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Abstract

The LaSalle main steam tunnel (MST) leak detection system consists of temperature
sensors that monitor the MST temperature and the ventilation system supply and
exhaust air temperatures. The system functions to isolate the main steam line
whenever abnormal conditions exist as indicated by high MST temperature or high
differential temperature between ventilation system supply and exhaust air. The trip
settings are established based on the temperature response of the MST due to steam
leakage. This calculation uses a GOTHIC system model to determine the MST
temperature response due to a variety of leak rates and supply air temperatures. The
results are intended to be used to determine the appropriate setpoints in conjunction
with other design considerations, such as allowable leakage rate and instrument
uncertainties, which are addressed in other design calculations.
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1. Introduction

The main steam tunne! leak detection system is a part of the reactor coolant pressure
boundary (RCPB) leakage detection system. Its design basis satisfies the requirements
of 10CFR50 Appendix A General Design Criteria 54. One of the safety design bases
given in Section 7.6.2.1.1 of the LaSalle UFSAR is “signals are provided to permit
isolation of abnormal leakage before the results of this leakage become unacceptable.”
This basis can be achieved through monitoring of the MST temperature and the trip
logic used to isolate the steamline whenever abnormal leakage exists. Trip setpoints
must be set high enough to avoid spurious trip under normal operating conditions and
low enough to provide early detection of abnormal leakage.

The purpose of this calculation is to determine the temperature response of the main
steam tunnel (MST) due to different amounts of steam leakage for different supply air
temperatures. The temperature response can then be used to specify a setpoint for
leak detection.
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2. Methodology/Model Description and Assumptions

The main steam tunnel temperature response was calculated by a GOTHIC system
model. The following sections describe the tunnel configuration, the transient due to a
steam leak, the analytical model, the computer code, and the input parameters and
assumptions used in the analysis.

2.1 Physical Configuration

A sketch of the MST is shown in Figure 1. In this analysis, the MST is subdivided into
three areas denoted as the lower, middlc and upper MST. The lower and upper MST
extend from Elevation 687 to 706 ft and from Elevation 736 ft 7 in to 768 ft 4.5 in,
respectively. The middle MST consists of th » vertical section of the tunnel between
Elevation 706 ft and 736 ft 7 in.

The temperature of the MST is maintained by the reactor building ventilation (VR)
system. Two streams of VR air enter the MST at different elevations and exit the tunnel
via an exhaust riser located at the top of the MST. Air from the area between the
primary containnient and core standby cooling system (CSCS) cubicles enters the lower
MST at the floor level (A). The air inlet at A is configured to yield a high velocity stream
capable of sweeping the lower MST regions. In the current plant configuration, there
are two exhaust vents at B. The majority of the air introduced at A sweeps toward B
and then reverses direction, flowing to the upper regions. After flowing through the
middle MST and the upper MST, the air exits the tunnel via the exhaust riser (D). The
other air stream, which comes from the refueling floor and the reactor water cleanup
(RWCU) area, enters the upper MST at (E) and exhaust through the exhaust riser (D).

This analysis is based on a revised configuration without the exhaust flow path at B,
except for the heat load calculation which is based on data for the current configuration.

2.2 Description of Transient

The analysis assumes continuous steam leakage from cracks in the main steam line.
The cracks are postulated to occur at any location along the full length of the steamline
inside the MST. In the event of steam leakage with VR in operation, the temperature at
locations downstream of the crack will experience a temperature rise, while locations
upstream of the crack may not experience (except locally) any temperature increase at
all. For example, cracks in the upper MST will not result in temperature rise in the lower
MST. Hence, for leak detection purposes, a sensor located near the exhaust riser in
the upper MST is capable of detecting leaks that occur anywhere in the MST. For a
given amount of leakage, the temperature rise is greatest near the vicinity of the crack
and decreases as the distance between the crack and the location of interest increases.
Therefore, the basis for the leak detection setpoint for a sensor located in the upper
MST is leakage from a crack located in the lower MST near the area where the steam
lines exit the tunnel. Thus, in this analysis, only a leak in the lower MST is considered
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for the purpose of establishing a leak detection setpoint. However, upper MST leaks
are also considered to confirm that the lower MST leak location is bounding.

2.3 Analytical Model

The temperature response of the MST due to steam leakage is calculated by
considering the mass and energy balances for the MST. A schematic of these
quantities is shown in Figure 2. A GOTHIC system model is constructed based on this
schematic. It consists of three control volumes representing the upper, middle and
lower MST. Five additional control volumes are used to model the structures adjacent
to the MST. A flow path is used to represent the flow from the lower to the middle MST
and another path from the middie to the upper MST. Three additional flow paths are
used to model the VR inlet and exhaust flows. Heat transfer through the walls, ceilings
and floors to the adjacent structures is modeled with 16 heat structures. The heat load
in the MST is produced predominantly from tine main steam and feedwater lines and is
represented by one heater located in each of the control volumes. Additional model
features and assumptions are listed in Section 2.5.

2.4 Computer Code

The GOTHIC (Reference 1) computer code is used in the analysis. This code was
developed by Numerical Applications, Incorporated for the Electric Power Research
Institute (EPRI). GOTHIC is a general purpose thermal-hydraulics computer program
for design, licensing, safety and operating analysis of nuclear power plant containments
and other confinement buildings. Applications of GOTHIC inciude evaluation of
containment and containment sub-compartment response to the full spectrum of high
energy line breaks within the design basis enveiope. Applications may include pressure
and temperature determination, equipment qualification profiles and inadvertent system
initiation, and degradation and failure of engineered safety features.

The code was verified and validated by ComEd and was installed in the company
computer system in accordance with approved Company procedures and requirements
for design application computer codes (Reference 2).

2.5 Input Assumptions and Paramaters

As described in Section 2.2, the basis for establishing a leak detection setpoint is the
lowest temperature rise in the MST. Therefore, the input assumptions and parameters
are chosen conservatively to yield a low estimate of the temperature rise due to steam
leakage. The following input assumptions and parameters were used in the analysis:

1. The heat transfer area of the walls, ceiling and floors were conservatively calculated
without taking any allowances for obstructions. This assumption maximizes the heat
transfer out of the MST. Likewise, the gross volume of the MST is used.
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Calculations for heat transfer areas, volumes and other geometrical parameters are
given in Appendix C.

. The mechanism of heat transfer between air and the heat structures is specified to
be either convection plus radiation or condensation. The Uchida correlation is used
to calculate the condensation heat transfer coefficient.

. The thermal conductivity, density and specific heat ¢! the reinforced concrete walls
are taken as 0.92 Btu/hr-ft-F, 145 Ib/cu ft and 0.156 Btu/lb-F, respectively, based on
Reference 3.

. The temperatures of the VR supply air into the upper and lower MST are assumed
to be equal. The VR supply air originates from outside the plant and enters the MST
after passing through various areas in the reactor building. Hence, the VR supply
air temperature is dependent on the outdoor air temperature. Two different supply
air temperature values, 65 and 110 deg F, are used to bound the conditions
expected year-round. Another temperature * alue, 95 deg F, is used which
represents a typical condition expected during a moderately hot summer day. The
relative humidity of the VR inlet air corresponding to the assumed temperatures are:

Temperature, F | Relative Humidity, %
65 30
95 50
110 30

The temperatures of the upper and lower MST supply air may be different. Plant
data indicates that the lower MST supply air temperature may be 6 to 7 deg F
warmer. It is conservative to assume the upper and lower MST supply air
temperatures to be equal because it results in a lower temperature rise in the upper
MST.

. The assumed conditions for the adjacent volumes corresponding to the assumed
VR supply air temperatures, are:

VR supply air temperature, deg F 65 95 | 110
Auxiliary Building 65 | 104 | 110
Auxiliary Building (conditioned space) 75 75 75
Reactor Building 65 | 95 | 110
Containment 130 | 130 | 130

The assumed conditions provide the boundary conditions for the problem. They are
also used by the code to caiculate the initial temperature profiles in the heat
structures. They have only a secondary effect on the through-wall heat transfer to
the outside due to the thickness of the concrete and its low thermal ditfusivity. The
tunnel temperature response is quick and reaches steady state in a short period of
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time. Only a fraction of the wall thickness experiences an appreciable change from
the initial conditions.

6. The VR flows are induced by the VR system exhaust fans. The upper MST
exhaust flow, which consists of ventilation air and steam, is assumed to be at a
constant volumetric flow rate. The VR flow rates used in the analysis are based
on plant data and they are:

Upper MST supply air (initial condition) | 24,000 cfm
Lower MST supply air (initial condition) | 40,000 cfm
Upper MST exhaust air 64,000 cfm

The flow rates are based on a temperature of 95 deg F.

Because the VR flows are induced by the VR exhaust fans, tha inlet VR flows are
reduced by the presence of steam. The reduced inlet flow phenomenon may affect
the temperature indication from a sensor located in the VR inlet. As the inlet flow
reduces to zero due to increased leakage flow, the temperature indicated will be that
of the MST instead of the inlet flow. The analysis takes into account the effects of
reduced flow phenomenon as follows:

a. Analyses were performed by assuming only the lower VR inlet flow is reduced.
With no reduction in upper MST VR inlet flow, a conservative upper MST
temperature will be calculated for leaks in the lower MST. These results form the
bases for the analytical values for setpoint determination.

b. Confirmatory analyses were performed to determine that the bases are bounding
by allowing both the upper and lower MST inlet flows to vary according to the
thermodynamic conditions in the MST. These analyses consider steam leaks in
both upper and lower MST.

7. The heat load for each of the three volumes in the MST is calculated using the
GOTHIC analytical model of the MST using the following input:

Lower MST supply air flowrate 40,000 cfm
Lower MST supply air temperature 95deg F
Lower MST supply air relative humidity 50%

Lower MST temperature 110 deg F
Lower MST exhaust air (through duct) flowrate | 4,600 cfm
Middle MST temperature 114 deg F
Upper MST supply air flowrate 24,000 cfm
Upper MST supply air temperature 95 deg F
Upper MST supply air relative humidity 50 %

Upper MST temperature 124.6 deg F
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The caiculated heat load is valid at the ambient temperature resulting from the
above input conditions. It is multiplied by a normalized heat load vs. temperature
curve to yield the heat load for a different tunnel temperature. Because the heat
load in the MST is produced predominantly by the main steam and feedwater lines,
the normalized curve is assumed to have the form:

Q/Qo - U/Uo X (T . Tﬂlﬂd)/(TO i TM)

where U is the overall heat transfer coefficient of an insulated pipe and it is a
function of temperature. Details of the heat load calculations are given in
Appendix C.

. The amount of steam leakage is expressed in gpm. By definition, the mass flow
rate of onc gpm of steam leakage is equal in numerical value to the mass flow rate
of one gpm of water with a density of 62.4 Ib/cu ft. For example,

1 gpm of steam leakage = 1 gpm x 62.4 Ib/cu ft /7.48 gal/cu ft = 8.34 ib/min of steam

. During normal plant operating conditions, the steam pressure at the throttle vaive is
965 psia (Table 10.1-1, UFSAR) and the steam dome pressure is limited by Tech
Spec to less than 1020 psig (Tech Spec Sec. 3.4.6.2). Over this range of pressure,
the enthalpy of saturated steam varies inversely with pressure. For this analysis, it
is conservative toc assume a low enthalpy value. Therefore, the condition of steam is
assumed to be saturated at 1050 psia with an enthalpy of 1189.9 Btu/lbm.

10.The leak is located in the lower MST. As discussed in Section 2.2, this location

gives the most conservative temperature setpoint.

11.A linear 100 sec leakage development profile is used in the analysis. The

temperature response is expected to be quick and a near steady state condition is
expected to be reached in a short period of time. Hence, the temperature results
are not affected by the assumed profile shape.
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3. Model Benchmark

The validity of the analytical model is established by comparing the GOTHIC model
results with plant measured data. Figure 3 shows the results of the calculated upper
MST temperature during normal operation at different VR inlet temperatures. The plant
measured data taken in the period from October 8, 1995 to November 20, 1995 are
also plottad in the same Figure for comparison. The plot shows very good agreement
between the caiculated results and plant data.

70f 19
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4. Results

Figure 4 shows the upper MST temperature response as a result of 100 gpm of steam
leakage. The VR inlet temperature is 110 deg F and the leak is initiated at time equal
to 1600 sec. The temperature increased 45.1 degrees from 137.4 to 182.5 deg F in the
first 10 minutes but added only 1.1 degrees in the next 30 minutes. The quick
temperature response is typical for all the cases analyzed. The quick response assures
that a leak of sufficient quantity produces a sufficient temperature rise which can be
detected in a timely fashion.

Figure 5 shows the upper MST temperature for different leakage rates and for different
VR inlet temperatures. These are the temperatures at approximately 10 minutes after
the leak. In most cases, the temperature has reached a steady state value, and if it has
not, it is very close to the steady state value. The results show that the temperature
varies directly with the quantity of steam leakage. For a given leakage rate, the upper
MST temperature is highest for a VR inlet temperature of 110 deg F and lowest for a
VR inlet temperature of 65 deg F.

Figure 6 shows the temperature difference between the upper MST exhaust and supply
air (VR Delta T). These are the Delta T's at approximately 10 minutes after the leak. In
most cases, the Delta T has reached a steady state value, and if it has not, it is very
close to the steady state value. The results show that the Delta T varies directly with the
quantity of steam leakage. For a given leakage rate, the upper MST Delta T is highest
for a VR inlet temperature of 65 deg F and lowest for a VR inlet temperature of

110 deg F.

The results presented in Figures 5 and 6 are also listed in Tables 1 and 2.
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5. Conclusions/Discussion

There are two basic requirements needed in choosing a process variable to monitor for
leak detection. First, the response of this variable snould be quick so that the leak can
be detected in a reasonable time. Second, the change in magnitude of this variable to
a given amount of leakage should be ample enough to account for measurement
uncertainties and to avoid spurious trips when no leakage is present. The results
presented in Section 3 show that in looking at each VR inlet condition separately, the
upper MST temperature and upper MST VR delta-T satisfy these two requirements.
Therefore, a high temperature and a high delta-T trip setpoint can be set for each of the
VR inlet condition. However, a single trip setpoint that is valid for all VR inlet conditions
'3 desired. This Section discusses how a leak detection trip setpoint can be established
for use year-round. It also shows that under some conditions, it is not possible to
establish a year-round setpoint. An example is given to show that the high tempe:ature
trip setpoint can not be established to detect a leak of 100 gpm.

The first step in determining the trip setpoint is to establish the allowable leakage. This
is determined from the critical crack flow, which is the leakage rate from a crack whose
dimensions are calculated to rapidly propagate and result in pipe failure. Therefore, the
allowable leakage is obtained by applying a design safety factor to the critical crack
flow. The determination of the allowable leakaye is not within the scope of this
calculation.

If one assumes that the allowable leak rate has been determined to be 100 gpm, and
the instrument uncertainties are +8, and -8; , a proposed setpoint value can be
established by using the analytical results as follows:

Setpoint < Analytical value for 100 gpm leak - &,
To avoid epurious trips, the proposed setpoint must have ample margin from the
maximum expected temperature with no leakage during normal or no VR operation.
Therefore:

Setpoint 2 Analytical value for no leak + &

The right hand side of both inequalities may contain other margins and uncertainties
due to operational transients such as loss of str*ion heat or changes in outside air
temperature, but for this discussion it is sufficient to include them in 8, and &, .
Therefore, the setpoint will be adequate if the difference between the analytical values
for 100 gpm and no leak, the analytical margin, is greater than the sum of the
measurement uncertainties:

Analytical margin 2 §:+ &,
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From Figure 5, the upper MST temperatures at 10 minutes for a 100 gpm leak are
151.3, 173.5 and 182.5 deg F respectively for VR inlet temperatures of 65, 85 and 110
deg F. If one setpoint value is used to cover the whole range of expected VR inlet
temperature conditions, then the lowest calculated temperature for 100 gpm leak must
be higher than the highest temperature for no leak. The analytical temperature value
for 100 gpm leak is 151.3 deg F which is less than the temperature experienced in the
MST when the VR system is out of service. Therefore, the single year-round high
temperature setpoirt can not be established based on an allowable leakage of

100 gpm.

From Figure 6, the upper MST VR delta-T's at 10 minutes for a 100 gpm leak are 86.3,
78.5 and 72.5 deg F respectively for VR inlet temperatures of 65, 95 and 110 deg F.
Corresponding to these VR inlet temperatures, the delta-T's for no leak condition are
28.2, 27.9 and 27.3 deg F. If one setpoint value is used to cover the whole range of
expected VR inlet temperature conditions, then the lowest calculated delta-T for 100
gpm leak and the highest calculated delta-T for no leak should be used in its
determination. This would result in an available margin of 72.5 - 28.2 = 44.3 degrees.
The available margin is also sufficient to cover the delta-T experienced in the MST
when the VR system is out of service. The delta-T has been observed as high as

46 deg F.

The calculated upper MST temperatures are higher when both the upper and lower VR
inlet flows are varied according to MST conditions for both upper and lower MST steam
leaks. Both upper and lower VR flows are reduced to zero for a 250 gpm leak. The
results of the calculations show that the analytical value of 72.5 deg F for a 100 gpm
leak is conservative
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| gpm | 65 FVRinlet | 95 F VR inlet | 110 F VR inlet
0 93.2 122.9 137.4
25 104.6 135.7 148.0
75 137.3 161.8 171.8
100 151.3 173.5 182.5
125 164.4 181.9 190.0
175 183.7 201.5 206.4

Table 1: Upper MST Temperature due to Steam Leakage
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| gpm | 65F VRinlet | 95 F VR inlet | 110 F VR inlet
0 28.2 27.9 27.4
25 39.6 40.7 38.0
75 72.3 66.8 61.8
100 86.3 78.5 72.5
125 99.4 86.9 80.0
175 118.7 106.5 96.4

Table 2: Upper MST VR Deita T due to Steam Leakage

130f 19



BSA-L-95-05
Rewvision 0

D EXHAUST AIR RISER

S
-

B v,
s
-~ > '3
* \ 38

-
» MAIN STEAM LINES

Figure 1: Sketch of Main Steam Tunnel

. PPER AIR INLET

LOWER AIR INLET

14 of 19



BSA-L-95-05

Revision 0
/N
VR Exhaust
( Heat Load
Upper MST
VR Supply A > Heat Transfer
> through wall
Internal Flow
Middle
MST
Heat load 8 _ Heat Transfer
o 8 through wall
/N
Internal Flow Steam Leak
W
7
Heat Transfer
through wall
Lower MST
VR Supply ot e

7 < Heat Load

Figure {: MST Mass and Energy Balance

150f 19



BSA-L-95-05
Revision 0

140

130

1220 4 ———— e

e =t —————————

110 ——

Upper MST Temperature, deg F

100

e 11-61011-20 @ 10-81011-6 - GO 'HIC

60 70 80 90 100

VR Inlet Temperature, deg F

Figure 3: Benchmark Results

110

120

160of 19



BSA-L-85-05

Revision 0
Upper MST Temperature Response
190
180
170 3——
160 Aty e ——— —TP san ann A—vﬂr--<————~—“-——~'-~—-4 el ——
Y
g 150 §——— — ]
140
[~
130 +—
12 4——ot————e NN SIS ISR SE—) TUSR———; NS
110 NS S . SICIINPEIEN. (SIS THSEWSN——— TACTTI——. 1 ——
100
0 500 1000 1500 2000 2500 3000 3500 4000

Time, sec

Figure 4: Upper MST Temperature Response for 110 deg F VR Inlet, 100 gpm
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Upper Steam Tunne! Temperature due to Steam Leakage
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Upper Steam Tunnel VR Delta T due to Steam Leakage
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Appendix A - Microfiche Index

Microfiche ID

NFSEBX
NFSEBX
NFSEBX
NFSEBX
NFSEBX
NFSEBX
NFSEBX
NFSEBX
NFSEBX
NFSEBX
NFSEBX
NFSEBX
NFSEBX
NFSEBX
NFSEBX
NFSEBX
NFSEBX
NFSEBX
NFSEBX
NFSEBX
NFSEBX
NFSEBX

7537
7549
7595
7613
7624
7659
7681
7699
7723
7758
0451
0464
0478
0498
0505
0646
7852
7874
8063
8108
8111
8283

# of fiche

3

W W W W W W W W W W w W w

P

W W w W

Description

Case C65-25, 65 F VR inlet, 25 gpm leak

Case C65-75, 65 F VR inlet, 75 gpm leak

Case C65-100, 65 F VR inlet, 100 gpm leak

Case C65-125, 65 F VR inlet, 125 gpm leak

Case C65-175, 65 F VR inlet, 175 gpm leak

Case C95-25, 95 F VR inlet, 25 gpm leak

Case C95-75, 95 F VR inlet, 75 gpm leak

Case C95-100, 95 F VR inlet, 100 gpm leak

Case C95-125, 95 F VR inlet, 125 gpm leak

Case C95-175, 95 F VR inlet, 175 gpm leak

Case C110-25, 110 F VR inlet, 25 gpm leak

Case C110-75, 110 F VR inlet, 75 gpm leak

Case C110-100, 110 F VR inlet, 100 gpm leak
Case C110-125, 110 F VR inlet, 125 gpm leak
Case C110-175, 110 F VR inlet, 175 gpm leak
Case C65-0-B, 65 F VR inlet, no leak

Case C95-0-B, 95 F VR inlet, no leak

Case C110-0-B, 110 F VR inlet, no leak

Case C110-100, 110 F VR inlet, 100 gpm UST leak
Case C110-200, 110 F VR inlet, 125 gprn UST leak
Case C110-250, 110 F VR inlet, 175 gpm UST leak
Case C110-100, 100 gpm LST leak VR's Floated
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Appendix B - input Data Set Protection Form
Station: LaSalle Unit: 1,2 Cycle/Analycis:
CheckSum &
Current File Location' sum-r| sum-p
1.|nfseb/gothic/is/new/ramp/v400_v667/c65-25 13763 | 2536318488
2.|nfseb/gothic/is/new/ramp/v400_v667/c65-75 21152 | 2405625224
3.|niseb/gothic/is/new/ramp/v400_v667/c65-100 60935 | 1024722309
4 |niseb/gothic/is/new/ramp/va400_v667/c65-125 @ 18203 | 3959230561
5.|nfseb/gothic/is/new/ramp/iv400_v667/c65-175 43446 | 3632337514
6.[nfseb/gothic/ls/new/ramp/v400_v667/c95-25 14512 | 3565720769
7.|nfseb/gothic/is/new/ramp/vd400_v667/c95-75 47090 | 3799262720
8.|nfseb/gothic/is/new/ramp/iv400_v667/c95-100 63552 | 390422143
9.|nfseb/gothic/is/new/ramp/v400_v667/c95-125 38736 | 3249294235
10.|nfseb/gothic/is/new/ramp/va00_v667/c95-175 29850 | 4073736592
11.|nfseb/gothic/is/new/ramp/iva00_v667/c110-25 52112 | 3424501717
12.|nfseb/gothic/is/new/ramp/v400_v667/c110-75 64582 | 1964758864
13.|nfseb/gothic/is/new/ramp/v400_v667/c110-100 33774 | 591849161
14.|nfseb/gothic/is/new/ramp/va00_v667/c110-125 20938 | 717416584
15.|nfseb/gothic/ls/new/ramp/v400_v667/c110-175 10439 | 841989138
16.|nfseb/gothic/is/new/ramp/v400_v667/upleak/ 54508 | 273102987
100s/ka/c110-100
17.|nfseb/gothic/is/new/ramp/v400_v667/upleak/ 53766 | 3946824932
100s/ka/c110-200
18.|nfseb/gothic/is/new/ramp/va00_v667/upleak/ 20452 | 1654497550
100s/ka/c110-250
19.|nfseb/gothic/ls/pedro/c65-0-b 41501 | 1456033023
20_|nfseb/gothic/is/pedro/c95-0-b 35425 | 3896059504
21.{nfseb/gothic/is/pedro/c110-0-b 27451 | 755070222
22 |nfseb/gothic/is/new/ramp/va400_v667/ka/c110-100 12261 | 3852066125
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Appendix C - Supporting Calculations

Contents
1. Heat transfer areas, volumes and other geometrical parameters
2. Heat load forcing function

3. VR inlet flow properties




RSA-L- f5-05
Res O

@ @ p‘Jt €2

~Ely Tl O /1‘-"(/7“0'29‘ 32
= 869 ft*
- Adj'aamt G Reaelss /5/17

W2 -/;;2

HSZ —x_‘__J ik 1T ‘1—1 @

hS4— 2¢-2¢" - 218" (A-1t5)

E/lu 7égl

Noate . At dors nal Joclude r of
./(' +

-4 rhsrs0 /4

relare a.g ricoy .

- Adreee.T T Awr Pl & 7g.F
v (

"




CEH

(P 2.8 p
HE 3 768 -0
-T——-———-r— *-"“—"‘"'4‘ "I 76?‘ -~ 4£
26
737" 32
(Hs 1)

flosr Hackoass

é“&'%’ 0ol S‘éL wf

HS4- @

e ———

' 5l
i}
269

(#53)

5 Al Sumed ‘7‘““1

,?;A -L-75-0
Kaov D
/Da.nc ok

(M-t()

L 45 f<

3C7-0p8%-00! ~u
UFSAR ’7W“¢M H , See H.3 22/,
A= 325269~ 861 f¢'

P

FFZV!' %

(ws2)

A+ 2r269' 723" = /166

|

|




BSA-(-§5-05

ev 0
e CH5

At 740°0"
)
i R
- (A-230) |
gag R* 106"+ 36 +254 *102 |
"1 ! = 495
: |
N |
Y e | Py L |
f=lb. z35* 18
[
2018 |
S= 2% 415 (5 )m =311 |
1
|

A"S"Afo‘c #S5
= 3| xi99 = 619 ft




/[5': /2;—/[3= 5’5

BSA-L-j5-05

- Kes0
L4l Fose Cé
J
HS g’ H.S‘/AB I | - 73é'7
-r-' R
1S 8 \ 26
4:| (M'A MST) ‘
- i + 706 ©
\ ' HS 1%'
g e ) ey
22
(Hs 1)
As 260 x32= &35 £t~
t= 45 (UFSAR Apois H.3221)
As® 19x32 7 608 ¥
HS 1 Ce,/zr\a
/1.0 q) j
£ T—H—a —(
30 £, (
¥ O
4 LI B
bg—-b s |
i I el O
£ @@= - € -t |
* 312b- 7' - 24 (A-N, A-12)
<70 - l425-233+= 74’
L, s 30- 1724 = 26 {i#ih)
4os 23178+ 2'¢" 217 ()
- 26’4+ 2'¢ +2'¢ = 307

|



gaag

HS 9 [ad’d)
Ay = Lthy = (3-172)

- 25+ 307-1375 = 55,3/

Ap = é—(:ouo)* 50 f+*

AgzL * ,Z/ xfla *14_:1,(, t /‘47

BSA-L-jJ5-05
ey (D
P 7

=74 v2L + 307255 + 5D

: 3663 (<%

HS 10 _-L—'9,
2108 A6 e Wb = = < = /‘ kg
A // 32

L
il s
2

A= (2147 +32 ) x 30.6
642 ft*

Aos (2167+21.67) 21
= £23 £t

(A‘_ 1S fa.rr of Levis A«’JT)




RER

BA-[-7505
/0
21¢e C8

Htg // (F/d-)/ Of 47‘{.)4/ Mfrulbr

//\

736 7/

A - 32x<5‘+/7)' 704
t&«'c/uuoo - 45— (HS 3.)

n 7
H ( exclul.i..j Ly Ry )

A= AM7 ; 3éé3 ftz

HS 13
See HZE
As e o8 ét*

HS 13 conmels T Lower MST




CSA-L-95-05
Rer¢ O

Paje. <9

HE |4 (,(«W/M.(TW&,_)

L = 706-667 =19’
/?umqfc/ :’ZI 1“/24—/3 *114 f"/zé (H_ff)

- 74t26+19+307 +55.3
:-205’ _— e HSIO for A‘_

A= 205 x 17 + AL = 3895 *323‘47/8&7
Mhife = 35" (uFSAR Apmedin W 32.21)

ne1s  (lwer AST lowe wnder vecTiee! shaft)

s HS _— A2
A= 32x(24-24"-¢')
- tol ft

HSIb (M MST cide udL)
Az 306 x21.67 = 663 €t°

HS16 e adjaast 5 Aux Pl
Conshond spres ot 78'F.

?




3'33

Volima gf wppe! MSET (Vg 1)

T
_[ | 49

|
e \//J 4
t *\};’) . ’” —— ey 7367"

,‘,,,__,l }'_‘Zl’?"%

consSer wJ Ve

- Ceiling  ohimin s, m

Vitume = 199 32 2717
+ 26.9 x 32 x21.67

= 17302 + [§ 654 35956 +¢°

Dil are & 32 %22 704 f&™

. 432108 , o4 e
Ds 2(22+11.1) r

BIA-L- 7505 ]

ev O
ase clo

& use




/%iﬂal.’75‘°;
P“j‘ cll
Vhwe of foree ST (et 8/
V= Ay 1] t Apgs xdL of HS 13
< 3663 %19 + s0/x1§ " 79 116 ft*
doo'r‘e @ rLa . /4',4_(7 +AH5/.5. . 36é3 +50/. 4{64' (.t;

253 ¥ $x55x19 : /

has Da, 2(55+11) 28.2

t 407 111 o PLARTRES
., . e 20 7

“ z 2(7#+9) 7 o

De= #(% +Du)=29.2"

Iihiws ¢f maddle MIT (Wt )
/= 2.7 %32 x30.6
- 21,269 ft~

/;’*{ anza * O

- __4r2l7 x32
Dt 2(217+ 32) i 25'7 ft




BSA-L-75-05
ﬂev (®)
Paj¢ ciz

4 EE 768 "'412

1 26.9'
73 "-7"

/

706
/ol &

87

74




B.S‘Ao-t—7$"05

/551 Ci3
Il ﬁ/{«s
FPel ‘i
A= 32 x21'8
- 693 ft*
Dy - X262 . 558 ¢4

2x(24217)

L = (307+ 201 )t =268 .

Fp+ 1l
A+ 32:21.7- ¢35

, z £x693 N -
2 2~(324+217) BE

L= +(74+307)- 524 r¢




TR | SRS RN SRR

L 2. LBSA-L-1505 |
: ‘l/§w0 ”
. i Ty -
Meat Loss Thow L sude Lok /)m(— ‘J
f

5 G L(2), 6a(E) .1 -
n r4, k, A £,
_ (? (2-11), Kmm)
W_‘be G ﬁ‘ud {/Md . ‘ﬁ-«Tl/afwlt -% N
Flwrde insde X rre (277
_Jiest Bim 15 consTanT, beeanee Ay is
cwrfa.J_
Wil in o smald E«FMAL./'L s 3
ad K, caw bt asSumed Corslants .
Thia o La Sweond oot B farmy
arp conslaT B Fereiad R Varies
wH. E:Tftra-l:n, : I&’.‘nfa, ) Mhe gpm of
Ay sreod oA Uik Wrms  focranses
Cas Ll ,G;ILM—Z:/L trereases.
TAew etside  HTC , Ao, 5 Tha Sum of
e refucal  owd rediate HTCs

ol &
4
4y ¢ L2257, ) | o,—a )(m)(f ;
/{,0 nd /44 *//?K Incrrages ag e rol s &

Iacriages or The lood Upmm deersases




s R AT AR ) SRR |
N
g

evQ

I BSA-L[- 9505 |
!

SRR B cIs
Meat [oss T -LJL&GL'P#” ¥ M
¢ - J e . s i i A 1 .

U inenases of Bphrndsi ireqaces
7

iii D:wm ff M Lo -""""_'_Z,o.” ‘

288 Dtmatis of Fw Lo ® 24"

FH Frow Sk L Stteit —MES-T 2

@ The AL Hoy  B00'F S 26" Lis
' et 400'F v 26" f , €08

Shw Mot U incrpases  as JThae

Wu/ lnerpnses

To consealiialy” puaid n foew

Asal” fond  oX Jompsenliias baymd 198°F,
Ot Com oSSums ol U 3 comslad

L-de 148°F ., A Awad Aod curin

1§ aw.JLt Jc”/ "

e a—— -~

Com syt e akr»-f‘fmivwf See EXCEL

s WSM.)

F{o/:m o S fnd bl 75'f") oML Can
use The yadue  al  ]J5°F, ginee
Tp».’wvﬁcas bled 75F ave sl ,A,..uf‘aa
TAese fom& acg  needd s cohe 17’*]—

-

o u.;,\ﬂ =




J

. e . " — -}

S T W ST W | ’ ;l..;_-"*';g-’cClé"*j
_Adeat Lass;_\f(";*" anaml:l. _od Vediot P
...../-- > 'n: dL / . . {3
’M ngy .fﬂ f};.;f.‘.’u_ + r-/u. re 505 tameq
tonsdalion fessTewsa  + 00T3ide o s ses

EE RN T T BT e

/
putiide £l agistioen = A
'{o "‘COuJ ¢ "/‘MJ?.»-

| an SLL  stsacdk j; UA& veors
A-Jw-w L3l & 137,

For B pp inehiTin Gutheie v 2Ei
Az arDxl "fr(%*f)() '
I ft

aw 437
107 s 0128

f J?A.— 78 o L R K A =
"'(M'JT.M . 5 vAJVA.J...J : lf f'/l. PYZL ™ 1V g

R A T e TR EL. L e
’&my " 0'2-7('2_— . . :

e e —— S s s e

lﬂ-a

or * O /€ (At)y’ &A"rz:.gf
Aogor) * oz;(z... fr - uaslied . i

or " 09 (at)" oy e

( :m A SHR AE ku.;/; o
4\“-,“/ /»«7 be 107 jv/],_, ;’J’*(Ead,,/ﬁ 2“—)

"Cf"f i s ML erddes 'f
'{\R‘J 5 e e evoles 06 0.7




dod 4! Y4y 4 ek
i 2 | | 5 "
il e FNEI. - et L o
; bl . 1] |
+ o IO RS -didd ‘ - SR (S,
P T SR OETIR SEh 5 IR | 3 i
i N K NS --l- - I[
. R T Ltk o HR
: .-i g et P -:.1 T
| ;oo
‘ -r.._T ,',-1 .,.’- .._.T_T
' B e
: |

= ]
R S 1, M . I A TR
1
= N | .
b b , o ded
i }

P R N A T

- T, l S
. . -

—




LaSalle Main Steam Tunnel Normalized Heat Load Curve

[From Table 10.1-1, LaSalle UFSAR: MS temperature = 540.3 Fand
FW temperature = 420 F.
o
For 26-in MS pipe
Ambient T 'Operating T [DeltaT  |Q(500) |Q(600) |Q(540) |UA=Q/DT
75 540 465 556.8 619.1] 581.72| 1.251011
20 540 450 541.7 606.3| 567.54] 1.2612
104 540 436 527.4 5943 554.16) 1.271009
122 540 418 508.6 578.4] 536.52| 1.283541
148 540 392 480.6 555/ 510.36| 1.301939
Assume U=1.301939 at T=300:
300 540/ 240 312.4653
Assume U=1.251011 at T<75
45 540 495 619.2503
60, 540 480 600.4852
|
For 24-in FW pipe
Ambient T 'Operating T [Delta T __ |Q(400) _|Q(500) _|Q(420) _|UA=Q/DT
75 420 345 454.6 517.8] 467.24| 1354319
90 420 330 437.4 503.7, 450.66| 1.365636
E 104, 420 316 421] 4904, 434.88| 1376203
122 420 298 399.6 4729 414.26| 1.390134
148 420 272 367.8 446.9| 383.62| 1.410368
Assume U=1.410368 at T=300:
300 420/ 120 169.2441
Assume U=1.354319 at T<75
45 420 375 507.8696
60 420 360 487.5548
Composite Q curve
Ambient T 4*Q26+2°Q24 Norm
45 3492.74| 1.131655
60 3377.05| 1.094171
75 3261.36 1.056687
90 3171.48] 1.027566
104 3086.4 1
122/ 2974.6] 0.963777
148 2808.68| 0.910018
300, 1588.349| 0.514629
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LaSalle Main Steam Tunnel Normalized Heat Load Curve

13

Normalized Heat Load
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Air Properties

T 65 95 110
Relative Humidity 30 50 30
Sat, press. 0.3056, 0.8153 1.2748
Vapor pressure 0.09168! 0.40765| 0.38244
Humidity ratio, W 0.00390454, 0.017745, 0.016619
Specific volume, lbw/lba | 13.3188331| 14.39127| 14.75419
density, Ibmix/cu #t 0.07537481! 0.07072| 0.068904
Lo HVAC in, cfm 40000.00| 40000.00, 40000.00
Lo HVAC in, Ib/s 50.25 47.15 45.94
Up HVAC in, cfm 24000.00/ 24000.00, 24000.00
Up HVAC in, Ib/s 30.15 23.29 27.56
Lo HVAC out, cfm 4600.00| 4600.00, 4600.00
Assume temp rise 15.00 15.00 15.00
Lo HVAC out, Ib/s 562 5.28 5.15
Up HVAC out, Lb/s 74.78 70.16 68.35

LASALLEWMSTAIR.XLS
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Case Base ] - e
Filename C95-25 C95-75| C95-100{ c95-125] C95-175] | 6525 6575 c65-100) c65-125 c65-175
HTCoptions | c ¢ ¢ ¢ ¢ | € ¢ € ¢ ¢
Steam leakage,gpm | 25| 75 100, 25| 175 | 25| 75 100 125 178
Steam leakage, Ib/s 1 3.48 10.4 139 17.4 243 3.48 10.4 139 17.4 243
Boundary Conditions:
Lo MST HVAC in
Temp 95 95 95 95 a5 65 65 65 65 65
RH 50 50 50 50 50 30 30 30 30 30
Up MST HVAC in V400 V400 V400 V<00 V400 V400] V400 V400, V400 V400
Temp 95 95 95 95 95 65 65 65 65 65
RH 50 50 50 50 50 30 30 30 30 30
Lo MST HVAC out 0 0 0 ) 0 0 o ) 0 0
Up MST HVAC out V 1159.0] V-1159.0] V-1159.0| V-1159.0] V-1159.0 V-1163.67V¥-1163.67 V-1163.67 V-1163.67 V-1163.67
Add.Lo HVAC out 0 0 0 0 0 0 0 0 0 )
Add.Up HVAC out 0 0 0 0 0 0 0 0 0 0
Volume initial temp: (init RH)
1. Up MST 124.6(30)| 124.6(30)| 124.6(30) 124.6(30)| 124.6(30) 95.5(15)| 95.5(15)] 95.5(15)| 95.5(15)] 95.5(15)
2. Aux Bidg 104 104 104 104 104 65 65 65 65 65
3. Rx Bldg 95 95 95 as 95 65 65 65 65 65
4. Containment 130 130 130 130 130 130 130 130 130 130
5.Lo MST 110(30)]  110(30)] 110(30)| 110(30)| 110(30) 80(15)] 80(15)] 80(15) 80(15), 80(15)
6. Mid MST 114(30)]  114(3C)| 114(30)] 114(30) 114(30) 84.5(15)| 84.5(15)| 84.5(15) 84.5(15) 84.5(15)
7. Reactor Bidg 95 95 95 95 95 65 65 65 65 85
{8. Aux Bidg (conditioned) 75 75 75 75 75 75 75 75 75 75
up MST heat load 3325 3325/ 3325 3325/ 3325 3325, 3325/ 3325 3325 3325
mid 45 45 45 45 45 45 45 45 45 45
lo 17 175 175 175 175 175 175 175 175 175
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o MR PETIGH  n{T NS FERCW LR . EMA] e T s
Filename B | e110-25| c110- c110-100| ¢110-125/c110-175 R
[HTCoptions ~~, | € € C C G 1
Steam leakage, gpm | | 25| 75 100 125 175
leakage, ib/s 3.48 104 139 174 243

|Boundary Conditions:
Lo MST HVAC in
Temp 110 110 110 110 110
RH 30 30 30 30 30
Up MST HVAC in V400 V400 V400 V400 V400
Temp 1 110 110 110 110 110
RH 30 30 30 30 30
|Lo MST HVAC out 0 0 0 0 (o]
Up MST HVAC out V-1157 17 V1157 17|V 1157.17| V-1157.17|V-1157.17
Add.Lo HVAC out 0 4] C 0 0
Add.Up HVAC out 0 0 0 0 0
Volume initial temp: (init RH)
1. Up MST 139(10) [139(10) |139(10) [139(10) 139(10)
2. Aux Bidg 110 110 110 110 110
3. Rx Bidg 110 110 10 110 110

. Containment B 130 130 130 130 130
5. Lo 124.5(20) 124.5(20) |124.5(20) |124.5(20) 124.5(20)
6. Mid MST 128.5(15) [128.5(15) [128.5(15) [128.5(15) [128.5(15)
7. Reactor Bidg 110 110 110 110 110
8. Aux Bidg (conditiored) 75 75 75 75 75
up MST heat load 3325 3325 3325 3325 3325
{mid 45 45 45 45 45
o 175 175 175 175 175




Case o 'UST Leak |UST Leak |UST Leak TLST Leak

Filename ¢*10-100] ¢110-200| ¢110-250 €110-100

HiCoptions | € c, € C

Steam leakage, gpm 100 200 250 100

Steam leakage, Ib/s 13.9 278 3475 139

Boundary Conditions

Lo MST HVAC in

Temp 110 110 110 110

RH 30 30 30 30

Up MST HVAC in

Temp 110 110 110 110

|RH 30 30 30 30 % :
Lo MST HVAC out 0 0 0 0 !
Up MST HVAC out V-1130.5] V-1130.5] V-1130.5 V-1130.5

Add.Lo HVAC out 0 [} 0 0 P
Add.Up HVAC out 0 0 0 [

Volume initial temp: (init RH)

1. Up MST 139(10) [139(10) |139(10) 139(10)

2. Aux Bidg 110 110 110 110

3. Rx Bidg 110 110 119 110

4. Containment 130 130 130 130

5.LoMST 124.5(20) |124.5(20) |124.5(20) 124.5(20)

{6. Mid MS” 128.5(15) [128.5(15) |128.5(15) 128.5(15)

7. Reactor Bidg 110 110 110 110

|8. Aux Bidg (conditioned) 75 75 75 75

up MST heat load 3325/ 3325 3325 3325

mid 45 a5 a5 45

lo 175 175 175 175
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H 1

g.:ﬁmn a ces2s *%ng-%e;‘csﬁodj 95125 C35-175 1 06525 c8575, c65100] 065125 c65-175,
= - =t B Lol Wi ol +—— e ool Bce Mt Bcircctlllcicnd N et B o B

m l - R L - p— - — — o —— 4 - l’ —
Mtg ‘mm 5 " e 3 ST, ; sy TR R 3 o RSN NPT sty N il
UpMSTT (Vol 1) 1 1228 1229|1229 1228 1229 4 932 93 932 93.2) 932
{Mid MST T (Vol 6) 1128 1128, 1128] 1128, 1128 828 828 828 828 828
{Lo MST T (Vol 5) 109.3 1093  1093] 1083] 1093 782 792 79.2 79.2 792
Lo HVAC T increase 143 14.3 143 143 143 142 142 142 142 142
Up HVAC T increase 279 279 279 279 279 282 282 282 282 282

At t=1592 secs

UpMSTT (Vo 1) 135.7 1618, 1735 1819, 2015 1046, 1373] 1513 1644 1837
Mid MST T (Vol 6) 1356 1800,  2003] 2141 2491 1120] 1590/ 1822 2047 2385
[{LoMST T (Voi 5) 1327 1784 1996 2146 2519 1128] 1572] 181.1] 2045 2411
Up MST T increase 128 38.9 50.6 59.0 78.6 114 44.1 58.1 7.2 90.5
Mid MST T increase 228 67.2 875 1013] 1363 29.2 76.2 994 1219] 1557

{Lo MST T increase 234 69.1 903] 1053 1426 336 780, 1018 1253  161.9]
Lo HVAC T increase 377 834 1046, 1196 1569 478 922] 1161 1395 1761
Up HVAC T increase 407 66.8 785 869 1065 396 723 ¥e3 994 1187

At 1=2762 secs
UpMSTT (Vol 1) 135.9 164.1 1746 1860 2043 107.9) 1426] 157.2]  168.1 190.8
[Mid MST T (Vol 6) 136.1 1834 2014] 2212] 2568 1146 1656/ 1910, 210.1 250.6
Lo MST T (Vol 5) 1332 1816 2007 2217, 2614 1149 1627 1892 2098 2546
Up MST T increase 13.0 412 51.7 63.1 81.4 147 494 64.0 749 976
Mid MST T increase 233 706 886/ 1084 1440 318 828 1082, 1273 1678
Lo MST T increase 239 723 914] 1124 1521 35.7 835 1100, 1306 1754
|Lo HVAC T increase 382 866 1057 1267 1664 499 977) 1242 1448 1896
1Up HVAC T increase 40.9 69.1 798 910/ 1093 429 778 922 1031 1258
1
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Case g -

Filename =~~~ = | | €110-25] c110-75, ¢110-100] ¢110-125/c110-175 |

Results: === | . _ - W — ==T
Att=100Csecs ST —

UpMSTT (Vol1) | 137.4 1374 137.4 1374 1374,
{Mid MST T (Vol 6) 1273 127.3 127.3 1273 1273

Lo MST T (Vol 5) 1240 1240 1240 124.0 124.0
{Lo HVAC T increase 140 140 140 14.0 14.0

Up HVAC T increase 27.4 27.4 274 274 274

At 1=1592 secs

UpMST T (Voi 1) 1480 171.8 1825 190.0 206.4
IMid MST T (Vol 6) 1465 188.3 2056 219.0 2529
|Lo MST T (Vol 5) 1442 187.3 204.8 220.0 2559

Up MST T increase 10.6 344 451 526 69.0
{Mid MST T increase 19.2 61.0 78.3 91.7 1256
Lo MST T increase 20.2 63.3 80.8 96.0 1319
|Lo HVAC T increase 342 773 948 110.0 1459

Up HVAC T increase 38.0 61.8 725 80.0 96.4

At 1=2762 secs

UpMST T (Vol 1) 148.0 173.1 183.3 1923 211.1
IMid MST T (Vol 6) 1465 189.8 207.3 2257 258.9

Lo MST T (Voi 5) 1443 188.6 207.0 2265 263.7

Up MST T increase 10.6 35.7 459 54.9 737
[Mid MST T increase 19.2 62.5 80.0 98.4 131.6

Lo MST T increase 20.3 64.6 83.0 1025 139.7

Lo HVAC T increase 343 78.6 97.0 1165 153.7

Up HVAC T increase 380 63.1 733 823 1011




Case UST Leak |UST Leak |UST Leak LST Leak
Filename | ¢110-100] c110-200; ¢110-250 €110-100
Results: ; A
Mi=10"~cs | H S o
UpMSTT (Vol1) | 1379 1378 1379 1379
|Mid MST T (Vol 6) 127.9 1279 1279 1279
{Lo MST T (Voi 5) 1245 1245 1245 1245
|Lo HVAC T increase 145 145 145 145
{Up HVAC T increase 279 279 279 279
At t=1592 secs

UpMST T (Voi 1) 196.7 2530, 2293 188.2
{Mid MST T (Vo 6) 135.7 150.1 132.8° 195.1
LOMST T (Vol 5) 131.1 1445  1298° 1943
Up MST T increase 588 115.1 914 50.3
Mid MST T increase 78 222 49 87.2
{Lo MST T increase 6.6 20.0 5.3 69.8
Lo HVAC T increase 21.1 345 19.9 84.3
{Up HVAC T increase 86.7 1430 1183 78.2
At t=2762 secs

UpMSTT (Vol 1) 1950 2525 N/A 1878
|Mid MST T (Vol 6) 136.1 153.5/N/A 193.7
|Lo MST T (Voli 5) 1314 147.1 N/A 193.0
Up MST T increase 58.0 1146 49.9
Mid MST T increase 3.2 256 65.8
|Lo MST T increase 6.9 2286 68.5
{Lo HVAC T increase 214 37.1 83.0
Up HVAC T increase 85.9 1425 778

* Time at which either VR iniets choke (1092 seconds)
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Control Volumes
Vol Vol Elev Ht Hyd. D. Pl Area Burn
# Description (ft3) (ft) (ft) (ft) (ft2) Opt
1 |Upper MST 35956. 736.6 26.9 24.5 704 . | NONE
2 |Aux Bldg 1000000. 687. 87. 30. NONE
3 |Reactor Bldg 1000000. €87. 87. 30. NONE
4 |Containment 1000000. 736. 87. 30. NONE
5 |Lower MST 79116. 687. 19. a9.2 4164 .| NONE
6 |Middle MST 21249, 706. 30.6 25.9 0. | NONE
7 |Reactor Bldg 1000000. 687. 87. 30. NONE
8 |Aux Bldg (contr|{1000000. €87. 87. 30. NONE
Fluid Boundary Conditions - Table 1
Press. Temp. Flow ON OFF
BC# Description (psia) FF (F) FF (lbm/s) FF Trip Trip
1P| Lo MST HVAC in 14.7) 3 110 © 0| 0 8
2F|Up MST HVAC in 14.7 110 v400.0( 3 8
3F|Lo MST HVAC out 18. 0 3 8
4F|Up MST HVAC out 18. O|lv-1157.| 3 8 0
S5F|Lo Steam leakag SS. E1189.9 13.9] 2 4 0
6P| Pressure sink 14.7 100
7P| Pressure sink 14.7 100
8P| Pressure sink 14.7 100
9P| Pressure sink 14.7 100
10F|Mid MST HVAC in 15. 93.3 0
11F|Mid Steam leaka §8. E1189.9 3.48) 2 7 0
12F|Up Steam Leakag 5S. E1189.9 3.48| 2 8 0
13F|Lo HVAC out - e 15. 0 0 2 8
14F|Up HVAC out - e 15. -3.09] 2 8




€110-100 BSA-L-95-05
Fri Jan 12 09:43:25 1996 Rev. 0
GOTHIC Version 4.1(QA)-c - May 1995 Page E4

Fluid Boundary Conditions - Table 2
Lig. Vv Stm. Drop D Cpld Flow Heat

BC# Frac. FF P.R. FF (in) PFF BCH# Frac. FF (Btu/s) FF
1P h30

2F h30

3F h40

4F h40

SF 1 0.004

6P h40

7P h40

8P h4o0

Sp h40

10F h§2

11F 1 0.004

12F 1 0.004

13F h40

14F h40

Fluid Boundary Conditions - Table 3
Gas Pressure Ratios

BC# Air FF Ar FF He FF H2 FF
1P

2F

3F

4F

SF 0

6P

7P

8P

9P

10F

11F

12F

13F

14F
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Fluid Boundary Conditions - Table 4
Gas Pressure Ratios
BC# Kr FF N2 FF 02 FF Xe FF
1P
2F
3F
4F
SF
6P
7P
8P
9P
10F
11F
12F
13F
+4F
Flow Paths - Table 1
F.P. Vol Elev Ht Vol Elev Ht
B Description A (ft) (ft) B (ft) (ft)
1 |MST internal f1l 6 736.1]| 0.1 1 737.1] 0.1
2 Up MST HVAC in 1 760.]| 0.5 2F 760.| 0.5
3 |Lo MST HVAC out 5 700.1 0.5 3F 700.] 0.5
4 |Up MST HVAC out 1 760.] 0.5 4F 760.] 0.5
5 |Lo Steam leakag 5 700.]| 0.5 SF 700.] 0.5
€ |Lo MST HVAC in -] 700.] 0.5 1P 700.] 0.5
7 |Up MST Blowout 1 760.| 0.5 6P 760.] 0.5
8 |Lo MST Blowout S 700.} 0.5 7P 700.] 0.5
9 |Lo MST flow bal S 700.| 0.5 8P 700.|] 0.5
10 |Up MST flow bal 1 760.] 0.5 9P 760.] 0.5
11 |MST internal f1l 5 705.5] 0.5 3 706.5] 0.5
12 |Mid MST HVAC in 6 7.5 0.1 10F 7.1 D.1
13 |Mid Steam Leaka 6 721.]1 0.5 11F T81.1 9.8
14 |Up Steam Leakag 1 750.| 0.5 12F 750.| 0.5
15 |Lo HVAC out - e 5 700.} 0.5 13F 700.] 0.5
16 |Up HVAC out - e 1 760.| 0.5 14F 760.] 0.5
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Flow Paths - Table 2
Flow Flow Hyd. Inertia Friction Critical De- Mom
Path  Area Diam. Length Length Flow Entrmt Trn
B (ft2) (ft) (ft) (ft) Model Frac. Opt
- | 693. 25.8 28.8 28.8 NO 0.] -
2 0. 30, 10. 10. NO -
3 10. 10. 10. 10. NO -
4 a0. 10. 10. 10, NO -
5 10. i0. 10. 19, NO -
6 a0 10. 10. 10. NO -
7 50. $0. 10. 10. NO -
8 50. 50. 10. 10. NO -
9 8. . 10. 10. NO -
10 9. S, 10. 10. NO -
11 693. 25.8 52.4 52.4 NO -
12 319. 10. 10. 10. NO -
13 10, 10. 10. 10. NO -
14 10. 10. 10. 10. NO -
15 10. 10. 10, 10. NO -
16 10. 10. 30, 10. NO -
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Flow Paths - Table 3

Flow Fwd. Rev.
Path Loss Loss Comp.
# Coeff. Coeff. Opt .
1 0. 0.| OFF
2 OFF
3 OFF
4 OFF
5 OFF
6 le+09 1.5| OFF
7 1.5 le+09]| OFF
8 1.5 le+09| OFF
9 2.5 le+09| OFF
10 1.9 le+09| OFF
11 0. 0.| OFF
12 OFF
13 OFF
14 OFF
15 OFF
16 OFF

BSA-L-95-05
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Thermal Conductors
Cond Vel HT Vol HT Cond S. A. Init.
= Description A Co B Co Type (ft2) T.(F) Or
1 |Up Ceiling E of 1 3 3 2] 1 869.( 134.| X
2 |Up Ceiling W of 1 3 8 2 1 693. 134.| X
3 |Up Sidewall alo 1 1 2 1 1 861. 134.| X
4 |Up N& S wall W 1 1 2 1 1 1166. 134.} X
S |Up N & S wall E 1 1 3 1 1 1081. 134.| X
6 |Up Wall along J 1 1 3 1 2 80. 134.| X
7 |Up Containment 1 1 4 1 2 619. 134.| X
8 |Mid E wall alon 3 1 7 1 : § 835. 124.| X
S |Lo Ceiling 5 3 2 2 & 3663. 120.] X
10 |Mid MST walls 6 & 2 1 3 1642. 124.| X
11 |Upper MST floor 1 2 3 3 1 704. 134.| X
12 |Lower MST floor 5 2 2 3 1 3663, 120.| X
13 |Low E wall alo 5 1 7 1 1 608. 120.| X
14 |Lower MST walls 5 1 2 1 3 4718. 120.| X
15 |Lo MST floor 5 3 2 3 1 S01. 120.] X
16 |Mid MST side wa 6 1 e : 3 663. 124.1 X
Heat Transfer Coefficient Types - Table 1
Heat Cnd Sp Nat For
Type Transfer Nominal Cnv Cnd Cnv Cnv Cnv Rad
# Option Value FF Opt Opt HTC Opt Opt Opt
1|Direct XOR | UCHI VERT SURF OFF ON
2|Direct XOR|UCHI FACE UP OFF ON
3|Direct XOR|UCHI FACE DOWN OFF ON
Heat Transfer Coefficient Types - Table 2
Min Max Convect Condensa
Type Phase Ligq Lig Bulk T Bulk T
# Opt Fract Fract Model FF  Model FF
1| vap Tg-Tf Tb-Tw
2| vap Tg-Tf Tb-Tw
3| vap Tg-Tf Tb-Tw
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Heat Transfer Coefficient Types - Table 3
Char. Nat For Nom Minimum
Type Length Coef Exp Coef Exp Vel Vel Conv HTC
© (fr) FF FF FF FF (ft/s) FF (B/h-f2-F)
1 1.
2 -1.
3 -1.
HTC Types - Table 4
Total Peak Initial Post-BD
Type Heat Time Value Direct
& (Btu) (sec) (B/h-f2-F) FF
B
2
3
Thermal Conductor Types
Type Thick. 0.D. Heat Heat
5 Description Geom (in) (in) Regions (Btu/ft3-s) FF
1l 14.5 ft slab WALL 54. 0. 13 0.
2 |6.0 ft slab WALL 72. 0. 12 0.
3 |3.5 ft slab WALL 42. 0. 13 0.
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Thermal Conductor Type

1
4.5 ft slab
Mat . Bdry. Thick Sub- Heat
Region ® (in) (in) regs. Factor
1 1 0. 1.104 1 0.
2 1 1.104 2.208 1 0.
3 1 3.312 4.416 s & 0.
4 ! 1.72% 8.832 ) | 0.
5 1 16.56 9.36 1 0.
6 1 25.92 9.36 1 0.
7 3 35.28 5.496 1 0.
8 1 40.776 £.496 1 0.
S 1 46.272 4.416 1 0.
10 1 50.688 2.208 1 0.
11 1 52.89¢6 1.104 1 0.
Thermal Conductor Type
2
6.0 ft slab
Mat . Bdry. Thick Sub- Heat
Region = (in) (in) regs. Factor
1 0. 1.104 1 0.
2  § 1.104 2.208 1 [
3 1 3.312 4.416 | 0.
4 1 7.728 8.832 1 0.
5 1 16.56 17.664 1 0.
6 | 34.224 9.444 1 0.
7 1 43.668 9.444 1 0.
8 1 53.112 5.58 1 0.
S 1 58.692 5.58 | 0.
10 3 64.272 4.416 1 0.
i3 1 68.688 2.208 1 0.
12 1 70.896 1.104 1 0.
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Thermal Conductor Type
3
3.5 fr slab
Mat. Bdry. Thick  Sub- Heat
Region - (in) (in) regs. Factor

: 1 0. 0.1104 1 0.

2 - 8 0.1104 0.2208 1 0.

3 : | 0.3312 0.4416 1 0.

5 ) & 0.7728 0.8832 1 0.

5 1 1.656 1.7664 1 0.

6 1 3.4224 3.5328 1 0.

7 1 6.9552 7.0656 1 0.

8 1 14.0208 6.9948 1 0.

9 i 21.0156 6.9948 ) B 0.
10 1 28.0104 5.3388 1 1
11 1 33.3492 5.3388 1 0.
12 1 38.688 2.208 1 0.
13 1 40.856 1.104 1 -

Materials
Type # Description
1 Concrete
Material Type
1

Concrete
Temp. Density Cond. Sp. Heat
(F) (1bm/ft3) (Btu/hr-ft-F) (Btu/lbm-F)
100. 145. 0.92 0.156
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Cooler/Heater
Heater On Off Flow Flow Heat Heat
Cooler Vol. Trip Trip Rate Rate Rate Rate Phs C
# Description # W i (CFM) FF (Btu/s) FF Opt L
1H Up MST heat 1 1 3 332.5 1 |VTE
2H Lo MST heat 1 s 3 175, 1 |VTE ,
3H Mid MST heat 6 3 45. 1 |VTE |
Valves & Doors
Flow Open Close Valve
Valve Path Trip Trip Type Disch.
B Description # i “ i Vol.
1V |Upper MST blowo 7  § S 1 6P
2V |Lower MST blowd 8 2 10 : 7P
3V |Up MST flow bal| 10 8 0 2 9P
4V |LO MST flow bal 9 8 0 2 8P
Valve/Door Types
Valve Stem Loss Flow
Type Valve Travel Coeff. Area
3 Option Curve Curve (ft2)
1 QUICK OPEN 0 0 50.
2 QUICK OPEN 0 0 8.
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Component Trips
Trip Sense Sensor Sensor Var. Set Delay Rset Cond Cond
# Var. 1 Loc. 2 Loc. Limit Point Time Trip Trip Type
1 | PRESS 1 UPPER 18.7 0. 9 AND
2 | PRESS 5 UPPER 15.7 0. 10 AND
3 TIME UPPER 0. 0. AND
4 TIME UPPER 1000. 0. AND
5 | PRESS 1 UPPER 14.71 0. AND
6 | PRESS - UPPER 14.71 0. AND
7 TIME UPPER 3600. 0. AND
8 TIME UPPER 3600. 0. AND
9 | PRESS 1 LOWER 15.2 0. AND
10 | PRESS 5 LOWER 1.2 0. AND
Functions
FF# Description Ind. Var. Dep. Var. Points
0 |Constant - - 0
1 |Heat load Temperatur|Multiplier 8
2 |Crack Propogati|Time, sec. Value 3
3 |Step down Time, sec| Dep. Var. 3
Function
1
Heat load
Ind. Var.: Temperature
Dep. Var.: Multiplier
Ind. Var. Dep. Var. 1Ind. Var. Dep. Var.
45. 1.132 60. 1.094
75. 1.087 90. 1.028
104. 122, 0.9638
148. 0.91 300. 0.5146
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Function
2
Crack Propogation
Ind. Var.: Time, sec.
Dep. Var.: Value
Ind. Var. Dep. Var. 1Ind. Var. Dep. Var.
0. 0. 100. L
le+30 1.
Function
3
Step down
Ind. Var.: Time, sec
Dep. Var.:
Ind. Var. Dep. Var. Ind. Var. Dep. Var.
0. . 98 0.1 0.
le+30 0.
Control Variables
cv Func. 1Initial Coeff. Coeff.
# Description Form Value G a0 Min Max
1 |Junction 4 Fl div 0. 60. 0.]-1e+32|1e+32
2 |Volume 1 dens sum 0. 1. 0.]|-1le+32|1e+32
3 |Junction 6 Fl mult 0.1847.457 0.|-1e+32|1e+32
4 |Junction 2 Fl mult 0.]/847.457 0.]-1le+32|1e+32
5 |Junction 3 Fl div 0. €0. 0.]~1e+32|1le+32
6 |Volume 5 dens sum 0. i, 0.]-1e+32|1e+32
7 |Junction 5 Fl mult : 1608. 0.]-1e+32|1e+32
8 |JS5 + Jé Flow sum 0. 1 0.|-1e+32|1e+32
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Function Components
Control Variable 1
Junction 4 Flow
div
Y=G(a0+a2X2) /(alXl)

Gothic_s Variable
Name location

Coef .

N

cvval cv2
wgjne cJ4

Function Components
Contrel Variable 2
density
sum

Y=G(a0+alXl1l+a2X2+...+anXn)

Gothic_s Variable
Name location

Coef .

rv ¢Vl
rmgas cV1

Function Components
Control Variable 3
Junction 6 Flow
mult
Y=G(alXl*a2X2+*... *anXn)

Gothic_s Variable
Name location

Coef .

wgjnc cJé
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Function Components
Control Variable 4
Junction 2 Flow
mult
Y=G(a0+a2X2) /(a1X1)

Gothic_s Variable
# Name location

Coef.

1 wgjnc cJ2

Function Components
Control Variable S
Junction 3 Flow
div
equation

Gothic_s Variable
3 Name location

Coef.

1 cvval cvé
2 wgjnc cJ3

e

Function Components
Control Variable 6
Volume S5 density
sum
Y=G(a0+alXl+a2X2+...+an¥n)

Gothic_s Variable
& Name location

Coef.
a

1 rv cVs
2 rmgas cVs
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Function Components
Control Variable 7
Junction 5 Flow
mult
Y=G(alX1l*a2X2+*...*anXn)

Gothic_s Variable Coef .
# Name location a
1 wgijnc cJS L4

Function Components
Control Variable 8
JS + J6 Flow
sum
Y=G(a0+alXl+a2X2+...+anXn)

Gothic_s Variable Coef .
3 Name location a
1 cvval cv3 1.
2 cvval cv?7 -

Volume Initial Conditions
Vapor  Liquid Relative Liquid Ice Ice
Vol Pressure Temp. Temp. Humidity Volume Volume Surf.A.
# (psia) (F) F (%) Fractio Fract. (ft2)
def 14.7 80. 80. 60. 0. 0. 0
- § 14.7 139. 139. 10. 0. 0. 0
2 14.7 110. 110. 40. Q. 0. 0
3 14.7 110. 1318, 40, 0. 0. 0
- 14.7 130. 130. 40, 0. 0. 0
5 14.7 124.5 124.5 20, 0. - I 0
6 14.7 128.5 128.5 ab. 0. 0. 0
7 14.7 110. 110. 40. - 0. 0
8 14.7 75. 75. 40. 0. 0. 0
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Initial Gas Pressure Ratios

Vol
3 Air Ar He H Kr N 0 Xe
def . I 0. 0. 0. P 0. 0. 0.
1 0. 0 0. 0. 0. D. 0.
2 0. 0. 0. 0. 0. 9. 0.
3 - 0. 0. 0. I ' 0. 0.
4 : 0. 0. 0., 0. 0 - 0.
5 . 0. 0. 0. 0. 0. 0. 0.
6 . 0. i 1 0. 0. 0. 0. 0.
7 0. 0. 0. 0. 0. 2 I8 0.
8 B 0. 0. 0. 0. 0. 0. 0.

Run Control Parameters (Seconds)
Time DT DT DT End Print Graph Max Dump

Int Min Max Ratio Time Int Int CPU Int

1 (0.001(0.001|1e+10|0.001}0.001}(0.001 60. 0.

2 10.001 . 4 1.1 130. 10. S.| 600. 0.

3 0.1 y 8 1.] 9%0. 30. 30.| 600, 0.

4 10.001 1.}1050. 1. 1.| 600. 0.

- 0.01 1./11600. 30. 30.| 600. 0.

6 0.01 4. 1.]13600. 60. 60.| 600. 0.

Run Parameters Menu

Parameter Value
Restart Time (sec) 0
Restart Time Step # 0
Restart Time Control NEW
Revap. Fraction 0

Hetero. Nucleation? YES
Min. NC HT Coeff. (Btu/ft2-hr-F) 0
Reference Pressure (psia) 0

Forced Ent

. Drop Dia. (ft) 0.00833
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Ice Condenser Parameters
Initial Bulk Surface Area Heat
Temp. Density Multiplier Transfer
(F) (1bm/£ft3) Function Opt.ion
18. 33.43 0 UCHIDA
Graphs
Graph Curve Number
# Title Mon 1 2 3 4 5
1 Temperature of TVS TV1 V6 STS TAl4
2 HVAC Flow Rates FVé FV3 FV2 FV4
3 Steam Leakage FVS FV13 FV14
4 Heat Transfer C HA10 HA3 HAl4
5 Blowout Flowrat FV9 FV8 FV10 FV7
6 Pressure PR1 PRS PR6
7 Temp Profile HS TP10t10|TP10t.0|{TP14t16 | TP3t300|TP14t30
8 Extra HVAC FV15 FV1é
9 Volume Fraction ALS AL6 ALl
10 |Internal Flow FV11 vl
11 |Heat Load CQ2H CQ3H CQ1H
12 cvl cv3 cvé cv? cve
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HVAC Flow Rates
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Steam Leakage
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Heat Transfer Coefficient
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Tl T e F Rane?

15 20 25

io

4"""'!"'!IUTIIUT‘I"I"

MTC (Btu/hr-ft2-¥)

'

® AT I\IML il g g 4.4
. . ' . x10e3
Time (sec)

GOTHIC 4 1(pA)-¢ 01/09/95 08.08.02




£3115-300 BSA-L-95-05

Sat Jan 13 14:13:17 1996

Rev. 0
Page E24

GOTHIC Version 4.1(QA)-c - May 1995
Blowout Flowrate
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