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II. INTRODUCTION

A very important design criteria for the main steam tunnel
and valve room subcompartments involves retaining functional
integrity indefinitely which includes withstanding peak
transient differential pressures under a postulated accident
mode.

A previous calculation (Reference 1) addressed this criteria

by determining design pressures for the main steam tunnel and
valve rooms. At the time that the calculation was performed,
the NRC required (Reference 2) a factor equal to 1.4 be applied
to the calculated peak differential pressures for use as design
pressures. The factor was to provide a design margin to
accommodate possible plant modifications in the future. At the
operating licensing stage, though, the NRC only requires that

the calculated peak differential pressures be less than the

design pressures. Since the Byron project has reached this
stage, the 1.4 factor is not used in the calculation of the

peak pressures.

It is evident if no design changes occurred since the construc-
tion permit stage, the 40% margin would still hold true, thus
satisfying the requirements in Reference 2. But modifications
have been made since the calculation per Reference 1 was per-
formed. The primary modification involved isolating the
auxiliary feedwater line tunnel from the valve rooms. As a
result, less volume is avaiiable for expansion of steam coming

from a main steam line break.

Therefore, the purpose of this study is to calculate peak
pressures using the as-built specifications from which a new
set of design margins can be determined. It is noted that
temperature is not a primary concern in this calculation, but

for convenience corresponding temperature profiles will also

be presented for each of the pressure profiles.
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Reference 1 as well as Revisions 0 and 1 of this calcu-
lation considered four break locations which included:

the second quadrant lower valve room; the second quadrant
main steam tunnel next to the valve room; the main steam
tunnel connecting the first and second quadrants; and

the first gquadrant main steam tunnel next to the valve rcom.
In addition to the four break locations, this calculation
also considers two break locations in the last segment of

the main steam tunnel which opens into the turbine building.
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III. ANALYTICAL MODELS AND COMPUTER PROGRAMS

The analytical models and computer programs used in this
analysis are filed and documented in the Computer Software
Library. The program names used are:

REL 09.8.026-5.70
PPP 09.8.099-1.11

PPP  0.9.099-1.2T 2
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ASSUMPTIONS

1.

The initial conditions in the steam tunnel and the valve
rooms are 14.7 psia pressure at a temperature of 90°F
and a relative humidity of 30%.

Only one break occurred per analysis.

The Moody choke flow multiplier of 0.6 was used as
required by the Nuclear Regulatory Commission {NRC)
(Reference 2) for choked flow check between nodes.

The area of a flow path is the effective area (i.e., the
cross sectional area of the path excluding areas occupied
by grating, pipes, louvers, etc.).

The mass and energy release rates for the postulated
main steam line rupture were taken from Reference 6,

The doors and HVAC louvers/panels in the upper chambers
of the valve rooms are initially assumed closed or intact.
A differential pressure equal to 1.5 psi will blow open
the doors and panels to atmosphere.
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METHOD OF ANALYSIS

The main steam line rupture was assumed to be a doubled-ended

guillotine break. The RELAP4/MOD5 (Reference 3) computer code
was used to determine pressure transients for six cases, - 12
each having a differant break location. 1In the first case,

the break was located in the second quadrant lower valve

room (See Figure 1). The second case involved locating the

break in the second quadrant main steam tunnel next to the

valve room. The break for the third case was located in the main|2
steam tunnel connecting the second and first quadrants. The

fourth case involved locating the break in the first quadrant
tunnel next to the valve room. The break for the fifth case

was located in the last 90° section of the tunnel before 2
entering the turbine building. The last break was located in

the straight section of the tunnel which opens into the tur-

bine building.

The steam tunnel was modeled using five nodes and each of the
valve rooms were modeled using four nodes. When including
atmosphere, the entire model consisted of 14 nodes as seen

in Figure 2 which shows the entire nodalization scheme of the
main steam tunnel and valve rooms. The initial conditions
presented in Table 1 for these nodes were taken from Reference 1.
The remaining input data were determined in Appendix A.

The areas of the 21 junctions (flow paths), which connect

the nodes (See Figure 2), are presented in Table 2. The
areas are equivalent to the minimum vent areas between the
nodes and were determined in Appendix A as were the remaining
input data. The Moody flow multiplier was taken to be .6 as
required by the NRC.

Table 3 shows the blowdown rates and properties versus time
from a postulated ruptured main steam line as provided by
Reference 6. This table was used in all six cases as input

to RELAP4/MOD5 2

It is finally noted that throughout the analysis, heat transfer

out of the tunnel and valve rooms was not considered for

conservatism.
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RESULTS

A summary of the resulting peak differential pressures is pre-
sented in Table 1. Also included in the table are the design
pressures previously calculated and the resulting design margins
for each of the subcompartments (nodes). Table 4 presents a
summary of the resulting peak differential pressures for interior
walls in the valve rooms and for walls separating the main

steam tunnel and valve room. Previously determined design

pressures and design maryins are also presented in this table.

Figures 3 thru 20 present the pressure transients for each 2
of the nodes for all six break loc=tions, Specifically,

Figures 4, 7, 10, 13, 16, and 19 refer to the main steam tunnel
(main steam tunnel is made up of nodes 6, 7, 8, 13, and 14)

and the remrnining figures refer to the two valve rooms.

Figures 21 thru 38 present the corresponding temperature 2
transients for each of the nodes for all six break locations.

A summary of the maximum temperatures obtained in the one-

second duration is presented in Table 5.

- ——
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CONCLUSIONS

With one exception, all of the calculated peak pressures for
the exterior boundaries of the main steam tunnel and safety
valve rooms as presented in Table 1 are less than the design
pressures presented in Exhibit 30 of Reference 1. The

design margins for these boundaries varied from 25 to 61 per-
cent. The exception concerns the last segment of tunnel
(node 14) which opens into the turbine building. The calcu-
lated peak pressure is approximately 8% higher than the design 2
pressure presented in Exhibit 30 of Reference 1. It is noted
that a break location in this segment of the tunnel was not
considered previously in Reference 1 and Revisions 0 and 1 of
this calculation. Revision 2 of this calculation did assume a
line break in the last segment of the tunnel and has shown highey
calculated pressure. As a result, the structural integrity

of the last calculated section of the tunnel (node 14) may
require re-evaluation for the higher pressure. The differential
pressures used for the design of the remaining sections of the

main steam tunnel and valve room boundaries, however, are still

conservative.

The elimination of the auxiliary feedwater line tunnel from

the model reduced the total available volume by no more than

% of one percent. Therefore, the design margins as determined

for nodes 7 and 9 are reasonable. However, the large '2
design margins determined for the boundaries of the valve rooms
and node 6 appeared, at first, to be excessive. The iz
primary reason for this change is believed to be a known error

in the computer program used for the calculation of Refe:rence 1.
This program, WARLOC, was found to produce node pressures

that are too high when treating superheated vapor. This effect

is described in Reference 4.

For the interior walls, all the differential pressures as pre-
sented in Table 4 were less than the design pressures presented
in Exhibit 31 of Reference 1 except for the wall separating
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the upper chambers of the valve room. The calculated peak
pressure for this wall was .2 psi higher than the design pres-
sure. It is anticipated, though, that a difference of this
magnitude will not present a problem. It is typical to

include further conservatisms when designing reinforced
concrete walls which, in this case, would allow the wall to
absorb the additional .2 psi and still maintain a safety
margin, but this would need to be verified. For the remaining
interior walls, the design margins varied from 4.3 to 31.7 per-
cent.

With regard to the temperature transients presented in
Figures 21 thru 38, it is noted that for nodes 7 and 8, the
maximum temperatures presented in Table 5 do not represent
peak temperatures. For each of these nodes, the bounding
temperature transient was still on the rise after one second.
But for nodes 2 thru 5, and 9 thru 12, a peak temperature

of 333°F was obtained. After one second, the temperatures 2
for these nodes were either decreasing or leveling off.

Now considering that heat transfer will begin to become a

factor after a few minutes and the mass blowdown rate is
decreasing with time, it can be reasonably concluded the

333°F temperature will be the limiting peak for all nodes,

but, this would have to be looked at in a more detailed

analysis which would include heat sinks and a longer blow-

down duration.
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SUBCOMPARTMENT NODAL DESCRIPTION
MAIN STEAM LINE BREAK IN MAIN STEAM TUNNEL OR VALVE ROOMS ’

DBA BREAK CONDITIONS CAIC. DESIGN

CROSS- BRERK PEAK PEAK
SECTIONAL INITIAL CONDITIONS LOC. BREAK PRESS PRESS DESIGH
VOLUME HEIGHT, AREQ, VOLUME TEMP, PRESS. HUMID.* VOL. BREAK AREA DREAK DIFP. DIFF. MARGIN
NO. DLSCRIPTION ft rr? fe? °F psia ' NO. LINE ft2 TYPE psid psid )
1 Atmosvhere 5x103 ixl0? 107 90 14.7 30 - - - - - - -
2 2nd Quadrant 12.33 133.25 4895.7 90 14.7 30 5 Main 1.4 Dpouble~- 17.4 26.2 51
Upper Valove ' Steam ended
Chamber Guillo-
tine
3 2ad Quadrant 12,33 133.7 4895.7 90 14.7 30 5 Main 1.4 Double- 17.4 26.2 51
Upper Valve Steam ended
Chamber Guillo-
tine
4 2nd Quadrant 24.00 213.0 6007.0 90 14.7 30 5 Main 1.4 Double- 19.7 28.6 45
Lower Valve Steam ended ‘
Chamber Guillo~-
tine
5 2nd Quadrant 27 10 213.0 6007.0 90 14.7 70 5 Main 1.4 Double~ 19.7 28.6 45
Lowver Valve Steam ended
Chamber . . . Guillo-
tine
6 2nd Cuadrant 19,00 317.0 13695.0 90 14.7 30 6 Main 1.4 Double- 16.4 26.5 61
Main Steam Steam ended
Tunns:l Guillo~
) tine

“elative humidity. ' ’ ‘

——n . .ty s T —
E
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SUBCOMPARTMENT HNODAL DESCRIPTION

MAIN STEAM LINE BREAK IN MAIN STEAM TUMNNEL OR VALVE ROOMS

NBA DREAK CONDITIONS CALC. DESIGN .
CROSS~ BEREAK PEAK PEAK
SECTIONAL INITIAL CONDITIONS LoOC. BREAX PRESS PRESS DESIGN
VOLUME HEIGHT, AREA, VOLUME TEMP. PRESS. HUMID.* VOL. BREAX AREA BREAK DI¥FP, DIFF. MARGIN
MO, DESCRIPTION ft F1? reld °F pela 1} NO. LINE ft?  TYPE psid psid \
7 Main Srearn 19.00 203.0 34865.0 90 14,7 30 7 Main 1.4 Double- 15.5 21.3 38
Tunne’ Stecam ended
Guillo=-
tine
Y st Quadrant 20.00 432.0 35016.0 90 14.7 30 8 Main 1.4 pouble- 8.8 11.2 28
Main Stean Steam ended -
tannel Guillo~
tine
g 1st Quadrant 12,33 133.25 4895.7 90 14.7 30 542 Main 1.4 Double- 17.4 26.2 51
Hpper Valve Steam ended
Chamber Guillo~
tine
10 1st Quadrant 12.33 183.7 4895.7 90 14.7 30 Sen Majin 1.4 Double 17.4 26.2 51
Upper Valve Steam ended
Chamber Guillo~
tine
11 15t Quadrant 24.00 213.0 6007.0 90 14.7 30 Sk% Main 1.4 Double- 18.7 28.6 45
fower Valve . Steam ended
Chawber ’ Guillo~
tine

P ReTative humidity.

* pifterential pressures calculated for 1st Quadrant valve chambers are also applicable to corresponding 2nd Quadrant
valve charbers, :

b o gt
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TALLE 1 (Cont'd)

SUBCOMPARTMENT NODAL DESCRIPTION

MAIN STEAM LINE BREAK IN MAIN STEAM TUNNEL OR VALVE ROOMS

LB» BREAKX CORDITIONS CALC. DESIGN -
CROSS- BREAXK PEAK PEAK
SECTIONAL INITIAL CONDITIONS LoC. BREAK PRESS PRESS DESIGN
VOLUME HEIGHT, AREA, voruMe TEMP.  PRESS. HUMID.* VOL. BREAK AREA BREAX DIFF. DIFF. MARGIN
NO. DESCRIPTION ft fr? fr3 *F psia 1} NO. LINE £e2  TYPE  peid psid 1]
12 lst Quadrant  24.00 212.0 6007.0 20 14.7 30 5¢¢  Main 1.4 Double- .2.7 28.6 45
Lower Valve Steam ended
Charmber Guille-
. tine
13 lst Quadrant 29.60 432.0 17388.1¢ 9¢ 14.7 30 13 Main 1.4 Double- 12.6 13.2 25
Main Steam Steanm ended
Tunnel Guillo- 2
tine
14 lst Quadrant 19.0C 280.0 13529.9 90 14.7 30 14 Main 1.4 Double- 11.1 10.3 ~8
Main Steam Steam ended
Tupr 21 Guillo-
tine

FTRelative noms
** Differert:a

; _ 1 pressures calculated for lst Quadrant vaive chambers are also agpplicable to corresponding 2nd Quadrant
valve chlLagber



TABLE 2

SUBCOMPARTMENT VENT PATH DESCRIPTION

MAIN STEAM LINE BREAK IN MAIN STEAM TUNNEL OR VALVE ROQM

Calc. No.
Revision:
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Project No. 4391-00

3C8-0282-001

2

FROM TO DESCRIPTION
ENT VOL. VOL. OF HYDRAULIC HEAD 1L0SS, X
ATH NODE NODE VENT PATH FLOW! AREA? LENGTH? DIAMETER FRICTION TURNING EXPAN~ CONTRAC~
0. HNO. XNO. : THOKEDS UNCHOKED fe? ft ft X, ft/d L0SS, K SION, K TION, K TOTAL
1 14 1 Main Steam Tunnel to Turbine 270.8 28.0 13.¢ - - - - 1.065€
Building
Chcked (13 ,14)
2 2 5 2nd Quadrant Upper Valve Chamber 121.0 16.4 5.7 - - - - 1.3207
to Lower Valve Chamber -
Unchoked
K} 3 4 2nd Quadrant Upper Valve Chamber 121.0 16.4 5.7 - - - - 1.8207
to Lower Valve Chamber .
Unchoked
4 3 4 2nd Quadrant Lower Valve Chamber 73.0  17.2 4.5 - - - - 1.3888
to Main Stear Tunnel
Unchored
5 6 & 2nd Quadrant Lowar Valve Chamber 73.0 17.2 4.5 - - - - 1.5€E¢
to Main Steam Tunnel
Choked (%)
6 5 4 Openings Between 2nd Quadrant 100.0 16.1 7.1 - - - - 1.3071
Lower Valve Chambers
Unchoxed

TBee Flgures I and Z.

! Length/Area is the inertial term input directly into RELAP4/MODE.

! Number in parentheses indicates the volume number of the break .ocation which caused choke
locations not indicated, unc-oked flow had occurred for the vent.

flow in the vent.

Lrean
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TABLE 2 (Cont'd)

SUBCOMPARTMENT VENT PATH DESCRIPTION

MAIN STEAM LINE BREAK IN MAIN STEAM TUNNEL OR VALVE ROOM

FROM TO DESCRIPTION
VENT VCOL. VOL. OF HYDRAULIC HEAD LOSS, K
PATH NODE NODF VENT PATH FLOW! AREA? LENGTH? DIAMETER FRICTION TURNING EXPAN- CONTRAC-
NO. NO, NO. CHOKED? UNRCHOKED I ft ft K, ft/d LOSS, K SION, K TION, K TOTAL
7 6 7 2nd Quadrant Main Steam Tunnel 199.8  102.0 13.3 - - - - 2.1860
to Main Steam Tunnel
Unchoked !
8 7 8 Main Steam Tunnel to lst Quad- 199.8  132.4 13.3 - - - - 2.7530
rant Main Stcam Tunnel
Unchoked
9 12 9 1st Quadrant Upper Valve Chamber 121.0 16.4 5.7 o - = - 1.5207
to Lower Valve Chamber
Unchoked
10 9 10 Opunings Beotween ist Quadrant 100.0  11.2 4.5 - - - . 1.5120
Upper Valve Chambers
Unchoked
11 11 10 1st. Quadrant Upper Valve Chamber 121.0 16.4 5.7 = = - - 1.5207
to Lower Valve Chamber
Unchoked
12 12 11 Openings Between 1lst Quadrant 100.0 16.1 7.1 - - = - 1.5071
Lowar Valve Chambers 1
Unchoked

T Bee Pigures I and <.

< Length/Area is the inertial term input directly into RELAP4/MODS. .

} Number in parenthesces indicater the volume number of the break location which caused choke flow in the vent. For break
locatiuns not indicvatced, unchoxed flow had occurred for the vent,
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TABLE 2 (Cont‘'d)

SUBCOMPARTMENT VENT PATH DESCRIPTION

MAIN STEAM LINE BREAK IN MAIN STEAM TUNNEL OR VALVE ROOM

FROM TO DESCRIPTION
VENT VOL. VOL, OF HYDRAULIC HEAD LOSS, K
PATH NODE NODE VENT PATH FLOW! AREA? LENGTH? DIAMETER FRICTION TURNING EXPAN-  CONTRAC-
~ NO, NO. NO. CHOKED® UNCHOKED ft2 ft ft K, ft/d LOSS, K SION, XK TION, K TOTAL:
13 8 13 1st Quadrant Main Steam Tunnel 373.6 42.0 17.6 - - - - 2.2600
Unchoked
14 13 14 1lst Quadrant Main Steam Tunnel 270.8 42.0 13.9 - - - - 2,2600
Unchoked
15 8 11 1st Quadrant Lower Valve Chamber 73.0 17.2 4.5 - - - - 1.5685
to Main Steam Tunnel
Unchoked
16 8 12 1let Quadrant Lower Valve Chamber 73.0 17.2 4.5 - - - - 1.5685
to Main Steam Tunnel
Unchoked
17 2 3 Openings Between 2nd Quadrant 100.0 11.2 4.5 - - - .- 1,5120
Upper Valve Chambers
Unchoked
18 2 1 HVAC Panels in 2nd Quadrant 51.3  15.2 5.9 - = - = 2.900

Upper Valve Chambers
Choked (5, o)

I"Sce Flgures | and 2.

2 Longth/Area is the fnercial term input directly into RELAP4/MODS,
} Number in parentheses indicates the volume number of the break location which causced choke flow in the vent. For break -

locations not indicated, unchoked flow had occurred for the vent.

e e 3 . R - Y~ APt A A
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TABLE 2 (Cont'd) -
B SUBCOMPARTMENT VENT PATH DESCRIPTION
MAIN STEAM LINE BREAK IN MAIN STEAM TUNNEL OR VALVE ROOM
FROM TO DESCRIPTION .
VENT VOL. VOL, OF HYDRAULIC HEAD LOSS, K
PATH NODE NODE VENT PATH FLOW! AREA? LENGTH? DIAMETER FRICTION TURNING EXPAN-  CONTRAC-
NO. NO. NO. CHOKED’ UNCHOKED ft? ft ft K, ft/d LOSS, K SION, K TION, K TOTAL
19 3 1 Door and HVAC Panels in 2nd 75.8 25.3 5.4 - - - - 2.900
Quadrant Upper Valve Chambers
Choked (5, 6)
20 9 1 HVAC Panels in lst Quadrant 51.3 15.2 5.9 - - - - 2.900
, Uvper Valve Chamber | . .
. Choked (5)"
21 10 1 Door and HVAC Panels in 1lst 75.8 25.3 5.4 - - - - 2.900 - ,
N Quadrant Upper Valve Chamber
Choked (5}
22(a)s o 5 Main Steam Line Break in Node § 1.0 0.0 0.0 - - - - 0.000
Fill
- 22(b)% 0 6 Main Steam Line Break in Node 6 1.0 0.0 0.0 - - - Lo 0.000
. . FITT
22(c)® o 7 Main Steam Line Break in Node 7 1.0 0.0 0.0 - - - - 0.000
Jd FITT
4
L 22()5 0 8 Main Steam Line Break in Node 8 1.0 0.0 0.0 - - - - 0.000
' Fill

. T Zga Figures 1 and 2.
! ? tength/Area if the inertial term input directly into RELAP4/MODS. ,
} tiumber in parentheses indicates the volume number of the bhreak location which causced choke flow in the vent. For break -
. locations not indicated, unchoked {low had occurred for the vent,
! * Choking results for 2nd quadrant valve room arec applicd to lst quadrant valve room,
, -+ % Four cases were consldered cach having a different break location.
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BLOWDOWN RATES AND ENTHALPY FOR RUPTURED MAIN STEAM LINE*

TIME
(SEC)

0.0
2.0
4.0
6.0
8.0
10.0
10.1
20.0
30.0
50.0
75.0
100.0

* See Reference 6.

FLOW

(LB/SEC)

11,000
10,434
9,608
9,017
8,613
9,318
2,098
1,993
1,879
1,625
1,064
814

ENTHALPY

(Btu/LB)"

1,195.4
1,195.1
1,196.9
1,197.7
1,199.4
1,199.8
1,201.1
1,199.2
1,208.1
1,206.1
1,203.0
1,201.5
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TABLE 4 )
SUMMARY OF PEAK DPRESSURES AND DESIGN MARGINS
BETWEEN VALVE ROOMS AND MAIN STEAM TUNNEL
WALL LOCATION DESIGN PEAK DESIGN
BETWEEN NODES* PRESSURE (PSID)** PRESSURE (PSID) MARGIN (§) ***
2-3 and 9-10 6.3 6.49 -2.9
3-4 and 10-11 13.2 12.66 4.3
4-5 and 11-12 17.6 13.36 31.7
2-5 and 9-12 3.2 12.66 4.3
4-6, 5-6, 11-8, 19.4 14.88 30.4
and 12-8
JEES
oQ <
(WA
D ee 0o
a0
L 50
IR 6 s
*  See Figures 1 and 2. Ny
** GSee Reference 1. - )
*** Determined using peak pressure as base value. 2 o
I ®
o N
o )
(=]
o
(=]
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TABLE 5
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t No. 4391-00

SUMMARY OF MAXIMUM TEMPERATURES FOR MAIN

STEAM TUNNEL AND VALVE ROOMS

2, 3, 9, 10
4, 5, 11, 12
6

14

Maximum
Temperature (°F)

333
333
322
309%*
310%*
318
315

* GSee Figures 1l and <.

Break*
Location

Lowe
Lowe
Lowe
Node
Node
Node

Node

r Valve Room
r Valve Room
r Valve Room

7

8

13

14

** Temperature was still rising from this value after one second.
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FIGURE 1: MAIN STEAM TUNNEL VIEW PLAN
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-~ FOR STEAN BREAK IN 2ND QUAD. TUNNEL

{'SECTION 3-1 PPPO98099101I/L
7 FOR STEAM BREAK IN 2ND & 1ST QUAD TUNNEL (NODE 7)

‘ GECTION 4-1 PPPO9809I10I/L

FOR STEAM BREAK IN 1ST QUAD. TUNNEL

SECTION 5-1 PPPO98099111/8

- FOR STEAM BREAK IN 2ND QUAD. DOGHOUSE

SECTION 6-1 PPPO9BO99111/8
FOR STEAM BREAK IN 2ND QUAD. TUNNEL

(NODE 3)

(NODE 6)

(NODE 8)

(NODE 5)

(NODE 6)

23:44
22 JUL 82 454
23:59 44.14
00:50
22 JuL g2 9

20:39 4.19
201446
22 JuUL 82 g
22:43 4.18
22:49
22 JUL 82 ?
23:47 4.19
23:546
23 JuL 82 9
00:51 4.19
00:59
22 JUL 82 8
20:446 4.19
20:53
22 JuL 82 9
22:30 4.18

22:54

e g

CALC.NO. REV.

3C8-0282-001 ¢
GJS-BYR+57M2(3).

3€8-0282-001 ¢
GJS-BYR+5TH2(6).

3C8-0282-001 0O
GJS-BYR#SYN2(9).

3Cg-0282-001 0
GJS-BYR#5YH2(12).

3CB8-0282-001 ¢
GJS-BYR*5YH2(4).

3C8-0282-001 0
GJS-BYR#5YHK2(7).

3C8-0282-001 ¢
GJS-BYR#5YMZ2(10).

3€8-0282-001 O
GJS-BYR*SYH2(13),

3€8-0282-001 0
GJS~-BYR+S5YH2(3).

3€8-0282-001 ¢
GJS-RYREGYN2(8).

G.JS

6JS

GJS

6JS

GJS

GJS§

6JS

GJS

6J§

abeg
IUOTSTADY

S9
.ON

roN 309foxg
Z

00-T6EY
100~-2820-80¢

*oTed



&

woECTION 7-1.PPPO9BO91LI/S -

FOR STEANM BREAK IN 2ND & 1ST Quab TUNNEL (NODE 7)

SECTION 8-1 PPPO9BOT9111/S
FOR STEAN BREAK IN 1ST GUAD.

SECTION 9-1 PPPO?8099111/§
FOR MAIN STEAN LINE BREAK

#¢xx¢ IT 1S NOTED FOR SECTIONS 1-1 THRU 4-1 THAT THE INCORRECT PROGRAM

NUMBER IS INDICATED.

TUMNEL (NODE &)

23 JuL 82 9

13:10 4.18
13:195
23 JuL 82 8
00159 4,18
01:03

23 JuL B2 198
17:22 30.12
18:13

THE NUMBER SHOULD BE PPPO98B09911/S.

s+t HICROFICHE FOR REVISION 1 s##s4

SECTION 1-1 PPPO9809910I/L
FOR STEAN BREAK IN 2ND GUAD.

SECTION 2-1 PPPOTBOFIIQI/S
FOR STEAM BREAK IN 2ND QUAD.

SECTION 3~1 PPPO9BO9910I/S
FOR STEAM BREAK IN 2ND & 15T

SECTION 4-1 PPPOYB0979101/8
FGR STEANM BREAK IN 18T QUAD.

SECTION 5-1 PPPO9BO99111/8
FOR STEAK BREAK IN 2ND QUAD.

SECTION &-1 PPPO9B09911I/S
FOR STEAM BREAK IN 2ND QUAD.

SECTION 7-1 PPPO78B0O9R11I/S
FOR STEAM BREAK IN 2ND & 1ST

GECTION 8-1 PPP0O9B099111/8
FOR STEAM BREAK IN 1ST QuaD.

DOGHOUSE (NGDE 5)

TUNNEL (NODE &)

QUAD TUNNEL (NODE 7)

TUNNEL (NODE 8)

DOGHOUSE (NODE S)

TUNNEL (NODE &)

QUAD TUNNEL (NODE 7)

TUNNEL (NODE 8)

14 SEP 82 8

08:43 2.79

08:47

17 SEP 82 8

14:49 2.79

15106

17 SEP 82 8
"0 2.7%
Iilé

17 SEP 82 8
15:22 2.79
15:32

17 SEP €2 B
15:51 2.80
19237

17 SEP 82 8
16:02 2.79
16:08

17 SEP 82 8
16:13 2.80
16220

17 SEF 82 8
16:23 2.79
16:34

3C8-0282-001 0
GJS-BYR*SYN2(15),

3C8-0282-001 0
GJS~BYR*SYM2(14),

3C8-0282-001 0
GJS-HYR*SYK2(17),

3C8-0282-001 1
GJS-BYR®SYM2(24).

308-0282-001 1
GJS-BYR*SYN2(27).

3Ce-0282-001 1
GJS-BYR*SYHM2(28).

3C8-0282-001 1
GIS~-BYRESYM2(29).

3Cg-0282-001 1
GJS~-BYR*5YK2(30).

3C8-0282-001 1
GJS-BYR®GYN2(31).

3C8-0282-001 1
GJS-BYR#SYN2(32).

3C8-0282-001 1
6JS-BYR#SYM2(31).

#skt¢ IT IS NOTED FOR SECTIONS 1-1 THRU 4-1 (REV. 1) THAT THE INCORRECT PROGRAM
THE NUMBER GHOULD BE PPPQ9809911/S.

NUMBER IS INDICATED.

GJS

6JS

6Js

GJS

6J5

GJS

6JS

GJ8

6JS

GJS

GJS

g
H

0
(N
o

Q

hirg
2z

0]

00-T6EY

abeg
UOTSTADY

* ON

99 :
"oTed

Z

T00-Z820-80¢



t2e4¢ HICROFICHE FOR REVISION 2 #s#%2

PART 35-0 REL098024570
MAINSTEAM BREAK IN NODE 13 (1ST QUAD SECT OF TUNKEL)

PART 6-0 REL098024570
HAINSTEAM BREAK IN NODE 14 (1ST QUAD SECT OF TUNNEL)

SECTION 10-1PPPO9809912I/L
FOR STEAM BREAK IN 1ST QUAD. TUNNEL (NODE 13)

SECTION t1-1PPPOTBOYPI2I/L
FOR STEAM BREAK IN 1ST QUAD. TUNNEL (NODE 14)

SECTION 12-1PPPO9B0O99121/L
FOR STEAM BREAK IN 1ST QUAD. TUNNEL (NODE 13)

SECTION 13-1PPPO900PF12I/L
FOR STEAM BREAK IN 1ST QUAD. TUNNEL (NODE t4)

26 JUN B84
16257
17:50
26 JUN 84
17351
18:40
26 SEP 84
14:48
f4:51
26 SEF 84
14:53
14:56
26 SEP 84
14:57
15:01
24 SEP 84
15:03
15:11

454
32.92

454
32.05

1.84

3C8-0282-001 2
GJS-BYR#SYH(3).

3C8-0282-001 2
GJS-BYR#SYH(4).

3C8-0282-001 2
GJS-BYR#SYM2(1).

3€8-0282-001 2
GJS-BYR#SYM2(Z .

3C8-02682-001 2
GJS-BYR*SYNH2(3},

3C8-0282-001 2
GJS-BYR#S5YN2(4).

6JS

GJ3

GJS

G1S

GJS

GJS

-oN 30oloxag
L9 :abeg

Z tuoTsTAay
- ON

00-T6EYV
100~2820-80¢

‘o1®ed



Calc. No. 3C8-0282-001
Revision: 2

Page: 68

Project No. 4391-00

MICROFICHE*
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*Microfiche from Revisions 0 and 1 are to be retained. 2



(

‘“eviewed by me according to the method(s) checked below:

Project No. 4391-00
\e NSLD Calc. No. 3C8-0282-001 Revision 2 has been

Computer Aided Calculations:

[:]A review to determine if the input data as specified for -

program execution is consistent with the design input,
correctly defines the problem for the coimputer algorithm,
and is sufficiently accurate to produce results within
any numerical limitation of the program.

Review of code input only since the computer program has

sufficient history of uge at Sargent & Lundy in similar
calculations.
[:]Comparison of computer program's solution to test problem(s

.

[:]Comparison of results of the computer calculation with the
results of an indepe:iident hand calculation.

[:]Other. Explain:

Hand Prepared Design Calculations:

; [:]Detailed review of the original calculations.

Review by an alternate, simplified, or approximate method

Calc. No. 3C8-~0282-001
Revision: 2
REVIEW METHOD SHEET Page: 69 FINAL PAGE
of calculation. !
[:]Rev1ew of a representative sample of repetitive calculatlong
1

Review of the calculation against a similar calculation
previously performed.

Revisions:
[:]Editorial changes only.

[:]Elimination of unapproved input data without altering
calculation results.

[ZrOther. Explain: _Peteyled ﬁgv:tw_,}) L% Pvo oddihmel
___ﬁAdkL_ﬁ1MJQJ4£L_ﬁ_~&LL_CEZQ&&L£E

[:]Other:

-

Reviewer: M“g:s‘ é;“ﬂp; h‘i‘ﬂ'[«d.mﬁ Date: /o;//é/ B

—:------------IllIlllllli
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APPENDIX B
Revised Main Steam Tunnel Pressure For Byron/Braidwood Unit 1

Based On Mass And Energy Release From

FTI 32-1258100-00 (Reference B1)

For Replacement Steam Generator (RSG)
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1.0

20

2.1

2.2

3.0

PURPOSE AND SCOPE

The purpose of this appendix is to recalculate the peak differential pressures for the
Byron and Braidwood Unit 1 main steam tunnels and valve rooms using the mass and
energy releases of Reference B1 for the break locations defined in Section II of the
main report. Reference B2 drawings will be reviewed to verify that there are no
changes that would significantly affect the node and junction parameters calculated

in Appendix A. Except for the use of the Reference B1 mass and energy releases, the
RELAP4/MODS (Reference B3) computer models will be those used in previous
revisions of the calculation.

DESIGN INPUT

The Reference B1 mass and energy release rates for the postulated main steam line
rupture.

The Reference B2 mechanical and structural drawings.

ASSUMPTIONS

Assumptions and information used in this calculation are as noted in Section IV and V of
the main report, except the mass and energy release rates for the postulated steam

line rupture were taken from Reference B1.

RESULTS2.XLSAPP B (REV 3)10/22/969:41 AM



Project No. 4391-00 Calc. No. 3C8-0282-001, Rev. 3 Page B6 of

4.0

4.1

4.2

43

APPROACH

The approach to this calculation is the same as that described in Section V.

(Method of Analysis) of the main report except:

The Sargent & Lundy drawings listed in Reference S of the main report were updated to
include the Reference B2 drawings of this appendix as the basis for the computer model.
The Reference B2 drawings were reviewed to verify that there are no changes

that would significantly affect the node and junction geometrical and flow parameters
listed in Tables 1 and 2, respectively, of the main report.

The Reference B3 version of RELAP4/MODS was used to determine the pressure
transients for the six cases, each having a different break location in the main

steam tunnel.

The blowdown rates and average enthalpies are based on the mass and energy

flows of Reference B1 and are presented in Table B1.

RESULTS2.XLSAPP B (REV 3)10/22/967:25 PM
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5.0

5.1

52

CALCULATIONS

Mass Energy Release

The Reference B1 mass and energy releases are presented in that reference as mass
flows (Ibm/sec) and energy flows (Btu/sec) for the single and triple loop. Per Reference
B1, the single loop rates represents the mass and energy flows from the broken

steam generator and the triple loop rates represent the mass and energy flows from the
intact steam generator into the containment (prior to isolation). Per Reference B1,
these rates should be combined for any subcompartment analysis. Therefore, in this
calculation the break mass flow rate was set equal to the total of the single and triple
loop values and an average enthalpy was used as input to the RELAP4 model as

shown in Table B1. The average enthalpy was determined by summing the single and
triple loop energy flow rates and dividing by the total mass flow rate.

Computer Runs

Six RELAP4/MODS (Reference B3) computer runs were made corresponding to the
break locations described in Section II of the main report and shown schematically in
Figures 1 and 2 of the main report. As in the main report Table of Contents of
Computer Output (page 65), the computer run part numbers used in this appendix

correspond to the same break locations:

RESULTS2.XLSAPP B (REV 3)10/22/969:41 AM
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5.2 Computer Runs (contd.)

Part No. Break Location
1 Node 5
2 Node 6
3 Node 7
4 Node 8
5 Node 13
6 Node 14

The same computer model was used for each case, but the break node location was

changed to correspond to Figure 2 of the main report.

5.3  Nodal Differential Pressures

For each node in the computer model the maximum nodal pressure was determined for
each computer run. These maximum pressures were then compared as shown in Table
B2 to determine the overall maximum pressure for each node. The maximum nodal
differential pressures with respect to the areas surrounding the main steam tunnel and
valve rooms were then obtained by subtracting atmospheric pressure (or the

minimum transient node pressure) from the overall maximum pressure for each

node (See Table B2).

These overall maximum nodal differential pressures along with the symmetry of the
main steam tunnel areas was then used to determine the peak nodal differential

pressures for this calculation.

RESULTS2.XLSAPP B (REV 3)10/22/969:41 AM
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5.4 Differential Pressure Across Internal Walls

For each wall/floor internal to the valve rooms and those separating the valve rooms
from the main steam tunnel areas, the maximum differential pressure across these

walls was calculated for each break location. These maximum wall differential
pressures were then compared as shown in Table B3 to determine the overall
maximum differential pressure across each wall.

These overall maximum wall/floor differential pressures along with the symmetry of the
main steam tunnel areas was then used to determine the peak nodal differential

pressures for this calculation.

RESULTS2.XLSAPP B (REV 3)10/22/969:41 AM
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6.0 RESULTS
The peak nodal differential pressures which represent the difference between steam
tunnel/valve room nodes and the surrounding areas are presented in Table B4 and
Figures B1 through B7 . From this table and the figures it is seen that the highest peak

nodal differential pressure of 17.7 psid occurs in the lower valve chambers.

The peak differential pressures across internal walls/floors are shown in Table B5S
and Figures B8 through B11. From this table and the figures it is seen that the
highest peak differential pressure of 14.4 psid is for the vertical wall separating the

lower valve rooms from the main steam tunnel.

The results presented above for the main steam tunnel conservatively do not consider
a path to the auxiliary feedwater (AFW) tunnel. The AFW tunnel lies beneath the
main steam tunnel. If one or more hatches covering the four approximately 15
square foot ladder openings in the lower valve rooms are left open, however, flow
paths from the main steam tunnel to the AFW tunnel do exist. Based

on a review of drawing M-159, the largest high-energy lines in the AFW tunnel are
4-inch AFW system lines. The estimated mass flow from a double-ended guillotine
break of these 4-inch lines is on the order of 50 to 60% of that from the MSLB as

shown in Table B6. From that same table, it is also seen, however, that the enthalpy of

RESULTS2.XL.SAPP B (REV 3)10/22/969:41 AM
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6.0 RESULTS (contd.)

the water in these 4-inch lines is quite small, so that the resulting total energy
release is less than 4% of that from the MSLB. Because of this, nodal pressure

differentials for the AFW tunnel would be bounded by those for the main steam tunnel.

In general the nodal differential pressures for Byron and Braidwood Unit1 determined
in this Appendix are less than the Revision 2 results. The only exception is the nodal
differential pressure for node 14 (the last segment of the MST that opens into the

turbine building) which is 0.2 psid higher (less than 2%) than the Revision 2 results.

RESULTS2.XLSAPP B (REV 3)10/22/969:41 AM
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M&E for Steam Tunnel Pressure Analysis," Dated 9/16/96. (Attached)
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B2. Sargent and Lundy Drawings:(contd.)

Byron
Braidwood Byron Braidwoo
Drawing No. Sheet No. Revision Revision Revision
S-1057 1 - AK -
S-1057 1 - - AS
S-1060 1 - U -
S-1060 1 - - Z
S-1061 1 - Y -
S-1061 1 - - AB
S-1062 1 - U -
S-1062 1 - - w

B3. User's Manual for RELAP4, "Nuclear Plant Transients," Sargent & Lundy
Program Number 03.7.407-1.0, April 14, 1993.

B4. Piping Line List from Sargrent & Lindy PDIS.

BS5. Byron/Braidwood Stations Piping Design Table "907BB" Carbon Steel,
Rev. C, 12-31-84

B6. Crane Technical Paper No. 410, 1976.

B7. User's Manual for FLS, "Flood Level Simulator," Sargent & Lundy Program
Number 03.7.195-1.3, January 13,1992.

B8. ASME Steam Tables.
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Table B1 : Blowdown Rate and Enthalpy
For Ruptured Main Steam Line (Per Reference B1)
Enthalpy
Time Flow (Average)
(sec) (Ibm/sec) (Btu/lbm)
0 14189 1024.9
0.02 14189 1024.9
0.04 13883 11164
0.06 12901 1119.3
0.08 12479 1124.6
0.1 12342 1133
0.12 12250 1134
0.14 12093 1128.3
0.16 11827 11194
0.18 11434 1111.2
0.2 11022 1107.3
0.22 10642 1105.7
0.24 10315 1105.5
0.26 10041 1105.9
0.28 9810 1106.3
03 9608 1106.4
0.32 9424 1106.4
0.34 9255 1106.3
0.36 9097 1106 4
0.38 8954 1106.8
0.4 8827 1107.7
0.42 8728 1110.1
0.44 8633 1109.1
0.46 8558 1112.7
0.48 8522 1116.4
0.5 8512 1119.5
0.52 8523 1122.7
0.54 8553 1125.9
0.56 8598 1128.8
0.58 8652 1131.3
0.6 8709 11333
0.62 8765 1134.8
0.64 8813 1135.8
0.66 8852 1136.5
0.68 8879 1136.9
0.7 8894 1137.2
0.72 8898 1137.3
0.74 8892 11374
0.76 8878 1137.5
0.78 8875 1138.5
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Table B1 (contd.): Blowdown Rate and Enthalpy
For Ruptured Main Steam Line (Per Reference B1)

Enthalpy

Time Flow (Average)

(sec) (Ibm/sec) (Btw/lbm)
0.8 8846 1137.5
0.82 8816 1137.9
0.84 8788 1138.3
0.86 8761 1138.5
0.88 8733 1138.7
0.9 8705 1138.9
0.92 8679 1139.1
0.94 8655 1139.3
0.96 8632 1139.5
0.98 8611 1139.6
1 8591 1139.8
1.02 8573 1139.9
1.04 8557 1140.1
1.06 8542 1140.2
1.08 8529 1140.3
1.1 8518 1140.4
1.12 8508 1140.5
1.14 8499 1140.5
1.16 8492 1140.5
1.18 8486 1140.4
1.2 8481 1140.3
1.22 8477 1140.2

1.24 8473 1140
1.26 8471 1139.7
1.28 8468 1139.4
1.3 8466 1139

1.32 8465 1138.6
1.34 8463 1138.1
1.36 8462 1137.5
1.38 8462 1136.9
1.4 8461 1136.2

RESULTS2.XLSM_E_Release(TB1)10/18/964:58 PM
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Table B2: Comparison of Maximum Calculated Node Pressures and
Nodal Differential Pressures
PART No. Volume 2 [Volume 3 |[Volume 4 |Volume 5 |Volume 6 |Volume 7 !Volume 8 |Volume 9 |Volume 10 | Volumell |Volumel2 | Volume13 | Volume 14

(Break Average Average Average Average Average Average Average Average Average Average Average Average Average

Location) Pressure Pressure Pressure Pressure Pressure Pressure Pressure Pressure Pressure Pressure Pressure Pressure Pressure

(psia) (psia) (psia) (psia) (psia) (psia) (psia) (psia) (psia) (psia) (psia) (psia) (psia)

PART1 [MIN 14,70 14.70 14,70 14.70 14.70 14.70 14.70 14.69 14.69 14.69 14.69 14.66 14.63

ode §) IMAX 29.89 28.95 29.51 32.30 27.99 25.54 19.11 17.83 17.78 18,11 18.13 18.25 16.19

PART2 |MIN 14.70 14.70 14.70 14.70 14.70 14.70 14.70 14.69 14.69 14,70 14.70 14.68 14.63

(Node 6) |[MAX 25.89 25.52 26.68 26.86 30.63 27.98 20.16 18.55 18.50 18.99 18.97 19.02 16.48

PART3 |MIN 14.69 14.69 14.70 14.70 14.70 14.70 14.70 14.69 14.69 14.70 14.70 14.70 14.64

(Node 7) IMAX 24.14 24.05 25.14 25.17 28.22 29.83 21.12 19.24 19.17 19.67 19.70 19.89 16.84

PART 4 MIN 14.69 14.69 14.70 14.70 14,70 14.70 14.70 14.70 14.70 14.70 14.70 14.70 14.69

ode 8) [MAX 19.34 19.30 19.90 19.88 21.33 22.33 22.97 20.77 20.74 21.51 21.62 23.20 19.47

PART 5 [MIN 14.69 14.69 14,70 14.70 14.70 14.70 14.70 14,70 14,70 14.70 14.70 14.70 14.70

(Node 13) IMAX 18.12 18.07 18.48 18.49 19.59 20.33 22.73 20.55 20.36 20.97 21.08 25.32 21.91

PART 6 |MIN 14.69 14.69 14,70 14.70 14.70 14.70 14.70 14.69 14.69 14.70 14.70 14.70 14.70
(Node 14) IMAX 16.78 16.76 17.08 17.06 17.94 18.05 19.46 18.36 18.18 18.67 18.68 21.76 25.88 MIN
MIN 14.69 14.69 14.70 14,70 14.70 14.70 14.70 14.69 14.69 14.69 14.69 14.66 14.63 14.63

MaAX 29.89 28.95 29.51 32.30 30.63 29.83 22.97 20.77 20.74 21.51 21.62 25.32 25.88

DELTAP 15.3 14.3 14.9 17.7 16.0 15.2 8.3 6.1 6.1 6.9 7.0 10.7 11.3

RESULTS2.XLSDELTAP_ Nodes (TB2)10/18/964:59 PM
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Table B3: Comparison of Calculated Maximum Internal Wall Differential Pressures
Junction 17 Junction 10 Junction 3 | Junction 11 | Junction 6 | Junction 12 | Junction 2 | Junction 9 | Junction 4 | Junction 5 | Junction 15 | Junction 16
Between Nodes 2-3 9-10 3-4 10-11 4-5 11-12 2-5 9-12 4-6 5-6 11-8 12-8
PART 1 1.63 0.02 3.51 0.00 0.00 0.04 12.50 0.00 4.88 14.40 0.01 0.01
(NODE $5)* 5.48 0.12 2.11 0.83 13.20 0.06 0.00 0.75 0.00 0.00 1.42 1.37
PART 2 0.03 0.03 3.80 0.00 0.17 0.04 3.82 0.00 0.00 0.00 0.00 0.00
(NODE 6)* 0.46 0.13 0.00 0.91 0.17 0.07 0.00 0.83 10.41 10.41 1.68 1.63
PART 3 0.02 0.03 1.71 0.00 0.06 0.04 1.54 0.00 0.00 0.00 0.00 0.00
(NODE T)* 0.23 0.15 0.00 1.03 0.10 0.08 0.00 0,92 4.33 4.25 2.01 1.95
PART 4 0.02 0.03 0.98 0.00 0.03 0.11 0.90 0.00 0.00 0.00 0.00 0.00
(NODE 8)* 0.12 0.30 0.00 1.87 0.06 0.13 0.00 1.88 2.18 2.13 4.84 4.84
PART S 0.02 0.03 0.87 0.00 0.03 0.10 0.80 0.00 0.00 0.00 0.00 0.00
(NODE 13)* 0.12 0.28 0.00 1.36 0.06 0.12 0.00 1.37 1.65 1.59 4.24 4.24
PART 6 0.02 0.03 0.72 0.11 0.03 0.09 0.66 0.09 0.00 0.00 0.65 0.71
(NODE 14)* 0.10 0.21 0.00 0.83 0.05 0.10 0.00 0.83 1.09 1.04 2.57 2.57
MAX Delta P 5.48 0.30 3.80 1.87 13.20 0.13 12.50 1.88 10.41 14.40 4.84 4.84
( )* - Break Node

RESULTS2.XLSDELTAP_VLV_RMS(TB3 &5)10/22/969:49 AM
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Table B4: Peak Pressure Differentials - Main Steam Line
Breaks in Main Steam Tunnel or Valve Rooms
Cale.
Break Peak
Location Press.
Volume Volume Diff.
No. Description No. {psid)
1 Atmosphere - .
2 2nd Quadrant 5 153
Upper Valve
Chamber
3 2nd Quadrant 5 153
Upper Valve
Chamber
4 2nd Quadrant 5 17.7
Lower Valve
Chamber
s 2nd Quadrant s 17.7
Lower Valve
Chamber
6 2nd Quadrant 6 16.0
Main Steam
Tunne!
7 Main Steam 7 15.2
Tunnel
8 1st Quadrant 8 83
Main Steam
Tunnel
9 15t Quadrant Se* 153
Upper Valve
Chamber
10 1st Quadrant fhad 153
Upper Valve
Chamber
1 1st Quadrant Swx 17.7
Lower Valve
Chamber
12 1st Quadrant i 17.7
Lower Valve
Chamber
13 1st Quadrant 13 10.7
Main Steam
Tunnel
14 1st Quadrant 14 13
Main Steam
Tunnel
** Differential p Iculated for 1st Quadrant valve chambers are also
applicable to corresponding 2nd Quadrant valve chambers

RESULTS2.XLSTable B410/22/969:51 AM
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|
TABLE BS: SUMMARY OF PEAK PRESSURES
BETWEEN VALVE ROOMS AND MAIN STEAM TUNNEL
WALL LOCATION DELTAP PEAK
BETWEEN NODES ACROSS PRESSURE
(PSID)
2-3 9-10 VERTL WALL 5.48
3-4 10-11 HORZ'L FLOOR 12.50
4-5 11-12 VERT'L WALL 13.20
2-5 9-12 HORZ'L FLOOR 12.50
4-6 5-6 MST VERTL 14.40
11-8 12-8 WALL

RESULTS2.XLSDELTAP VLV _RMS(TB3 &5)10/22/969:54 AM
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TABLE B6: Comparison of MSLB in MST with 4" AFW Break in Auxilary Feedwater Tunnel

Inside Approx. % of MST

Line Nominal Diameter Inside  Operating Operating Mass Break

Break Diameter (Refs. B4, BS Area Temp. Pressure Flux Enthalpy Mass Energy Energy
Location System  (Ref. B2, M-159) & B6) (Ref B6) (Ref B4) (Ref B4) (Ref B3 & B7) (Ref. B8) Flow Flow Flow
(in) (f"2) (°F) {psia) (Ibm/ft"2-sec) (Btu/lbm)  (Ibm/sec)  (Btu/sec) (—)
MST MS - - - - - - Maximum 1140.5 14189 1.55E+07 100
(RefB1) Minimum 1024.9 8461 9.51E+06 100
AF Tunnel AFW 4 3.624 0.07163 100 2080 34000 Maximum 73.5 4871 3.58E+05 231
Minimum 73.5 4871 3.58E+05 3.76

RESULTS2.X1LSTable B610/22/969:55 AM
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FIGURE B1: MAIN STEAM LINE BREAK IN LOWER SECOND QUADRANT VALVE ROOM
(NODE 5)
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TIME (SEC)

MSTPLOT2.XLSFIGB1(N5)10/18/965:07 PM
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FIGURE B2: MAIN STEAM LINE BREAK IN 2ND QUADRANT TUNNEL (NODE 6)
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FIGURE B3: MAIN STEAMLINE BREAK IN 2ND & 1ST QUADRANT TUNNEL (NODE 7)
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FIGURE B4: MAIN STEAM LINE BREAK IN 1ST QUADRANT OF TUNNEL (NODE 8)
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FIGURE BS : MAINSTEAM LINE BREAK IN 1ST QUADRANT TUNNEL (NODE 13)
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Figure B6 : Main Steam Line Break in 1st Quadrant of Main Steam Tunnel ( Node 14)
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FIGURE B7: MAIN STEAM LINE BREAK IN LOWER 2ND QUADRANT VALVE ROOM (NODE 5)
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FIGURE B8: PEAK DIFFERENTIAL PRESSURES BETWEEN VALVE ROOMS AND MAINSTEAM
TUNNEL (BETWEEN NODES 2 & 3, 9 &10)
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FIGURE B9: PEAK DIFFERENTIAL PRESSURES BETWEEN VALVE ROOMS AND MAIN
STEAM TUNNEL (BETWEENNODES 3 & 4,10& 11,2 & 5,9 & 12)
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FIGURE B10: PEAKDIFFERENTIAL PRESURES BETWEEN VALVE ROOMS AND MAIN STEAM
TUNNEL (BETWEE NODES 4 & 5, 11 & 12)
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FIG_B10 Chart 1FIG_B10 Chart 110/18/965:33 PM



dh
ProjeétT’fo. 4391-00 Calc. No. 3C8-Q2—001, Rev. 3 Page B3/ of

FIGURE B11: PEAK DIFFERENTIAL PRESSURES BETWEEN VALVE ROOMS AND MAIN
STEAM TUNNEL (BETWEEN NODES 4 & 6,5 & 6,11 & 8,12 & 8)
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following a postulated MSLB.

Source of Information FTI Document 32-1258100-00, “SLB Subcompartment M&E.”
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PURPOSE AND SUMMARY OF RESULTS:

Commonwealth Edison is replacing the original steam generators (OSGs) at the Byron-1 and Braidwood-1
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subcompartment analysis following high energy line breaks.

The purpose of this document is to determine and transmit the steam line break mass and energy release rates
to be used by Sargent and Lundy for subcompartment analysis.
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Purpose

The purpose of this document is to produce mass and energy release rates for
the first 2-seconds following a steam line break for design input for Sargent and
Lundy subcompartment analyses.

Method

The steam line break was performed in Reference 1 for the evaluation of mass
and energy release rates to the containment building. The 102% power, MSIV
failure case, double ended rupture case of Reference 1 was reproduced with
increased minor edit frequency.

Evaluation

Case “SLBC1_1" from reference 1 was reproduced with a more frequent minor
edit request and the end time set to 2.0 seconds:

203 1520 1.0E-6 001 03 2 50 10000

* Minor Edits

301 MFLOWJ 856000000 * break A flow

302 MFLOWJ 858000000 * break B flow

303 UFLOWJ 856000000 * break A total enthalpy rate
304 UFLOWJ 858000000 * break B total enthalpy rate

With these changes, the case was renamed “SLBME” and executed using
RELAP5/MOD2 Version 20.0HP. This case is a restart case, with the restart file
documented in Reference 1 as case “SLBIC2" (HASH = FOQX).

Due to the initial high SG level of the base deck, the liquid quality out the break
was plotted with time to assure that the swell from the SG does not cause liquid
entrainment and a corresponding non-conservative reduction in mixture
enthalpy from the break. From plots of the volume enthalpy of the steam dome
and steam piping enthalpy shows the quality not decreasing significantly out the
break until approximately 1.4 seconds. To provide a conservatively high energy
rate, only values until 1.4 seconds should be used for subcompartment analysis,
with the values at 1.4 seconds used for all later times if necessary. :
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Conclusion

The mass and energy release rates from a double-ended steam break at 102%
power were generated for design input for subcompartment analysis. Only
values prior to 1.4 seconds should be applied due to a possible non-
conservatism due to the high initial water level of the steam generators. The
mass and energy release rates are provided in the following table. The single
loop rates represent the mass and energy flows from the broken steam
generator. The triple loop rates represent the mass and energy flows from the
intact steam generator into the containment (prior to steam line isolation).
These rates should be combined for any subcompartment analyses.

Reference
1. FT! Document 32-1239267-00, "Byron/Braidwood SLB for Containment”.
Microfiche Listing

Title HASH Description
SLBME VNDG Double-Ended SLB for Subcompartment M&E
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Mass and Energy Release Rates
Double-Ended SLAB at 100% Power

TIME Single Loop  Triple Loop Single Loop Triple Loop

(SEC) Mass Flow Mass Flow Energy Flow Energy Flow

(LB/SEC) (LB/SEC) (BTU/SEC) (BTU/SEC)
0.000 0.0 0.0 0.00000E+00 0.00000E+00
0.020 7117.5 7071.4 7.17672E+06 7.36495E+06
0.040 6877.9 7005.5 7.58499E+06 7.91457E+06
0.060 6564.0 6337.2 7.48887E+06 6.95145E+06
0.080 6489.9 5989.2 7.42525E+06 6.60814E+06
0.100 6489.3 5852.8 7.44343E+06 6.54072E+06
0.120 6471.2 5§778.7 7.38963E+06 6.50233E+06
0.140 6339.2 5753.5 7.14948E+06 6.49439E+06
0.160 6076.6 5750.7 6.75264E+06 6.48682E+06
0.180 5733.5 5700.4 6.29299E+06 6.41231E+06
0.200 5374.0 5648.1 5.85325E+06 6.35126E+06
0.220 5044.0 5598.3 5.47312E+06 6.29397E+06
0.240 4763.7 5551.1 5.16257E+06 6.24023E+06
0.260 4533.4 5507.8 4.91230E+06 6.19199E+06
0.280 4342.5 5467.5 4.70633E+06 6.14679E+06
0.300 4179.5 5428.7 4.52844E+06 6.10252E+06
0.320 4032.9 5391.4 4.36714E+06 6.06002E+06
0.340 3898.0 5356.5 4.21751E+06 6.02111E+06
O 0.360 3771.8 5325.4 4.07775E+06 5.98765E+06
0.380 3653.7 5300.2 3.94793E+06 5.96267E+06
0.400 3543.9 5283.5 3.82855E+06 5.94953E+06
0.420 34427 5285.4 3.72017E+06 5.96867E+06
0.440 3350.3 5282.6 3.62242E+06 5.95269E+06
0.460 3266.4 5291.1 3.53443E+06 5.98732E+06
0.480 3190.3 5§332.1 3.45585E+06 6.05856E+06
0.500 3121.6 5390.6 3.38559E+06 6.14376E+06
0.520 3059.4 5463.8 3.32258E+06 6.24649E+06
0.540 3003.1 5550.1 3.26594E+06 6.36420E+06
0.560 2951.9 5645.9 3.21461E+06 6.49069E+06
0.580 2905.3 5746.6 3.16808E+06 6.61963E+06
0.600 2862.9 5846.5 3.12613E+06 6.74439E+06
0.620 2824.4 5940.4 3.08823E+06 6.85815E+06
0.640 2789.4 6023.8 3.05404E+06 6.95607E+06
0.660 2757.8 6093.8 3.02322E+06 7.03688E+06
0.680 2729.2 6149.5 2.99549E+06 7.09912E+06
0.700 2703.4 6190.5 2.97062E+06 7.14331E+06
0.720 2680.2 6217.5 2.94828E+06 7.17090E+06
0.740 2659.2 6232.6 2.92817E+06 7.18522E+06
0.760 2640.3 6237.4 2.91004E+06 7.18799E+06
0.780 2623.5 6251.8 2.89392E+06 7.21018E+06
0.800 2608.4 6237.9 2.87940E+06 7.18321E+06
0.820 2594.6 6221.6 2.86626E+06 7.16576E+06
0.840 2582.2 6206.2 2.85434E+06 7.14929E+06
0.860 2570.9 6189.6 2.84354E+06 7.13016E+06
0.880 2560.7 6171.8 2.83373E+06 7.10962E+06
\\ i 0.900 25514 6153.8 2.82482E+06 7.08915E+06
n 0.920 2543.0 6136.2 2.81671E+06 7.06942E+06
0.940 2535.3 6119.4 2.80933E+06 7.05071E+06
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0.960
0.980
1.000
1.020
1.040
1.060
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1.100
1.120
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1.160
1.180
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1.220
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1.280
1.300
1.320
1.340
1.360
1.380
1.400

2528.3
2522.0
2516.3
2511.1
2506.6
2502.7
2499.5
2496.9
2495.0
2493.9
2493.6
2494.0
2495.3
2497.3
2500.1
2503.8
2508.2
2513.4
2519.4
2526.7
2534.9
2544.0
2554.0

Reyvision : 3
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6103.6
6088.7
6074.7
6061.8
6050.0
6039.2
6029.4
6020.6
6012.5
6005.1
5998.3
5991.8
5985.5
5979.4
5973.2
5966.9
5960.1
5952.9
5945.1
5936.6
5927.4
5917.6
5907.3

2.80262E+06
2.79653E+06
2.79103E+06
2.78611E+06
2.78178E+06
2.77808E+06
2.77499E+06
2.77254E+06
2.77073E+06
2.76957E+06
2.76906E+06
2.76920E+06
2.76996E+06
2.77132E+06
2.77325E+06
2.77575E+06
2.77882E+06
2.78244E+06
2.78660E+06
2.79158E+06
2.79730E+06
2.80368E+06
2.81090E+06

32-1258100-00

7.03303E+06
7.01639E+06
7.00084E+06
6.98646E+06
6.97331E+06
6.96137E+06
6.95057E+06
6.94076E+06
6.93179E+06
6.92348E+06
6.91568E+06
6.90821E+06
6.90091E+06
6.89363E+06
6.88617E+06
6.87836E+06
6.87000E+06
6.86091E+06
6.85098E+06
6.84014E+06
6.82844E+06
6.81598E+06
6.80293E+06
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VOLUME EQUILIBRIUM QUALITY
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Project No. 4391-00

Calc. No. 3C8-0282-001, Rev. 3

COMPUTER DISK DIRECTORY

Volume in drive C is PC1240
Volume Serial Number is 192B-43CE
Directory of C:\BB\MSTU1l

. <DIR>

oo <DIR>

partl inp 7567
partil out 1535287
part2 inp 7567
part2 out 1535311
part3 inp 7565
part3 out 1535309
part4 inp 7560
part4 out 1535695
parts inp 7568
parths out 1535773
parté inp 7568
parté out 1535773

14 file(s)

Standard configuration

10-21-96
10-21-96
09-18-96
09-06-96
09-06-96
09-06-96
09-06-96
09-06-96
09-06-96
09-09-96
09-05-96
09-05-96
09-05-96
09-05-96

Page B4/ of

11:00a
11:00a
11:30a
9:03a
10:32a
11:22a
1211p
3:01p
3:15p
1l1:14a
10:54a
11:35a
2:13p
3:00p

9258543 bytes

4345856 bytes free

Mon 10-21-1996 13:22
C:\BB\MSTU1>

RUNTOC&MFRESULTS2.X1.S10/21/9612:52 PM



Project No. 4391-00 Calc. No. 3C8-0282-001, Rev. 3 Page B4#Dof (LAsrPags )

MICROFICHE OF COMPUTER OUTPUT

RUNTOC&MFRESULTS2.XL.S10/21/9612:52 PM
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