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All information used in this design ca.i.•:.. Jlation was obtained 

from the Byron/Braidwood FSAR or was received from PMD 

and is therefore considered by NSLD to be approved data 

except for the following: 

None 
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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 avai~able for expansion of steam coming 

from a main steam line break. 

~h0refore, 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 conc~rn 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 l of this calcu­

lation considered four break locations which included: 

the second quadrant lower valve room: the second quadrant 

main s~eam tunnel next to the valve room; the main steam 

tunnel connecting the first and second quadrants; and 2 

the first quadrant 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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The analytical models and computer programs used in this 

analysis are filed and documented in th~ Computer Software 
Library. The program names used are: 

REL 09.8.026-5.70 

PPP 09.8.099-1.lI 

PPP 0.9.099-l.2I 
f 2 
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IV. 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%. 

2. Only one break occurred per analysis. 

3. 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. 

4. 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.). 

5. The mass and energy release rates for the postulated 

main steam line rupture were taken from Reference 6. 

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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V. 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 differ·~nt break location. In 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 roorr.. The break for the third case was located in the mainf 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 

entering the turbine building. The last break was located in 

the s~raight 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 RELJl.P 4 /NODS 

It is finally noted that throughout the analysis, heat transfer 

out of the t~nnel and valve rooms was not considered for 

conservatism. 

2 
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A summary of the resulting peak differential pressures is pre­

sented in Table l. 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 r~3ulting 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 ma~~ins are also presented in this table. 

Figures 3 thru 20 present the pressure transients for each f 2 

of the nodes for all six bre~k loc~tions. ~pecifically, 

Figures 4, 7, 10, 13, 16, and 19 refer to the main stearr tunnel 

(main steam tunnel is made up of nodes 6, 7, 8, 13, and 14) 

and the re~"ining figures refer to the two valve rooms. 

Figures 21 thru 38 present the corresponding temperature 

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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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 l 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 l and Revisions 0 and l of 

this calculation. Revision 2 of this calculation did assume a 

line break in the last segment of the tunnel and has shown highe 
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 2 

primary reason for this change is believed to be a known error 

in the computer program used for the calculation of Refe=ence 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 th~ remaining 

interior walls, the design margins varied from 4.3 to 31.7 per­

cent. 

I 2 

With regard to the temperature transients presented in 

1 
2 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 

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. 

2 
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SUDCOHPAftTMEN't NODAL DESCRIPTION 

HAIN STEAM LINE DREAK IN MAIN STEAM Ttnmr.L OR VALVE ROOHS 

--------·-
ODA BREAK CONDITIONS CALC. DESIGN 

CROSS- BREJ\1< PEAK PEAK 
SECTIONAL HIITIAL CONDITIONS LOC. BREAK PRESS Pl'tESS DESIGN 

VOLUME llEIGHT, AREA, VOLUME 'l'EMP, PRESS. HUMID. Ii VOL. BREAK AREA DR.£AK DIFF. DIFF. MARGIN 
NO. Dl:::'C!U ?1'ION ft rT 2 ftl OF psla ' NO. LINE ft 2 TYPE paid paid ' 

Atra0s:»hcr 12 5xl0 3 lxl0 3 10 7 90 14 .'l 30 

2 2rid Q'..Ji.iJ~.Jllt 12.33 133.25 4895.7 90 14.7 30 5 Main 1.4 Double- 17.4 26.2 Sl 
Upper yc, •_·:e Steam ended 
Cha~ilic'. I Guillo-

tine 

211d Qu.1<'.rant 12. 33 18}.7 4895.7 90 14. 7 30 5 Main 1. 4 Double- 17.4 26.2 Sl 
U;1per Vi!'. •:e Steam ended 
ClwdA·r Guillo-

tine 

1l 2nd Qu.:idrant 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 Gui,llo-

tine 

5 2nJ Quadrant 2, '10 213.0 6007.0 90 14. 7 :'O 5 Main 1.4 Double- 19.7 28.6 45 
Lm1.:!r Valve Steam ended 
Ch.:irnht: r Guillo-

tine 

c 2nd (l:.1dr .. rnt 19.00 317.0 13695. 0 90 14. 7 30 6 Main 1.4 Double- 16.4 26.5 61 
Main Ste.1m Steam ended 
Tu nm; 1 Guillo-

tine 

·~1:1-li~Ch\Wti.di ty. 

i 
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SUBCOMPl\RTMENT !'?001\L DESCRIPTION 

MAI~ STEM LINE BREl\K IN MAIN !JTEJ\M TUtlNEL OR VALVE ROOMS 

r>BA ORF.AK CONDlTIOHS CALC. DESIGN 
CROSS- BRt:Ak PEAK PEAK 

SECTIONAL ItlITIAL CONl'>ITIONS LOC. BREAK PRESS PRESS DESIGN 
VUL1iMC: HEIGllT, AREA, V'JLUME 'l'EMP. PRESS. HUMID.* VOL. BREAK AREA BREAK DU'~. DIFF. HARGIH 

NO, llE~;c k I PT ION ft fT2 rtl •p psi.l \ NO. LINE ft 2 TYPE psid paid ' -
7 M,ii n <; • l' \'. 19.00 2fH.O 34865.0 90 14. 7 30 7 Hain 1.4 Double- 15.5 21. 3 38 

Tuiir1i· Steam ended 
Guillo-
tine 

H 1st ·;)uudL1nt 20.00 432.0 35016.0 90 14.7 JO a Hain 1.4 Double- ·a.a 11.2 28 
M..i 1 n S'..t·.1 Steam ended 
'l di\llC l Guillo-

tine 

') lst Quddr.:int 12.33 133.25 4895.7 90 14. 7 30 5•• Hain 1.4 Double- 17.4 26.2 51 
111,r11·r 1;a l vc Steam enJed 
cr.0mlw r Guillo-

tine 

10 1st Quudrant 12.33 183.7 4895.7 90 14.7 30 s•• Maj.n 1.4 Double 17.4 26.2 51 
Up[1<~r Vulve Steam ended 
Chc1111bc r Guillo-

tine 

iL l·;L Q\:.1dc,nt 24.00 213.0 6007.0 90 14.7 30 5•• Main 1. 4 Double- 19.7 28.6 45 
l.t>wcr V;1lve Steam ended 
Chc1r,tbc r Guillo-

tine 

·~eT:-1t.1 vPhum1u1 ty. 
"' 11iftcr .. nt.i;ll pressures calculated for 1st Qua<lrant valve chambers arc also applicable to corresponding 2nd Quadrant 

'.·1l·J1~· ,·!taLlJ(-t;;. 



VOL l' :-U: HEIGHT, 
NO. DESCRIPTION ft 

12 is t C.".•~d r Ml t 24 . :lO 
Lower \'cl: '.' l .' 

Ch .l:!"l>t..· r 

l 3 lst Quadrant 29.00 
Mc\l r. Ste'1J':l 
Tur.n t: l 

14 lst Quadra n :. 19.00 
~u in St e ui.l 
Tur-· : l 

* R('L'lt l '-'<' !":z. :2: t ; . 

7;,1 :.c l (Cv11t 'Ji 
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AAI.S STE.r\.'1 LISE BREAK It; MAIN STEl\M Tl.r.\NEL OP VM\'t ROO~ 
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l B> BJU:.aJt CONDITIO?lS C>.LC • DE:SICN 
CROSS- IiRW PEAK P£AJC 

SF.CTIONAL INITIAL CONDITIONS LOC. BREIJt PRESS PIU:SS DESICN 
AREA, VOLUME ftMP. PRESS. HUMID.' VOL. BREAJt AllA BREAX DIFF. DlfF. KARG IN 

ft 2 ftl •r psla ' HO. LINE f t;.2 TYPE paid paid ' 
213. 0 6007.0 90 14. 7 30 s•• KAln l.-' Double- : 9. i 28.6 4~ 

Steam ended 
Cuillo-
tine 

4 32. 0 17398.t 9C 14 . 7 30 13 Main 1.4 Double- l) .6 13. i 25 
SteAJ:I ended 

Guillo- I tine 

2 {; ('. c 13529.9 90 14. 7 30 H Kain 1.4 Double- l l. l 10.3 -e 
Steam ended 

Guillo-
tine 

•• Di f fe r e;t; <tl ~r css :.i res cal c ;!ated fer 1 st Q..: adra :-. t v a!\'(· c?-.a r.ibers arC' also -JFtili::able to corres;:-ond::1g 2:-:d Q:.ia~-:ant 
val ve ;:: .. 1;:-l.i-:r s . 

2 
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TABLE 2 Page: 20 
SUBCOMPARTMENT VENT PATH DESCRIPTION Project No. 4391-00 

MAIN STEAM LINE BREAK IN MAIN STE.!\J-1 Tt~;NEL OR VALVE ROOM 

FROM TO DESCRIPTION 
£?ff VOL. VOL. OF HYDRAULIC HEAD LOSSi J 
ATH NODE NOOE VENT PATH FLOWl AR£A2 LENGTH 2 DIAMETER FRICTION TURNING EXPAN- CONT RAC-
o. NO. NO. CHOJtEol UNOioKto ft 2 ft ft JI:, ft/d LOSS, IC SIOH, IC TION, J TOTAL 

l l4 l Hain Steam Tunnel to Turbine 270.8 28.0 13.~ - - - - 1.(.656 
Building 

Che kc;:: (13,14) 

2 2 s 2nd Quadrant Opper Valve Chamber 121.0 16 .4 5. 7 - - - - 1.)207 
to Lower Valve Chamber 

Onchoked 

3 ) 4 2nd Quadrant Cpper Valve Chamber 121.0 H.4 5.7 - - - - 1.5207 
to Lower Valve Chamber --

· Unchoked 

4 0 4 2nd Quadrant Lower Valve Chamber 73 .0 17.2 4.5 - - - - i.;~e: 

to Hain Stea~ Tunnel 
t!nchoi-.ed 

5 6 s 2nd Quadrar.t Lowar Valve Chamber i3 .o 17.2 4.5 - - - - l .SH'.: 
to Hain Stea~ Tunnel --

Choke<! (S) 

6 5 4 Openin91 Between 2nd Qua~rant 100.0 l6 .1 7.1 - - - - l - ,. ~. 
• : . l 

Lower Valve Chamber• 
Cnchokod 

r-Jitfr'9'\i'it• 1 ann. 
1 Ltngth/Area i• the inertial term input direct.ly 1nto RI:LAP4/MOD5. 
1 NWlll:>tr in parentht1t1 indicates the volume nurn!:>er of the break :'.jcation which caused choke flo\.." in t!'.e vc::t. :or :. :-i::M. 

loc:ation1 not indicated, 1.inc":oked flow had occurred for the vent. 

. 

12 
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SUBCOHPARTHENT VENT PATH DESCRIPTION 
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HAIN STEAM LINE BREAK IN MAlN STEAM TUNNEL OR VALVE ROOM 

FROM TO DESCRIPTION 
VENT VOL. VOL. OF llYDRl\ULIC HEAD LOSS 1 K 
PATH NODE NOOF. VENT PATH FLOWI AREA2 LENGTH 2 DIAMETER FRICTION TURNING EXPJ\N- CONT RAC-
NO. NO. NO. c116KE01 uN61okEo ft 2 ft ft K, ft/d LOSS, K SION, K TION, 1( TOTAL 

7 6 7 2nd Quadrant Hain Steam Tunnel 199.8 102.0 13.3 - - - - 2 . 1860 
to Hain Steam Tunnel 

One hoked 

8 7 8 Kain Ste~m Tunnel to lat Quad- 199 . e 132. 4 l). 3 - - - - 2.7530 
r~nt Hain Stu~m Tunnel 

Uncho'ked 

~ J. 2 9 lat Quadrant Upper Valv~ Chamber 121.0 16.4 5.7 - - - - 1.5207 
to Lower Valv<: ChamlJur 

Un choked 

10 9 10 Opunings Bo twcun !st Quadrant 100.0 11.2 4.5 - - - - 1.5120 
Upper Valve ChamlJcra 

- unchokco 

11 11 10 la~ Qu.idr~nt Up~r Valvo Chamber 121.0 16. 4 5.7 - - - - l.5207 
to Lowor Valve Ch.i".>er 

Unchofo<l 

12 12 11 Opening• Dotwoon lat Quadrant 100.0 16.l 7 . 1 - - - - l. 5071 
Lower Valve Challlb<!ru 

Onchokt?d 

1 S•e F\9urea I and 2. 
~ Lon9th/Aroa ia the ir1t?rtial t.crm input directly into flliL,\P4/HODS. 
1 N~'l\bor in parenthcR<:8 ln11lc.itc !' tl1•• volu"" ~ n11mlK· r of th0 hr<•,11: luc.it i1111 which c;. 111scd choltl' fl.o.,.. in thC' vent. For brcnk • 

locat.iCJnlJ not i11dlc .1t<:tl, 11rod:fl';• d r '""' h.1d occ ur r~·d for l!U' v1•11l. 
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TABLE 2 (Cont'd) 

SUBCOHPARTHENT VENT PATH DESCRIPTION 

MAIN STEAM LINE BREAK IN Ml\IN STE/\M TUNNEL OR VALVE ROOM 

FROM TO DESCRIPTION 
Vt NT VOL. VOL. OF HYDRAULIC HEAD LOSS! K 
l'ATll NODE NODE VENT ?J\TH FLOWl AREA 2 LENGTH 2 DIAMETER FRICTION TURNING EXPAN- CONT RAC-

~HO. NO. NO. CHOKEDJ UNOIOKED ft 2 ft ft K, ft/d LOSS, K SION, IC TION, K TOTAL 

13 8 13 lat Quadrant Main Steam Tunnel 37 3.6 42.0 1 7. f, - - - - 2.2600 
Unchoked 

H 13 14 lat QuaJrant Hain Steam Tunnel 270.8 42.0 13. 9 - - - - 2.2600 
Onchoknd 

lS e 11 lat Quadrant Lower Valve Chamber 7 3.0 ) 7. 2 4.5 - - - - l. 5685 
to Main Steam Tunnel 

One hoked 

16 e 12 lat Qu4drant Lc.wor Valve Ch4mb<!r 73.0 17.2 4.5 - - - - l. SGBS 
to H.lin Steam Tunnel 

Unchokcd 

17 2 3 Openings Between 2nd Quadrant 100.0 11. 2 4.5 - - - - l. 5120 
!:!_fpet' Valvo Chnmbcra 

Un choked 

· 18 2 1 llVAC Panela in 2nd Ou~drant 51. 3 15.2 5.9 - - - - 2 . 900 
u~alve Chambers 

okod (5, 6) 

1 Soe Fl9urea 1 and 2. 
2 Lon9th/Aru is tho inertial term input directly into R£W\1'4/MOL>5. 
J Numbctr in paronthc•e~ indicalca th~ volume number or lhe urc .:ik loc.·Jlloa whie:h c.111s1!J choke flow in the vent. For break · 

locations not indicatC!d, unchoked flow had occurred for the vent. 

- --·----------
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TABLE 2 (Cont'd) 

SIJBCOMPARTMENT VENT PATH DESCRIPTION 

MAIN STEAM LINE BREA!< IN MA!N s·rEAM TUNNEL OR VALVE ROOM 

FROM TO DESCRIPTION 
VENT VOL. VOL. OF HYDRAULIC HEAD LOSS! K 
PATH NODE NOD!.'! VENT PATH FLOWl AREA2 LENGTH 2 DIAMETER FRICTION TURNING EXPAN- CONT RAC-
NO. NO. NO. CHOKEDl UNCHOKED ft 2 ft ft K, ft/d LOSS, K SION, It TION, K TOTAL 

19 J 1 Door And HVAC Panels in 2nd 75.8 25.3 5.4 - - - - 2.900 
Quadrant Upker Valve Chambers 

Cho ed (5, 6} 

20 9 1 HVAC Panels in 1st Quadrant 51. J 15.2 5.9 - - - - 2.900 
Up~r Valve ChaMbcr 

Choked (5)" 

21 10 1 Door and HVAC Panels in 1st 75.8 25.3 S.4 - - - - 2.900 
Quadrant Ue~>er Valve Chamba.r 

Cho cd (5)""" 

22(a) 5 0 5 H<lin Stcnm I.inc !Jrc.:ik in Node 5 1.0 o.o o.o - - - - 0.000 
t'ill 

22(b)5 0 6 Main Steam Line Break in Node 6 1.0 o.o o.o - - - - 0.000 . t·m 
22(c) 5 0 7 M.lin Steam I.inc Break in Node 7 1.0 o.o o.o - - - - o.ooo 

I nn 
·1 ' . - 22 (d) 5 0 8 Main Steam Line Break in Node 8 l.O o.o 0.0 - \ - - - o.ooo 

.. 

l' 

Fill 

I See Fiqures l and~. 
2 Length/Area if the inertial term input directly into REL.l\ll4/MOD5 • 
3 1Jumb1.:r in parentheses indicate:; ti"' •10l111ru 111111llwr· of t!w hn~.ik loc.ilic.r1 which caused clmk<' flow in lh'"! vent. For break · 

loc<ltions not Indicated, urwli<•f~ul fl<J...- h.ul occurred fnr the Vt:nt. 
" Chokin<J results {or 2nd quadrant valve. room <1rc applied to lsl quadrant V<llVe rc>om. 
~ Four cases were considered each having a different break location. 

-
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TABLE 3 

BLOWDOWN RATES AND ENTHALPY FOR RUPTURED MAIN STEAM LINE* 

TIME FLOW ENTHALPY 
(SEC) (LB/SEC) (Btu/LB)· 

o.o 11,000 1,195.4 

2.0 10,434 1,195.1 

4.0 9,608 1,196.9 

6.0 9,017 1,197.7 

8.0 8,613 1,199.4 

10.0 9,318 1,199.8 

10.1 2,098 1,201.l 

20.0 1,993 1,199.2 

30.0 1,879 1,208.l 

50.0 1,625 1,206.1 

75.0 1,064 1,203.0 

100.0 814 1,201.5 

* See Reference 6. 
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TABLE 4. 
SUMMARY OF PEAK PRESSURES AND DESIGN MARGINS 

BETWEEN VALVE ROOMS AND MAIN STEAM TUNNEL 

WALL LOCATION 
BETWEEN NODES* 

2-3 and 9-10 

3-4 and 10-11 

4-5 and 11-12 

2-5 and 9-12 

4-6, 5-6, 11-8, 
and 12-8 

~ See Figures l and~. 
** See Reference 1. 

DESIGN 
PRESSURE (PSID)** 

6.3 

13.2 

17.6 

13.2 

19.4 

*** Determined using peak pressure as base value. 

PEAK 
PRESSURE (PSID) 

6.49 

12.66 

13.36 

12.66 

14.88 

DESIGN 
MARGIN (%)*** 

-2.9 

4.3 

31. 7 

4 • ::, 

30.4 

~~"n 11 Cl/ lb I» 
0 '° < .... u. ro .... o 
('!) •• tll • 
0 .... 
rt N 0 Z 

1.11 ::J 0 z .•• 
0 
• 
.ci. 
w 

"' ..... 
I 

0 
0 

N 

NW n 
Q) 

I 
0 
N 
Q) 

N 
I 

0 
0 ..... 
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. . - . 

Node No. 

2, 3, 9, 10 

4, 5, 11, 12 

6 

7 

8 

13 

14 

TABLE 5 
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SUMMARY OF MAXIMUH TEMPERATURES FOR MAIN 

STEAM TUNNEL AND VALVE ROOMS 

Maximum Break* 
Temperature (op) Location 

333 Lower Valve Room 

333 Lower Valve Room 

322 Lower Valve Room 

309** Node 7 

310** Node 8 

318 Node 13 I 315 Node 14 

* See Figures 1 and 2. 

** Temperature was still rising from this value after one second. 

2 
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Section View 
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FIGURE l: MAIN STEAM TUNNEL VIEW PLAN 
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FIGURE 2: Nodalization Schematic 
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'" """" "" 

TABLE OF CONTENTS OF COKPUTER OUTPUT 

PART PRO GR AH DATE PAGES CALC.NO. REV. RUH-ID 

DESCRIPTION TIHE SUPS SYK-FILE-NAHE 

PART 1-0 REL098026570 22 JUL 82 454 3CB-0282-00I 0 GJS 
HAINSTEAH BREAK IN NODE S (LOUER VALVE ROOH> 19:02 45.88 GJS-BYR•SYM2C3>. 

20:38 
PART 2-0 REL098026570 22 JUL 82 457 3C8-0282-001 0 GJS 
HAINSTEAH BREAK IN NODE 6 <2HD QUAD. SECT. OF TUNH~L) 21:47 45.96 GJS-BYR*SYM2<6l. 

22:42 
PART 3-0 REL098026570 22 JUL 82 454 3C8-0282-001 0 GJS 
HAINSTEAK BREAK IN NODE 7 C2HD & 1ST QUAD. SECT. OF TU22:55 45.67 GJS-BYR*SYH2C9>. 

23:46 
PART 4-0 REL098026570 22 JUL 82 454 3CB-0282-001 0 GJS 
MAINSTEAK BREAK IN NODE B <1ST QUAD. SECT. OF TUNNEL> 23:59 44.14 GJS-B¥R*SYM2C12>. 

00:50 
SECTION 1-1 PPP09809910I/L 22 JUL 82 9 3C8-0282-001 0 GJS 

I , FOR STEAK BREAK IN 2HD QUAD. DOGHOUSE <NODE 5 > 20:39 4. 19 GJS-BYRtSYH2C4). 1 
20:46 

SECTION 2-1 PPP09809910I/l 22 JUL 82 9 3C8-0282-001 0 GJS "tPt1 ::0 CJ 
t1 Ill (!) Ill 

FOR STEAH BREAK IN 2ND QUAD. TUNNEL <NODE 6) 22:43 4.18 GJS-BYRtSYH2(7). 0 IQ <:t-' 
22:49 w. (!) .... 0 

(l) .. (ll. 

SECTION 3-1 PPP09809910I/L 22 JUL 82 9 3C8-0282-001 0 GJS 0 .... 
rt O'I 0 z 

FOR STEAK BREAK IN 2ND & lST QUAD TUNNEL <NODE 7) 23:47 4. 19 GJS-BYR*SYM2<10>. Ul ::1 0 
~ 23:56 z ... 

0 
SECTION 4-1 PPP09809910I/L 23 JUL 82 9 3C8-0282-001 0 &JS . NW 

(') 
FOR STEAK BREAK IN tST QUAD. TUMMEL <NODE 8) 00:51 4.19 GJS-BYR*SYH2(13). ~ (X) 

00:59 w I 
l..O 0 

SECTION 5-1 PPP098099111/5 22 JUL 82 a 3CB-0282-00I 0 GJS .... N 
I (X) 

FOR STEAK BREAK IN 2ND QUAD. DOGHOUSE CHODE S> 20:46 4.19 GJS-1HR:t:SYM2<5l. 0 N 

20:53 0 I 
0 

SECTION 6-1 PPP09809911I/S 22 JUL 82 9 3C8-0282-001 0 GJS 0 .... 
FOR STEAK BREAK IN 2ND QUAD. TUNNEL <HODE 6) 22:50 4. 18 GJS-BYR*SYM2<81. 

22:54 N 



...,SECTlOH,7·1~PPP09809911l/S 23 JUL 82 9 3C8-0282-00I 0 GJS 
FOR STEAH BREAK IN 2ND & 1ST QUAD TUNNEL <NODE 7> 13: 10 4. 1 8 GJS-BYR*SYH2<15>. 

13: 15 
SECTION 8-1 PPP09809911I/S 23 JUL 82 a 3C8-0282-001 0 6JS 
FOR STEAH BREAK IN 1ST QUAD. TUNNEL <NODE 8> 00:59 4.1 a GJS-BYR*SYH2(14l. 

01 :03 
SECTION 9-1 PPP09809911I/S 23 JUL 82 198 3C8-0282-001 0 GJS 
FOR KAIN STEAK LINE BREAK 17:22 30.12 GJS-BYR*SYH2<17>. 

16: 13 

***** IT IS NOTED FOR SECTIONS 1-1 THRU 4-1 THAT THE INCORRECT PROGRAM 
NUHBER IS INDICATED. THE HUMBER SHOULD BE PPP09809911/S. 

' .. 
***** HICROFICHE FOR REVISION 1 ***** 

SECTION 1-1 PPP09809910I/L 16 SEP 82 8 3C8-0282-001 1 GJS 
FOR STEAH BREAK IH 2ND QUAD. DOGHOUSE <MODE 5) 08:43 2.79 GJS-BYR*SYH2<26>. 

09:47 
SECTION 2-1 PPP09809910I/S 17 SEP 82 8 JCB-0282-001 1 6JS 
FOR STEAM BREAK IN 2ND QUAD. TUNNEL <NODE 6> 14:49 2.79 GJS-BYR•SYH2(27>. 

15:06 
SECTION 3-1 PPP09809910I/S 17 SEP 82 8 JCB-0282-001 t GJS 
FOR STEAK BREAK IN 2ND & 1ST QUAD TUNNEL <NODE 7> - ·:to 2.79 GJS-BYR*SYM2(28>. 

,;,: t 6 
SECTION 4-1 PPP09809910I/S 17 SEP 82 8 lCB-0282-001 1 GJS 
FOR STEAH BREAK IN 1ST QUAD. TUNNEL <NODE 8) 15:22 2.79 GJS-BYRtSYM2<29l. 1 

15:32 
'1:1'1:1:;t1() SECTION 5-1 PPP098099111/S 17 SEP e2 8 3C8-0282-001 t GJS t1 s:u Cl> s:u 

FOR STEAK BREAK IN 2ND QUAD. DOGHOUSE <NODE 5> 15:51 2.80 GJS-BYR*SYH2(30). 0 l.Q < I-' 
u.fl> 1-'·0 

15:57 ro .. en • 
SECTION 6-1 PPP09809911I/S 17 SEP 82 8 3C8-0282-001 t GJS 

(} ..... 
rtO\OZ 

FOR STEAM BREAK IN 2ND QUAD. TUNNEL <NODE 6) 16:02 2.79 GJS-BYR*SYH2<31>. o-,::l 0 z ... 
16:08 0 

SECTION 7-1 PPP098099111/S 
. tvW 17 SEP 82 8 3C8-0282-001 1 GJS n 

FOR STEAK BREAK IN 2ND & tST QUAD TUNNEL <MODE 7> 16: 15 2.80 GJS-BYR•SYH2C32>. .::... co 
w I 

16:20 l.O 0 

SECTION 8-1 PPP0980991iI/S 17 SEP 82 8 3C8-0282-001 1 GJS 
....... N 
I co 

FOR STEAK BREAK IN tST QUAD. TUNNEL <NODE 8> 16:23 2.79 6JS-BYR*SYH2C33>. 0 N 
0 I 

16:34 0 
0 
....... -*****IT IS NOTED FOR SECTIONS 1-1 THRU 4-1 <REV. 1) THAT THE INCORRECT PROGRAH I N 

NUKBER IS INDICATED. THE NUHBER SHOULD BE PPP09B09911/S. 



• 
***** HICROFICHE FOR REVISION 2 ***** 

PART 5-0 REL098026570 26 JUN 84 
HAINSTEAH BREAK IH NODE 13 <1ST QUAD SECT OF TUNNEL> 16:57 

17:50 
PART 6-0 REL098026570 26 JUN 84 
HAIHSTEAH 6REAK IN NODE 14 (15T QUAD SECT OF TUNNEL> 17:51 

18:40 
SECTION 10-1PPP098099121/L 26 SEP 84 
FOR STEAH BREAK IN 15T QUAD. TUNNEL <HOOE 13) 14:48 

14:51 
SECTION 11-1PPP098099121/L 26 SEP 84 
FOR STEAH BREAK IN 1ST QUAD. TUNNEL <HOOE 141 14:53 

14:56 
SECTION 12-1PPP098099121/L 26 SEP 84 
FOR STEAH BREAK IN 1ST QUAD. TUNNEL <NODE 13! 14:57 

15:01 
SECTION 13-1PPP090099121/l 26 SEP 84 
FOR STEAH BREAK IN tST QUAD. TUNNEL <NODE 1 4 > 15:03 

15: 11 

• 
454 3C8-0282-001 2 

32.92 GJS-BYR•SYH<3>. 

454 3C8-0282-00I 2 
32.05 GJS-BYR:t:SYM<4>. 

9 3C8-0282-001 2 
1.85 GJS-Bl'P.*SYt12( 1 l. 

9 3C8-0282-001 2 
1.84 GJS-BYR*Sl'H2<2 • 

8 3C8-0262-001 2 
1. 8 4 GJS-BYR=t:SHl2i 3l. 

11 3C8-0282-001 2 
1. 84 GJS-BYhSYH2\4l. 
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REVIEW METHOD SHEET 

Cale. No. 3CB-0282-001 
Revision: 2 
Page: 69 FINAL PAGE 
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~e NSLD Cale. No. 3CB-0282-001 Revision 2 has been 
eviewed by me according to the methOd(s) checked below: 

Computer Aided Calculations: 

D 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 coinputer algorithm, 
and is sufficiently accurate to produce results within 
any numerical limitation of the program. 

r-7!"Review of r.:odE.~ input only since the computer program has 
~~ufficicnt history of use at Sargent & Lundy in similar 

calculations. 

Ocomparison of computer program's solution to test 

D Comparison of results of the computer calculation 
results of an independent hand calculation. 

Oother. 

Hand Prepared Design Calculations: 

[J0etailed review of the original calculations • 

DReview by an alternate, simplified, or approximate method 
of calculation. 

DReview of a representative sample of repetitive calculation~. 
j 

D Review of the calculation against a similar calculation 
previously performed. 

Revisions: 

[]Editorial changes only. 

DElimination of unapproved input data without altering 
calculation results. 

[2fother. Explain: 7Jc..k,,·(µ{ l?ry;fNV !fJ ..It... Pv" ey;(/,,•.frmc.f 
C.&•2<4 a n • ~" J~ ,J ;., a,;. Wwla :4; 

t 
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APPENDIXB 

Revised Main Steam Tunnel Pressure For Byron/Braidwood Unit I 

Based On Mass And Energy Release From 

FTI 32-1258100-00 (Reference Bl) 

For Replacement Steam Generator (RSG) 
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1.0 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 B 1 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 B 1 mass and energy releases, the 

RELAP4/MOD5 (Reference B3) computer models will be those used in previous 

revisions of the calculation. 

2. 0 DESIGN INPUT 

2.1 The Reference B 1 mass and energy release rates for the postulated main steam line 
rupture. 

2.2 The Reference B2 mechanical and structural drawings. 

3.0 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 B 1. 

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

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

(Method of Analysis) of the main report except: 

4.1 The Sargent & Lundy drawings listed in Reference 5 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 I and 2, respectively, of the main report. 

4.2 The Reference B3 version ofRELAP4/MOD5 was used to determine the pressure 

transients for the six cases, each having a different break location in the main 

steam tunnel. 

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

flows of Reference B 1 and are presented in Table B 1. 

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

5 .1 Mass Energy Release 

The Reference B 1 mass and energy releases are presented in that reference as mass 

flows (lbm/sec) and energy flows (Btu/sec) for the single and triple loop. Per Reference 

B 1, 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 B 1, 

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 B 1. The average enthalpy was determined by summing the single and 

triple loop energy flow rates and dividing by the total mass flow rate. 

5 .2 Computer Runs 

Six RELAP4/MOD5 (Reference BJ) computer runs were made corresponding to the 

break locations described in Section II of the main report and shown schematically in 

Figures 1and2 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 Nodes 
2 Node6 
3 Node7 
4 Node8 
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. 

of 

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. 
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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 Bl 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 BS 

and Figures B8 through B 11. 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.XLSAPP 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 Unitl 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. 
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B2. Sargent and Lundy Drawings: 

Byron 
Braidwood Byron Braidwood 

Drawin~No. Sheet No. Revision Revision Revision 
M-159 1 M 
M-159 2 D 
M-159 3 J 
M-160 1 L 
M-187 1 L 
M-188 1 L 
S-688 1 AE 
S-688 1 AE 
S-758 1 J 
S-758 1 K 
S-762 1 w 
S-762 1 w 
S-765 1 K 
S-765 1 K 
S-895 1 AA 
S-895 I AD 

S-896 I u 
S-896 1 w 
S-899 I w 
S-899 I w 
S-900 I w 
S-900 I y 

S-1056 I y 

S-1056 1 AB 

RESULTS2.XLSAPP B (REV 3)10/22/9610:37 AM 
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B2. Sargent and Lundy Drawings:( contd.) 

Byron 
Braidwood Byron 

Drawing No. Sheet No. Revision Revision 

S-1057 1 AK 
S-1057 1 
S-1060 1 u 
S-1060 1 
S-1061 1 y 

S-1061 1 

S-1062 1 u 
S-1062 1 

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. 

BS. 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. 

BS. ASME Steam Tables. 

8.0 ATTACHMENTS PagesB_ 

1. NDIT No. 960136 32 40 
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Table Bl : Blowdown Rate and Enthalpy 

For Ruptured Main Steam Line (Per Reference Bl) 

Enthalpy 

Time Flow (Avera~e) 

(sec) (lbm/sec) (Btu/lbm) 

0 14189 1024.9 

0.02 14189 1024.9 

0.04 13883 1116.4 

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 1119.4 

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 

0.3 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.l 

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 1133.3 

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 1137.4 

0.76 8878 1137.5 

0.78 8875 1138.5 

RESULTS2.XLSM_E_Release(TB1)10/18/964:58 PM 
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Table Bl (contd.): Blowdown Rate and Enthalpy 

For Ruptured Main Steam Line (Per Reference Bl) 

Enthalpy 

Time Flow (Avera&e) 

(sec) (lbm/sec) (Btu/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.l 

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.X:LSM_E_Release(TB1)10/18/964:58 PM 
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Table Bl: Comparison of Maximum Calculated Node Pressures and 

Nodal Differential Pressures 

PART No. Volume 2 Volume 3 Volume 4 Volwne S Volume 6 Volume 7 Volume 8 Volume 9 Volwne 10 Volume 11 Volume 12 Volume 13 Volume 14 
(Break Average Average Average Average Average Averal!C Averaae Averaii:e Average Averaae Average Averaae Averaae 
Location) Pressure Pressure Pressure Pressure Pressure Pressure Pressure Pressure Pressure Pressure Pressure Pressure Pressure 

(osia) (osia) (osia) (osia) (osia) (osia) (osia) (osia) (osia) (osia) <osia) (osia) lnoia\ 

PARTl 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 
<Node 5) MAX 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 
CNode6) MAX 25.89 25.52 26.68 26.86 30.63 27.98 20.16 18.55 18.SO 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) MAX 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 
PART4 MJN 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 
(Node 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 
PARTS MJN 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) MAX 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 
PART6 MJN 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) MAX 16.78 16.76 17.08 17.06 17.94 18.0S 19.46 18.36 18.18 18.67 18.68 21.76 25.88 MJN 

MJN 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 
MAX 29.89 28.95 29.Sl 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 BJ: Comparison of Calculated Maximum Internal Wall Differential Pressures 

Junotion 17 Jwtotion 10 Junotion 3 Junotion 11 Junotion 6 Jwtotion 12 Jwtotion 2 .Junction 9 Junction 4 Jwtotion 5 Jwtotion 15 Junotion 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 

PARTl 1.63 0.02 3.51 0.00 0.00 0.04 12.SO 0.00 4.88 14.40 0.01 O.Ql 

<NODE 5)* 5.48 0.12 2.11 0.83 13.20 0.06 0.00 0.75 0.00 0.00 1.42 l.37 
PART2 0.03 0.03 3.80 0.00 0.17 0.04 3.82 0.00 0.00 0.00 0.00 0.00 

(NODE6)* 0.46 0.13 0.00 0.91 0.17 0.07 0.00 0.83 10.41 10.41 1.68 1.63 
PART3 0.02 0.03 l.71 0.00 0.06 0.04 1.54 0.00 0.00 0.00 0.00 0.00 

(NODE 7)* 0.23 0.15 0.00 1.03 0.10 0.08 0.00 0.92 4.33 4.25 2.01 1.95 
PART4 0.02 0,03 0.98 0.00 0.03 0.11 0.90 0.00 0.00 0.00 0.00 0.00 

(NODES)* 0.12 0.30 0.00 l.87 0.06 0.13 0.00 l.88 2.18 2.13 4.84 4.84 

PARTS 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 l.65 1.59 4.24 4.24 

PART6 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 
MAXDeltaP 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 84: Peak Pressure Differentials - Main Steam Lhte 
Breaks ht Main Steam Tunnel or Valve Rooms 

Cale. 
Break Peak 

Location Press. 
Volume Volume Dill 

No. Descrintion No. (psid) 

Atmosphere 

2 2nd Quadrant 5 15.3 
Upper Valve 

Chamber 

3 2nd Quadrant 5 15.3 
Upper Valve 

Chamber 

4 2nd Quadrant 5 17.7 
Lower Valve 

Chamber 

5 2nd Quadrant 5 17.7 
Lower Valve 

Chamber 

6 2nd Quadrant 6 16.0 
Main Steam 

Tunnel 

7 Main Steam 7 15.2 
Tunnel 

8 !st Quadrant 8 8.3 
Main Steam 

Tunnel 

9 I st Quadrant 5** 15.3 
Upper Valve 

Chamber 

JO !st Quadrant 5** 15.3 
Upper Valve 

Chamber 

11 I st Quadrant 5•• 17.7 
Lower Valve 

Chamber 

12 I st Quadrant 5** 17.7 
Lower Valve 

Chamber 

13 !st Quadrant 13 10.7 
Main Steam 

Tunnel 

14 !st Quadrant 14 I 1.3 
Main Steam 

Tunnel 

**Differential pressures calculated for !st Quadrant valve chambers are also 
applicable to corresponding 2nd Quadrant valve chambers 

RESULTS2.XLSTable B4 l 01221969:51 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 VERT'L WALL 5.48 

3-4 10-11 HORZ'L FLOOR 12.50 

4-5 11-12 VERT'LWALL 13.20 

2-5 9-12 HORZ'L FLOOR 12.50 

4-6 5-6 MSTVERT'L 14.40 
11-8 12-8 WALL 

RESUL TS2.XLSDELT AP_ VL V _RMS(TB3 &5) 10/22/969:54 AM 
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TABLE 86: Comparison of MSLB in MST with 4" AFW Break in Auxilary Feedwater Tunnel 

Inside Approx. %ofMST 

Line Nominal Diameter Inside Operating Operating Mass Break 
Break Diameter (Refs. B4, B5 Area Temp. Pressure Flux Enthalpy Mass Energy Energy 

Location System (Ref. B2, M-159) &B6) (Ref. 86) (Ref. B4) (Ref. B4) (Ref. B3 & B7) (Ref. B8) Flow Flow Flow 

(in) (ft"2) (of) (psia) (lbm/ft"2-sec) (Btu/lbm) (lbm/sec) (Btu/sec) (-) 

MST I MS - - - - - - Maximum 1140.5 14189 l.55E+07 100 
(RefBl) Minimum 1024.9 8461 9.51E+06 100 

AFTunnel I AFW 4 3.624 0.07163 100 2080 34000 Maximum 73.5 4871 3.58E+05 2.31 
Minimum 73.5 4871 3.58E+05 3.76 

RESULTS2.XLSTable B610/22/969:55 AM 
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FIGURE Bl: MAIN STEAM LINE BREAK IN LOWER SECOND QUADRANT VAL VE ROOM 
(NODES) 
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FIGURE Bl: MAIN STEAM LINE BREAK IN 2ND QUADRANT TUNNEL (NODE 6) 

2Q ~~~~i--~~~i--~~--i 

15.+-~~~~~~~~~~~-t--~~~~~~~---~--~....i-~~~~~~~~~~~~ 

VJ = 10. 
=--

~ 
= ; 5. 

= 

~ 
0.-f"'"'-~~~~~~~~~~-+~~~~~~~~~~~-;-~~~~~~~~~~-----i 

-5.-r-~~--..~~....--,--,...-,...-,-...,.....,...-+-~~~....-~,---,...--,.-,.-_,.-..,......,.-;-~~~..--~..--.--...--,.-.-......-.~ 

Page B22.of __ 

!-volume 6 ] 

LE-03 1.E-02 l.E-01 1.E+oo 

TIME(SEC) 

MSTPLOT2.XLSFIGB2(N6) 10/18/965 :08 PM 



Page 

FIGURE BJ: MAIN STEAMLINE BREAK IN 2ND & lST QUADRANT TUNNEL (NODE 7) 
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FIGURE B4: MAIN STEAM LINE BREAK IN lST QUADRANT OF TUNNEL (NODE 8) 
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FIGURE B5 : MAINSTEAM LINE BREAK IN lST 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 VAL VE ROOM (NODE 5) 
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FIGURE BS: 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 (BETWEEN NODES 3 & 4, 10 & 11, 2 & 5, 9 & 12) 
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FIGURE BlO: PEAKDIFFERENTIAL PRESURES BETWEEN VAL VE ROOMS AND MAIN STEAM 
TUNNEL (BETWEE NODES 4 & 5, 11 & 12) 
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FIGURE Bll: PEAK DIFFERENTIAL PRESSURES BETWEEN VAL VE ROOMS AND MAIN 
STEAM TUNNEL (BETWEEN NODES 4 & 6, 5 & 6, 11 & 8, 12 & 8) 
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nuclear power plants with BWI replacement steam generators (RSGs). Part of this effort involves 
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. 

THE FOLLOWING COMPUTER CODES HAVE BEEN USED IN THIS DOCUMENT: 
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Project Nos. 4391-00 
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 .~ seconds: 

203 152.0 1.0E-6 0.01 03 2 50 10000 
* 
* Minor Edits 
301 MFLOWJ 
302 MFLOWJ 
303 UFLOWJ 
304 UFLOWJ 

856000000 
858000000 
856000000 
858000000 

• break A flow 
• break 8 flow 
* break A total enthalpy rate 
• break 8 total enthalpy rat~ 

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. FTI 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 

CLB/SECl CLB/SECl CBTU/SECl CBTU/SECl 

0.000 0.0 0.0 O.OOOOOE+OO O.OOOOOE+OO 
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 5778.7 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 6.02111 E+06 

• 0.360 3n1.a 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 3442.7 5285.4 3.72017E+06 5.96867E+06 
0.440 3350.3 5282.6 3.62242E+06 5.9S269E+06 
0.460 3266.4 5291.1 3.53443E+06 5.98732E+06 
0.480 3190.3 5332.1 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 6.8581 SE+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 7.14331 E+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 
0.900 2551.4 6153.8 2.82482E+06 7.08915E+06 
0.920 2543.0 6136.2 2.81671 E+06 7 .06942E+06 
0.940 2535.3 6119.4 2.80933E+06 7.05071E+06 
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• 0.960 2528.3 6103.6 2.80262E+06 7.03303E+06 
0.980 2522.0 6088.7 2. 79653E+06 7 .01639E+06 
1.000 2516.3 6074.7 2.79103E+06 7.00084E+06 
1.020 2511.1 6061.8 2.78611 E+06 6.98646E+06 
1.040 2506.6 6050.0 2. 78178E+06 6.97331 E+06 
1.060 2502.7 6039.2 2.77808E+06 6.96137E+06 
1.080 2499.5 6029.4 2.77499E+06 6. 95057E+06 
1.100 2496.9 6020.6 2. 77254E+06 6.94076E+06 
1.120 2495.0 6012.5 2. 77073E+06 6.93179E+06 
1.140 2493.9 6005.1 2. 76957E+06 6.92348E+06 
1.160 2493.6 5998.3 2. 76906E+06 6.91568E+06 
1.180 2494.0 5991.8 2. 76920E+06 6.90821E+06 
1.200 2495.3 5985.5 2.76996E+06 6.90091E+06 
1.220 2497.3 5979.4 2.77132E+06 6.89363E+06 
1.240 2500.1 5973.2 2.77325E+06 6.88617E+06 
1.260 2503.8 5966.9 2.77575E+06 6.87836E+06 
1.280 2508.2 5960.1 2. 77882E+06 6.87000E+06 
1.300 2513.4 5952.9 2.78244E+06 6.86091 E+06 
1.320 2519.4 5945.1 2.78660E+06 6.85098E+06 
1.340 2526.7 5936.6 2. 79158E+06 6.84014E+06 
1.360 2534.9 5927.4 2. 79730E+06 6.82844E+06 
1.380 . 2544.0 5917.6 2.80368E+06 6.81598E+06 
1.400 2554.0 5907.3 2.81090E+06 6.80293E+06 
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COMPUTER DISK DIRECTORY 

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

partl 
partl 
part2 
part2 
part3 
part3 
part4 
part4 
parts 
parts 
part6 
part6 

<DIR> 10-21-96 11:00a 
<DIR> 10-21-96 ll:OOa 

inp 7567 09-18-96 11:30a 
out 1535287 09-06-96 9:03a 
inp 7567 09-06-96 10:32a 
out 1535311 09-06-96 11:22a 
inp 7565 09-06-96 l:llp 
out 1S35309 09-06-96 3:0lp 
inp 7560 09-06-96 3:15p 
out 1535695 09-09-96 11:14a 
inp 7568 09-05-96 10:54a 
out 1535773 09-05-96 11:35a 
inp 7568 09-05-96 2:13p 
out 1535773 09-05-96 3:00p 

14 file(s) 9258543 bytes 
4345856 bytes free 

Standard configuration 
Mon 10-21-1996 13:22 
C:\BB\MSTUl> 

RUNTOC&MFRESULTS2.XLS10/21/9612:52 PM 
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RUNTOC&MFRESUL TS2.XLSI0/21/9612:52 PM 
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