vessel. The results of an{ initial analysis with the insulation in place show pressures of
about 100 psia or abo're in the upper cavity volumes, and

{ pressure different.als of from 220 to 240 psid across the legs adjacent
to the purtured discharge leg. Given the time history of the pressure

E transients in the most realistic conceivable scenario, it is clear thatthe cavity pressures are likely to first collapse insulation nearestthe break against
the vessel, pulling it away from the rest of the insula-

tion panels.
As the pressure " waves" travel around the cavity in eitherdirection,

{ the insulation behind the " wave front" can be envisioned
as being pushed into the vessel, with some deformation and tearing of
the insulation on the side of the vessel opposite the break as thi |

{ region of the cavity pressurizes. s

Insulation can bc visualized tobecome pressed against the vessel in the lcuer cavity in a similar
manner. At

the bottom of the reactor vessel, pressures will built
to

140 to 160 psia.
The supports holding the insulation away from the vessel

hemisphere in this region are not designed to withstand forces of this
magnitude, and this insulatien will also crush up against the vessel withconsiderable deformation.

1.

Because of these considerations, and also because the asymmetric load

cannot be transmitted to the vessel until the insulation contacts it
(and possibly crushes against it), the insulation in the final analysis
for Fort Calhoun was assumed to be pressed against the vessel. Moreover,in this analysis,

the nozzle covers on the ruptured legs are assumed 1

to be pushed off.
In addition, insulation in the lower cavity is

assumed to be crushed up against the vessel hemisphere. i
'

r -

L

-

M
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The barrier door in the lower cavity in Fort Calhoun will partially 1

blow out when the cavity is' pressurized.
The study assumed that 51.597ft

of free area becomes available at a linear rate 2 msee after a 10
i

kpsi. pressure differential is reached across the door. iThis area
represents the sum of the. area of several steel panels in the door
and the delay time was employed to enhance the numerical stability of

,
,

,

the model.

{
A proposed general cavity model(10) includes a slightl
division of volumes than has been used in this study

y different sub-
{' referenced studies ( ' } or in any of the' '

been' formulated for a regular, orthogonal cavity withThe general cavity model seems to have
.

.tions save changes in cavity cross-section at no flow obstruc-,

in vessel radius. the legs and at a change
For such an unlikely arrangement,is correct, this subdivision

as it accounts for all major flow obstructions within thecavity.

In the case of the Calvert Cliffs Units 1 and 2 reactor cavity
( however, these subdivisions are secondary, as the placement of ins l

,

tion, the existence of partial valls and reactor vessel supp
u a-

orts and the
irregular lower cavity shape impose more severe restrictions in fl{ In such cases the practice is to include the effect of the seco d

ow.

n ary flow
area changes in the calculation of flow coefficients (e.g., K

{ F'K'K*.K ) at . appropriate junctions, such as between volumes 2 and 14; and 27 c e

and 31.
The creation of additional volumes by the secondary subdivisions[ has been found to create numerical instabilities in the solution, as a

subdivisien at
the legs would create fren level I two sets of volumes

3
-

one small (about 30 ft ,

typically) and one large (90 ft3
typically).

This is a model that RELAP can use only with great difficulty
lly when the small volume has a time dependent junction as in this cas

, especia-

e.
' '

In addition, the effect of such secondary subdivisiens is usually s{ - mall,

assuming that a model can be created that is numerically stable and which
.

[

E

E
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splits the blowdown mass correctly.
The subdivision will distribute the

same flow among the " split" volumes, leading to similarly split pressure
transients.

b Theeffectofthesesubdivisionsisincludedinthe$10%
multiplier described above; no study every seen by Ebasco has found a

( more significant change in results due to any change in the modelling
system described in this report.

[

{ 4.3.3.5.3 _Effect of Neutron Streaming Shields ~

1

[
This section describes how the presence of Neutron Streaming Shields
has been considered in the analysis.

There is no neutron streaming( shield for Palisades. In the Calvert Cliffs units, the neutron shield
and frame are very similar to the shield used in Florida Power and

{ Light's St. Lucie Unit 1 Plant.
An analysis of shield movement for that

plant design under similar pressurization
showed that for the cast[ of 1.0 ft

holes in the uaterbags, the free area of the shield was
made available 150 msee after the start of the accident.This assump-
tion was usea with a linear opening rate for the Calvert Cliffs neutronshield. Ths same St. Lucie Unit 1 study also showed that the presence

[ of the shield had little effect on pressures or forces within the
cavity, which is reasonable to suppose in the case as well as both

h
shield designs elevate the shield above the seal elevation attd thus
do not directly block flow from the cavity.

{ The Millstone Unit 2 neutron shield consists of 16 water tanks, l'-9"
high filled to a 16" height with water. These tanks are arranged in
an annulus around the vessel at the flange elevation and are supported ;

as shown in Figure 4.3-89.
Reference (11), Figure 4.1.2 provided the

information relating to rotation angle of the slowest panel of a torn
shield face as a function of time, from the instance at which the bottom
or top plates begin to tear.

The tearing is initiated when a 20 paid
is applied across the plate. The notched plate then divides into 4

[
~,
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panels which rotate about their edges.
This information was used toI

derive the area available for flow through the shield segments.
First

the angle vs. time curve from Reference (11) was used to jerive an area
vs. time for the lower plate.

This area vs. time curve sh. owed almost
no flow area for 20 msse, opening rapidly thereafter. This curvej
accounted for the flow through the holes in the inner ring of the
shield structure, where the clamp is located, and also for the small
lif ting motion of the outer shell cf the ring caused by rigid rotation

,

of the entire annulus. Secondly,ta model of the neutron shield was*

created in RELAP. This model consisted of 12 appropriately sized
volumes

(reflecting the total volume of the shield) with time depen-
dent flow areas.

Limitations on volumes, junctions and especially check
valves inherent in RELAP-4, limited the detail with which the upper
plates could be modelled.

{
Hence, only the upper plates of the shield

tanks nearest the break were simulated to open. Results of the analysesshowed that the tanks rupture in a " wave like" manner; i.e., the tanksnear the break open first,
followed by tearing of the others in sequence

around the RV, symmetrically about the break.

The results also show a " mixing" of the flow into the shield segment
permitted by the tearing of the bottom plate, with the water and air

I contained in the shield segment. This results in a pressurization of
the shield segment which in turn ruptures the upper plate

.

This " mixing" phenomenon is considered " slower" than the real' phenomenon
which will cause thu upper plate to tear; i.e., the slug motion of the
water initially contained in the shield segment under the momentum
acquired when the pressure wave hits the bottom plate. Thus, the
derived flow area vs.

time curves employed in the analyses are perceived
to be conservative; i.e., overestimated the time required to open theflow area.

Results are shown in Figure 4.3-90 for both cold leg and hotleg breaks.
The figure shows that the area opening for cold legs occurs

in two main steps. First the cavity pressure below the shield is suffi-
cient to break the bottom plates of the shield. The pressure then

.I !

I |
'
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{ remains virtually the same until the shield volume itself is pressurized
and the top place break.

[
In Fort Calhoun, the neutron streaming shield consists of sand plugs

[ The sand plugs were modelled as junctions between the pipe penetrations
.

andthe pool, volume 32
The junction trip was set at 2.64 psid, representing[ the force necessary to balance the estimated dead weight of theplug.

Delay times were introduced at each junction to simulate that the fl
area will not become available until the plug clears the hole completel

ow

and that this event will occur at different times in different penetration
y,

b due to various position-dependent rates of pressurization.
s

At the
break (volumes 7, 8, 9), a 63 msec delay was computed.

At 120 from the

{ break (volumes 10,12), a 110 msee delay was computed.
vas assumed for the penetration A 161 msec delay

180
from the break (volume 11). These

times are based on a first-order solution of the nonlinear e{ motion of the sand plug using different pressure gradients.
quction of

The basic equation of motion can be derived as follows. Let the position
dependent mass of the sand plug be given by:

1

M(z) M, pAz=

M(t)- =

(9)
!

where M, is the initial mass of the sand plug, and where pAz is the mass
of the sand pushed up and out into the pool.

3 (p is the density of the
sand (95 lb/ft } and A the cross sectional area.)
of motion for the plug is given by: Then, the basic equation

Force on the plug = 144 x op(t)A = (" ) (10)

where Ap, the pressure differential across the plug, is given in psid
Substituting the expression in equation (9) for M(t), equation (10)

.

becomes:

1446p(t) A = de -(Mo - DA:) dz--

g y, or
c (11)I

1
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144 g op(t)A = -pA h)2 + (M Az)-

(12)
.

Letting z
= M /pA, and making the substitution that:

21 d 2 2( )2 d,T 7t2 z = + z p,
(13)

{ The equation of motion of the plug becomes:

{ 144g
e 2 2dO (t)P p (z z - f ) (z < z ),

=p
(14)[

vith z, and dz/dt initially equal to zero.

Assuming op(t) = a + St,
this equation can be integrated directly and the

colution for z(t) becomes a cubic equation in t,
*

2 1448 2 3 .z, z - z /2 e g
(T +gt ).

'=

(15)

Solving for z zz,, a cubic equation for t, is obtained:
[

2 3-z 144g at gt
"

( + ),2 p 2 6 (16)*

23pz
{ ftor t, + + *

144g,6o

b z,= 4.0 feet, and a = 2.64 psid. S. ranges between approximately 4100 psid/see
and 282.5 psid/sec. Thus, t, ranges between about 0.063 and 0.161 seconds.

'
[

[
r
|,. 4 3.u. _ . m. . . . . ..

.. --
-- - - - - -



, -

5.3.3.5.4 _Results of Analysis
,

x

The models of the Calvert Cliffs, Millstone and Palisades cavities were
run on RELAP4-MODE 6 for two cases ( :

a) 135 in
hot leg guillotine break (see Tables 4.3.8A and 4.3.8B)

2b) 1414 in
discharge leg guillotine break (see Tables 4.3.7A and

4.3.7B)

Figures
4.3-82, 84 and 86 show a coordinate system for calculating forces

on the reactor vessel. The +x axis is defined pointed towards the
ruptured discharge leg, with +z pointed upwards. The origin of the
coordinate system lies at the centerline of the reactor vessel, at the
centerline of the hot and cold legs. A set of " projected areas" and
lever arms is defined for the vessel in this coordinate syste, with values

I given in Tables 4.3-25a, b and c.
The pressure differentials were then

applied to these areas to produr.e the reactor vessel forces and moments
shown in Figures 4.3.91 to 4.3.97 for the hot leg break; and 4.3.98
to 4.3.104,for the discharge leg break.

Figures in Appendices B, C, D, and E for each break show the pressure
differential across the legs.

These differentials are not included in
the force and moment results described above. Following these figures,
the time history of the pressure differentials used to calculate the
forces and moments is given, as well as the pressure differentials
across the primary shield wall in various locations.

Finally, the

absolute pressures for every volume within the reactor cavity are presented
.

I The model for the Fort Calhoun reactor cavity was run on the RELAP4-MOD 6
for two cases:

a) in
hot leg guillotine break (see Tables 4.3.12A and 4.3.12B)

b) 905 in
discharge leg guillotine break (see Tables 4.3.11A and

4.3.llB)

I
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{ The set of " projected'a'reas" and lever arms is given in Table 4.3.25d
.

.

4.3.3.5.5 Sensitivity of Results

{ Although, as previously stated, the various cavities have been modelled
in such a manner as to produce results which by past experience are

{ " realistic" and relatively insensitive to more changes in the modelling
an additional model of the reactor cavity was constructed for the one

,

cavity which is reasonably regular; namely, Palisades, to further test
the sensitivity of the results to modelling changes.

.

An additional =odel of the reactor cavity was constructed to test the
sensitivity of the results to modelling changes.( The reactor cavity was
further subdivided in elevation by the vertical centerline of the legs.
This division follows the subdivision of the general model described in

{ proposed CSB guidelines for subcompartment analysis (10) For this case,.

where a convection barrier just beneath the legs blocks flow completely,
the legs offer a " secondary" flow obstruction in the z direction This
obstruction has been accounted for implicitly in the calculation of flow

.

parameters for the junctions at the convection barrier in the original model.

( The modification for the "CSB type" model is sche =atically illustrated in
Figure (1).

The remainder of the model remains as shown. The additional
volume and area parameters are given in Table (7). The break ficw{ subdivision follows the previous model and subdivides the total flow evenly
into fourths,

E

The new forces and moments for the 1414 indischarge leg guillotine
{. break are shown in Figures 4.3.105 to 4.3.111.

Comparison of the figures
)

E

[

-
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for FSUM (Figures 4.3.101C and 4.3.108) show that for the original model,
4

the total F was 375 x 10 lb , and about 350 x 10 lb for the "CSB"4
g

fmodel. Peak uplift is 275 x 10 lb for the original and 285 x 10 lbf
for the "CSB" model. f'

Comparison of the moments is very difficult; however, it is possible to
see a maximum y-axis total moment of about 375 x 104 ft-lb
model compared to about 400 x 100

g for the original
ft-lb for the "CSB" model. The x-axisf

moment is greatly reduced in the "CSB" model, reduced from the original by
about a factor of three. Thus, even the added conservatism of additional
levels affects the results by much less than the 10% uncertainty described
in a previous section.

I

I
I'

e

I

I
|I .

|I
|I |
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Table 4.3-11a

OPPD - Ft Calhoun Unit 1'

Mass / Energy Release Rates
r-

905 Square Inch Discharge Leg Guillotine Break
at Reactor Vessel Nozzle

(Flow From Pump Side),

Time Flow Rate Enthalpy Energy Rate(Seconds) (1b/sec) (Btu /lb) (Btu /sec)'
O.00000 0.0 544.70 0.

.00100 2284.0 544.60 1243866.I .00200 4446.0 544.30 2419958.
00300 6403.0 543.90 3482592.

.

f 00400 7825.0 543.20 4250540.
.

00500 8865.0 542.50 4809203.
. .

.00600 9523.0 541.70 5158609.

.00700 9701.0 541.00 5248241,t' .00800 9649.0 540.40 5214320
.00900 9477.0 539.90 5116632.
.01000 9464.0 539.60 5106774

I .01200 11190.0 539.60 6038124
.01400 13050.0 539.60 7041780f .01600 14920.0 539.60 8050832. l.01800 16780.0 539.60 9054488.f .02000 18640.0 539.60 10058144
.02200 ;

'
20510.0 539.60 11067196.

.02400 21430.0 539.60 11563628. i'

I, .02600 21430.0 539.70 11565771. :

.02800 21420.0 539.70 11560374.
{, . .03000 21420.0 539.70 11560374.

.03200 21420.0 539.70 11560374.

.03400 21420.0 539.80 11562516.

.03600 21420.0 539.80 11562516.
,

| 03800 21420.0 539.80 11562516.
.

.

I

sw s~ e .+ma se o e ,

__
o



_ _ _ _ _ _

Table 4.3-11a (cont.)

OPPD - Ft Calhoun Unit 1
Mass / Energy Release Rates

r' 905 Square Inch Discharge Leg Guillotine Break
at Reactor Vessel Nozzle

(Flow From Pump Side)

Time Flow Rate Enthalpy Energy Rate
(Seconds) (1b/sec) (Btu /lb) (Bru/sec)

.04000 21430.0 539.80 11567914.

.04200 21430.0 539.90 11570057.
-

.04400 21440.0 539.90 11575456. |

.04600 21440.0 539.90 11575456.

I; t.04800 21440.0 539.90 11575456.
.05000 21450.0 539.90 11580855.r
.05500 21450.0 540.00 11583000.
.06000 21450.0 540.00 11583000.
.06500 21450.0 540.00 11583000.

,

.07000 21450.0 540.10 11585145.

.07500 21450.0 540.10 11585145.

.08( .,0 21450.0 540.10 11585145.

.08500 21430.0 540.10 11574343.,

I .09000 21390.0 540.10 11552739.
.09500 21350.0 540.10 11531135.
.10000 21320.0. 540.20 11517064.
.11000 21240.0 540.20 11473848.
.12000 21170.0 540.20 11436034.
.13000 21100.0 540.30 11400330.
.14000 21050.0 540.30 11373315.
.15000 21000.0 540.30 11346300.
.16000 20940.0 540.40 11315976.
.17000 20870.0 540.40 11278148.I .18000 20800.0 540.40 11240320.
.19000 20740.0 540.40 11207896.

|
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Table 4.3-11a (cont.)

OPPD - Ft Calhoun Unit 1
Mass / Energy Release Rates

-

905 Square Inch Discharge Leg Guillotine Break=

at Reactor Vessel Nozzle
(Flow From Pump Side)<-

I. Time Flow Rate Enthalpy Energy Rate(Seconds) (1b/sec) (Btu /lb) (Btu /sec)

I .20000 20680.0 540.50 11177540.
.22000 20560.0 540.50 11112680.
.24000 20450.0 540.60 11055270.I .26000 20350.0 540.70 11003245.
.28000 20240.0 540.70 10943768.
.30000 20150.0 540.80 10897120.
.32000 20070.0 540.30 10853856
.34000 19990.0 540.90 10812591
.36000 19920.0 541.00 10776720

I .38000 19850.0 541.00 10738850.
.40000 19800.0 541.10 10713780.
.42000 19750.0 541.20 10688700.

*

.44000 19700.0 541.30 10663610.

.46000 19670.0 541.30 10647371.

.48000 19630.0 541.40 10627682.

.50000 19610.0 . 541.50 10618815.I .55000 19580.0 541.70 10606486.
.60000 19580.0 542.00 10612360.
.65000 19620.0 542.20 10637964.I .70000 19680.0 542.50 10676400.
.75000 19770.0 542.80 10731156.
.80000 19890.0 543.20 10804248.
.85000 20020.0 543.50 10880870. !

.90000 20170.0 543.90 10970463. [.95000 20340.0 544.20 11069028.

*

I
t

I'I
*
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Table 4.3-11a (cont.)
' ~

OPPD - Ft Calhoun Unit 1
Maes/ Energy Release Rates

-

905 Square Inch Discharge Leg Guillotine Break

I- at Reactor Vessel Nozzle
(Flow From Pump Side)

F

Time Flow Rate Enthalpy Energy Rate(Seconds) (1b/sec) (Btu /lb) (Btu /sec)
1.00000 20520.0 544.60 11175192.
1.10000 20910.0 545.40 11404314.I 1.20000 21340.0 546.30 11658042.
1.30000 21810.0 547.10 11932251.'

1.40000 24600.0 548.30 13488180.
1.50000 24750.0 549.20 13592700.
1.60000 24860.0 550.10 13675486'

1.70000 24990.0 551.00 13769490.
1.80000 25140.0 551.90 13874786
1.90000 25350.0 552.80 14013480.
2.00000 25500.0 553.70 14119350

I 2.50000 26140.0 557.90 14583506
3.00000 26860.0 561.80 15089948.

I

t

l'
'

:

I
.

*
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Table 4.3-11b
)~ OPPD - Ft Calhoun Unit 1

*

Mass / Energy Release Rates
. - -

905 Square Inch Discharge Leg Guillotine Break
at Reactor Vessel Nozzle,,

(Flow From RV Side)

I! Time Flow Rate Enthalpy Energy Rate-

(Seconds) (lb/sec) (Btu /lb) (Btu /sec)
'

O.00000 0.0 544.70 0.
.00100 2184.0 544.10 1188314.

.

' . .00200 3765.0 543.00 2044395.
. .00300 5138.0 542.20 2785824.'

.00400 6769.0 542.10 3669475.

.00500 8766.0 542.40 4754678.

.00600 10720.0 542.60 5816672.I .00700 12230.0 542.40 6633552.'

.00803 13320.0 542.00 7219440.~ -

.00900 14110.0 541.00 76419N.

.01000 15070.0 541.40 815889:.

.01200 17320.0 541.20 9373584.

.01400 19780.0 541.10 10702958.

I .01600 22160.0 541.10 11990776.
.01800 24420.0 541.10 13213662.
.02000 26600.0- 541.20 14395920.

'

.02200 28710.0 541.20 15537852.

.02400 32550.0 541.70 17632335.

.02600 34860.0 542.10 18897606.

.02800 36520.0 542.50 19812100.
. .03000 37740.0 542.70 20'.81498.

.03200 38610.0 542.80 20957508.

I, .03400 39290.0 543.00 21334470.
.03600 39780.0 543.10 21604518.
.03800

.
40150.0 543.10 21805465.

4

6

I
4 3. S I,

- - - .



. . . ..
_ __

-- - - - - - - - -

-

..
,

.

r

--

Table 4.3-11b (cont.)
,

OPPD - Ft Calhoun Unit 1
'-

Mass / Energy Release Rates
r--

905 Square Inch Discharge Leg Guillotine Break
at Reactor Vessel hozzle

(Flow Froci RV Side)-

'

Time Flow Rate Enthalpy Energy Rate. (Seconds) (1b/sec) (Btu /lb) (Btu /sec)
.04000 40400.0 543.10 21941240.

-

.. .04200 40550.0 543.20 22028760.
. .04400 40600.0 543.10 22049860.

.04600 40570.0 543.10 22033587.

I{ .04800 40450.0 543.00 21964350.
.05000 40280.0 543.00 21872040.I 95500 39740.0 542.80 21570872.' '

.06000 39250.0 542.60 21297050.' ~

.06500 38830.0 542.50 21065275.
|- .07000 38220.0 542.30 20726706.
|.07500 37070.0 542.10 20095647,

.

l

.08000 35350.0 541.80 19152630.
,

.08500 33340.0 541.30 18046942.
. .
'

.09000 31380.0 541.00 16976580

.09500 29890.0 540.70 16161523.

.10000 29310.0 540.70 15847917.~

.11000 31010.0 541.00 16776410.'
'

.12000 33060.0 541.40 17898684.
!- .13000 33490.0 541.50 18134835.

.14000 33250.0 541.50 18004875.
, .15000 33750.0 541.60 18279000. !

,

.16000 34090.0 541.60 18463144.

.17000 33070.0 541.40 17904098. I

.18000 3.860.0 541.20 17242632.
{

'

.19000 30860.0 541.00 16595260.
'

,

9

8

4 3.32-
- - . .
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Table 4.3-11b (cont.)
.

OPPD - Ft Calhoun Unit 1
. . .

Mass / Energy Release Rates

905 Square Inch Discharge Leg Guillocit a Break
_
'

at Reactor Vessel Nozzle*

(Flow From RV Side).-

I-- Time Flow Rate Enthalpy Energy Rate(Seconds) (1b/sec) (Btu /lo) (Btu /sec)
,_,

I: .20000 30660.0 541.00 165870 m.
.22000 33190.0 541.50 17972385.
.24000 33140.0 541.40 17941996.
.26000 32290.0 541.30 17478577.
.28000 31250.0 541.10 16909375.'

.30000 31810.0 5,41.20 17215572.~

.32000 32670.0 541.40 17687538.-

.34000 32290.0 541.30 17478577..36000 31430.0 541.10 17006773.
I, . .38000 31600.0 541.20 17101920

.40000 31800.0 541.20 17231808

.42000 31900.0 541.20 17264280.

.44000 31570.0 541.20 17085684.
"

.46000 31440.0 541.20 17015328.'

.48000 31700.0 541.20 17156040.'

.50000 31860.0 541.20 17134392.I .55000 31140.0 541.10 16849854.
.60000 31030.0 541.10 16790333.
.65000 .30930.0 541.10 16736223.I, .70000 30640.0 541.10 16579304.

~
.75000 30520.0 541.10 16514372.

;

.80000 30360.0 541.10 16427796. !.85000 30240.0 541.10 16362864.
.90000 30150.0 541.10 16314165.~

.95000 30000.0 541.10
* 16233000.

.

t
'

. . _ , . _ . ~ . - . .
' '4.6 33
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-



. . . - . . .
_

i+l'
-

Table 4.3-llb (cont.)
,

OPPD - Ft Calhoun Unit 1''

Mass / Energy Release Rates
-

- 905 Square Inch Discharge Leg Guillotine Break
at Reactor Vessel Nozzle,

(Flow From RV Side)'-

Time Flow Rate Enthalpy Energy Rate. . . (Seconds) (lb/sec) (Btu /lb) (Btu /sec)
1,00000, 29830.0 541.10 16141013. )

-

1.10000 29460.0 541.10 15940806,
,, 1.20000 29180.0 541.10 15789298.

1

1.30000 28960.0 541.10 15670256
,,

I,{ j1.40000 28670.0 541.20 15516204.1.50000 28510.0 541.30 15432463.
"

1.60000 28340.0 541.40 15343276"

1.70000 28130.0 541.40 15229582. I
-

1.80000 27880.0 541.60 15099808
1.90000 27640.0 541.70 14972588

..

2.00000 27510.0 541.80 14904918.
I, 2.50000 26630.0 542.80 14454764 I

3.00000 26180.0 544.10 14244538.
. - ,

e

,.

i <

,

I- ,

'
,

| -

.

'

1

|
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Table 4.3-21a
-

Baltimore Gas & Electric
Calvert Cliffs Units 1 and 2

Volumes

Volume
Voly) Height ElevationNumber (ft (ft) (ft)

,

1 179.98 13.1671 30.833
2 122.63 13.1671 30,833

.,

Ie 3 122.63 13.1671 30.833
4 130.65 13.1671 30.833

i 5 130.65 13.1671 30.833
6 147.02 14.6671 29.333'

7 147.02 14.6671 29.333
8 130.65 13.1671 30.833

-

9 130.65 13.1671 30.833
10 122.63 13.1671 30.833
11 122.63 13.1671 30.833

,

| 12 179.98 13.1671 30.833
13 30.277 13.3331 17.5
14 174.94 13.3331 17.5'

.15 52.792 13.3331 17.5
16 170.85 13.3331 17.5
17 52.792 13.3331 17.5
18 169.98 13.3331 17.5

I. 19 265.09 9.4171 8.083
20 265.89 9.4171 8.083
21 175.08 9.4171 8.083
22 262.86 9.4171 8.083
23

/ '
175.08 9.4171 8.083

24 262.20 9.4171 8.083
25 87.26 7.667 33.5
26 171.52 6.5 34.083

E
'

43.3I;- -
.
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Table 4.3-21a (cont.)
~ ~ '

Baltimore Gas & Electric-

Calvert Cliffs Units 1 and 2
I!

Volumes

Volume Volume Height Elevation3Number (ft ) (ft) (ft)
,~

'
27 129.62 6.5 34.083

" 28 87.26 7.667 33.5,

29 171.52 6.5 34.083
.

30 129.62 6.5 34.083
, 31 1594.0 4.292 44.0

32 51350.0 74.0 10.0, , .

33 51350.0 74.0 10.0I 34 12380.0 35.0 34.0
[' 35 12400.0 20.709 48.292
'

36 16560.0 39.5 29.5
r'--

37 1.0E+6 145.0 10.0
I.

'

s.

.

9

I
I. Note: All volumes are initially at 14.7 psia, 120 F, 0.57. RH,

except volumes 13 to 24 which are at 14.7 psia, 550 F,
0.017. RH.

.

. . . _ _ 4 5.56
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Table 4.3-21b
'--

Baltimore Gas & Electric
e-

Calvert Cliffs Units 1 and 2

Junctions

I r,.

Inertia CoeffJunction From To Area Elevation L/A Irreversible Loss CoeffNumber Vol Vol (ft ) (ft) (ft'l) (Forward Flow) (Reverse Flow)
2,_,

5 1 1 2 27.069 30.833 0.1934 0.04099 0.040992 2 3 18.236 30.833 0.1934 0.32063 0.32063I{ 3 3 4 27.069 30.833 0.1934 0.06277 0.062774 4 5 29.978 30,833 0.1934 0.06037 0.06037
-

5 5 6 27.069 30.833 0.1934 0.08218 0.06750
'

6 7 C 11.318 29.333 0.1934 0.67558 0.67558~

7 8 7 27.069 30.833 0.1934 0.06341 0.063418 9 8 29.978 30,833 0.1934 0.03597 0.035979 10 9 27.069 30.833 0.1934 0.04699 0.0616710 11 10 18.326 30.833 0.1934 0.32063 0.3206311 12 11 27.069 30.833 0.1934 0.04163 0.0416312 1 12 15.719 30.833 0.1934 0.09442 0.09442

,

L
13 1 31 15.719 44.0 0.43447 1.53688 1.0260214 2 31 15.719 44.0 0.43447 1.53688 1.02602

,

I 15 3 31 15.719 44.0 0.43447 1.53688 1.0260216 4 31 15.719 44.0 0.43447 1.53688 1.0260217 5 31 15.719 44.0 0.43447 1.53688 1.0260218 6 31 15.719 44.0 0.43447 1.53688 1.0260219 7 31 15.719
, 44.0 0.43447 1.53688 1.02602-

20 8 31 15.719 44.0 0.43447 1.53688 1.0260221 9 31 15.719 44.0 0.43447 1.53688 1.0260222 10 31 15.719 44.0 0.43447 1.53688 1.02602I 23 11 31 15.719 44.0 0.43447 1.53688 1.0260224 12 31 15.719 44.0 0.43447 1.53688 1.0260225 1 13 1.19511 30.833 3.73168 0.67942 0.9233926 2 14 7.16425 30.833 1.34418 0.273 0.26519
I~

.

+

I. A . 3.3 7
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Table 4.3-21b (cont)) ^
''

Baltimore Gas & Electric
c.-

Calvert Cliffs Units 1 and 2i
'

Junctions
r-

I ,' . Number Vol Vol (ft ) (gg) (gg-1)
(Forward Flow) (Reverse Flow)

Inertia CoeffJunction From To Area Elevation L/A Irreversible Loss Coeff2

I,i 27 3 14 6.647 30.833 1.35757 0.32877 0.284728 4 15 1.71659 30.833 2.27927 0.75813 0.94844S* 5 15 2.45106 30.833 1.89705 0.66886 1.01407
'~

30 6' 16 6.54764 30.833 1.98100 0.39477 0.38728"

31 7 16 6.94033 30.833 1.82643 0.51717 0.543132 8 17 2.45106 30.833 1.89705 0.66886 ,1.01407-- 33 9 17 1.71659 30.833 2.27927 0.75813 0.94844'

34 10 18 6.647 30.833 1.35757 0.32877 0.2847
,

35 11 18 6.77156 30.833 1.35757 0.52886 0.5565836 12 13 1.19511 30.833 3.73168 0.67942 0.92339'

37 1 25 3.752 33.5 0.18587 1.09336 1.24467'

38 2 27 3.185 34.083 0.71249 1.0857 1.2641439 3 27 3.185 34.083 0.71249 1.0857 1.2641440 4 29 3.185 34.083 0.46262 1.09823 1.3133941 5 29 3.185 34.083 0.46262 1.09823 1.3133942 6 28 3.752 33.5 0.18955 1.08961 1.3133943 7 28 3.752 33.5 0.18955 1.08961 1.2309544 8 30 3.185 34.083 0.69717 1.09894 1.3141145 9 30 3.185 34.083 0.69717 1.09894 1.3141146 10 26 3.165 34.083 0.47795 1.08498 1.2634347 11 26 3.185 34.083 0.47795 1'08498 1.2634348 12 25 3.752 33.5 0.18587 1.09336 1.2446749 15 16 13.538 17.5 0.61076 0.16704 0.22299
50 16 17 13.538 17.5 0.61076 0.22299 0.16704

I' 51 13 19 2.3902 17.5 2.83561 0.92712 0.55973
52 14 20 13.811 17.5 0.64387 0.23159 0.25144

.

I
4. b.3 f
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p- Table 4.3-21b (cont.)
b-

Baltimore Gas & Electric
-

Calvert Cliffs Units 1 and 2

Junctions

I. ' Inertia Coeff'

Junction From To Area Elevation L/A Irreversible Loss CoeffNumber Vol Vol (ft ) (ft) (ft'l) (Forward Flow) (Reverse Flow)
2,.

I 53 15 21 4.1677 17.5 1.80105 0.62717 0.4387354 16 22 13.488 17.5 0.657 0.24302 0.2601255 17 23 4.1677 17.5 1.80105 0.62751 0.4390756 18 24 13.419 17.5 0.65988 0.24271 0.25920"

57 19 20 110.47 8.083 0.08104 0.01608 0.04975*
58 20 21 118.02 8.083 0.08104 0.04919 0.04081r- 59 21 22 112.54 8.083 0.08091 0.06443 0.07208[ 60 23 22 110.47 8.083 0.08091 0.02528 0.0661 24 23 112.54 8.083 0.08104 0.04993 0.022397..
62 19 24 118.02 8.083 0.08104 0.01021 0.01859['
63 25 32 28.447 33.5 0.15247 1.11594 0.63724"
64 27 32 23.332 34.083 0.67885 1.15864 0.6761365 26 32 23.332 34.083 0.44430 1.14352 0.66101 ;66 28 33 28.447 33.5 0.15247 1.11594 0.6372467 29 33 23.332 34.083 0.44430 1.14352 0.6610168 30 33 23.332 34.083 0.67885 1.15864 0.67613 !69 31 35 415.6 48.292 0.02294 0.17829 0.1782970 31 34 77.2 44.0 0.10822 0.86502 0.4671471 31 36 77.2 44.0 0.10870 0.88345 0.47216 l72 35 34 385.5 48.292 0.05087 0.,32120 0.28796I 73 35 36 385.5 48.292 0.05135 0.37986 0.31303 !74 34 37 404.0 69.0 0.04675 0.96696 0.49035 l75 36 37 428.0 69.0 0.04947 0.96367 0.4899276 32 37 1071.6 10.0 0.00805 0.97556 0.62312I' 77 32 37 126.95 84.0 0.06204 1.39058 1.1622378 33 37 1071.6 10.0 0.00805 0.97556 0.62312

.

3 +.s. n
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Table 4.3-21b (cent.)

s

Baltimore Gas & Electric
Calvert Cliffs Units 1 and 2

t

Junctions
,-,

!

Inertia CoeffJunction From To Area Elevation L/A Irreversible Loss Coeff
|

Number Vol Vol (ft ) (ft) (ft-1) (Forward Flow) (Reverse Flow)
2.

!
79 33 37 126.95 84.0 0.06204 1.39058 1.1622380 13 14 0.85766 17.5 1.04504 1.33455 1.1871

,

I,
81 13 18 0.85766 17.5 1.04504 1.33455 1.1871
82 14 15 0.85766 17.5 0.62330 1.35513 1.38091

9

83 18 17 0.85766 17.5 0.62330 1.35513 1.38091.

r-
.

l.

I'
|
.

,,
-

.

Notes: Junctions 25 to 36 are a convection barrier.

Junctions 25, 28, 33 and 36 do not open during the transient.I .Junctions 26, 27, 29, 30, 31, 32, 34 and 35 open at 5 psid with a linear opening
95 percent open in 50 msec, 99 percent open at 100 msec.rate:

'

Junction 69 is a neutron shield trip at 10 msec. 25 percent open at 100 msec,
100 percent open at 150 maec.

I~
.

I

I
4 3.4 d
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Tabic 4.3-22a

Northcact Utilities
H111 stone NPS Unit 2

Volumes

I Volume Height ElevationVolume Number (ft ) (ft) (ft)
3

I 1 103.1 10.4584 2.0
2 110.4 10.4584 2.0
3 110.4I _ 10.4584 2.0
4 94.3 10.4584 2.0
5 54.3 10.4584 2.0
6 91.0 10.4584 2.0
7 91.0I '

10.4584 2.0
8 94.3 10.4584 2.0
9 94.3 10.4584 2.0

10 110.4 10.4584 2.0
11 110 4 10.4584 2.0 l

.

12 103.1 10.4584 2.0
13 49.56 15.8751 -13.875
14 271.1 15.8751 -13.875
15 102.22 15.8751 -13.875

I 16 267.18 15.8751 -13.875
17 102.22 15.8751 -13.875
18 255.22 15.8751 -13.875
19 179.8 9.6251 -23.5

'

20 314.12 9.6251 -23.5
21 211.73 9.6251 -23.5

.22 311.74 9.6251 -23.5~

23 211.73 9.6251 -23.5
24 304.5 9.6251 -23.5

*

25 86.293 4.7917 3.4375
26 113.1 4.333 3.667
27 132.7 4.333 3.667

I .

'

4 3 . 'f I
__
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Table 4.3-22a (cont.)

l'ortheast Utilitics
Mil'Istonc !TS Unit 2

~

Volume's
,

I Volume IIcight ElevationVoluac Number (ft ) (ft) (ft)
3

I 28 86.293 4.7917 3.4375
29 113,1 4.333 3.667;

30 132.7 4.333 3.667
31 1613.0 40.51 12.4583
32 6323.0 85.51 -22.5
33 6323.0 05.51 -22.5
34 1590.0 40.51 -2.0
35 1590.0 34.01 2.5''

36 1.0E+6 175.0 -22.5I

.

I -

I
.

Note: Volumes 1 to 24 are initially at 14.7 psia, 550 F, 0.01*/. Rit,
all other volumes are at 14.7 psia, 1200F, 0.57. Ril.

-

-

..r-

;I .. s . o
__.
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Tabic 4.3-22b

Northeast Utilitics
Millstone MPS Unit 2

,

Junctions

IJunction From To Area Elevation Incrtia Coeff L/A Irreversible Loss Coeff2Number Vel Vol (ft ) (fe) (fe-1) (Forward Flow) (Reverse Flou)
1 1 2 19.898 2.0 0.19988 0.21097 0.21097
2 2 3 10.-543 2.0 0.19988 0.68684 0.68684
3 3 4 19,898 2.0 0.19.988 0.21097 0.21097
4 4 5 15.241 2.0 0.19988 0.41759 0.41759

I5
5 6 19.898 2.0 0.19988 0.21097 0.21097

6 7 6 8.602 2.0 0.19988 0.80289 0.80289
7 8 7 19.898 2.0 0.19988 0.21097 0.21097
8 9 8 15.241 2.0 0.19988 0.41759 0.41759
9 10 9 19.898 2.0 0.19988 0.21097 0.21097

10 11 10 10.543 2.0 0.19988 0.68684 0.68684
11 12 11 19.898 2.0 0.19988 0.21097 0.21097
12 1 12 11.359 2.0 0.19988 0.64155 0.64155
13 1 31 16.533 12.45833 0.654673 1.215 0.54740
14 2 31 16.533 12.45833 0.556561 1.244 0.60456
15 3 31 16.533 12.45833 0.556561 1.244 0.60456
16 4 31 16.533 12.45833 0.654673 1.215 0.54740
17 5 31 16.533 12.45833 Os654673 1.215 0.54740

6 31 16.533 12.45833 0.855375 1.343 0.61386I 1819 7 31 16.533 12.45833 0.855375 1.343 0.61386
20 8 31 16.533 .12.45833 0,654673 1.215 0.54740
21 9 31 16.533 12.45833 0.654673 1.215 0.54740

"

22 10 31 16.533 12.45833 0.556561 1.244 0.60456
23 11 31 16.533 12.45833 0.556561 1.244 0.60456
24 12 31 16.533 12.45833 0.654673 1.215 0.54740 {25 13 1.4442 2.0 3.37795 0.7162 1.04147 |
26 14 8.7526 2.0 1.12266 0.27534 0.27430
27 14 8.8253 2.0 1.10611 0.25768 0.25632

I i.
.

43.O
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Tabic 4.3-22b (cont.)

Northeast Utilities |
|Millstone NPS Unit 2 ;

Junctions

Junction From To Area Elevat?.on Incrtin Coeff L/A Irreversibic Loss Coeff2Number Vol Vol (ft ) (ft) (ft'1) (Forward Flow) (Reverse Flew.
28 3 15 'l.5484 2.0 1.79478 1.0087 1.12775
29 2 15 4.8316 2.0 1.79478 0.37941 0.48441
30 1 16 8.1989 2.0 1.16834 0.30074 0.28675
31 12 16 9.1189 2.0 1.16834 0.4189 0.3685
32 11 17 4.8316 2.0 1.79478 0.37941 0.48441
33 10 17 1.5484 2.0 1.79478 1.0087 1.12775
34 9 18 8.8253 2.0 1.10611 0.25768 0.25632
35 8 18 7.7 2.0 1.10611 0.38191 0.30933
36 7 13 1.4442 2.0 3.37795 0.7162 1.04147

. 37 1 25 0.3105 3.4375 0.22136 1.45764 1.47107
38 2 27 2.0926 3.667 0.53543 1.11458 1.28635I 39 3 27 2.0926 3.667 0.53543 1.11458 1.28635
40 4 29 2.0926 3.667 0.70509- 1.11128 1.28788
41 5 29 2.0926 3.667 0.70509 1.11128 1.28788
42 6 28 0.3105 3.4375 0.23067 1.45665 1.46745
43 7 28 0.3105 3.4375 0.23067 1.45665 1.46745
44 8 30 2.0926 3.667 0.70509 1.11128 1.28788
45 9 30 2.0926 3.667 0.70509 1.11128 1.28788

.46 10 26 2.0926 3.667 0.53543 1.11458 1.28635
47 11 26 2.0926 3.667 0.53543 1.11458 1.28635
48 12 25 0.3105 3.4375 0.22136 1.45764 1.47107
49 15 16 25.136 -13.875 0.36732 0.0993 0.16106
50 16 17 25.136 -13.875 0.36712 0.16106 0.0993
51 13 19 2.8883 -13.875 3.17907 0.8189 0.5371
52 14 20 17.578 -13.875 0.63919 0.20754 0.23713
53 15 21 6.38 -13.875 1.55266 0.53593 0.40139

' I 54 16 22 17.318 -13.875 0.64756 0.20972 0.237771

55 17 23 6.38 -13.875 1.55266 0.53923 0.41039

.
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Table 4.3-22b (cont.)

Northeast Utilities
Hillstone NPS Unit 2

Junctions

Junction From To Area Elevation Inertia Coeff L/A Irreversible loss CocCf2Number Vol Vol (ft ) (ft) (ft'l) (Forward Flov) (Reverse Flou)
56 18 24 16.525 -13.875 0.67464 0.2282 0.25127
57 19 20 128.99 -23.5 0.06551 0.05372 0.07293
58 20 21 129.79 -23.5 0.06541 0.06987 0.05089
59 21 22 134.6 -23.5 0.06541 0.02668 0.05052
60 23 22 137.81 -23.5 0.06541 0.01169 0.03911
61 24 23 129.79 -23.5 0.06541 0.06987 0.05089
62 19 24 128.99 -23.5 0.06551 0.05372 0.07293I63 25 32 34.975 3.4375 0.17436 1.25505 0.78605
64 27 32 16.547 3.667 0.49171 1.15026 0.66504
65 26 32 16.547 3.667 0.66409 1.1619 0.67668
66 28 33 34.975 3.4375 0.17436 1.25505 0.78605
67 29 33 16.547 3.667 0.49171 1.15026 0.66504
68 30 33 16.547 3.667 0.66409 1.1619 0.67668
69 31 35 173.58 12.45833 0.11544 0.73169 0.44946,

70 31 34 173.58 12.45833 0.1128 0.68053 0.43389 |71- 35 36 525.0 36.5 0.04453 0.95066 0.48807
72 34 36 400.0 38.5 -0.04808 0.97197 0.49246 !

73 32 36 1198.5 -22.5 0.00536 1.37504 1.22161
l

74 33 36 1198.5 -22 5 0.00536 1.37504 1.22161 |

|75 32 36 237.84 63.0 0.04724 1.35648 1.10046
76 33 36 237.84 63.0 0.0.4724 1.35648 1.10046
'77 13 14 1.13144 -13.875 0.2935 1.42338 1.4023
78 13 18 2.398 -13.875 0.25863 1.42338 1.4023
79 14 15 2.398 -13.875 0.33317 1.39332 1.42108
80 18 17 2.398 -13.875 0.33317 1.39332 1.42108

|
1

to: Junctions 13 to 24 are the neutron shield tank interface. See text for discussionof these junctions.
|

|

|

|
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Table 4.3-23a
Concumers Power
Palisades Plant

I Reactor Cavity Subcompartment Analysis
Volumes

Volurae Number _Volu ne (ft ) Height (ft) Elevation (ft)
1 198.33 9.6276 614.8724
2 209.86 9.6276 614.8724
3 198.68 9.6276 614.8724
4 198.68 9.'6276 *

614.8724
5 209.86 9.6276 614.8724I 6 -198.33 9.6276 614.8724
7 409.44 15.8255 599.0469
8 409.44 15.8255 599.0469
9 408.67 15.8255 599.0469

10 408.67 15.8255 599.0469
11 409.44 15.8255 599.0469
12 409.44 15.8255 599.0469
13 621.26 7.7240 591.3229'

14 621.26 7.7240 591.3229'

15 621.26 7.7240 591.3229
16 621.26 7.7240 591.3229
17 621.26 7.7240 591.3229
18 621.26 7.7240 591.3229
19 472.9 1.323 590.0

020 2.9071 x 10 24.5 624.5
21 39.27 2.5 591.33

422 5.1345 x 10 70.0 590.0
623 1.0742 x 10 13 0.0 649.0

.

G

&~ S' A #. - . _
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Table 4.3-23b
Consumers Power
Palisades Plant

Reactor Cavity Subco: partment Analysis
Junctions

Junction From To Area Elevation L/ANumber yol. Vol. _ (ft ) (ft) _(ft-1) Forward K Reverre K
2 Irreversibic Loss Coefficie

I
1 1 2 11.28 614.8724 0.44773 0.5684 0.56842 2 3 12.655 614.8724 0.4381 0.4828 0.48283 3 4 9.377 614.8724 0.4657 0.6960 0.69504 5 4 .12.655 6J4,8724 0.4381 0.4828 0.4828I 5 6 5 11.28 614.8724 0.4477.3 0.5684 0.56846 1 6 10.283 614.8724 0.4563 0.6327 0.63277 1 20 20.155 624.5 0.2016 1.09704 0.559878 2 20 -20.155 -624.5 0.2016 1.09704 0.559879 3 20 20.155 624.5 0.2016 1.09704 0.55987'1b 4 20 20.155 624.5 0.2016 1.09704 0.5598711 5 20 20.155 624.5 0.2016 1.09704 0.55987.12 6 20 20.155 624. 5 0.2016 1.09704 0.5598713 1 7 12.87 614. 8724 0.71995 0.58129 0.57491

,

14 2 8 12.406 614.8724 0.7292 0.60842 0.6018715 3 9 12.87 614.8724 0.71995 0.58129 0.5749116 4 10 12.87 614.8724 0.71995 0.58129 0.57491I 17 5 11 12.406 614.8724 0.7292 0.60842 0.6018718 6 12 12.87 614.8724 0.71995 0.58129 0.5749119 7 8 24.81 599.0469 0.32119 0.44426 0.4442620 8 9 44.185 599,0469 0.18012 0.02851 0.0285121 9 10 23.-42 599.0469 Q.32956 0.48977 0.4897722 11 10 44.185 599.0469 0.18012 0.02851 0.0285123 12 11 24.81 599.0469 0.32119 0.44426 0.4442624 7 12 44.185 599.0469 0.18012 0.02851 0.0285125 7 13 25.36 599.0469 0.42815 0.3123 0.2988
,

26 8 14 25.36 599.0469 0.42815 0.3123 0.298827 9 15 25.36 599.0469 0.42815 0.3123 0.2988I
| +. , . + 7
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Table 4.3-23b (cont.)
Consumers Po cr
Palisades Plant

Reactor Cavity Subccmpartment Analysis
Junctions

Junction From To Area Elevation L/A Irreversible Loss Coefficica_ Number Vol. Vol. _(ft2) (ft) (ft-1) ' Forward K _ Reverse K

28 10 16 25.36 599.0469 0.42815 0'.3123 0.2988I 29 11 17 25.36 599.0469 '0.42813 0.3123 0.298830 12 18 25.36 ~599.0469 0.42815 0.3123 0.298831 13 14 35.53 591.3229 0.27325 0.02713 0.0271332 14 15 35.53 591.3229 0.27325 0.02713 0.0271333 15 16 35.53 591.3229 ,0.27325 0.02713 0.0271334 17 1; 35.53 .591.3229 0.27325 0.02713 0.0271335 18 17 35.53 591.3229 0.27325 0.02713 0.0271336 13 18 35.53 591.3229 0.27325 0.02713 0.0271337 13 19 59.58 591.3229 0.13812 1.0275 0.749738 14 19 59.58 591.3229 0.13812 1.0275 0.7497*39 15 19 59.58 .591.3229 0.13812 1.0275 0.749740 16 ' 19 59.58 591.3229 0.13812 1.0275 0.749741 17 19 59.58 591.3229 0.13812 1.0275 0.7497I 42 18 19 59.58 591.3229 0.13812 1.0275 0.749743 13 21 2.455 591.33 0.8602 0.7337 1.1857144 18 21 2.455 591.33 0.8602 0.7337 1.1857145 21 22 4.909 591.33 0.82186 1.0268 0.530746 20 23 1186.6 649.0 0.01819 0.7414 0.436247 22 23 120.6 660.0 0.06128 1.378 1.1585I
I -

Note:
Junctions 13 to 18 are a convection barrier. They are
assumed to open at a +12 psid pressure differential.
See text.

I -

L. m 4 3.49



Table 4.3-24a
,

OPPD

Ft Calhoun Unit 1
Reactor Cavity Subcompartment Analysis

Volumes

Volume Number Volume (ft ) Height- (f t) Elevation (f t)

I 1 47.55 7.9171 1002.333
2 50.14 7.9171 1002.333
3 47.55 7.9171 1002.333
4 47.55 7.9171 1002.333
5 50.14 7.9171 1002.333
6 47.55 7.9171 1002.333
7 90.02 2.084 1003.667
8 43 3.855 1004.75
9 43 ~3.855 1004.75

I 10 90.02 2.084 1003.667
11 43 3.855 1004.75
12 43 3.855 1004.75
13 20.981 2.75 1010.25
14 20.981 2.75 1010.25
15 20.981 2.75 1010.25,

16 20.981 2.75 1010.25
17 20.981 2.75 1010.25
18 20.981 2.75 1010.25,

19 144.1 15.4219 987.0912I 20 145.4 15.4219 987.0912
21 144.1 15.4219 987.0912
22 144.1 15.4219 987.0912
23 145.4 15.4219 987.0912
24 144.1 15.4219 987.0912
25 135.49 6.4063 980.685
26 142.85 6.4063 980.685
27 135.49 6.4063 980.685

I
4.3.49

I -

.
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Table 4.3-24a (cccc.)
~ _

,

OPPD
~

-

Ft Calhoun Unit 1
-

Reactor Cavity Subcc=part=,ent Analysis
'

..
Volumes

,

Volu=e Number Volume (ft ) Height (ft) Elevation (ft)
28.,

135.49 6.4063
29 980.685I , 142.85 6.4063
30 980.685

135.49 6.4063
31 980.685

809.6 4.1851''

32 976.5
67126.0 43.01~

995.5g 33 1039.3 ''

It-- 17.51
34 976.5

37347.4 .62.51
35 994.0-

37347.4 62.51
36 994.0.

6.0E+5 125.5 994.0

g- ~ ,. m
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Table 4.3-24b

OPPD

Ft Calhoun Unit 1
Reactor Cavity Subcompartment Analysis

Junctions

Junction From To Area Elevation ' L/A Irreversible Loss Coefficient2Number Vol Vol (ft ) (ft) (f t- 1), Forward K Reverse K
1 1 7 6.046 1003.667 0.68014 0.56272 1.01034
2 1 8 4.097 1004.75 0.94722 1.31567 1.43152
3 2 8 4.097 1004.75 0.94703 1.31616 1.43346
4 2 9 4.097 1004.75 0.94703 1.31616 1.43346
5 3 9 1.1095 1004.75 0.94722 1.31567 1.43152
6 3 10 4.0135 1003.667 0.68014 0.5627 1.01034
7 4 10 4.0135 1003.667 0.68014 0.5627 1.01034
8 4 11 1.1095 1004.75 0.94722 1.31567 1.43152
9 5 11 1.1095 1004.75 0.94703 1.31616 1.43346

10 5 12 1.1095 1004.75 0.94703 1.31616 1.43346

I 11 6 12 1.1095 1004.75 0.94722 1.31567 1.43152
12 6 7 4.0135 1003.667 0.68014 0.56272 1.01034
13 1 19 8.12 1002.333 1.567 1.530 1.483
14 2- 20 8.12 1002.333 1.494 1.144 1.096
15 3 21 8.12 1002.333 1.567 1.530 1.483
16 4 22 8.12 1002.333 1.567 1.530 1.483
17 5 23 8.12 1002.333 1.494 1.144 1.096
18 6 24 8.12 1002.33 1.567 1.530 1.483
19 1 13 8.12 1010.25 1.056 0.0827 0.0827
20 2 14 8.12 1010.25 0.980 0.0832 0.0832I 21 3 15 8.12 1010.25 1.056 0.0827 0.0827
22 4 16 8.12 1010.25 1.056 0.0827 0.0827
23 5 17 8.12 1010.25 0.980 0.-0832 0.0832
24 6 18 8.12 1010.25 1.056 0.0827 0.0827 |
25 1 2 4.41 1002.333 1.712 0.3988 0.3988 |
26 2 3 4.41 1002.333 1.712 0.3988 0.3988

4.3.51

,
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Table 4.3-24b (Cont 'd)

OPPD

Ft Calhoun Unit 1
Reactor Cavity Subcompartment Analysis

Junctions

Junction From To Area Elevation L/A Irreversible Loss CoefficientNumber Vol Vol (ft2) (ft) (ft-1) Forward K Reverse K
'

27 3 4 3.65 1002.333 2.079 0.5291 0.5291
28 5 4 4.41 1002.333 1.712 0.3988 0.3988
29 6 5 4.41 1002.333 1.712 0.3988 0.3988
30 1 6 3.65 1002.333 2.079 0.5291 0.5291

I 31 13 32 3.399 1013.0 0.40819 1.03017 0.53222
32 14 32 3.399 1013.0 0.40819 1.03017 0.53222
33 15 32 3.399 1013.0 0.40819 1.03017 0.53222
34 16 32 3.399 1013.0 0.40819 1.03017 0.53222
35 17 32 3.399 1013.0 0.40819 1.03017 0.53222
36 18 32 3.399 1013.0 0.40819 1.03017 0.53222
37 13 14 2.66 1010.25 2.96 0.0814 0.0814
38 14 15 2.66 1010.25 2.96 0.0814 0.0814
39 15 16 2.66 1010.25 2.96 0.0814 0.0814

I 40 17 16 2.66 1010.25 2.96 0.0814 0.0814
41 18 ' 17 2.66 1010.25 2.96 0.0814 0.0814
42 13 18 2.66 1010.25 2.96 0.0814 0.0814
43 19 20 20.04 987.0912 0.5014 0.0619 0.0619

O

44 20 21 20.04 987.0912 0.4014 0.0619 0.0619
45 21 22 20.04 987.0912 0.4014 0.0619 0.0619
46 23 22 20.n4 987.0912 0.4014 0.0619 0.0619
47 24 23 20.04 987.0912 0.4014 0.0619 0.0619
48 19 24 20.04 987.0912 0.4014 0.0619 0.0619
49 19 25 11.33 987.0912 0.817 0.517 0.517

;

50 20 26 11.33 987.0912 0.817 0.517 0.517|

4.3.52
.

I

_



Tabic 4.3-24b (Cont'd)

OPPD

Ft Calhoun Unit 1
Reactor Cavity Subcompartment Analysis

.

Junctions

I Junction From To Area Elevation L/A Irreversible Loss CoefficientNumber Vol Vol (ft ) (ft) (ft~1) Forward K Reverse K
2

51 21 27 11.33 987.0912 0.817 0.517 0.517
52 22 28 11.33 987.0912 0.817 0.517 0.517
53 23 29 11.33 987.0912 0.817 0.517 0.517
54 24 30 11.33 987.0912 0.817 0.517 0.517
55 25 26 20.619 980.685 0.39784 0.01176 0.01176
56 26 27 20.619 980.685 0.39784 0.01176 0.01176
57 27 28 20.619 980.685 0.39784 '0.01176 0.01176
58 29 28 20.619 980.685 0.39784 0.01176 0.01176
59 30 29 20.619 980.685 0.39784 0.01176 0.01176
60 25 30 20.619 980.685 0.39784 0.01176 0.01176
61 25 31 35.422 980.685 0.10016 0.70304 0.42311
62 26 31 34.652 980.685 0.10217 0.7107 0.42657I 63 27 31 35.422 980.685 0.10016 0.70304 0.42311
64 28 31 35.4iz 980.685 0.10016 0.70307 0.42311
65 29- 31 34.652 980.685 0.10217 0.7107 0.42657
66 30 31 35.422 980.685 0.10217 0.70307 0.42311
67 31 33 57.33 976.5 0:22413 0.0914 0.03534
68 33 36 50.31 994.0 0.20699 0.9955 0.51124
69 7 34 6.1617 1003.667 0.50616 1.00197 0.51452
70 8 34 6.8874 1004.75 0.27292 1.0174 0.50907
71 9 35 6.8874 1004.75 0.27292 1.0174 0.50907I 72 10 35 6.1617 1003467 0.50616 1.00197 0.51452
73 11 35 6.8874 1004.75 0.27292 1.0174 0.50907
74 12 34 6.8874 1004.75 0.27292 1.0174 0.50907
75 32 36 2315.9 1013.0 0.01698 0.26588 0.25932
76 34 36 611.14 1056.5 0.05923 G.83722 0.47356

4.3.53

.
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Table 4.3-24b (cont.)
02PD

.-'-
Ft Calhoun Unit 1

r-
Reactor Cavity Subcor.:part ant Analysis

|. . Jucctions .,

-

Junction. From To Area. Elevation. L/A Irreversible' Loss Coefficient
,

Nu=ber Vol vol (fg ) (fe) (ge-1) Forward K Reverse g
2

-. .

77 35 36 611.14 1056.5 0.05923 0.8 722 0.47356,

78 7 31 8.125 1005.75 0.57." 3 1.35641 0.9817'

79 8 32 8.75 1003.6 0.4 ,4 1.37775 1.0533780 9 31 8.75 1008.6 0.49134 1.3775 1.0533781 10 31 8.125 1005.75 0.57373 1.35641 0.9817
, -

81 11 31 8.75 1008.6 0.49134 1.3775 1.05337
..

83 11 31 8.75 1008.6 d.49134 1.3775 1.05337
,..

, -
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Table 4.3-25a

B. G. & E. Calvert Cliffs Units 1 and 2-

Table of " Projected Areas" and Lever Ama

.

Level Number Pressure Differential ProjectgdArea lever Arm(Vol # Vol #) (in. ) (ft.)
-

x-direction

1 8 2 7383.0 0.333359 3 7383.0
7 1 5163.3

10 4 5404.8
6 12 1889.9.

11 5 1978.3
'

2 16 13 7599.8 -13.1665
~ 18 15 7599.8

17 14 15200.0
3 22 19 3544.1 -23.791324 21 3544.1

23 20 7088.2
.

y-direction '

I , 1978.3
1 8 2

9 3 -1978.3
7 1 5163.3I 10 4 -5404.8
6 12 7053.2

11 5 -7383.0

I 2 16 13 13163.0'

18 15 -13163.0

'I 3 22 19 6138.6
24 21 -6138.6

|-

,5

q . 3. f4
.
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Table 4.3-25a (cont.)

- B. G. & E. Calvert Cliffs Units 1 and 2-

Table of " Projected Areas" and Lever Arms

Level Number Pressure Differential Projected Area
(Vol # Vol #) (13,2)-

z-direction

I 1 1 31 417.24
2 31 417.24
3 31 417.24I 4 31 417.24
5 31 417.24
6 31 417.24
7 31 417.24I 8 31 417.24
9 31 417.24

10 31 417.24
11 31 417.24
12 31 417.24

I 3 19 31 4725.5
-

20 31 4725.5
-

21 31 4725.5
22 31
23 31

^
4725.5
4725.5

24 31 4725.5
;I

.

I
i
;
!

)

||

|

.

I 4 3. a
- -
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Table 4.3.25b

.-

NORTHEAST UTILITIES
MILLSTONE NPS #2

Table of Projected Areas and Level Arms

I Pressure Differential Projectgd Area Lever ArmLevel Number _(Vol # - Vol #) (in ) (ft)

X-Direction
1 8 2 5372.0 - 0.604164

9 3 5372.0

I 7 1 3692.9
10 4 . 3932.6 |

;6 12 1351.7 ;

11 5 1439.4
.2 16 13 9048.8 -11.770818 15 9048.8

17 14 18098.0I 3 22 19 3544.1 -23.583324 21 3396.5
23 20 6792.9I -

Y-DirectionI 1 8 2 1439.4
9 3 - 1439.4I 7 1 3692.9

10 4 - 3932.6
6 12 5044.6

11 5 - 5372.02 16 13 15673.0
18 15 -15673.0

3 22 19 5882.8
24 21 - 5882.8

Z-Direction
1 1 31 601.88I 2 31 601.88

3 31 601.88
4 31 601.88I 5 31 601.88
6 31 601.88
7 31 601.88

p. 3 4~7
_ _ _



_ _ _

Table 4.3.25b

NORTHEAST UTILITIES
MILLSTONE NPS #2

I Table of Projected Areas and Level Arms
(Continued)

I

5
Pressure Differential Projectgd Area Lever ArmLevel Number (Vol # Vol G) (in ) (ft)

-

Z-Direction

8 31 601.88I 9 31 601.88
10 31 601.88
11 31 601.88I 12 31 601.883 19 31 4528.6
20 31 4528.6

I 21 31 4528.6
22 31 . 4528.6
23 31 4528.6
24 31 -4528.6I 22 19 4528.6
24 21 4528.6
23 20 4528.6I

I -

.

I

g . g . E%
_ _ _
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TABLE 4.3-25c

CONSUMERS POWER
PALISADES PL\NT

. TABLE OF " PROJECTED AREAS" AND LEVER ARMS

I Lever Number Pressuce Differen tial Proiccted Area _ Lever Arm !

(Vol No. - Vol No.) (in. ) (ft)I X-direction (psid)
!1 4 1 6991.917 1.47787I 5 2 7380.721

2 10 7 15541.79 .-11.2487
11 8 15541.79,

3 16 13 5843.363 -23.02343

Y-directio_n
1 4 1

-

4036.785
5 2 -4261.262
6 3 8073.570

2 10 7 8973.059
11 8 -8973.059
9 12 17946.12

3
' 16 13 3373.667

I 17 14 -3173.667.
.

.15 18 6747.334
Z-directionI 1 1 20 282.0888

2 20 282.0888
3 20 282.0888 -

4 20 282.0888
5 20 282.0888
6 20.

I
~20 4498.223

.

282.0888
3 13

14 20 4498.223
15 20 4498.223

..

16 20 4498.223
17 20 4498.223
18 20

' 4498.223
16 13 4498.223
f17 14 4498.223

I 15 18 4498.2234. . * ' " ' ~

4,3, fg_ . _ . . _
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Table 4.3-25d

OPPD - Ft Calhoun Unit 1
Table of " Projected Areas" and Lever Arms

I Level Number Presrure Differential
(Vol # - Vol #) Projected Area Lever Armx-direction (psid) (in.2) (ft)

1 17 14 2411.34- 5.25I 16 13 2411.34
2 5 2 5319.06 - 0.08365

4 1 5011.92
3 23 20 13523 -11.753

22 19 13523
4 29 26 4019.7 -22.667

28 25 '4019.7I
.

y-direction

'

1 17 14 -1392.19
16 13 +1392.19

I 15 18 2784.38
2 5 2 -2385.12

I 4 1 2077.99
'

3 6 6067.99
3 23 20 -7807.3

22 19
'

7807.3
21 24 15615

4 29 26 -2320.8
28 25 2320.8
27 30 4641.5

z-direction

4 25 32 3094.3
26 32 3094.3
27 32 3094.3
28 32 3094.3!I

4.3.60

!I
4'' '+N -N'"**'''' .
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Table 4.3-25d (cont. )
.

,

OPPD - Ft Calhoun Unit 1=

Table of " Projected Areas" and Lever Arms

I
Level Number Pressure DifferentialI (Vol # - Vol #)

Projeg)ted Area Lever Arm(psid) (in. (ft)

29 32 3094.3
30 '32 3094.3

-

28 25 3094.3
29 26 3094.3
27 30 3094.3I

.

| -

| -

|

4.3.61
|
|
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7/.BLE 4.3-26

CONSUllERS POUER
PALISADES PLAT!T

TABLE OF MODIFICATIO!!S FOR " CSB TYPC' MODEL

A - Revisions to Volumes (See Table la)

Volumes 1 to 6 divided into:

Volume No. Volu[to(ft ) Hefeht (ft) Elevation (ft)
1 135.06 6.2917 618.2083
2 140.87 6.2917 618.2083
3 135.06 6.2917 618.2083
4 135.06 6.2917 618.2083
5 140.87 6.2917 618.2083

-

,

6 135.06 6.2917 618.2083
24 63.263 3.3359' 614.8724
25 69.073 3.3359 614.8724
26 63.637 3.3359 614.8724
27 63.637 3.3359 614.8724
2B 69.073 3.3359 614.8724

'

29 63.263 3.3359 614.8724

.

-

-
.

S.

s '

4 3. (t
- . . - _ _ _ . . _ . _
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,TABI.E 4.3-26 (cont.) -

CONSUIERS POWER
PALISADES PLANT

TABLE OF MODIFICATIONS FOR " CSB TYPC' MODEL

B - Revisions to Junctions (See Tablo Ili)
Junction Fron To Area Ricvation L/A Irreversible Loss CoeffNumber Vol Vol (ft ) (ft) (ft ) Forward K Roverse K

1 1 2 11.404 620.0417 0.59391 0.'301366 0.3013662 2 3 11.404 620 0417 0.59391 0.301366 0.301366
.

3 3 4 10.218 620.625 0.60409 0.385131 0.3851314 5 4 11.404 620.0417 0.~59391 0.301366 0.3013665 6 5 11.404 620.0417 0.59391 0.301366 0.3013666 1 6 10.218 620.625 0.60409 0.385131 0.3851317 1 20 20.155 624.5 0.13856 1.09331 0.55614I 8 2 20 20.155 624.5 0.13856 1.09331 0.556149 3 20 20.155 624.5 0.13856 1.09331 0.5561410 4 20 20.155 624.5 0.13856 1.09331 0.55614 II 11 5 20 20.155 625.5 0.13856 1.09331 0.55614 i12 6 20 20.155 624.5 0.13856 1.09331 0.5561413 24 7 12.87 614.8724 0.60238 0.57336 0.5615214 25 8 12.406 614.8724 0.60238 0.57336 0.56152

-

15 26 9 12.87 614.8724 0.60238 0.57336 0.56152
-

16 27 10 12.87 614.8724 0.60238 0.57336 0.5615217 28 11 12.406 614.8724 1.60238 0.57336 0.5615218 29 12 12.87 614.8724 0.60238 0.57336 0.5615248 1 24 13.666 618.2083 0.21833 0.48365 0.48876
j

49 2 25 14.852 618.2083 0.21248 0.42007 0.42452 !
50 3 26 13.666 618.2083 0.21833 0.48365 0.48876 |51 4 27 13.666 618.2083 0.21833 0.48365 0.48876I 52 5 28 14.852 618.2083 0.21248 0.42007 0.4245253 6 29 13.666 618.2083 0.21833 0.48365 0.4887654 24 25 1.51324 614.8724 1.66333 1.12831 1.12831I 55 25 26 1.70224 614.8724 1.58996 1.08197' 1.0819756 26 27 0.79954 614.8724 2.2532 1.31182 1.3118257 28 27 2,88824 614.8'724 1.34873 0.81280 0.8128058, 29 28 1.51324 614.8724 1.66333 1.12831 1.1283159 24 29 2.88824 614.8724 1.34873 0.81280 0.81280

& 3 0 3--_ , _



,
____ _ _ _ _ _ -

..

*
..

TABLE 4,3-26 (cont.)

CONSU!TERS POWER

I PALISADES PLANT
, TABLE OF H0DIFICATIO:!S FOR "CSB TYPE"MODEL

I
C - Revisions to " Projected Arcas" and Lever Arms

X-direction Pressure Differenefal Area Lover Arm
(Vol No. - Vol No. (in. ) (fc)

New Level 1 27 24 1948.564 +3.14585
28 25 2124.966

New Level 2 4 1 5043.321 -1.66795I .

5 2 5237.724

Y-direction Pressure Differential Area k ver Arm
New Levels (Vol No. - Vol No. (.f t ) (ft)

1 27 24 1125.004
28 25 -1237.242'

26 29 2250.007
2 4 1 2911 - M3

5 2 -3024.001
3 6 5823.526 |

.
,

Previous level 2 is now 1cyc1 3; previous icvel 3 is nou level 4.

.

I '

| -

| -

.

j
~ ~

4 3,t+_
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g[ Figure 4.3-81
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,g Figure c.3-82

Baltimore Gas And Electric.

| Reactor Cavity Subcompartment Model
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-Calvert Cliffs Units 1 And 2| SCHEMATIC ELEVATION SHOWING/

~

VOLUME NUMBERSI

SG COMPARTMENTS

I / \

/ \
I

,.

I
'

3r \ / 26*

,

| [

I
. 9 10 g. RVS P ORT

/ \. .-

_

q .

33 +- 28 ^d / 5--* 32I .~ 6*

+X

\ '/
.

I , = ^ <-
e 2
,k ~ o<eee x'

,ERE.

4 3% -,.

,

.
~

/' \ 2729
/ .\I

I
I.

,I v32 0 33 veur 1o va,

|
_ . ,

_ 4 s. se
.



- Figure 4.3-83
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- - - - - Figure 4.3-83
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. ncaz 4.3-84
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Figure 4.3-85
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Figure 4.3-86
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Figum 4.3-87 !
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! Figure 4.3-88
,

g 0.P.P.D.
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Figure 4.3-90

MILLSTONE 2
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4.3.3.6 Steam Generator Comcartment Analvsis -

|| The steam generator compartment was modelled to obtain the blowdown
'

spatial pressure-time history response to determine the differential

pressures on the steam generator. Postulated ruptures in the steam

generator inlet and outlet pipes were evaluated.

\
'

Figures 4.3.42 and 4.3.43 present the nodal model for the generic

. analysis, while the node and ficw path information is given in

Tables 4.3.1 and 4.3.2. The flillstone 2 stean generator compartment

|| served as the basis for this generic mcdel.

-

1
!

Using the generic mass and energy data (Tables 4.3.9A through 4.3. '

10B) and the model described above, the. steam generator compartmentI.
-

pressure responses were ccmpcted for the stnam generator inlet and

i
'

~

.

outlet pipe breaks. Pressure response histories for the 1000
. .

square inch hot leg break are in Figures 4.3.45 through 4.3.50 andI -

in Figures 4.3.51 through 4.3.56 for. the 1414 square inch suction
|

leg break. In the hot leg break analysis 50% of the blowdown was )
, :

.

*" .=+-e en +. .

.

O

.

|

.

.

.

1

.

,.- - - ._. - A 5 77 -



assumed to 90 into node 6 and' the other 50% into node 7; for the

suction leg break 45% of the blowdown was assumed into node 9 and
55% into node 8. These percentages were determined based on the

location of the pipe break and the projection of blowdown from the
,

break into the surrounding nodes.

Tables 4.3.16A and 4.3.168 present maximum calculated pressure

differentials across the steam generator as well as time of occurrence
for this generic analysis.

I
Generic analysis pressure-time histories were provided for evaluation
of component supports.

.

Section 4.3.3.7 discusses plant specific analyses and presents
.those results.

4.3.3.7
Application of Subcomoartment Pressure Analysis| This section explains how the generic steam generator compartment

analysis was applied to the plant specific analyses.

A comparison of steam generator compartment parameters is made in
Table 4.3.17. The plant civil arrar.gvients cr.a be seen in the

I Figures stated in Section 4.3.2.
The f1C h tone 2 compartment was

chosen as the basis for doing the generic analysis.

I
14111stene 2 and Calvert Cliffs 1 and 2 have very similar layouts.

The IUllstone upper compartment walls extend higher-up around the
steam generator than do those for Calvert Cliffs. The effect of
higher shield walls surrour. ding the flillstone steam generator is to| ~

include additional pressure differentials across the upper portion

I i.3.wi
. _



| Icf this component versus Calvert Cliffs. In one corner of the !
l

. compartment the primary shield wall extends further beyond the

reactor coolant pump in Millstone versus Calvert Cliffs. The

analysis of the suction leg break was performed on the other side

of the compartment where the layouts a"e alike and pressures would

ba greater (due to more limited space). The differences on the one

corner of the compartment.have inconsequential effects on the results.

The conclusion is that the generic (Millstone 2) steam generator

compartment model is directly applicable to Calvert Cliffs. Since

the generic mass and energy releases are also those for !!illstone

and Calvert Cliffs, the generic analysis and results of Section

| 4.3.3.6 are valid for these plants.

While the Palisades steam generator compartment configuration is

like the generic, adjustnents were made to the generic model to

more closely reflect the Palisades plant. The generic model

| nadalization scheme was left as is (see Figures 4.3.42 and 4.3.43).

Changes to node volumes and vent areas were made in the following way.
.

The generic model steam generator compartment total net volume was

computed. The Palisades steam generator compartment total net

| volume was calculated and divided by the generic model total volume

to give the value of 1.02. This is the Palisades normalized

volume number of Table 4.3.17 Generic model volumes of nodes 1-25

and 30-35 were each multiplied by the Palisades normalized volume

value to give node volumes for the Palisades analysis.

I
|I Generic model vent areas out of the steam generator compartment

were changed for the Palisades analysis. The total vent area out

, . . . 4- 5 ' ' '



cut of the generic stean generator compartment was calculated.

.This was also done for the Palisades compartment, and the Palisades

total vent area was divided by the generic analysis vent area to

| result in a normalized vent area of 0.87 (SeeTable4.3.17). Each

vent area out of the generic analysis stean generator compartment

was multiplied by the nomalized vent area to produce a model which

reflected the actual Palisade plant vent area.

Then, using the node volumes and vent areas described above, the

Palisades compartment code input model was created and with the

| mass and energy releases of Tables 4.3.9A through 4.3.10B the pressure

response histories were detemined. Pressure-time histories for

the 1000 square inch hot leg break are in Figures 4.3.57 through,

4.3.62 while pressures for the 1414 square inch suction leg break

are presented in Figures 4.3.63 through 4.3.68. Maximum differential| pressures across the steam generator along with their times of

occurrence are given in Tables 4.3.18A and 4.3.188.| -

Fort Calhoun's steam generator compartment has walls between theI steam generator and reactor coolan't pumps. This difference versus

the generic analysis configuration was accounted for by using the

following approach to calculate normalized volume and vent area.

| Since differential pressures across the steam generator are of

interest, the total net compartment volume was calculated for the

region bounded by the walls surrounding the steam generator, but

exclusive of the regions containing the main coolant pumps. Total

compartment vent area was detemined from the same region which

| defined total compartment volume. The Fort Calhoun nomalized

volume was obtained by-dividing its total volume by the generici

B compartment total volune. In a similar fashion the Fort Calhoun

4 3 , ~1B .
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|
n:rmaliz:d vent area was calculated. These nomalized volumes and
areas are stated in Table 4.3.17.

,

Then, as was done for Palisades, the generic model compartment interior

node volumes were multiplied by the Fort Calhoun normalized volume

and each vent area out of the generic compartment was multiplied

by the Fort Calhoun normalized area. The Fort Calhoun steam generator

compartment code input model was created using these node volumes

and the vent areas.I Tee nodalization scheme of Figures 4.3.42 and

4.3.43 remained the same.

I
The pressure analyses wers accomplished using the hot leg break and

suction leg break data of Tables 4.3.13A and 4.3.138 and Tables

4.3.14A and 4.3.148, respectively. Pressure response histories for| the hot leg break are in Figures 4.3.69 througS 4.3.74 while the

Fort Calhoun suction leg break pressure response transients are in

Figures 4.3.75 through 4.3.80. Steam generator maximum pressure

differentials are in Tables 4.3.19A and 4.3.198.

Steam generator differential pressure scaling factors were determined

and specified for evaluation of steam generator supports for each

| plant specific analysis. These scaling factors were computed from

results of the generic and the plant specific analyses by using the

method described below. Scaling factors were calculated for the

horizontal and vertical directions for the pump suction leg and the
hot leg pipe break cases.

I
There are four levels of nodes along the height of the steam

generator as shown in Figure 4.3.42. From the subcompartment pressure

analysis a maximum differential pressure across the steam generator

was obtained for each of the four node levels. The maximum pressure

43M



differentials for each of the levels were weighted by nodal height

on the stean generator and summed to yield an overall maximum

horizontal differential pressure. For each break on each plant this

value was divided by its counterpart determined from the generic

analysis to produce the scaling factor. An analogous approach was

used to obtain the vertical direction scaling factors.

Steam generator compartment analysis scaling factors are given in

Table 4.3.20. The Millstone and Calvert Cliffs scaling factors are

I 1.0 because their analyses are one and the same as the generic ones.

These scaling factors were provided for evaluation of the steam

generator supports.

I
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3%36 3c 3a 21;7S 2359 ,L40 1. 400 v500 -

3336 33 30 42.39 .tata 100 1.000 500
-

._I_3 'a 3 6
ja 36 4d.39. _. 1J12 100 _ _1.'000_ 500 - ~ _ - . . - - . -

2936 24 3o 12.41 4707 100 1.004- 500
_ . _ .._ .

_WM

_.

4 . .:; . g 6
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. -_ .Fng T.-C A1. W41. S T E Mt G E 'J E D A T d a -- - ------- -. . . . .. ...
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Cu"PART6iiT Ai.ALYSIS 10DE DESCRIPTICri '

ilCOE VOLT"1E t:E 3 CR IP T IO,1
.. .. Nun H E R _ ---4 F i n e s ) _..- . _ . . - - - - - . - . - . ..-- - - . .

_1. . . . - 5 5 tt .19 -.. - _..-- . E L.- = 3. 5 F T-Td . 9 9 3 F T ---3,... - . - . . . _ -- - - - -

2 o's.77 EL -3.5 FT TO .5 M FT
*

1.__._.. . ...ae7.25_..__.._ _ . ft..-3.5 ri To .59L rT-_. -__. --- - - - - _
__ -

4 8'42.,36 EL 393 rT TC 2.5 FT

_.I. 5 -_ . -._
_743.35___._ -EL .593..ET.TC.2.5 F.T _

6 84J.73 EL 2.5 FT TO 20.il ri
- -7- 357.uo-. = - E L- 2. F T T-. TJ. .d o . 0. F.T.2 - - - .

8 1411.26 EL 2.5 FT TO 20.0 FT
4 . M __ __ . ____ . o t.7 . 7 0 .__ EL 2.3. T T _ TJ . 2 0. 3 F T_ . .

E 10 1411.11 EL 2.5 FT tu 20.0 FT
. _ . . __1 1 - _1252.28. -

- .E L.d .5.E T ..TU 20. 0..F_T - __ s
12 531.5u El 2.3 FT T1 2 0. :3 rT

.. t3 JJu.uS ...CL J0.1 FT I l 3 5 . 3 F T.. -- . . . . . ---- -- - -~.-- _ - - . - - -....
. . ... - -

14 tloo.oS EL Jo.o ri T4 39.3 FT
.15 . 1 Joe.d> . FL Jo. I rT TU 33.5 Fi - _ _ _ . . . . . - . - . . - _. . .. -_._.

th 405.75 EL 20.0 FT TO 35.5 FT
1.7 1357.52._. E L_.d o , o _ET T0._3 5. 3_ F.T __

to 1100.d9 EL 29 0 FT in 35.5 FT
. . .. . t 9 . . -. .. .-. :4 6 5 .1 A.. -. - .- . E L 20. a F.T T 0. 3 5 3. F T --. ..--- --.. - .

.

70 313.J4 EL 39.5 FT in 10.o FT
?! 313.8 EL 31.3 r; 70 7.;,o FT

. . .

2/ J5.. 7 6 EL 3".5 T in So.o FT
23 3 71. N . . C L 3 'i 7 ''T TO 9a.o FT .. . .._ _. . . _ . .. . _..___
J '1 3 08.4'1 EL .i1.9 rr TO *).o Ff
?S 211.7" t.'L 39.5 ri T O 5 -) . 6 FT.

'
_,._ ...

.
. .

A 71.'.35 PI"E Tul!ct .

'

._..__2.7 __.7.3.27 RIPC _TUTICL. . .pn l l o , rs o PIPE TilCEL ~

I.. 29 . .. .413'.a.47_ -_.... .. RC AC TCR CMI TY __ . _ _ . . . _ . . . . _ . . . . _ . . __ . _ .. .___ .. _.

10 207.31 FL 51.6 FT T0 n3.0 FT -- +

31 . . . . .. 2 Il 9 . 51. . --. _ E L. 3 0 o F T . T U 6 3 . O F T..- _... ._ _ - . _
.. ..

3P 1'89. J 2 EL 50.6 FT in 63.y FT
._ .33 __ .__ . . _. . . _3 0 1, 1 6 . . . EL.50.6 FT 70 63.g FT__._ _...._ . . . . .

Tn 364.18 FL 59.5 PT in 63.o FT
. _ 35 _.__ .. 19~i.a2 . __ _.t.t . :2 u . o F i .T O c 3. v F T__ .

36 100000J.J0 CUHT Alm 1E:li VCLUME ~~

. . . . . . . - . . - . . . . . . . _ . _ .... . .. . . -. . _ . . .. .. . . . , . . _ . . . _ _ . _ . . . . ...___.

*._..e. >._ . . . ._ __..w. .g. ._ - h,.es. gm m- __es as_e ....mes- . . - - -g - .ew e.. .g m.h.ggo.geeg , ..e- e

. _ - _ . . . . _ . - -___ __. . . . . ._,.

1

.
-

.

O.'4 gu D 6-
_ e..we .-..e.e. .% .-ge.-.eme, w. .e.e.ee._

E
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-
_
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l
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________ .T A D L t. 4. 3. 6 _ . _ . . _ _ _ _ . . . _ . . . . - _ . _ _ _ . . _ - - . . . _ __ ,

- y rN.T- C AL 8104!1

- - - %
-

|

STEAM GENERATu4 CCHP AR Tr'ENT ANALYS's
E LC ri._P.ATtLD E S C R I P T ICN _- I

l

E EROP TO HEAn LUSS-M l

E Ftrw VCLove votullE
,

__- PAlH P.JU E flCDE AREA L.l A _ F.R.I C T ION ._F.dR W AR D R E V E R S E .m
NC. 30 NC. FT**2 FT**-1 g GEmiK GEOM k

.m_

0405 4 5 51.31 4133 100 5.545 5.545
0A10 4 in 173.08 :0600 ;10D 800 ;9.9a ..

-

| 0409 4 9 51.d5 .tBob 100 .510 1.410
n509 5 9 91.E4 ;1870 _ 06 !a73 '.,2 5 7- .-

050A 5 8 210.54 04o9 100 920 1.420
__ E 10.i7 in ,7 g7 a ;083,i 1 ao. .022 .D22-9
E 0916 9 16 71.75 2184 100 .007 400

f415 8 1 5 IfB.4b .Ad32._ : lac 2022 ; 0 3 0-- d

I
0010 0 to 124.57 1o33 100 ;ota 39n
09a8 o A 12.1.57 _iu33 .l u u. .. g i S. 396 - - _ .

1716 17 to 98.35 177-) 100 ~!398 354
- _ 1516 19 16 AS.35 _ ... 1729 .10 0_ -. -_. 3 0 8 - .354 _ _ - .

0102 1 2 d.28 1.4265 100 2.25u 2 ?50
02a3. P 3 H_28 1."20.7 :100 2.25a 2 250 -

04n2 a 2 36.58 m.0401 100 .470 882
C507 5 P %.5 E. .040.5 -.;106 :It66 S o ?- - -" 0001 0 1 431.30 005o 100 .la2 061

_. ___ VA i 3. __ . _ _1.___ 3 ___.._.___ J b u . O li. ._- . 0069 .. . 1 v0 _ .161.-.. 1V3 -

Ot5e 1 3e 431.J) 0042 .tU0 1.000 599
. . . 0 2 .%. _ . . . . _2 3 6 .. _ 7.3 .15 _.____ . 01 *! _ . __ .__..-_. 1 J 0 __. . l '.} v 0 0 . _ .500 . . .

0336 3 jo 300.o4 . r' u 3 8 ,160 1.000 590
3_ 1104 . . 11. 'l 10 u . 9 '8 . .0991

. ~_.919 ;_.921100 ___
3 0604 o a 152.28 4333 .1Je .o27 .A79

~

0.7.05 7 9 192.29 0d52 100 1'002. .804
1205 12 5 101.o7 1332 100 1.155 .c41

~

_5 110h 11 6 56.1_9 1195_ . t J u_ _.. 3 7 2 9 0 3 ___.-
0607 6 7 128 10 091o 100 - ;239 .-239-

.

nIaA I 3 Ag,17 _,3574 ,J o u. ;8a1 .705-I 0610 6 in 69.37 .u574 .100 041 735
u712 7 12 98.1.9 0205 :100 .785 ;798
0R12 A 12 94.21 3891 .t30 .661 55R

~

E i 0_1.1 10 11 110. 89 0731 1u 0__ ; u 3 2. .o37
E 0 26 6 26 11. o ri 7083 .t00 485 939 -

~

0627 21 4.78 .ouc?- .100 --. 491 963o

0727 7 27 c.7A 6009 10n 401 .co3
c728 7 de S.52 1.297.3 -.10a 485 939- _,

122A 12 28 S.57 1.7236 100 487 049

[ 2620
2 o. 20 1.19 1. 1913 100 1.00G 500

2720 d7 29 1.22 1.5992 .t30 1.000 5 ') 0
2EP9 2A 29 7:co ;7533 100 1,Jue 500
1118 11 18 162.70 09o3 100 .004 033

-I 9613 6 13 114.33 1371__- 100 .c08 0 0 4. _ ___
| 0714 7 14 114.33 1371 100 .008 0'34
' 1219 __12._- - - 01_ 7 0. 7 8 ---. 2d 15 -___.._,tou _ _ a2d ._. 071 -- -

| 1A13 la 13 13.57 12do 100 672 9 *) 'l
1118 13 !" !13,5' N33 . toc 239 239,,,,

1415 to 15 79.16 0u69 100 .d41 785
~

(CCNTI1UEn)
-

_ . . _ _ _ . _ . _ _ _ _ . . . _ _ _ _ _ _ _ _ . . . . _ _ _ _ _
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_ _ -

7 A S L C.-.4.3.6 -(CCt1T ).
,

rnn" 70 b E AC-145&-- F'
FLnW VC Lilt'E VOLtdE -

__ __gny ynE rauuE AREA t.# F R ICIICL__ EORRARD--R04EJ!SE .

NO. !!O . riC . FT**2 F7**-1 K GE0:1 K GEUM k

E 1317 13 17 79.le 0069 100 !841 785
l 1819 1d lo 51,5u ..l.111 ..t.0 0 .-745 7% --

15 to 83.45 .09o3 .too .o60 559
_I_15191718 17 -- 1 8 96.17 .0827 .100 ;632 63? - - - .

1836 1R 3e 74.50 0419 100 1.771 1.413
- 1336 13 3e 17.46 .n57S .100 1.&72 1. 7 3 t>

1436 to 36 17.46 0578 100 1.872 1.736
1536 1.c 36 30 A3 0367 . t. 0 4' 1. a A7 '.'10
1736 17 3e 36.16 0368 100 1!857 1.684
1936 1.o 3a % 59 .oua3 100 1-;643 !.n70
1821 la 21 51.33 1947 100 .308 380
1.32n 13 2n 514 3 ..t 9 a 7 ..t o n 1306 .360 __

14P2 14 22 2.95 2.u940 100 1.345 1.a32
~

1 0 0------ 1. 3 9 5 ---- 1 . u 3 7 __ _.. __.137s._ -11 5- 2 . 9 b- - 2 . 4 W O -- .

1522 15 2? 19.95 223a 100 !404 657
. __.1725 --17- - 25- 3 9 . 9 5 _.- . 2 2 3 0 - -- - -- _. .1 0 0. - - - 404 - - .652- - - - -

15?3 15 23 13.92 1709 100 1.065 1.257
L72n 17 23 L3. '12 .1709 .100 1.!465 1.257 --

16 23 35.88 ,.2265 100 .500 500

+ 16231624- -16 2" 35.48-- 2265- 1.04 .5N r5 00- --

20Pt 20 21 47.77 2272 100 .'545 54%
. 2122 2 1 .. ._._ . 2 2._ .. _ . 4 4 .14 ---- .1074 - 1 0 0 - --- - _ . 31 o . --- - . d 2 ?

ce 25 44 18 1o74 100 .3to 42P
I._20254223._. 22_____ _ d3.- .411. 1 8. _.1546.._-___.. 149 - .__ - .' 3 9 3 . -__ . 2 d 5 -._ _-- . -

2524 d5 2 '2 '8 4 .1 H 1 5'10 .t90 .353 235
2324 .4T . 2 4. - . . e 5 . o ' _. - . . 15u5 ... 1 J 0 7,_ . . 2 4 4 . . --.. 2 4 4 __.. ...

d33o 43 36 43 11.1275 100 1.446 - 1. '2 D
2436_. 24 36 .n 3- __11.12 7 5._ .10 0. _ 1.496 1. 4 9 2 _

2u30 20 30 44.10 2762 100 .061 123 -

.I_2131. __ . . 2 L 3L 4 1 . 1 0. ___ _.. 2.9 9 2 .1.0 0 _ __ .. 0 6 1 ._ __ __.1 2 3 _. . . _ .
2232 22 32 35.43 3o67 100 - .u83 144.

2535. _ d5 55 35 43 .3637 .300 _.081 .1 'i n
~

.I_._2333
23 33 54.31 2405 100 .aun 1os

2134- 0 34 5:1.31. 2'405 .--_. 10 0. _ -._ ! G 4 4 _. 105. --

3031 31 31 51.49 2295 100 .444 . a.t o
em 1132 4 32 4d.51 .1077 1 EL___- .. 2 7 3 327 . - _ .

3035 30 35 48.5a 1o77 100 .273 327 -

1233. .32 T3 't d . 5 4 - .153u __.._,-. 100.-
- ~265. 2 41 _ -__

3934 35 34 46.54 153o 100 .265 241
_. __333a__ 33. 3_ 0o.22-... . 1561 . ._. 1 v c m _- 200 - 209._-. _

3036 30 5 55.15 1535 .t00 1.vou 590
_. 3136 31 tb 95. 15 1335 _ .100 1. 0 0 L. . - 500 -

3236 37 30 35.38 2359 100 1;000 900
3536 39 3a TS.dA ;2359 .t00 1400# 500
3336 33 36 69.82 1212 100 1.000 900

- _ 3436 3 tl 36 69.82 1212 - 100 1.000 500:
2936 20 36 12.41 9907 100 1.004 500

E
--

~ _ - - . _ . _ , . _ . . . . _ . _.-._ __ - - - - - . . - . _ _ . - - . .

. ,_



.

. . - - . . . . - - . . . . . . - . . . . - . . - .._.. - . _ . . . - - - . - . .
'

7 ABLE 4.3.7A
9

-

* TASS /E'tE?Gf HELEASE DA7A .

- --- - - '-- - - 1414 S '2 ' IN. DISCHARGE LEG GUILLO7INE
-- - - - - - - ~ ~ ~ -- -

y-

BREAK AT REACTod VESSEL 'UZZLF |

!._.._. -FilR RCS ASfMMETRIC L' LAD EVALUA7IllN
' - - - ~ - - - - - - - - - - - - - - - '

- . . . _ . . . .

(FL7d FNOM PUMP SIDE)I
,

1

7IME F(Od rtA7E EN7HALPY ENERGY RATE |
- - ~ - 1- - (SECONDS) ( t.9 / S tic )

- -(870/L8) (870/SEC)

. I.....-~0.00000 544.70 -- - -- 0
-- ~

- - - --- -* 0.0-
- ~~

00100 3549.0 544.60 t932785

I 00200 ~~----~ 6823.0- " - - - ~ 5 3 4.10 ~ - ----- 3 712 3 9 4 i
- - - - - - - - - -

00300 ga6o.0 543.40 5143824 '

- - - - - ~ ~ - - ~ -
opg9n .......11140.0 - -- - -- --- S a 2 . 5 0 - --- -- 6 o a 3 a 5 0. . _ _ . _ . . . .

.00500 1198u.0 541.50 6487t70
- 00o00 - 1 17 9 0 . 0 - ---- - 5 0 0 . 5 0 - --~ 6350875 ~ " - - ~ ~ - - - - - - ~

00700 10850.0 539.70 5855745.
- - .ncM00 - 11es".0 539.50 -6285175 - - --

,nc900 13100.0 539.5a 7067aso.
- - 01000 - 14550.0 -- '539.60 -7851180. .

.n1200 174co.0 539.o0 4410624 !
_ _ . . . - - - - - - 01400 -- 20330.u - - 539.60 109700e8

01600 231W .0 539.60 12513324
._ ...._. .01H00 - ----~ -- 2 6 0 3 0 . 0 - - - - 539.60 - --10045788 - -~--- - - -

.o2000 28600.0 530.60 15572856*

.n2290 31e60.0 - 539.60 - 17083736 - --

. o p. n o '. 3 o n e . 0 530.60 17806800
0?o00 3292e.0 559.60 17763632.I 02800 3Pece.0 539.70 17773748

.n3000 32760.0 539.7n 176P0572
03?00 32nA9.0 559.74 17o37T9e.

- 03400 32o1v,0 5.49.70 175o4617 . -

03o00 32550.0 539.80 '17570490
- 03800 - 32480.0 - 539.80 ~175327en. - - - - - - - - - - - - - - -

,

04000 32420.0 539.80 17500316
,oggpg _... .__3p37o,o _ . - - 539.80 -1747334. ~ ~-

.n4400 12310.0 ~539.80 17 acon 38 ~

#32250.0 539.00 - 17411775. - - - -
- 04600 -

04800 32180.0 534.90 17373082
- - - - - 65000 - 37170.0 - 539.90 - - 17341568 -- -

.r.5500 3193v.o 3D.oo 17244 06

.I.--- 0 0 0 0 0----- 317 0 0 . 0 ---- - 539.90 -- -- 171 a 7 2 2 4.- - - ~ - - - - - - - - - -

06500 31580.0 500.00 17053200.
_

--I_.._...___..07000
- -- -- 314 0 0 . 0 - - --540.00 1695o000'

- - - - -

07500 3121".0 520.00 16853aao.
08000 --309R0.0 - 500.00 16729200 -

08500 30130.0 540.00 16504200
"'"* ' """- --~ ~ - - ~ ~ ' " "' ' ' " ' ' ' " - - ~- -

I -~
--

09500 30220.0 5d0.00 16318800
.

-
- - - - - - - - - ~--- - ;10000 - 29970.0'-- ^500.00 --- 16183800

.I1000 29460.0 Suo.00 15908ac0, .

I -- - .12000 - 29900.0 --- S u o , t 0 15ea1206 --

13000 28400.0 500.10 15 3 8 7 a '4 9 ,-
- 13000 28060.0 Suo.20 1515o012 -

(CONTINUED)
'- -- --

. - _ . - . . _ . . . . . _ . . . . . - _ . ~

. - . . _ _ _ . _ _ _ _ . . _ _ . . - _ . _ _. ' _ . . . _ _ _ . . _ - . . - - - . . _ _ _ _ _

. ~
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7 AoLE 4.3.7A (CarlT.)
. . . .. . . . . . , . . - . . . ..

l

. g .. . . _ . . . .._ . . . _ . . . . - . _ . . . . . _ . . . . . _ . . . . . _ . . . . . _ _ _ _ . . . . ~ . . . . . ..M_- .

4
E TIME FLOW HATE ErlTHALPY ErlERGY RATE
. . ...._

. _._ .. ( S E C U *t0 5 ) -- - ~~ -( LS / S E C ) - - ~~ - ~ - ( 3 7 0 / L 9 ) - ~~(BTU /SEC) " - '-~ - ~ ~ ~

.~15 0 9 0 - - ^ - ---- 2 7 o 3 0 . 0 - --~~- - - 5 4 0 . 2 0 -- -- -t a 9 2 5 7 2 6 -~- - - - - - - - -- '

1o000 27160.0 540.20 1a671832. _

--" -- - 17000 - - ~ 26o70.0
~ ~ - 5u0.20 1acc7133

I... .. _... 18000 26120.0 520.20 lula2u36
gnggn .._ ..- 737,7,g.__.._.._. -.~520.20 - - 138885'82. - -

1

20000 25570.0 530.30 1361547I. ;

I 22000 25 3 8 0 ~ ~0~-~ --- ~ 520s30' --13712810 - - ~ ~-'-- ~

;. .

24000 25150.0 500.40 135910o0. '

.? 6 0 0 0 -~~-~--~~'2 4 8 8 0 . 0 ~~~- ~~ 5 0 0 . 4 0 - ~'~13 4 4 515 2. - - -

1

28000 2aSao.0
. 530.59 132e3870 lI 3 0 0 0 0 - "---- 2 a 19 0 . 0- - -- 5a0.60- -- 13055a90

-- ---- -

|
32000 23o80.0 5u0.60 1280taca. .

'

,y ggn. .. .. __. 2 31 A 0 . 0 - - -~ ~ - ~ ~-5u0.70 1253342n. - ~~ - - - --

,3e900 22970.0 530.80 12422176
. . . . . - -- ,33990- - - - gp7ap,o -

- - ' 5u0.90 12327111
.ae000 22o2u.0 531.0) 12237420

.

...._.__._ ... a2000 - - - - - -- 22450.0 - - Sul.10 121a7695..

.a4000 22270.0 5at.20 12052522

. a b 0 0 0 ~ ~ -- 221 10 . 0 - ------ ~ 5 u t . 3 0 - - 119681c3 - - - - - -

.U8000 219a0.0 531.40 11878316*

21 e'2 0 . 0,50000 - - -" -

' - 541.50 11815530. -. . . . . . . . . . . .

5599 9 21une.0 50t.en 11eu32M.
60000 212 p.u 502.20 l'53401o.I 65000 21110.0 502.o0 t i 450M6
70000 ?0930.0 543.09 113duuoa.
75000 20799.c 3G3.de 1127S590
800au 205 N .0 543.70 .t115e720 - -~

35000 20280.0 Sua.10 lio3u3as.
. . - . . . _ . _ _ _ . . ,n g o n g . _. .. . 10980.0-- ~ ~ "- 504.50 10879 tin. --- -

-

95000 19630.0 5'20.79 to69n367
. . .__.. _ --- - - l . 0 0 0 0 0 - - - --- - 1 9 2 0 0 . 0 - -- - 5'85.20 10489648 - -

1.10000 l'3310.0 '545.90 9995'129
*

g - ~ -- -- t ,2 0 0 0 9 173a9.0 5'86.60 94780au.-
.

-

g I.30000 16480.0 547.40 9021152.
. _..._ ...___ ,,aggpg _. .. -- -t9600.0 - - - - - 548.20 e6e1560 - - --

t.40009 f 53%.u 538.90 6425e15. 1

- _ _. . _.---- t . 6 0 0 0 0 -- ---- -! 2 6 7 0 . 0 - - ~ - -- -- 5 4 9 . 6 0 8172552. - -

-

'

t.70000 too30.0 550.30 7900429
- _ __._._...t.Ac000 - -""1002u.0 - - -' 550.90 7723618 i |I i.uc000 13710.0 551.50 75o11o5.

2.00090 - -134a0.0 - 552.00 7418BPO.
2.59000 12d90.0 554.30 0923207

-- - ---- 3.00000
- - - 13170.0 - -

556.50 - - 7329105. ~ ~ -- -

. _- - _ ._ _... .<... - _ .. _. , !

- - . - . . _ _ . . . .- . _ . - . - - _ . .- - --. . . . . . .

O

a e . . .....-e . _ . . . . . . . . . . . . . -. . . . . . - . . . . .

"-O-Ms- " - -M4. Mr .- .* m6 M N MM - *.h .N M AN a . .SM.Me w e. s . M- N - Ypa .g ...G--.19 ei.wr --p. m- h My h%a * ._

I-
.. .a.. . . . . . . . .

I

- da
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T A6LE 4.3.7B

H ASS /EP!E 7GY HELEASE DATA
1414 SC IN. DISCHARGE 1.EG GUILLOTINE - (

-- - - - - - - - - ~ ~ ~ ~ ^- - ---

BREAK AT REACTUN VESSEL 'l3ZZLE
- -------FOR RCS AS Yv"E TRIC L7 A D EV ALU ATION - - - - - --

(FL7W FROM R.V. SIDE)

TIME FLOW HATE E47HALPY ENERGY RATE -

- -- - " f SEC010S) flu /SEC) - -(STU/L9) (BTU /SEC) ~

.

. ... ___ _..~ 0 . 0 0 0 0 0 - O 0 - --- - - 544.70 - - - - ~

0
-- - - - ~

- - - - - - - -

00100 3330.0 543.80 181085a.
I___

--

0 0 2 '1 U ' - 5 3 61. 0 ---- --5 4 2. 20 - - --~ 2 0 0 6 7 3 a . --- - - -

00300 6879.0 541.30 37236a3.
. 0 0 4 0 0 - - ------ - 9 2 3 3 . 0 -521.30 '" "-- 4977923

-~ ' - - ~ ~ " - - '

-I- 00500 12170,0 501.70 6592080
.00o00- - -lue80.0- 541.70 - - 7992156 -

~

00700 16440.0 501.40 8900616 s00800- ----- 17 8 0 0 . 0 -- - - --5u1.10 - ---9631580 - -- - - - - - - -

00000 192o0.9 5 'J 1. 0 0 10419660
- - -- .01000 209R0.0- ~5u0.90 11315628--

1--

01200 24350.0 520.E0 13168aa0I -- .01u00 ---27o90.0 - 5 4 .80 lu97a752. - -
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TABLE 4.3.11A
I

FORT CALHOUN HASS AND ENERGY RELEASE .

8 ATES-FOR-405-80. -IN.- DISCH ARGE-LEG e
GUILLOTINE BREAK AT RV IHLET N0ZZLE
FOR.RCS ASYMMETRIC LOADS ~EVALUATIC4--- -

.

(FLOW FRGH PUMP SIDE)

E
.

TIME FLOW RATE ENTHALPY ENERGY RATE
(SECONDS) f-L 8 / S E C-) (BTV/LR) (DTU/SEC)

~
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TABLE 4.3.llA (CON 7.)
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*
c

: TIME FLOW RATE EN7HALAY EdERGY RATE
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TABLE 4.3.110I. '

! FORT CALHOUN MASS AMD ENERGY PELEASE -

RATES-F0R 9 0 5 - S Q r-IN..-D I S C H A R G E-L E G

Ig GUILLO7INE SREAK AT RV INLET N0ZZLE
o

FOR RCS ASYNMETRIC. LOADS-EVALUATICH
CFLOW FROM HV SIDE)

TfME FLOW RATE ENTHALPY EdERGY RATE' SECONDS) (LB/SEC) (BTU /LR-) (8TU/SEC)
_-

,
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- - - _ _ . . . . - . 03400 .___ 317a0.0 ...._._539.00 ... 171078co. .-____03600 32o30.0 539.10 17590833

.t
'

03800- 33360.0 539.20 17987712. ____ -

I] __ .. . _.,04200 .. - - 32430.0 --539.30 - 18568099
04000 33960.0 539.30 183t4628
04400 34770.0 - 539.40 - 18754938.'

. .

i 04600 35000.0 539.36 18875500-
.

.

04800 35110.0 539.30 18934823
.

05000 -- _35120.0--- 539.20 ___ -18936704._.-
-

.

05500 34880.0 539.00 18800320
.

06000- 34530.0- - 538.70 -
I.

_._
. - . -. ta 01311. ...e06500 34150.0 538.60 18393190

-

.

. 07000- 33530.0 538.30 18G49190

|' - .

07500 32740.0 538.10 176t7394,.

08000 -- -.31990.3 - -537.90 - 17207421..-- -B 08500 31300.0 537.70 16830010
.

09000 -- - 30o60.'0-.- 537.60- 16482816...__.
- .

09500 30360.0 537.50 16316500.

10000 30o70.0 537.70 16491259
~

.

11000 31840.0 538.0.0 17129920 '.

12000-_ 32150.0 - 538.10 _ - -17299915. -.

13000 31950.0 538.00 17189100.

14000 -- - 32140.0 - 538.10 - --17294534, _. . - _ . - . . _ _
. . _ _ _ . _ .

.
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TABLE 4.3.118 (CON 7.)
_ - . .... .. ._..> - . - - . . . . - - . . . - - . - . .. _ .. . _ _ _ _ .__ . _ - _ _ _ . . . . . _ . .

c

TIME FLOW RATE ENTHALPY ENERGY RATE
-(SECONDS) --( L B / S E C-) (B7U/LR)-- (BTU /AEC)- --

'

1

| - - - .15000 -- 32100.0 538.00------17269800.- |
16000 31833.0 538.00 17124540 H

.-1-7000 31170.0 537.80 16763226 --- 1

I-_ _ _ . _ . . _ _ _,19 0 0 0 . _ _-_ __31 a c o , q .-- _ _ __ _ .5 3 7. 9 0 16723311 -- --

'

18000 30650.0 537.70 16480505

20000 32070.0 538.10 17256867 !

I .-22000 -31260.0- 537.90 16814754.- !
24000 31260.0 537.90 16814754 i

2e000 30864.0 337.-90 1650959a.
28000 31140.0 538.00 16780220 ;

30000 31430.0- 538.10 16912483 |
32000 30640.0 537.90 16481250, a'

34000- 30o70.0---- 538.00= 16500460. - l30000 30o00.0 536.00 16462800 1

.-38 0 0 c 30e00.0 538.00- 16462800- I

.a0000 30200.0 538.00 16247600 1
- - ----- .42000 - - - - 30330.0 ---~- 538.10- - - 16320973 -- i

.a4000 30490.0 538.20 16409718'

. a 6 0 0 0 - -- ---3 0 2 7 0. 0 --- 538.20 - 16291314.- -- _ _.

- - - - . . . _ _-

48000 30050!0~ 538.20 16172910
- 50000 50010.0 538.30 16154381

55000 29910.0 536.40 1610354a.
60000 .29080.0 536.60 160933o8

| - - - - - - - 70000 -- 20560.0 - - 539.00 19932840 - - - -

65000 29730.0 538.80 16016524

75000 2939 J.0 530.20 15847088

. - - - - -
--

. 8 5 0 0 0

- - 29d20.0 - 539.50'~ 19764190 -- -89000
28999.0 539.80 15ea8802

90000- ---28850.0 ---- 5 4 0 . 2 0 - -- - 15584770.- -- -

I -- - - - - - -1.00000
95000 28630.0 540.50 15474515

a- - 28430.0 . - - - ----- - 5 a 0 . 9 0 - - - - 19377787., - - - . - - - - - - _ . -

1.10000 28040.0 5a1.70 15189268 -
-

1;20000 27600.0-- 5a2.60 14975760 - -I 1.30000 27100.0 543.50 14728850,
t 1.40000 - 26o30.0 -- Sa4.50- l a 5 0 0 0 3 5. ----

1.50000 20140.0 545.50 la250370,
t .60 0 0 0 -- -25o30.0- - 5a 0. 6 0 -- 10009358 _ _ _ - - ___ -

1.70000 25340.0 547.80 13908642
1.n0000 24970.0 -- Sa8.90 13700033..,

1.90000 24570.0 Sa9.90 13511n43,
2400000.- 2 n d 10 . 0 ----- 550.80 - _ - 133348o8,__

! 2.50000 22740.0 554.20 12602508
.--

%
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-

,
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--7gg g.~ 4.3.12A-~ -

. . . _ _ . . . . ..___._.__2,:08i CALnoun rASS Ahu Er.t.suY H E L t. A SL ---

HAIES FGe 200 So. Ih. bOI LEG
-g- ---utf1LLCT INE t'RL AK AT PV cutler nol2LE-- ~~-- <- - ~ ~ ~ ~ ~ - -

| F0H RCS ASYtPETelC LOADS E GLUATION
(FLM Ror- R . v.- S I DE )- - - - - - - - - -

- -TIME FLuk R A TE- f.ttinALPY ENERbY RATE-- - --

(SECONUS) (Ln/SEC) (BTU /L6) (BTV/SEC) -

_I_..__.__.-0.00000 0.0 616.70 0
. 0 0 1 0 0 - -- - ------ - 4 5 7 . 0 - - -- 616. 7 0 -- ~ -- 281 n 32. -

.0ua00 909.6 616.00 557776
j .00300- 1345.0~ 616.50 - 829193.
m .00400 1771.o 616.40 1091644

.09500 --217 C I rr- -1:16.30-- - 2331371. -- --

.00000 25S2.0 616.10 1572287-I .00700 2940.0 - 616.00-- -1811040.

.00dOO 3336.0 616.00 20549/6. c

.00900- -- 3725,0 -- -- -- -- 615 . 9 0 - --- ---- 2 2 9 9 2 2 u . - --

.01009 .117.J 616.90 2535660
,q i j o n . _ -. ~ .. g g n q , n . _.. ...-- 616.90- - --- -30/0144

---. ._. . ..__ _

.01*nu Seol.0 616.00 a610376.
. . . . ......- .01600 - -- - - - - 6 7 5 3 . 0 - 610.10 4160523.

.01600 75o8.0 616.10 4602645.
.___ _. - . 0 2 0 0 0 -- 6 3 2 5. 0---- --- 616. 0 (r - -- -- 512 8 2 0 0.- - --~--

'

I....._.......02200
6320.0 616.00 5125120.

, o p. n n . .---- n 35 5. 0-- - - --- 616.10 -- - 5147516.- - -

.u M O e485.0 616.2o 522h457.
,

.odev0 95.14. 0 clo.20 d2sembl. l

.030J0 c539.0 616.2d 52o173P.

.v32M - n452.a Cle.24 5206122. i

I.LJ%30 H352.9 t.16.10 bl%56n7,

I .u m u "?b3.n Ftt.nu . -p o J c h e . -
.03t00 6194.0 615.90 50466F5.

.._ _ . _ _. ._ . . .- -- . 0 4 0 0 0 - --- -- -- H 1 e 3 . 0 - - - 615.99 -- 5027S92. -

I_._._.__. .

04200 6149.0 615.90 5016969
,944n0 . _ . _ . . - 61.10.0 - - , -- - 615. 9 0 - 5007267. |._

04600 609d.u 615.hu 49o6748. .

. .._..__ _.. ... . 04600 -n056.0 - -- - -- -- 615 . e 0 - -- 49e211e.--- --

,05000 6018.0 615.u0 4937ah4 |
. . . _ . . _ _ _ __.05500 - ----- -- 7 9 4 7 . fr -- - ---- 615 . 7 9 -- --4692968.--- -

-I ------

. u t ( ' O / 3 +4. t 615.6> .+ n 2 6 7 t 63

. 0 6 5 v 0 ------ I 6 n n . 0 - -- ---- - n 15 . 5 0 - - - - - - 4731964 - --

.07000 7543.0 615.40 4641962.
-....,9pyyq . -- - - -. _. . . p 3 n 9 , y .. .. _..ogy,3n . 49.,4 gas,. - - _ . . . .

I - ---------- - . 0 8 0 0 0
7172.0 615.14 4411447

.Onbu6 -- - -- / 016. 0 - ------ e 15 .1 0 - - - 43155=2.

.09000 6923.0 615.00 4257645.
- -- . u 9 5 0 0-- 66d9.0 r - 614.90 --- -4199152. -- - - - -

.10000 6729.0 614.no 41469'$9.

.I1000 6502.0- 614.60 --- -3996129. - -- -- - - -

.12000 6192.0 614.40 38043e5.
- .13000- 5 9 9 4 . 0 - - -- 614.20 - -- 3 6 5 0 hS S . -- -----

.14000 5795.0 614.20 35592n9.
. _ _ - - _ - - - . - - . . _ . _ _ . . . . . _ . . . . . . _ _ _ _ . _ . .. - . .-._

(C00TIuuEu)
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--- --T A ELE- '4.3.12A- - ( CO'41.1 - -" -- - - -

. .. .. ,. - . -.

.__ _ ... .y g r g- . . .---- F L u s - R A T E - - dt W 4 L P Y - --ENERGY PATE ~~ - --- - -

m....

(SECOsuS) (Lb/SEC) (Bru/Lb) (STV/SEC) |
).15000 5606.0 614.30 3566626. '

- _ . . .16 0 0 0 - ------- 5 7 71. 0 -- 614.30 - ----- -3545125. --
.17000 5700.0 614.30 3501510 -

..m._. . . . . . ~_. 1h000 - - 5635. fi e14.30- - 3*6158). - -

--
. - - - - -

_I .. ._ . ___ _. . .--- -- . 1 9 0 0 0
5633.ti 614.40 3460915.

.20000 - - - ---- - - 5 6 2 5 . 0 -

' 614.4u- -- 3456614,-

i.22000 5604.0 614.60 344421o. |g--- .24000-- -- --- 5594.0 - - --- - 6 1 4 . 10 - --- 3438632. - - --

I

g .26000 5564.0 614.60 3433043 |
. 2n 0 0 0---- 55*>F.0----

--615. 9 (r - --3424320.-- -~ - - ------

.30000 5553.0 615.10 3415650
- . 3 2 0 0 0 - ---- - - 5 5 3 9 . 0 - - - - e 15. 3 0 - ------- 34 0 H 14 7 - - - - - - - - - - -

34000 5523.0 615.40 3401931. H
,

. 3 6 0 0 0 - - - -- 5523.0-- -- ---615.50 -- 3399407. -

|

I - -- - .s0000 - 35g2. .s - - - - 615. e n ' ~- 340044R. - - '

.38900 5521.; 615,7J 3 3 % 2 r r. .

42000 dS27.0 c16.00 34046J2.
- - .4*o00 5539.) - c16.10 - 3407033. -

46000 5532.0 616.30 3409372.-

_ _ _ _ . _ _ _ _ 4enno . . .- - 5 5 3 4 . 0 - - --- -- 6 1 n . 4 0 - - - - - - - 3411158. ---- -- - - -

.50000 5533.0 616,60 3411646.
*

. ... ... . . . . . , 9 3 9 4 ., . . . - . . . . 5525.u -- -- - - --- e 1 6 . 9 ') - - - -- - 34 u h 3 7 3. - - - -- - -

.69000 551C.0 617.29 340571o.

.eb suo 5'.o . v ct/.no 34119ru.

.70000 % 16.o 617.sa 3409020

./ Sono 55 0 .0 ete.le 34014n4

. s '.i o d o 5.%.a L1c.30 33975S(/.

I . cm e m wju.o t i .: 3 . 33 muj9.
.90000 5494.0 618.60 3J996F7

.__. . . . _ . . _ _ _ ._. . % 600 -

- 5492.0 - - - - - 614.00 - 339954e. - -- - - -

1.00000 34M.0 614.10 3397621.
-- 1.1000u - S478.9

. 619.40- : 3393073. - - -- -,

1.20000 5461.0 619.60 3363636. -

- - - - 1.30000 -- 5443.e - - -o 19. n 0 - 33/3571. -- - - - - - - -- -- -

_I._ ___.. 1.40000
-

5422.0 619.99 3361096.
l.50000 - --- - 5362.0 - -- t- 1 9 . 9 0 - - 3336302. - -- -- --

1.00000 5354.C i.do.10 J3 DOG 15.-g-- 1. 7 0 0 0 0 -- -- - - - $ 3 2 3 . 0 -- - 6e0.20 ---- 3301325. -- - - -

m 1.60000 5258.0 620.20 3261012.
_ .. ... .. 1.99ubv -- - - - - d226.u - een.Jo -- Jd9 loon. - - - - - - - - -

2.00000 5216.0 620.40 3P36006.
_

._ ._ . - - - - - 2 . 5 0 0 0 u - - - --- - - 5 0 7 7 . u - 621.29 -- 3153632. - - --

3.00000 4696.0 622.60 3046250.
- - _ _ . _ . . . - - . . - . _ . . - . . . . _ - . . . . . _ _ - - .. . _ . .

l

.u-m- .. -m.--e =

_ - _ - _ . ._ _- . ._ . _ _ _ _ _ . -___. __-.- _ - .

.6WF 4 .....& - .6
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7ABLE'-4.3g12e - - - - - - - - - -

1
---

- - ' 4 0NT CAL 100N PASS nho End9uY HELLASE --

HAIES FLR dOO S0 Ir.. HC i LEG -i

------ -- uu l L L O T I NE P Rt M AT HV OU TLE T N0 ZZLE' - --- -%
- - - - - - - -

- - - - -

FQH HCS AS w EThlC LOADS EVALUATION '

~ - t Ftor FRon S.G.~ SIDE ) - - - - - - - - - - - ' ---

i
|

|s- -TI"E --FLOW RATE--- - -ENTPALPY- ENERGY RATE - '

(SECONOS) (Lo/SEC) (uiU/L9) (nTU/SEC) H- . . . _ . - _ . - . - . . . . - . . - - . . . . . . - . . . . . . - - - . . . . . . . . . . . . - . - - . . . . .

\

. I __ _ . .
0.00000 0.0 616.70 0.

_ 0 010 0 ------- 4 5 0. 2 616.70 - - 262572.'.

.00200 909.0 616.6'O 560469
i.00300 - -----13 4 4 ; 0- --- --- 6 1 6 . 5 0 -~ - - -828576 - - - -- -

|

--

;

.00400 1757.0 616.30 1082639

.00500- 2 1 5 3 . tr - - - 616 . 2 0 - - 13 4 6 6 7 9. - --- - -- - -- -- -

.00600 2536.0 616.00 1562176I .00700 - - 2910.0- - 615.90 - --- 1792269.

.00800 3283.0 615.80 2021671. a
,

.- .00900 - - 3 6 7 2 . 0 - -- - - 615.60 - 2261218.- 1

.I.._._...._...01000 -- --*934.0 615.60 - 3036357.-
4019.0 615.M 2S11h48

.01200 - - - -

t

.01.00 n643.1 615.90 3596704 '

g - -- - -- .01600 6?J1.0 -616.00 4196296
E .01e00 75sa.o 616.00 4652032.

. 0 2 0 0 0 ------- ti 2 d 5. 0 . -615.90------ - 5102732. - - --

.02200 8233.0 615.A0 50698h1.
*

-._... ,_.._.393 99 . .__. . .. . . . e 3 4 2 . 0 - - - -615.90 - - - 513 7 t> 3 8. - -- |.02600 Es75.a 61A.Id S221496 |
. 0 d es 0 0 e5/1.O o 1 e3. 2 9 S2e14S0 !I- .030ar, c45e1.a 61o.20 S2 /52 ew .
.93200 e419.0 can.10 5220631.
.v3400 4398.6 619.09 - 51 * 23 M .
. v .s e J O e 44 3. .' b i b . 9.! .'~10 ibm 4.-

~
.

.03o00 61H1.0 615.A0 5037H60.
_ . . .._.__ _. _. ..- . 0 9 0 0 0 - - - -- - 6 1 6 2 . 0 - - -- 615.60 - 5026160 -

.04200 6158.0 e.ls.80 5023696
. .. ._____..._. 04400 ; c195.0 .- - 615. n o _. 5015691.- -.

_.04e00 el12.0 615./0 49'i4556 .

.
. . .. . . . . . . , 9 , e. o q - .-- 6065.0 - -- 615.70 49eS621.

.05000 8012.0 615.7() 4936683

.0$$00 - - - -1945.0 -- -- 615. 6 0 - - - -- 4 e 9 0 9 4 2 . - - -

--

.Ge000 7h42.0 015.S0 4G30444-g .06500 -- 7 6 / 7 . 0 - - --- 615. 4 0 - -- 4724426. '-

3 .07000 7525.0 615.20 4629390
~ ... ....- _,9/Soo .--_ .f359,9 .-. o15.10 4Sd3**S.-- --

.I..__....._._____,.00000
7154.0 614.90, 4396995.

o,,509 . . - - - - 7002.0 - - - 614. o o - 9394e30 '-

.09000 6930 0 614.nq 42o0564
. _ . . _ _ _ _ _.---- . 0 9 5 0 0 ----- - -- -- e E 4 1. o ------------ e 14 . 7 0 -- - --- 4 2 0 S 16 3 -- -- - - - - -

.10000 6747.0 614.#;0 4146706

.11000 6531.0 - --614.40 - 4012646. - --- -

.12000 6207.0 614.10 3811719
- -- .13 0 0 0 -- 5945.0 -- -- - 613.9u -- - 36*9636 -- - - - - -

.14000 5792.0 613.d0 35S5130

(Cut. I I nuEu )
, _.. . . . .

_
. ._. . . . - - . - _ . . . - _ _ .

. - .



T A L L E. 4. 3.12tf --~~ ( COG T . ) --- -- - - ~ ~

} . . . . - -. , . . .

g__.._ - .- y g r.g-.__ __.._- F L O W R A T E -- - LNINALPY -- ENEROY RATE --- -- -~ d
(S6 CONUS) (Le/SEC) (OTU/L6) (6TU/SEC) |

. . _ _ _ . .- - ..... ._--_ _. - . .. 1

.15000 5807.0 e13.60 3564337.J 41600u 5772.0 -613. h 0 - -- -3542854.- - -- - - --~ --- -

m .17000 5707.0 613.60 3502957.
~. - _ . - -.1 e 0'0 0 ----- -- 5 6 4 4 . u - -- - e 13. 70 - - - -- 3 4 e 312 3 . -- - - - l

.I________________.1u000
5640.0 613.70 3461266.

. 2 v 0 0 0 - -- ------ S 6 3 8 . 0 -

-- 613. 8 0 - - -- - 34e0604. - - - - -

.22000 5630.0 613.80 3455694
_ . _ _ _ . _ _ . . ..24000 --- 5 6 2 7 . u - - ------ - - 613 . 9 0 - -- - 3454415.- - - -- - - -

.26000 5618.0 613.90 3448a90.
-- . 2 6 0 0 0---- --5 6 0 7 . u -- ---614 00 -- ---3442696.- -------

.30000 5594.0 614 10 3435275.
-- - -- - .-3 2 0 0 0 - 5 5 o 4 . 0 --- - - - 614 .10 --- ----- - 3 4 2 7 2 9 2 . ----- -- -- -

.34000 5572.0 614.20 3422322.
. _ _ _ _ . - - . 3 6 0 0 0 ---- --- 5 5 6 5 . 0- - --- - -614 . 3 0 - --- - 3 4 2 0 4 2 2 . - -- - - - - )

.3h000 5569.0 c14.40 34215 % .
- - -- .40900 b574.0 e14.ou 3425223

.42000 5561.0 614.70 3430641.
- - - - -- .4*000 - - S5o 7. 0 .t- 14 . M 0 -- 3434ero.

.46G00 5591.0 614.90 3437906
_ . . _ _ . _ _ _ . ,4 e n g g ___ . _.5593.0 -- -- 615. 0 0 ---- ----3 4 3 9 6 9 5. - - --

.50000 5593.0 615.10 3440254. !
-

........ . _. ... .. 5 5 0 0 0 - - - 5568.0 ------615.*0 - --- 3436855.- - -- -

i.60000 5583.0 615.70 3437453.
.oS900 5% 1. u cl6.do 'w A 4 0 S e .

I - .7bv00- 35n6.0 - 616.nb 3431996

.70000 55e4.0 616.30 34*1419

.ea000 5 5 S r, . O r.In.90 .U27*36.

.ren J" , 35,3.o el/.d9

.90000 S550.0 c17.40
, a*ci3)2.-.

~~

34265/0.
._ _ _ -._ . . _ . . , 9 g 9 9 9 - . . -- -- 5 5 4 5 . 0 - -- -- 617.70 - - - 3425147. - - -

1.00000 S539.0 617.90 3422548.
-- - - - 1.10 0 0 0 5523.e - 616.40 _ 3415423., ., _l.20000 S496.0 610.70 3401613. .

1.30000- - - 5471.0 - - -- - e19,00 - - 33e6549.- -

. . _ _ _ . . . . _ - -

. I._.._..._.-1.40000 5443.0 619.30 3370n50.
1. 5 0 0 0 0 - ------- ---5 3 9 5. 0 - --- c 19. 4 0- - -- - -- --3 3 * 16 6 3 . -- ---- - -

1.nw0an 5370.n r. l G . N1 3327252.
- - - -l.Iv000- -5337.0- ---- - 619. 6 0 -- - 3307573. - - - --

~

1.o0000 5264.0 619.60 3262627
.__. .... - 1.9eud0 - ~--- 5235 o -- 6d0.00 3245/uc.

2.0000n 5220 0 620 10 3236922.
- - - - - - -. 2, bo u q q - --9099,y - c, g n . ( y 3 } n1t no.

3.00000 492';.0 621.80 30o46S2.
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ' ---- _--.. - . - . .
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TABLE 4.3.13A
, . . .. ...r.

FORT CALHOUN HASS AND ENERGY RELEASE
- ---~ ------- . . R A T E S F O R 1608 SQ. IN. HOT LEG --- - - - - - - - <

GUILLOTINE BREAK AT S.G. INLET N0ZZLE
-- FOR RCS ASYMMETRIC LOADS EV ALUATION - - - - -

- - - -

(FLOW FROM R.V. SIDE)I TIME FLOW RATE ENTHALPY ENERGY RATE -

- -. - --- ( S E C O N O S ) (LB/SEC) - -- ( B TU/LB ) (BTU /SEC)

- --- - 0.00000 0.0 616.70 0.
.00100 2608.0 616.60 1608093.

. p _ _.- - ,0020n __ ___ 4989,0 .. __.616.30 -- 3074721.g .00300 6982.0 615.70 4298817.
.00400 - .~ 8526.0 . .-- 615.10 --- -5244343. . - - - - -

.00500 9714.0 614.50 5969253.
- -- .00600. - 10760.0 -- - -614.10 - 6607716

.00700 11650.0 613.70 7149605.
.. 00800 12930.0 613.60 7933848 .N

h - _ -- .00900 14540 0 613.60 8921744.
E- .. -- .01000 16140.0 613.60 9903504

.01200 19340.0 6'13.60 11867024.
- . .01400 22530.0 613.60 13824408

.01600 25680.0 613.60 15757248 )
.______._ _.-. 01800 28810.0 . -- - 613. 60 17677816. |.02000 31890.0 613.70 19570d93.*

. .- 02200 34920.0 613.70 21430404
.02400 37920.0 613.70 23271504
.026u0 40o90.0 613.70 25094193.I .02600 43660.0 613.70 26929156.
.03000 43740.0 613.70 26843238.
.03d00 43620.0 613.c0 26773956.

I . 26712576..03400 43520.0 613.80 --

.03600 43430.0 613.60 26657334
. .... __ .03800 43360.0 613.80 26614358 -

.04000 43300.0 613.80 26577540
__ _ ._.04200 43260.0

'

613.90 26532758 .

_ 613.90 26557314'

.04400 43220.0

.04600 43200.0 613.90 26520480.

.04600 43190.0 613.90 2651*341.
. .___. _ _._..._.. 05000 43180.0 613.90 26508202.

.05500 43200.0 614.00 26524600.
_.06000 . 13230.0 _'614.00 26543220 -|

- - _ _ _ _ - _ _ . _ .

.06500 43270.0 614.00 26567760.
.. 07000 .4J310.0 614.00 26592340. . . -

- - . . . . . _ _ _ .

.07500 43340.0 614.00 26610760.
. - . _ _ _ . . .08000 43370.0 614.00 26e29180.

.08500 43400.0 014.00 26647600.
- . -__..__.09000 _ 43420.0 -- 614.00 26653660.

.09500 43*50.0 614.00 26676300.
.

.10000 ... _ 43460.0 - 614.00 .. 26684440. l

.11000 43490.0 614.10 26707209
._ ____. 12000 . 43490.0 614.10 26707209.

.13001 43480.0 614.10 2670106'8
- - - -- - -.140ro 43440.0 - 614 10 26676504

...-- ( CONT INUED )p. - __ _.- -

~ . . . .

g.. _. _ . _ _ _ - _ . _ .- - -
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_. - _ - - _ _ _ _ _ _ _ _

~

TABLE 4.3.13A (CONT.)
e

.. _ _ . . . . _ _ . . . . .. . . . _ - . . . _ . . . . . _ . . . . . . . . . . . . _ . . . _ . _. _ ..._. . .. . . c

TIME Flow RATE ENTHALPY ENERGY RATE
_. -. _ _ _._.._ . (SECONOS) (L8/SEC) (BTU /L8) (BTU /SEC)

. _ _ - _ _ _ _ _ _ ._. . . 15000 -- 43380.0 -614.10 26639658
16000 43290.0 614.20 26568718. _

17000 43180.0 614.20 26521156.-- - . . . - --- .

. 16000 43050.0 614.20 26441310.
19000 42890.0 614.20 26343038.. . - . .

20000 42710.0 614.30 26236753..

_g____ .___.. ..-. 22000 - 42290.0 - 614.30 25978747.
24000 41790.0 614.40 25675776.E .

---- ------ --- . 2 6 0 0 0 - - ----- 412 2 0 . 0 - ----614.40 - 25325568
28000 40580.0 614.40 24932352..

30000 . .. 39890.0- .- . 614.50 24512405._ ....

. 32000 39140 0 614.50 24051530.
34000 - 38370.0 614.50 23578365- - - - -.. -- .. .

. 36000 37500.0 614.50 23092910.
38000 . 36740.0 614.60 22560404. ... - .. -- _. .

. 40000 35890.0 614.60 22057994
- - - .. - -.42000 35080.0 614.60 21560168

44000 34330.0 614.60 21099218..

. _ __ ______._____. 4 6 0 0 0 -- 33650.0 614.70 20684655
-48000 33050.0 614.70 20315835.' E .

50000 32520.0 614.80 19993296. g . . . . ,.. _ . . .

55000 32010.0 614.90 19682949..

60000 31600.0 015.00 19557000.

65000 31590.0 615.30 194373d'/..

10000 31380.0 615.60 19317528..

75000 31130.0 615.80 19169854.
~~ --80000 30810.0 616.10 . 169 e 2 041.-.

85000 30410.0 616.50 18747/65..

.-. - - - . . . .. 90000 29950.0 616.90 18476155.-
95000 29520.0 617.70 182345u4.

.. . _ _ _ . ._ . - _ ... - 1.00000 29130.0 , 618.90 _ 18028557.. ,

1 10000 28410 0 622.40 17662384 .

-.. .-- - 1.20000 - 27250.0 626 10 17061225.
1.30000 26210.0 629.90 16509679.

. . . _ . ._ _ __. . -- 1.40000 . 25350.0 6~33.80 16066630
1.50000 24450.0 63d.00 15599100.

- --. _ _.-.___..._. 1 . 6 0 0 0 0 - 23530.0 .- - . 643.20 15134496 .

1.70000 22610.0 650.60 14710066.
. -- 1.o0000 - . . . . _ .21530.0 . _. 658.70 14181611.
| 1.90000 20460.0 668.50 13677510.

_a _ .2.00000 -- .--. 1 9 6 5 0 . 0 - 676.u0 13338420.
2.50000 16040.0 728.00 11677120.

_ _ _ _ _ _ . _ _ . _ ..-3.00000 17200.0 .-- .683.30 . 11752760

- _._

"'8" 6 w .e ae mee.e. M e_ w as ene.-.a -- .-me..musimum-= a-emp===.e e-.- ,e, me.een-m.. e e ,. m e = e me .

3 : ._ _.

- _ . . - _ . . . . . . . .-. -. .. - - . . . . . - . -- - - -- -

I 3. //.5'



. _ _ _ _ _ - -_ -

'
TABLE o.3.138

,

FORT CALHOUN MASS AND ENERGY RELEASE*

.g . . . _. _ _.. .. . ... - - R A T E S F O R 1608 S0. IN. HOT LEG .- - . - . c

u GUILLOTINE SHEAK AT S.G. INLET N0ZZLE
. _ . _ . .. .._ ..__. ._...- FOR RCS ASYMNE TRIC LO ADS EV ALU A T IGN - - - -

(Flow FROM S.G. SIDE)I
TIME Flow RATr. ENTHALPY ENERGY RATE _

~ -- (SECONDS) -(L6/SEC) (BTU /Ld) (BTU /SEC)

- - - - - 0.00000 - 0.0 616.70 0.

.00100 2466 0 616 20 1531873.
. . ...... .._ _. _ . ._. 0 0 2 0 0 -- --- 4 9 3 6 . 0 --616 20 - 3041563.

.00300 7072.0 615.60 4354938.
615.20 5316558. .-- .._ . ... _ . 00400 8642.0 - . - -. . . . . . -

10210 0 614.90 6278129.
I-- - --

. 0 05 0 0

.00600 ._ _-.11270.0 - - --614.30 - 6923161.

.00700 12260.0 613.90 7526414
"

I--
-- .00800 - 13140 0 -- 613.60 8062704

.00900 14540.0 613.60 8921744
-~ .. 01000 .- 16130 0 613.60 9697366.-- . - .

.01200 19160.0 613.50 11766930.
, ...- - . . . .01400 22030.0 613.50 13515406.

- .01600 24670.0 613.40 15132578.
__. 01800 - - . - 27130.0 . 613.40 16641542.. _ _ _ . . _ _ _ _ _ _ _ . - .

'

.02000 29450.0 613.30 18061685.I . .02200 31630.0 613.20 19395516..

.C2400 33570.0 613.20 20585124

.02600 35060.0 613.10 21495286.

.02600 35570.0 613.00 21804410

.03000 33520.0 612.9u 2054*406.

.03d00 32470.0 612.90 19900863.

.03400 32410 0 612.90 . ~ 19664069 -

03600 33120.0 613.10 20305872.
. _ . ~ . _ - . . - .. .03600 34290.0 613.20 21026628. -

35630.0 613.30 21851679
. I-___.._.-..._.04000.04200 36970.0 . 613.30 _ 22673701... ^

.04400 38210.0 613.40 23438014.
>g......... .. ..... 04600 391/0.0 613.40 24026878.

,

g 04800 39950.0 613.40 24505330
.._ .._..__ __ ... . 05000 - 40520.0 613.30 24650916.

05500 40890.0 c13.20 25073748.
._ __.._ _..-.06000 39900.0 613.00 24456/00. .

06500 37940.0 612.70 23245838
.

- .07000 ._.. 35190.0 612.40 21550356.
_

.07500 32500.0 612.20 19696500.
._ . _ . . . . _ _ _ . _ _ __ .08000 3)I60 0 612.00 19437120.

06500 31310.0 611.80 19155456.

bI _ _..__..___ .09000
. _.31000.0 611.60 16959600.

.09500 30860.0 611.40 18667604
i <10000 ... .. _.30810.0 .. ._. ._ . 61 1.10 _ 18d27991.
|g .11000 30690.0 610.20 18727038
,_ g _.. .__ __.12000 .. 30450.0 609.20 18550140.

~

.13000 30390.0 608.10 18480 f 59.
r __ -_ _...__ _. 1 4 0 0 0 . 30520.0 607.00 18525640.
!

_..._ _. .--..-(CONTINUED) . --

. . . _ . - - . . - - . - . - . . . . . .._ , __. -

._ . _ . _ _ - . . -



_ _____ ___ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ __.

'

TABLE 4.3.138 (CONT.)
'

o

'

TIME FLOW RATE ENTHALPY ENERGY RATE
---- (SECONOS) (L6/SEC) --- ( 8 T U/L 8 ) (BTU /SEC) - - -

I --____ _ _ _ _ _ _. .15000 - -- .- 30570.0 .-- 605.90 18522363. - -

.16000 30350.0 604.90 18358115.
. - . _. . . .. . 17000 . 29920.0 . 604.00 18071660.

-

.1800u 29320.0 603.20 17685d24
. - - - -- --. .19000 28560.0 -- 602.50 17207400.

.20000 27720.0 601.80 16681896.
. - -.22000 -- -26420 0 - - 600 30 15859926.

24000 26130.0 598.20 15630966
... _...____.. 26000 26470 0 - --- 59 5. 7 0 -- 15768179. -----

28000 26780.0 593.20 15865696

..I__.____..__-..-30000 - - 26710.0 -. 591.00 15785610.
32000 26340.0 589.10 15516894

"
. . . . - . . _ . . . _ _ _ . _ . . 34000 -25880.0 587.40 15201912.

.36000 25420.0 585.70 14888494

.38u00 25140 0 564.00 146d1760.
40000 24980.0 582.30 14545854

- - .42000 24850 0 580.60 14427910.
44000 24730.0 '579 00 14318670..

.- - . . . - - - - - - .46000 . 24630.0 - 577.40 14221362.
8000 24570.0

.I - ..-... . 4 575.60 14147406-

50000 . 24510.0 ~ . - 574.30 14076093.
.55000 24250.0 570.90 13844325
.60000 236/0.0 56/.80 13553366.
65000 235d0.0 565.20 1332791o.

.70000 23350.0 562.70 13139045. l

./5000 23190.0 560.50 12997995. j

.60000 23120.0 558.50 --12912520. . --

.oS000 23070.0 556.60
'

128*0762.
- - .90000 23010 0 554.80 12765948. ;1

-

95000 22950.0 553.30 12698235. j
1.00000 22890.0 551.90 12532991.
1.10000 22840.0 - 549.40 12548296

~

l

' '

1.20000 22840.0 L.7.20 12498048.

.I . _. .___ 1.40000 22830 0 544.10 12421603.
1.30000 22840.0 545.50 12459220.

1.50000 22810.0 542.90 12383549.
- - -__.__ .. 1.b0000 22760 0 541.90 12333o44 .

1.70000 22660.0 5*1.10 12261326.
1.80000 22510 0 540.50 12166655.
1.90000 22300.0 540.10 12044230.

.. . . 2.0000u 22u60.0 540.u0 11912400.
2.50000 20300.0 541.50 10992*50.

__. 3.00000 18100.0 545.50 9873550.

__ _ _. ...._ -. .-. - . .-

e

NNum m nahem.m O .- e emp.O eh 4pm e.- - ee'.meae Nh-+mm - ph NMm-we e*= .=..i.-.=,w= m = -e-

. . . _ _ . . .._ . . _ _ _ .... . . . . . _ . _ _ _ . . . . . . . . - - . .. .. . .

,
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T A B L E 4.3.14A'

g FOUT.CALHOUN MASS AND ENEFGY RELEASE -

E M ATES 732~905 SCICSTJCTIOf CEG
GUILLOTINE B2EAK AT SG 30TLET N3ZZLE-~
F09'RCS ASVWETRtC LOADS EVALJAT!]N

~

(FL'Od FRoy PJMP SIDE)
-

-

TIME FL0d RATE ENTHAL*Y ENER3Y RATE"
iS!;TIDS1~ fl.9 / S E C ) ' CB7U/L3) = ( B T J / S E C )---

"

0 3 3'0 0 0 0!O 501:00- ~0.

E 03'06 25620 580!S3 5555533-
~

g 33?00 0BG7!G 500!23 2615349
-~

30100 6u74!0 539?c3 3492076
--

2 74 0~0 770570 536~!6 3 uT9 3 3 8 7
30500 8511!0 537!83 c577216.
13600 9060[0 537!23 0536940

__

30700 9591.0 536 00 5143081

I 10900 - ~10360.0 stb!b3--- - 5559176
50000 11320!0 536 50 6073180.

- ~

31000~ 12320!0 ~536!53- h'609680.

-I 01?00 13890!0 53630 74u9207
31000' 1489070- 536!00 7975660.

.S1600 17060!O 536!00 9112000.
31900- 19100!0 ' 536:00 10237600.I 42000 211R0[0 53b[00 __

11299a80.
, , , ,

11352080
92?00- ~21040.0 - 536.c 3- - ---

32400 20990!0 STt !c 3 112952sS.I 3 2 4 0 0 ~ - -- 2 0 B 7 0 ! C ~ -----~~ 5 3 6 ! 0 T ~-- ~ ~ ~ 1 1 1 R b T 2 S .
32400 20770!u 536!00 11132720. !

. .- --- - ~ ~~ -- . 1 3 0 0 6 - ~ ~ - - - 20670!0 - - ~ 536.0 0 ~11079120
13200 205700 5 3 b ! t. 3 .' 11025529.- ~~

33000 20u70!u 536 00 10971920.-

53600 203to!c 536 00 10915t20. -

33400- 20290!0 --- 536!00 1'0B70000.
536[00 10S16480.34000 20143[0 ~ ,
536.03 10773603~.

,
,

04200 20t90.0 .

g .i4000 20010[c 536[03 10725160.
- 5 % 00 19930.0 536.00~ 106B2083" 34n00 19B50!0 536!00 10639600

35000 ~ ~- ~ --~ 1 9 7 7 0 0 ~~
- 536!u3 - ~~10545720.

,05500 19590!0 536!03 10500240. -

36000 19020!0- 536!03 f0009120.-

,36900 19250!0 5300) 10318000.
37n00 4 9090!c 536500 10226RB0.

-

37500 149?o!o 536.00 101u1120.
.3S000- 19760!c~ 536!00 ~ 10 0 5 3 3 6 0 ~.

19500 18610!0 516:00 997u960.
-I-- 39000 -~~~1 R u 5 0 ! 0 - ~ - - ~~--~ 5 3 6 0 0 - ~~~ ~ 9 B B 9 2 0 0.

~ ' ~ -

09500 18200!0 536!!0 9905269
.i0000 1 R 13 0'! 0 536713 7719093.I 11000 17B10!0 .530:13 955B663.

12000 17550 0 --- 536 13' 9006553
1'000 17290!0 53023 9270399

----

.1 4 0 0 0
- -

17 010 ! 0 ---
~~~~ 536.23~ ~~~ "9131066.

- - ~ - - ~ ~ - - -

(CUNTINUE01

_ _____ . _ _ . _ . ___.

. . -



_ _ _ . . _ - _ _____. _ ___ __. __..

L _ __ . . - .
_.F-

g 7 A BLE 4.3.14A (C3N7,)

_

TIME FLOW RA7E EN7HAL3f ENERGY RATE
fSECON053- CER/ SECT (BTLF/L~3) (B T'J/ 5 E C )

- --

' -~ t15 0 0 0 ' 1~67B'0[0 53672 0 ~ ~ ~ 8997u36
--

-

16000 16570.0 536!33 B596c91 -

17000 1606'076 536 33 B'S27u9s.
-

I 15000 16020.!.o - -- _. . -- . 5 3 6 30 BS36046.
y 9g, . _ _ . _. _ g 536!43 - 677550u.

.?0000 16300!0 536!co 5743320.- ~ -- , ? 2 0 0 0 ------- 1619 0 ! u-~ 536!50-~~ B695935.
~-~

24000 16060!0 53653 B616193.
26000 159?O!0 536760 554267?.
28000 19760!0 536!70 945839P.-

.M000 -- 15540!o 536!73 B361796'.
32000 19460!0 536!80 9266700 "

. t q 0 0 0 - ----- 1519 0 ! O ~ --~ ~ 53 ti!B T --~910B6 'f.
46400 lu9u0!u 5 36!' ' 90?!?th.
35000 10810!0~ 536R - 7 9 518 8 9~.

~
-

,u3000 in750!o 53703 79?c750.I .u2000' - ~~

10690!0 ~-" ~~ ~537!00 ~'~ 79B3160.
~ ~

.uu000 14610!0 537!00 78u5570.

.u6000 ~~ 1a500!0 5 3 7 : 10'-- --- 7 B 0 9 0 3 0g .uS000 tour 0!o ' 537!10 7777209
0 G 10 [ 0' 537;13" 773961't.E 50007 2

-

5560) 10230.0 537.20 76u4156
40000 ^- 1a15C!0 537 33 7575433.

~

65000 13980!o F37:33 751105u.
10000 --- - 13890.c

-- -

.,3 7 c 3 ' -- - 7059112. -~ ~~ ~ ~~ - - ~

75000 13770.0 537: 43 _ 733999B.I ~ ~ 30000 ' '13670:0- ~ 53703 - ~732b?S9
'

_
~

95000 13570!o 537 53 7293475.
00000~ 13 0 9 0 !u ~' 537 53 7205500.

I. __ _ _ ____.. _ - t 0 0 0 0 0 ' -- -
95000 13000!0 537!50 7232500.

13 3 ? S !0 - "-- 537 63 - 716093?.. . -

1.13000 13170!0 537!60 7093197 -
- ---1 ; ? 3 0 0 0 - 13040!0~ -

537273' 701160B. ~~

1.10000 1?970.0 537!90 69396b9
- 1;23000 12B202E - 530 00~ ~6B47160 ~ ~~

1.93000 !?770!0 536 23 6 sus 40s.-I ~

t .- 6 0 0 0 0 ' -- 1?6?O 0 -- ~ 536.40-- 6790609 -

1.73000 125?o!0 530!60 6703?7?.
- - t 9 0 0 0 0 - --- - -17390!0-- 530!90' ' 6 6 5 0 0 2 6. '

~ ~
-

-I---- -2.30000 --- - 1 7 5 e ! 0 ---- 539:33 - --- 6336773

,

1.03000 17090!c 530!!0 6512329 |

P.5000n 160=c!o Sce!so 5c56672.
5733000 9 2 0 3. 0~ 542!73~~~ 5016176 ---T

} -

_

_ -. _ __
_

1
-

_

9 ,a . . . .. w .m a wm._ ums



.. ]
T A ALE 4.3.14B.I..--..-..--.--....-_....,---- -. . - - - - -- -- -

F09 7 C.ALH0!JN "A5s A90 ENEEGY RELEASE ~

w ATES r00"90 5 50 7 T9! "SUCT T 39~ LEG-
GUILLOTINE BREAK AT SG OUTLET V3ZZLE
r09 RCS~ ~A SY"ET R t C ' LOA 05 EV4LUa i13N~ - - ' '

_
(FL3d rRay SG SI3g)

TIME rLos RATE ENTPALsY ENERGY RATE -

is!C"1N351 (CR75EC)- (BitT/L B) T 9 TJ/ S E C)
~~

r.30000~ 076- - 5YI 70 0 0.30100 2399?c 500!20 1295940..00200 0950!b 500!c0 2650122. --

30300 655b!0 539!60 353761*.
.30a00 m224!0 539Ifo uY33559.30900 0057!0 53E!50 5065670.
.)3600 10330~!6 536'10 555B573..00700 11030!0 537!70 5930931 c

10900' 11770!0 537!50 6299500
| 30000 12090!b 537 33 6699385.
um 3tn00 13200!0 537!20 7 0 910 4~0.31?00 10750!0 536!90 7919275.31000 - --- 16310!0 '~ 5 36!B 0 '-~ - ~ B 7 3 5 2 0 5 .~~--~ ~

~~I 01600 18830!0 536!B0 10107902
11900- 2261O!0 536290 12139309

g .32000 20110!0 537 00 1560371u.
'

E ' ' 2# 0 '~ 80'3I6 537220' 150702 "- -

32000 2A110!c 537:20 1510069?.-

32600 28130.0 ~537 23 ~~

15111u36. ~ ~ ~ ~ ~

I.. .

.32900 27B90!0
.__ 3 3 n g n - _ _- 2 7 A Q ~ - ---~ ~ ~ 5 3 7 2 3 12992504

5 37 '2 0 ~ ~~ ~ ~ ~ ~ 10 9 5 0 2 7 6
,

33204 27960!b 537!33 __150?2904
33103 27460!0 '

537:30 - 150P29c9."~ ' ' "'
_

33600 279:0:0 537.u0 tug 9BB30
33900 " 7 R 2 5 0 !0 - --- 5 3 7 ! 9i3 ~~ 1'51 5 c 3 7 5 .~ ~ ~~~

'

34000 29090!0 537!73 15635316-- --

34?00- ---- 30030!O - . -"537!93'' - 16153137. -

34u00 3nB60!u 538:10 16605766 -
---"-- -~ 34600 ~31770!O' 338230 1^7074B76.

~

--I- .34400 32610!0 536!53 1757t?55.15000~~- 3310 0 :0 ~- 536!60 17 B 7 613 2.~
~~

.35500 3Pau0!b 530!53 17o669c0.I 36000'- - 30960!0 5 3 9 10 ~~ 18B06936. ~~-

.36900 36890!0 539260 19900009.

[I
.37000- -3478020 ~- 539:23 - ~19753376.37900 30700!0 519:33 187352S?.-

.33000 ~ -- 3 39 2 0 !u --~~ ~~ 5 3 9 2r ~ 19299664
33500 31030!b 536 80 1671B060

[
-~

.19000 -- '306a0!0~~ 5 3 5 !9 0''-~ -- 16 51 15 9 6
39900 30380!0 539:00 16374420.

.i3000 31290[0 539[30 11870697
t 11n00 33150.0 539.90 17B97685.

.

-

12000- 33030.6'- -~~ 5 0 0 ! 2 0 '-~ 1904BRSS.
-

13000 32270!O 500:20 17432?50
. 14000 31250!O 5a0:30 16SBu375

~ ~ ~ ~ ~ -''- ~

'E
u 'CCONTIVUED) ~

H

. . . A * 3 . l.2 9 - - - - - . . --. .

. -. - . . . . - .... . -....--. -- ...



. _ _ _ . _ . . _ ..__ ..)
7A5LE 4.3.14B tc3y7,)

_ -..-.--. . .--.-- ..- - .r-.---. . . . . . . . . . - _ . . . . ----- - - - . . . . - - - - - - .

TIME FLOW RATE ENTHAL2Y ENEMY RATE
(SECON05)~ (CB / S E C )-- (BTO/C3) ( B T J/ sEc)

--~

_ _ _ ~ . - - 15000 ------- 3 2 3 4 0 0-- ~~~~5 0 0 ! B 0~ - 17uBoo72.~
--

.t6000 33040!u Sal!20 1813B552
~~- '

-

.I'7000 37B1370 301:33' ~~f 7 7 6 0 0 5 3
15000 31760: 0 501 uo 17194R6c.
19 0 0 0 --"-- --- ~ 316 9 0 ! 0 -~ -~ ~ ~ 5 01 ! 7 3 ~~ -~~171610 5 6

~ -

20000 31600!u 502 0'0 17257280.
-f ~' .?2000--- 3 21~a 0 : 0 -- S u 2 ! b 3 ' ----- 17 0 3 916 0'.

~

m 20000 31700!0 543!10 172t7490
. i b O G li 3T't 10 0 543!53 1690B285.

=

g 2S000 31710:0 Sou!20 17256582
g 3 0 0 0 0~ 3053070- 54c 50 f6623585

~ ~

32000 317400 505!30 17307422.
- - - - ~

<

3 3 0 0 0 ' ~-~---- ~ - - 2 9 9 0 0 ! 0 ~ ~ 535!50 ~ ~ 163595us.
16000 30990!O 5a6:30 16929937

.13000 '30240!u~ ~~~5Gb!73 ~~~ ~Tb532209
00000 30333 0 5a7:23 16596576 - - ~ - - ~ -I 2 2 0 0 3 ~ ~ ~ -~~ ~ " ' 2 9 7 1 0 ' o - - """ 5 0 7!7 3 ~ ~ ~ ~ 16272167

.u4000 29540!O 548!20 1619342R.

.u6000~ ~ ~----' 2 0 0 2 0 [ 0 ;- ~ ~~ 508;7 3 -- 161 u 2 7 5 u .

.uS000 29300.0 509.10 16110590
m .5000T 2A990!0--- 509~60- '15905424

~'

55600 2A790!o 550!73 15B32625
- .%0000 '2RP70:0 551!B3 15599386.

I-- - - 70000 277PO!0 - '553!73 15309562
-- - -

45000 27910!u 552!73 15235957

75000 27500[o 55G;50 _ 152aS750.
'I-"---- _

93000 27340.0 555.40- - 1514u636.~
95000 271900 556!23 151?3079
40000- -' 27000!O -- 5 5 7 ! 0 0 ~---- "15 0 3 9 0 0 0.

~

-I 45000 26b00 0 557!73 199u6360.
-l'.S3000 -~ --";~ 2 6 5 7 0 ! 0 ~ - T-- 5 5 8 4 3 -- ~ ~ 1 a S t b 6 8 B . ~~ ~ .J - - ~

~~ ~

1.10000 26110!0 559260 1u611156 -

_ .t;23000- ---- as7s0:0 ------~ s s o ! 7 0- la415025.
1.53000 25300 0 561!70 1c261563.

_-._- - -- - l . 2 3 0 0 0 '-- ~ 2 0 0 6 0 ! 0 -- ' 562!50 ----- 10 0 u 3 0 0 0 .----
1.;3000 2a550!0 563!23 1332b563.

- - - - - -1.63000- ~2031O!0--- 5 6 3 ! B 0 --- 1'370597B. -

f.70000 2cnto!O 564 u3 1355 puu.
iU 3000 23650!0 5 6 0 ! 9 3 ~ ~~~ ~ 13 3 5 9 9 8 5. ~~'~~~

~~ ~

_I 1.3 30,00 2TPuo!0 565!53 111u2323.
.. _ 2 .~ 1 3 0 0 0~ ~ --- 2 P 9 4 0 ! 0 -- - -- 566!10 -~ - - 13 0 0 B 9 7 9 .- ~~

- ~ --~~ ~

2.53000 26100!u 566!20 11443549
- 3. 0 3 0 0 n - - 17770!0~ 571!c3 10106670

- -

g
1

-*

1

._

E
-

.

>

.. _ _ *.I - . . . ..-..- . -. . . . - . . . m. .



suiu sum em e uma nums uma ums T E quislSeus sum sum um suum uma uma muu sum
.

COMPARISON OF RCS PARAMETERS- -

'

FOR MASS AND ENERGY REl. EASES- -

.

'

~..
.

'

PARAMETER CALVER7 CLIFFS MILLSTONE PALISADES FORT CALHOUN

3
'

RCS TOTAL VOL. (FT ) l1,100 10,980 10,960 6,555
,

HOT LEG ID (IN. ) 42 42 42 32 ..

.

COLD LEG ID (IN. ) 30 30 30 24 .

PRESSURIZER PRESSURE 2,250 2,250 2,100 2,250
(PSIA)

,

COLD LEG TEMP. (U ) 548 548 548 545
'

F
,

HOT LEG TEMP. (U ) 598.5 598.5 598.5 602.'4
' ~

F ;

, ., COLD LEG SATURATION 1,028 1,028 1,028 1,003.'5
~

PRESS. (PSIA)
.

HOT LEG SATURATION ',526 1,526 1,526 1,571.11

PRESS. (PSIA) |

.

'

-

|
-

.. , o i m . _
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TABLE 4.2.16A

MILLST0flE 2/CALVERT CLIFFS 1, 2
SG C0ftPARTVC.NT AtlALYSIS

ftAXIMUM DIFFER'.r.TIAL PRESSURES |

ACROSS THE SG FOR 1hE 1000 SQ. IN. HLG q

N0 DES MA(I!! Ult DIFFEREllTIAL TIME OF
(FR0fi-TO) PRESSURE (PSID) OCCURRENCE (SEC)

6-9 11.08 0.060 i

7-9 11.03 0.060
.

|| 13 - 16 5.12 0.075

14 - 16 4.46 0.029

20 - 23 3.45 0.082 .

21 - 24 ~ 2.81 0.041

30 - 33 1.67 0.142
1

31 - 34 1.06 0.058 |
|

G - 36 13.27 0.060
--

_, __

'

7 - 36 13.27 O.061
-

8 - 36 6.97 0.089
~

9 - 36 7. 2'5 0.083 .

10 - 36 6.98 0.092

_

O



. . .

,

l
'

'

TABLE 4.3.16B
t

MILLST0f1E 2/CALVERT CLIFFS 1, 2
f| SG COMPARTf1EftT AtlALYSIS

MAXIMUM DIFFERENTIAL PRESSURES |

ACROSS THE SG FOR THE 1414 SQ. IN. SLG H

I i
fl0 DES !!AXIMUM DIFFERENTIAL TIME OF

(FROM-TO) PRESSURE (PSID) OCCURREtlCE (SEC)

I |

| 8-6 13.74 0.025

b9-6 24.03 0.024

9-7 18.20 0.025

15 - 13 6.92 0.041

16 - 13 7.44 0.029

| 16 - 14 6.21 0.026

22 - 25 4.57 0.041

23 - 20 4.79 0.037
1

0.088 _24 - 21 3.00 ,-

32 - 35 1.82 0.054
,

33 - 30 2.36 0.094
. . .

34 - 31 2.53 0.094 -

I 6 - 36 9.10 0.099

7 - 36 9.36 0.081
_

8 - 36 16.49 0.031

9 - 36 25.69 0.026

10 - 36 9.00 0.096

I
_

I
I

.



~
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.

.

..
_

TABLE 4.3.17
'

,

- COMPARIS0N OF SG COMPARTMENT PARAMETERS ,

'

.
,

PARAMETER MILLSTONE CALVERT CLIFFS PALISADES FORT CALHOUN
'

'

HEIGHT 63.5' 53.0' 51.5' 62.5'

MAXIMUM WIDTH 58.5' 48. 0' , 48.0' 47.0'
,

(ALONG PRIMARY ,

'

SHIELD WALL)
,

'

MAXIMUM DEPTH 27.5' 27.5' 27.0' 23.0' .

(PRIMARY SHIELD TO
'

SECONDARY WALL)
;,

. NORMALIZED VOLUME 1.0 SIMILAR TO 1.02 0.45'
MILLSTONEi

.

NORMALIZED VENT AREA i 1.0 SIMILAR TO 0.87 1.44'
I

MILLSTONE
.

* EXCLUDES COOLANT PUMP COMPARTMENTS
.,

i * 6 A n .
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a

-i

eI TABLE 4.3.18A

I PALISADES
SG C0ftPARTriEllT At'ALYSIS

MAXIMUM DIFFEREtlTIAL PRESSURES
'

ACROSS THE SG FOR THE 1000 SR Ill. HLG

fl0 DES MAXIttVM DIFFEREtFIAL TIME OF ;

(FR0!1-TO) PRESSURE (PSID) OCCURRENCE (SEC)

&
6-9 11.41 0.060 j

7-9 11.43 0.060 i

l

13 - 16 5.05 0.076 i

l

14 - 16 4.56 0.029 |-

E :

20 - 23 3.37 0.083

21 - 24 2.89 0.041 i

30 - 33 1.58 0.144
~ ~

31 - 34 1.15 0.058-

~ ~

6 - 36 14.10 0.059

7 - 36 14.11 - 0.060--

.

8 - 36 7.60 0.091

9 - 36 7.73 0.035

10 - 36 7.65 0.094
-

I
'I

T

I



. . _ _ _ _ _ _

-

r

TABLE 4.3.188 c

PALISADES
SG C0f1PART.MEf4T AtlALYSISI f%XIfiUM DIFFERErlTIAL PRESSURES

ACROSS THE SG FOR Tile 1414 SQ. Ifl. SLG -

I
fl0 DES fMXIfluft DIFFEREilTIAL TIf1E OF

(FR0fi-TO) PRESSURE (PSID) OCCURRErlCE (SEC)

.

I
~

8-6 14.05 0.025 c

| 9-6 24.55 0.025

9-7 18.80 0.026

15 - 13 7.12 0.041
'

16 - 13 7.55 0.030

16 - 14 6.33 0.026

22 - 25 4.60 0.041 |

1
23 - 20 4.84

I __ 0.038,
_

24 - 21 3.12 0.090
-

32 - 35 1.89 0.054

33 - 30 2.46 0.095 -

34 - 31 2.72 0.096

6 - 36 9.98 0.101

7 - 36 9.97 0.086i

8 - 36 16.00 0.032

9 - 36 26.35 0.027

10 - 36 10.05 0.100

_

I |

I



e

!

TABLE 4.3.19A q

FORT CALHOUN |
SG COMPARTMENT AtlALYSIS

MAXIMUf1 DIFFERENTIAL PRESSURES
ACROSS THE SG FOR THE 1608 SQ. IN. HLG .q,

N0 DES MAXIMUM DIFFERENTIAL TIME OF I
(FROM-TO) PRESSURE (PSID) OCCURRENCE (SEC)

l
6-9 12.08 0.012 |

I 7-9 12.66 0.016
.

| 13 - 16 6.83 0.047

14 - 16 5.20 0.048

20 - 23 5.07 0.052

21 - 24 '3.68 0.053*
.

30 - 33 1.79 0.058

| 31 - 34 1.39 0.059

6 - 36 20.02 0.029 l

I '

O.0287 - 36 20.86
-

8 - 36 10.98 0.064
~

9 - 36 9.'79
~

0.072'' .

| 10 - 36 10.29 0.064

I -

|I
,

1

_

|

|

|



e

TABLE 4.3.19B ;

FORT CALH0Uti
SG COMPARTitEtlT ANALYSIS

MAXIMUf1 DIFFEREllTIAL PRESSURES
ACROSS THE SG FOR THE 905 SQ. IN. SLG

_

fl0 DES MAXIMUM DIFFEREllTIAL TIME OF
(FROM-TO) PRESSURE (PSID) OCCURRENCE (SEC)

I
8-6 8.05 0.012

| 9-6 14.20 0.013

9-7 12.03 0.009 -

15 - 13 4.05 0.021

16 - 13 5,31 0.018

16 - 14 4.47 0.017

,| 22 - 25 3.36 0.029

23 - 20 3.82 0.025

24 - 21 2.35 0.049

32 - 35 1.15 , - - 0.107-
,

33 - 30 1.41 0.081 .

| 34 - 31 2.09 0.057
,

6 - 36 5.27 0.025
~

7 - 36 6.47 0.018

8 - 36 11.59 0.025 _

9 - 36 15.22 0.022

10 - 36 4.09 0.038

I
I -

I
I

O
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.

.

' ' . TABLE 4.3.20 -

.

SCALING FACTORS FOR SG COMPARTMENT ANALYSIS
.

,

-

-

'

MILLSTONE * CALVERT CLIFFS PALISADES FORT CALHOUN
-

BREAK TYPE SLG(1)HLG ( } SLG HLG SLG HLG SLG HLG
.

'

. HORIZONTAL DIRECTION 1.0 1.0 1. 0 ' 1.0 1.03 1.02 0,64 1.19 -

,

VERTICAL DIRECTION 1.0 1.0 1.0 1.0 1.05 1.07 0.61 1.52
- 8

.

.
. .

'
i

* GENERIC PLANT
~

-

(1) SUCTION LEG GUILLOTINE BREAK
*

'
(2) HOT LEG GUILLOTINE BREAK |

|

.
I

g

.

>

_ _ _ _ _ _ _ _

*I A %
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FIGURE 4.3.42
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FIGURE 4.3.43
STEAf.1 GENERATOR COf.1PARTMENT
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Legend for Figure 4.3.44

1. Reactor vessel downcomer.

| 2. Reactor vessel lower plenum.

3. -5. Reactor core. _

6. Fuel alignment plate region.

7. Reactor vessel exit plenum.

8. CEA shrouds.I 9. Reactor vessel upper head.

10. Reactor outlet pipe.

11. Steam generator inlet plenum.

12. -16. Steam generator tubes -c

17. Steam generator outlet plenum.

18. Pump suction pipe.

| 19. Pump discharge pipe.

20. Pump suction pipe.
~

21. Pump discharge pipe.g
22. Reactor outlet pipe.

23. Pressurizer.I 24. Steam generator inlet plenum.

25. -29. Steam generator tubes.
' ~

30. Steam generator cutlet plenum. -

31. Pump suction pipe (2). .

32. Pump discharge pipe (2).
~ ^~ ~

33. Steam generator secondary side. ,

34. Steam generator secondary side.

35. Containment. .

-

When a circumferential pipe rupture is postulated, two nodes are used toI represent the severed pipe.

_

&



FIGURE 4.3.45,

STEAM GENERATOR COMPARTMENT ANALYSIS
1000 SQ. IN. HOT LEG GUILLOTINE BREAK

| ABSOLUTE PRESSURE OF NODES isas33435s6
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FIGURE 4.3.46

_

I C

STEAM GENERATOR COMPARTMENT ANALYSIS
1000 SQ. IN. HOT LEG GUILLOTINE BREAK

ABSOLUTE PRESSURE OF NODES 738s9s10s11312
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FIGURE 4.3.47g ,

| STEAM GENERATOR COMPARTMENT ANALYSIS
- 1000 SQ. IN. HOT LEG GUILLOTINE BREAK

ABSOLUTE PRESSURE OF NODES 13s14315316s17s18
I
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| FIGURE 4.3.48,

.

I C

STEAM GENERATOR COMPARTMENT ANALYSIS| 1000 SO. IN. HOT LEG GUILLOTINE BREAK
ABSOLUTE PRESSURE OF NODES 19s20s21s22s23s24
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| FIGURE 4.3.49<

STEAM GENERATOR COMPARTMENT ANALYSIS
1000 SO. IN. HOT LEG GUILLOTINE BREAK

g ABSOLUTE PRESSURE OF NODES 25326s27s28329330
_
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g FIGURE 4.3.50
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.

STEAN GENERATOR COMPARTMENT ANALYSIS
1000 SQ. IN. HOT LEG GUILLOTINE BREAK

ABSOLUTE PRESSURE OF NODES 31s32333334s35s36g
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FIGURE 4.3.51
g

,g STEAM GENERATOR COMPARTMENT ANALYSIS o

| 1414 SO. IN. SUCTION LEG GUILLOTINE BREAK
ABSOLUTE PRESSURE OF NODES isas3s4s5s6
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FIGURE 4.3.52
g

l
e| STEAM GENERATOR COMPARTMENT AbRLYSIS

1414 SQ. IN. SUCTION LEG GUILLOT~.NE BREAK
ABSOLUTE PRESSURE OF NODES 7s8sss10311312
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g FIGURE 4.3.53,

C

STEAM GENERATOR COMPARTMENT ANALYSIS
1414 S0. IN. SUCTION LEG GUILLOTINE BREAKI ABSOLUTE PRESSURE OF NODES 13314315s16s17s18 -
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FIGURE 4.3.54
O

i

STEAM GENERATOR COMPARTMENT ANALYSIS
1414 SO. IN. SUCTION LEG GUILLOTINE BREAK

ABSOLUTE PRESSURE OF NODES 19s20s21s22s23s24
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FIGURE 4.3.55
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I STEAM GENERATOR COMPARTMENT ANALYSIS
1414 SQ. IN. SUCTION LEG GUILLOTINE BREAK _

ABSOLUTE PRESSURE OF NODES 25s26s27s28329330
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| FIGURE 4.3.56'

I
STEAM GENERATOR COMPARTMENT ANALYSISI 1414 SQ. IN. SUCTION LEG GUILLOTINE BREAK

ABSOLUTE PRESSURE OF NODES 31532s33s34335536
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FIGURE 4.3.57,
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FIGURE 4.3.58,
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FIGURE 4.3.59
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APPENDIX A

I SELECTION OF A FLOW MULTIPLIER FOR
MASS AND ENERGY RELEASE CALCULATIONS

_

Recent blowdown experiments performed by various tests (References A.1,
A.2 and A.3) have indicated that use of a combination critical flow

. correlation predicting the bicwdcwn mass release rates is required. Thisg is due to differences in the flow process when the fluid stagnationj
conditions are subcooled and saturated. All of these test data demonstrate ~
the influence of some degree of non-equilibrium between the phases for
subcooled and very low quality fluid conditions. But for the remainder of
the saturated regime only equilibrium state prevails.

c

I The combined Henry /Fauske and Moody correlation described in Reference 3.7
reflet.it these influences by the assumptions used in its derivation.
However, the test data mentioned above has shewn that the mass flow rate
from the vessel through a short length of pipe is over-estimated by theI combined Henry /Fauske and Moody correlation throughout the whole blowdown
period.

| Fortheactualreactorsystemfol$wingapostulatedpiperucturethis
over-estimation in the subcooled and low quality saturated blowdown may be
amplified since the existence of upstream geometry may enhance the phase
mass and heat transfer, and bubble formation processes. Upon reaching
the throat, the phases are closer to ecuilibrium than existed in exceriments
which had no upstream geccetry. In the saturated 51cwdown, a much less

I appreciable slip value, expected in the reactor system,-may result in icwer
flow rate than the predicticn of Moody's theory. Furthermore, blowdown
tests performed by Sozzi and Sutherland (Reference A.4) have revealed that

~

critical flow rate decreases with increased throat diameter regardless of
flow regime. Non-ideal nozzle shapes of ruptured geometry along with a
larger break area in'the postulated ruptures will result in further -

decreasing the blowdown rate.
-

Comparisons of pressure vessel fluid pressure data from LOFT-Test L1-2
(Reference A.2) with CEFLASH a shew that rEFLASH-4 oressures during the
early phase of blowdown agree well with LOFT measurements when the Henry /

~

Fauske correlation in conjunction with a 0.7 flow reducing multiplier was
used. Reported values of the Mcody flow multiplier for a large number of
published saturated blowdown experiments are summari:ed in Reference A.S.
The Moody multiplier has always been found to be less than unity. The
fact that it is approximately equal to 0.7 is probably due to the over-
estimation of phase slip ratio.

Based on CEFLASH-4 verification against available data and realistic
assessment of break flow rates in the reactor system, the combined Henry / .

I Fauske and Moody correlation with a ficw multiplier of 0.7 provides a
reasonable prediction of critical flow rate from subcooled and saturated
fluid stagnation sta+= -

|. . ..
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4.4 BLOWDOWN LOADS '.
,

Hydraulic blowdown loads refer to the thermodynamic and hydrodynamic

induced forcing functions that occur throughout the , primary reactor.

system during a postulated Loss-of-Coolant Accident. These forcing

| functions consist of the space-time distribution of fluid pressures,
flow rates and densities.

I
The transient pressures act directly on the adjacent structures. In,

I addition, changes in the flow rates and fluid' densities result in
transient drag forces which also act on adjacent structures.

The plants represented by the RCS Asymmetric Loads Evaluation Owners' Group
'are Calvert Cliffs, Millstone 2, St. Lucie 1, Palisades and Ft. Calhoun. In
order to obtain the blowdown loads forcing functions for these plants,
a single generic plant was analyzed. In addition, modifications to| this generic analysis for specific plants were performed as required.

'

The following discussion pertains to the decompression (pressure
g loads) analysis and to the drag force analysis.

.

g 4.4.1 ' PRESSURE LOADS

I The transient pressure, flow rate and density distributions have been
computed with the CEFLASH-48 computer code according to the methods
documented in Reference 3.9. These calculations are valid for both
the subcooled and saturated portions of the decompressior|.,

| The CEFLASH-48 computer code is based on a node-flow path concept in

which control volumes (nodes) are connected in any desired manner by .

flow areas (flow paths). A complex node-flow path network is used to
model the primary reactor coolant system (RCS). The CEFLASH-48

modeling procedure has been compared to a large scale experimental
blowdown test with excellent agreement (Reference 3.9).

.

e
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4.4.1,

w



.

o
'

|
-

-
. .

..

4.4.;.1 Summary for Reactor Vessel Internal pressure Loads

'

Calvert Cliffs was selected as the gener.ic~ plant to be used in the blow-'| .down loads analysis for the RCS Asymmetric Loads Evaluation. Two breaks
at full power were, identified for the generic analysis. These were a| double-ended guillotine break at the RV inlet nozzle and a 135 sq. inch
guillotine break at the reactor vessel ouF et nozzle (see Section 4.2).

I '

Analyses for Millstone 2, St. Lucie 1, Palisades and Ft. Calhoun employed the

I generic plant (Calver.t Cliffs) blowdown loads model.

The break sizes, opening times and locations for Millstone 2, St. Lucie 1 and
Palisades are identical to those determined for the generic plant, Calvert

'

Cliffs. Also, the reactor vessel volumes are very similar (within 2%) to the
. generic plant. Thus, the results from the generic plant analysis are directly.

applicable to Millstone 2, St. Lucie 1 and Palisades.I
The Ft. Calhoun break size is different than that for the generic plant and
the reactor vessel volume is less. The use of the larger generic plant

vessel volume for Ft. Calhoun i_s conservative (see below).The break
sizer Mr Ft. Calhoun can be adjusted by the ratio of the reactor vessel
volumes of the generic plant to that for Ft. Calhoun. This is explained further

I in Section 4.4.1.3.

| , 4.4.1.2
Generic Plant Analysis

.,

- *
.

| As indicated above, Calvert Cliffs was chosen to be the generic plant for
the blowdown loads analysis in the RCS Asymmetric Loads Evaluation.

| This selection was based on the fact that the predicted subcooled
.

decompression (initial pressurizer pressure minus the isentropic saturation
i

pressure) for Calvert Cliffs is greater than or equal to the subcooled de-
compression for the other plants. Also, the sizeable geccetric dimensions
for Calvert Cliffs indicate that these blowdown loads wiM be representative
or greater than those for the other plants included in this study (l'arger

' pressure differences across components will result from the longer pressure,

wave travel times). '

*
4.4.2
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Two guillotine breaks were defined, one at the reactor vessel ~,,

inlet, nozzle and one at the reactor vessel outlet nozzle. A
-

I sumary of the break parameters is given in Table 4.4.1.
Operating conditions and. certain geometrical data is

presented in Table 4.4.2 for the plants represented by the
,,f , ' generic model.

.

'

|

4.4.1.3 _ Plant Specific Analyses
;

A procedure was developed to obtain plant specific hydraulic loads from the.

generic plant CEFLASH-4B computer model. The plant specific pipe break area
|| was adjusted by the ratio of the reactor vessel volumes of the generic plant

to the specific plant. This factor is a measure of the time for the pressure
!

to drop to a given value for systems of different initial fluid volumes and
break sizes. The plant specific hydraulic loads were computed using the
corrected pipe break area with the generic plant CEFLASH-4B model. The
equation for computing the corrected break area is given below. The basis for
this representation is to obtain an equivalent decompression in the generic
model for the appropriate plant spdcific break area and vessel volume.

'

. . _

Areacorrected = (A/V) plant generic (I)*Y
specific plant

I
The plant specific pipe break areas and break opening times are
sumarized in Table 4.4.1. The RV inlet breaks defined in Table 4.4.1 are'

all double-ended for each plant. Ft. Calhoun has 24 in. diameter

I cold legs and 32 in. diameter hot legs compared to 30 in and 42 in. -
diameter pipes, respectively, for the other plants.

.

*

| Due to the similarities of the Millstone 2, St. Lucie 1 and Palisades vessel
volumes with Calvert Cliffs (generic plant) (see Table 4.4.2) additional
CEFLASH-4B computer cases need be run only if the break sizes or

locations were different than those determined for Calvert Cliffs.

-
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The break sizes, locations and opening times for Millstone 2 , St. Lucie 1

ana Palisades are identical to Calvert Cliffs (Table 4.4.1). Thus, the
exisi.ing generic plant CEFLAdH-48 results can be applied to Millstone 2,
5t. Lucie 1 ond Palisades.,

'
.

| The Ft. Calhoun corrected inlet break area was calculated according to
the procedure described above. From Equation (1) and Table 4.4.2:

'

Area
corrected * (A/Y)Ft. Calhoun * YCalvert Cliffs

2 3= (905 in /3014 ft ) x 4595 ft3'

2= 1379 in
.

The corrected break area was used in the generic CEFLASH-4B model with
a 23 msec break opening time as specified.

,

Likewise, the Ft. Calhoun corrected outlet break area was calculated using
Equation (1) and Table 4.4.2 to be 305 sq. inches. This break area was
used in the generic CEFLASH-4B model with a 20 msec break opening time.

.

4.4.1.4 Results of the Blowdown Loads Analysis

RESULTS OF THE GEf1ERIC PLAriT ANALYSIS

|, Double-Ended Inlet Break Results ''

A representative absolute pressure result from the generic plant double-
ended inlet break case is shown on Figure 4.4.1. This figure represents
the volume node closest to the broken nozzle . The pressure in the annulus

,

rapidly decompresses during the first 120 msec and then fluctuates at about
1450 psia with reducing amplitude. (The isentropic saturation pressure of the ho .
side is 1468 psia. The strong initial decompression wave travels through

I -

the reactor vessel until the isentropic saturation pressure is reached
in the outlet plenum. Then, the pressure throughout the reactor vessel
ceases to drop rapidly.

.

4.4'.4
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Figure 4.4.2 shows the peak delta pressure across the core support
.

,,
'

barrel (inside-outside) which occurs at the nozzle centerline elevation.
. The magnitude of the initial delta pressure pulse decreases substantially

for locations further down the annulus.
~

I.

,

*
.

.

A plot of the pressure difference around the core barbel (difference
,between two annulus nodes 100* apart) is presented on Figure 4.4.3.
.The pressure difference around the CSB (and on..the inside of the reactor

| vessel), the so called asymmetric load, is less than 80 psid after 200 msec.
A polar plot showing the absolute pressure for each of the nodes at the
nozzle centerline elevation is provided on Figure 4.4.4. Figure 4.4.4
shows the pressures starting to equalize at 25 msec. The core axial
delta pressure is given on Figure 4.4.5.

'
"' ~

135 Sq. Inch Outlet Break ResultsI
A representative absolute pressure plot from the -135 sq. inch outlet
break case is shown on Figure 4.4.6. This case was run to a transient
time of 1000 msec since the break size is relatively small and results
in a slow rate of subcooled decompression. Delta pressure results
across the core barrel (insid.e-outside) are,provided on Figure 4.4.7.

It is seen from this plot that the magnitude of this load is relatively small
compared to the double-ended cold leg break results shown on Figure 4.4.3.

|- 'It is seen from Figure 4.4.8 that the outlet break results in a symmetric
decompression around t'he annulus (difference between two annulus locations

g 180* apart). This figure is representative f the other pressure
differences at other azimuthal as well as axial locations. This result -

is expected since the decompression wave must travel through the core

barrel internals to reach the lower plenum from where the wave propogates

I uniformly up through the annulus. The core axial pressure difference is
given on Figure 4.4.9.

.

|

*

|
.
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RESULTS OF THE PLANT SPECIFIC ANALYSES

I .

Results for Millstone 2, St. Lucie'l and Palisades

The generic plant inlet and outlet break results are applicable to
'

I the Millstone 2, St. Lucie 1 and Palisades plants and are described above.

Results for the Ft. Calhoun Inlet Break
,

Figure 4.4.10 shows the pressure difference across the core support
barrel (inside-outside). This figure provides a comparison of the
Ft. Calhoun and generic plant analysis results of the peak delta pressure '

across the CSB. The two cases predict identical results through the first
peak. Then, they diverge slightly, but in phase, until the system pressures| have begun to equalize at about 200 msec. The pressure difference around I

,

the core barrel (difference between two annulus nodes 180 apart)isgiven
g in Figure 4.4.11 for both Ft. Calhoun and the generic plar.c. The two

cases exhibit similar results through the first 25 msec. The core axial
delta pressure is compared on Figure 4.4.12. |

Results for the Ft. Calhoun Outlet Break

A representative absolute pressure plot of the decompression inside the
reactor vessel is shown on Figure 4.4-13. The pressure difference across
the core support barrel (inside-outside) is presented on Figure 4.4-14

|' at the nozzle centerline elevation. The symmetric decomp'ession aroundr

the annulus is typified by Figure 4.4-15. This expected phenomena was
' explained above for the 135 sq. inch outlet break. The core axial
pressure difference is given on Figure 4.4-16.

.

i

.
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4.4.2 DRAG LOADS

During a rapid blowdown strong rarefaction pressure waves travel

through the reactor primary system resulting in large pressure gradients
across various rea.ctor internal components. These pressure gradients,| in turn, result in an acceleration (deceleration) of the primary circuit
fluid which causes an increase (decrease) in the associated component| drag load. The loads rasulting from the depressurization are discussed,

above. This section is concerned with the drag loads.,

I
4.4.2.1 CEA Shroud Drag Loads

I
During a blowdown the flow from the upper guide structure and into the

I hot leg nozzles undergoes a rapid change in magnitude and, possibly,
direction. ,These give rise to transient drag loads on the individual

.

CEA shrouds and to a total load on the upper guide structure (UGS).
These loads add to the transient pressure loads (which for the case of

. the CEA shrouds consist of an inertial component).

4.4.2.1.1 Summary for CEA Shroud Drag Loads
-.

The procedure for the analysis of drag loads was to select a generic
-

plant (Calvert Cliffs) and to determine the crossflow drag factors
for that plant. The drag factors on the UGS were determined from a
flow model experiment. The experimental data was scaled t'o represent
the actual forces on a reactor UGS. The scaling factors consisted of
geometrical scale factors as well as the transient momentum

parameters for the hot leg nozzles as computed with the CEFLASH-4B code.

The results of this generic analysis were related to each individual plant.
.

Where necessary, appropriate modifications were performed to account
for specific plant features.

-
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I . 4'.4.2.1.2
'

Description of Upper Guide Structure
.

, . _ .

.
.,

Plan views for the shroud arrangements in the upper guide structures

are shown for Calvert Cliffs (Figure 4.4.17), Millstone 2 and St. Lucie 1 (Figure!
4.4.18), Ft. Calhoun (Figure 4.4.19) and Palisades (Figure 4.4.20).
It is seen that the UGS shroud arrangements are quite similar for
Ca'lvert Cliffs , Millstone 2 and St. Lucie 1. The layout for Ft. Calhoun is

'

similar in concept to Calvert Cliffs but smaller in overall diameter
(individual shroud diameters are the same, however). For Palisades,,

the overall diameter of the UGS is similar to that for Calvert Cliffs.
The individual shrouds are different, however, being of a cruciform.

design. Additional information on the various upper guide structures
is given in Table 4.4.3.

1.-
4.4.2.1.3 Upper Guide Structure Drag Factors

The drag factors for Calvert Cli,ffs have been developed from geometrically
similar experimental data as normalized drag force per unit axial length
of CEA shroud at several discrete axial elevations. Forces have been
normalized with respect to vW2 (momentum parameter) of the scaled

| 'eactor outlet nozzle. A description of the procedure employed tor

obtain these drag factors is given in Section 6.1 of Reference 4.4.1.
The drag factors have been developed in order to give crossflow loads
on individual CEA shrouds and, by appropriate summation, on the entire
upper guide structure.

.

For the additional plants represented by this study the drag factors for
the generic plant have been modified to account for differences in the
geometry and number of the shrouds and the flow area of the respective
hot 1eg nozzles.

*
'

.

4.4.2.2 Cece Drag Loads

I
Separate loads are calculated for individual nodes representing the fuel
rods, guide tubes, upper end fitting, and lower end fitting. Loads are

!

.

4.4.8
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I obtained based on a control volume approach utilizing an integrated fluid
momentum equation. Drag-loads are represented by the fluid shear term

,

in this equation.

Drag loads are composed of two components--frictional drag and form
drag. Frictional drag is calculated using a friction factor which is
dependent on the channel equivalent diameter, channel cross-sectional
area, fluid flow rate, and fluid density. The latter two quantities are
obtained from CEFLASH-4B output. Friction factors are obtained using
Colebrook's correlation which is an analytical representation of the
Moody chart; this fomulation requires the surface roughness and time

I dependent Reynolds' number.
Form drag is calculated using a loss factor,

along with channel area and equivalent diameter, and. fluid density and
flow rate. An experimentally determined correlation of loss factor as
a function of Reynolds number is used. Crud effects are accounted for
by multiplying the drag loads by at, empirically determined factor.

Frictional drag is apportioned to the guide tubes and to the fuel rods
on the basis of fraction of total wetted perimeter adjacent to a given
flow channel or subchannel. The only fom losses present are due to
spacer grids.

These losses are applied completely to the guide tubes,
as the spacer grids are welded to the guide tubes. A portion of these
losses is ultimately transmitted to the fuel rods through sliding
friction; however, this effect is accounted for later via friction elements
in the CESH0CK structural model.

For the end fittings, a solid plus fluid control volume is used. Therefore,
end fitting drag loads are not explicitly calculated by summing contributions
due to pressure, gravity, fluid inertia, and fluid momentum effects.

4.4.9
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TABLE 4.4.1
3

BREAK PARAMETERS2

LIES CALVERT CLIFFS MILLSTONE 2 ST. LUCIE'1 PALISADES FT. CALHOUN
INLET BREAK

BREAK TYPE GUILLOTINE GUILLOTINE GUILLOTINE GUILLOTINE GUILLOTINELOCATION RV N0ZZLE RV N0ZZLE RV N0ZZLE RV N0ZZLE RV N0ZZLE2SIZE (lN ) 1414 1414 1414 1414 905OPENING TIME (SEC) 0.023 0.023 0.023 0.023 0.023
OUTLET BREAK

BREAK TYPE GUILLOTINE GUILLOTINE GUILLOTINE GUILLOTINE GUILLOTINE
*

LOCATION RV N0ZZLE RV N0ZZLE RV N0ZZLE RV N0ZZLE RV N0ZZLE2SIZE (IN ) 135 135 ,135 135 200OPEiilNG TIME (SEC) 0.020 0.020 0.020 0.020 0.020
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TABLE 4'.'4"5
'

,

'

' PLANT PARAMETERS
.

--

ITEM CALVERT MILLSTONE 2 & PALISADES FT, CALHOUN''
'

CL1FFS ST. IUCIF 1_

'~

GE0 METRICAL DIFFERENCES

UPPER GUIDE STRUCTURE PLATE YES YES NO YES

'"

UGS DESIGN SINGLE 8 DUAL SINGLE 8 DUAL CRUCIFORM SINGLE & DUALSHROUDS SHROUDS CONTROL RODS SHROUDS
CORE LENGTH (CSP TO FAP) 155 IN. 155 IN. 147'.6 IN. 146.1 IN.

,

CORE DARREL LENGTH 328' 5 IN. 328.5 IN. 318. 5 IN. 311.6 IN.

*
~.

b CORE BARREL OD 153 IN. 153 IN. 153. 75 I N. 124.6 IN.
'

REACTOR VESSEL ID 172.IN. 172.IN. 172 IN. 140 IN.' COLD LEG ID 30 IN. 30 IN. 30 IN. 24 IN.HOT LEG ID 42 IN. 42 IN. 42 IN. 32 IN.THERMAL SHIELD No YES - NO YES
THERMAL SHIELD LENGTH N/A 137.75 IN. N/A 171 IN.
VOLUME IN REACTOR VESSEL ' 4595 FT3 4504 FT3 4640 -FT3 3014 FT3

"

THERMAL / HYDRAULIC DIFFERENCES
P0weR LEVEL 2631 MWT 2611 MWT 2580 MWT 1591 MWT

-

PRESSURIZER PRESSURE 2250 PSIA 2250 PSIA 2015 PSIA 2250 PSIA
TCOLD( F)/PSgjNTROPIC (PSIA) 548/981 548/981 535.5/891 547/973
T W/$eNTROPIC @SIA) m 4/M MMU 582/1305 607/1570
go7
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TABLE 4''4''3 -

,

'' ' $ ' '
COMPARIS0N UF PLANT UPPER GUIDE STP.UCTURES

. .

.

'.

e

.

HEIGHT OF'

PLANT UG5 DESIGNisi ' dONTRdL''50D"hRRhkGNM5NT SHROUDS EXPOSED TO

CROSSFLOWi
--

CALVERT CLIFFS SINGLE & DUALS 20 DUALS /45 SINGLES 99.84"
5

MILLSTONE 2 SINGLE & DUALS 12 DUALS /57 SINGLES 99.84"n

ST. LUCIE 1 SINGLE'a UUALS 12 DUALS /57 SINGLES 99.84"

FT CALHOUN SINGLE & DUALS 12 DUALS /29 SINGLES 99.84".

PALISAl)ES CRUCIFORM 45
1,17.5"
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