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1.0 INTRODUCTION

This calculation documents a project verification of the GOTHIC computer code.
The verification is done by running the program using input from a previous
RELAP 4 /MOD 5 analysis (Ref. 2) and comparing the results of a postulated
main steam line break in the turbine building of the Northern States Power
Monticello generating plant

GOTHIC (Generation of Thermal-Hydraulic information for Containments) is a
general purpose thermal-hydraulics computer program package for the analysis
of nuclear power plant containments and other confinement buildings (Ref. 1).
The application considered in this calculation is the analysis of high energy line
break (HELB) temperature determinations.

As a verification criteria, the GOTHIC temperature results are to be within 5% of
the RELAP 4 analysis.

20 METHODOLOGY
The methodology for the verification is given in the following steps:

1 The following input VOLUME parameters are taken from the RELAP 4
analysis (Ref. 2, Table 3.1):

- Initial Temperature (TEMP)
- Volume (V)

. Height (ZVOL)

. Flow area (FLOWA)

- Floor elevation (ELEV)

r

Other volume parameters required by GOTHIC are derived from the
above, ie:

Hydraulic diameter

The hydraulic diameter of the volume is used to define the surface area in
he volume wetted by liquid film. It is defined as (Ref. 1, pg. 7-6):

Dnh=4A/Py, (1]
where:

A = volume cross sectional area (ie, FLOWA)
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Pw = wetted perimeter = S/h (2]
where:

S = total surface area in the volume

h = volume height (ie, ZVOL)
The volume (V) is:
V = lwh (3]
where:

= volume length (in the horizontal plane)

w = volume width

using:
A =wh (4]
or;

w=A/h = FLOWA / ZVOL (5]

The volume is also defined as:

V= Al (6]
The volume length is found by rearranging eq. 6.
I=VIA=V/FLOWA (7]

the total surface area (S) in the volume is:

S = 2iw + 2hl + 2wh (8]
3. Volume parameters taken from the RELAP reference and those derived
from the referenced parameters are given in a spread sheet table of
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Flow path (a.k.a. junction) parameters are taken from the RELAP
calculation (Ref 2, Table 3 2).

These are:

The

First connected volume (GOTHIC A" volume, RELAP “IW1")
Second connected volume (GOTHIC "B" volume, RELAP "IW2")
Junction area (AJUN)

Forward flow resistance (FJUNF)
Reverse flow resistance (FJUNR)
Elevation (ZJUN)

Hydraulic diameter (D) is determined for the GOTHIC input by

Dy = 4 AJUN/ wp, [10]

where:

wp = flow path wetted perimeter, and

AJUN = wh; where (10.1]
w, = flow path width

Wp = 4w (11]
w and h are not given in ref. 2,

but are computed from rearrangements of eq. 10.1 or
assigning a value consistent with mode! limits and

AJUN, ie:

w; = SQRT(AJUN) (12]
" w, = 3', for doorways [12.1]
or, w, = AJUN/h, when h is limited by (12.2]

volume height
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6. The junction height (h)) is taken from:

or,

h, = AJUN/w,, when w, is assigned (eq. 12.1) [(13.1]
or,

h, = Volume height (h) (13.2)
' & The inertia length is found for the center to center distance of two

connected volumes. In this analysis for horizontal flow paths between two
volumes ("A" and  "B"), each with a given length, I and Ip,

Li =1a/2 + Ip/2 (14]

8. Heat sink slab data is taken from the RELAP calculation (Ref 2, Table
3.3)

- Volume where located - IVSR

- Area - AHTR, except for Heat Sink no. 6 where "Actual Slab Data"
is used

- Thickness - 25 ft

- Specific Heat (p.) - 22.6 btu/ft® -F

- Conductivity (k)- 0.92 Btu/h - 1t -F
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3.0 RESULTS

Temperature peaks are given for the RELAP and GOTHIC runs in Table 3-1
Results show that the greatest difference between GOTHIC and RELAP

temperature peaks occur for model volume § where the GOTHIC temperature is
4.07% higher.

Some variances in time history distribution between the GOTHIC and RELAP
results are seen. The greatest occurrence is in volume 2 where the RELAP
temperature peak is at 50 seconds, compared to the GOTHIC peak at 3.5
seconds. The next greatest time variance is in volume 1 where the RELAP
temperature peak is at 4 seconds compared to the GOTHIC temperature peak at
0.7 seconds. The time spread between the occurrence of RELAP and GOTHIC
temperature peaks for the other volumes is at or under 2 seconds.

The minor variance in temperature peaks and time history is due to the inherent
differences in the manor in which the two codes handle steam/gas/liquid
mixtures. GOTHIC is a state-of-the-art program that soives the conservation of
mass, momentum, and energy equations for multi-component, multi-phase flow.
The RELAP code (RELAP 4 / MOD $) uses a simplified method of homogeneous
(l.e., phase properties averaged together) fluid equations with the phases in
thermodynamic equilibrium.

Based on the results of this analysis it is concluded that the GOTHIC model
results are comparable with minor differences in peak temperatures that are
under 5%. Time-history differences are attributed to the T/H analysis
sophistication of the two codes in addressing multi-phase conditions in the
volumes.
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RELAP 4 / MOD 6 AND GOTHIC 4.0 COMPARISON
f | 1 | |
S Peak Temperature Results s ™
| | T
Volume |RELAP GOTHIC Percent
No. Temp. (?)*ﬁme (sechTemp (F) | Time (secjComparison
T
1 1113 4 111 0.7 -0.27%
2 114 50 112.2] 3.5 -1.60%
3 109.9/ 3 1139 3.9 3.51%
4 110.5| 4 111.7] 35 1.07%)
5 110.7 2 1154/ 3.5 4.07%
6 128.9 3 1299/ 4 0.77%
7 1103 4 1117 3.5 1.25%
8 15906 6 161.1 8.7 0.93%
9 104 0 104 0 0.00%
10} 136.3 4 1338 6 -1.87%
11 937 6 93 5/ 7 -0.21%
12 102.1 6 102.6| 7 0.49%
13 1491 50! 152/ 50 1.91%
14 114 4 5 119/ 7 3.87%
15 302.1/ 2 2925/ 2.3 -3.28%
' ‘ | | ‘
9 'TABLE 3-1 ,
| | [ |
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modelSa/5.5 sec bk.
14:19:19 17-NOV=-94
GOTHIC Version 4.0 - August 1993

in stm. tunnel

Control Volumes
Vol Vol Elev Ht Hyd. D. Pl Area
B Description (£ft3) (ft) (ft) (ft) (ft2)
1 |Plant Attend Ar 1700. 931. 19. 7.42 89.47
2 19040. 931. 19. 9.211002.11
3 |MCC 6548. 931. 19. 10.4| 344.63
4 26080. 931. 19. 5.7911372.63
5 11808. 931. 19. 13.5| 621.47
6 |Cond/Drain/Htrs| 410000. 907. 43. 35.71|9534.88
7 |MCC 65090. 910. 30. 7.3212162.67
8 |Turbine Deck 1400000. 950. $4.93 52.34|25688.0
9 |Atmosphere le+12 911. 200. 0.01 5e+09
10 |Air Ejct. Rm. 24916, 911. 20. $.5] 1245.8
il 18w, Gr. Rn. 31578. 911. 19. 10.76|1661.84
12 [MCC 7411. 911. 19. 9.64| 390.05
13 |RR Track Area 115000. 911. 40. 17.8 2875.
14 |Plenum 22000. 950. 50. $6.11 440.
15 |Steam Tunnel 20317, 931. 28.l 16.44| 725.61
Fluid Boundary Conditions - Table 1
Press. Temp. Flow ON OFF
BC# Description (psia) FF (F) FF (lbm/s) FF Trip Trip
1F | Break 20. El] 1 1] @
2P 14.7 104
3P 14.7 104
4P 14.7 104
5P 14.7 104
6P 14.7 104
7P 14.7 104
8p! 14.7 104
Fluid Boundary Conditions - Table 2
Lig. V Stm. Drop D Cpld Flow Heat
BC# Frac. FF P.R. FF (in) FF BC# Frac. FF (Btu/s) FT
1F 1.] 0|0.0008 ]
2P
3P
4P
5P
6P
7P
8P




modelSa/5.5 sec bk. in stm. tunnel
14:19:19 17-NOV=-94

GOTHIC Version 4.0 - August 1993

Fluid Boundary Conditions - Table 3

Gas Pressure Ratios

BC# Alr FF Ar FF He FF H2 rr
1F 1.

2P 1.

3P 1.

4P 1.

5P 1.

6P 1.

7P 1.

8P 1.

Fluid Boundary Conditions - Table 4

Gas Pressure Ratios

BC#

Kr

FF N2 FF 02

FF

Xe

FF

1F
2P
3P
4p
5P
6P
7P
8P
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modelS5a/5.5 sec bk. in stm. tunnel

14:19:19 17~-NOV-94

GOTHIC Version 4.0 - August 1993

Flow Paths - Table 1

P. Vol Elev Ht Vol Elev Ht
$ Description A {2E) {(£t) B (ft) (ft)
1l  § 233.1 10, 2 932.1 10.
2 1 232.13.74 7 232:13.74
3 1l 932.11.39 6 910.(1.39
4 2 232.117.9 3 232.1 17.
5 2 932.17.58 8 952.]17.55
6 2 232.1 18. 4 232.1 18.
‘ J 7 912. 18. S 233.1 19,
8 3 232.1 10. 8 952.]| 10.
9 8 922.111.2 4P 912.111.2
10 5 932. id. 8 952. 18.
11 1 932.11.32 6 910.11.32
12 13 912.131.6 8 993.,131.%

13 13 912.115.9 2P 912.]15.9
14 11 912.]12.1 12 912.]12.1
15 11 912.112.1 12 912.(12.1
16 10 912.]1.03 11 912.11.03
17 10 912. 7. 11 912. 7.
18 10 912.11.46 6 910.(1.46
19 10 912.17.33 6 910.17.33
20 6 908. 7. 13 912. 7

0N
-
o

908.15.39 14 952.15.39
908.16.32 8 952.16.32
952.19.48 3P 912.19.49
908.129.1 8 952.129.1
10 912.]5.48 13 912.|5.48
8 952.17.07 5P 952.17.07
g 952.17.07 6P 952.17.07
952.17.07 7P 952.17.07
8 952.17.07 8P 952.17.07
15 932.112.2 8 952.112.2
15 952. 1. 1F 912. 1.
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modelSa/5.5 sec bk. in stm. tunnel

14:19:19 17~-NOV-94

GOTHIC Version 4.0 - August 1993

Flow Paths - Table 2

Flow

Flow Hyd. Inertia Friction Critical De- Mom

Path Area Diam. Length Length Flow Entrmt Trn

i (ft2) (ft) (ft) (ft) Model Frac. Opt
 § 100. 2.5 26.3 1. NO -
2 14. 1.04 $8.5 1. NO -
3 1.92 0.22 33.3 1. NO -
a4 291. 7.25 29.01 1. NO -
5 $7. 2.7 44.3 1. NO -
6 446.5 9.2%5 47. 1. NO -
7 432. 8.2 87.5 1. NO -
8 100. 2.5 37.8 1. NO -
9 127.2 2.82 26.5 1. NO -
10 536. 5.79 37 1. NO -
il 1.74 0.33 33.3 1. NO -
12 1000. 7.9 61.8 1. NO -
13 2s5s. 4. 3%5.3 1. NO -
14 147. 3.03 29.82 1. NO -
15 147. 3.03 29.82 1. NO -
16 1.07 0.26 48.6 1. NO -
17 al. 1.05 48.6 1. NO -
18 2.14 0.37 56.11 1. NO -
19 23. 3.14 6.1 1. NO -
20 21. 3. 60.1 NO -
21 29. 5.39 33.1 1. NO -
22 40. 6.32 21.3 1. NO -
23 90. 9.49 743 NO -
24 8£0. 29.15 $1.3 NO -
25 30. 5.48 66.6 S NO -
26 50. 7.07 26.5 ) @ NO -
27 $0. 7.07 26.5 p NO -
28 50. 7.07 26.5 1. NO -
29 50. 7407 26.5 1. NO -
30 180. 12.35 41.9 1. NO -
31 1. 1. 15.39 1. NO -




model5a/5.5 sec bk. in stm. tunnel
14:19:19 17-NOV-94
GOTHIC Version 4.0 - August 1993

Flow Paths ~ Table 3
Flow Fwd. Rev.
Path Loss Loss Comp.
B Coeff. Coeff. Opt.
1 0.67 0.42| OFF
2 2.41 2.26| OFF
3 2.9 2.4| OFF
4 1.5 1.5] OFF
5 2.67 2.46| OFF
6 0.34 0.03} OFF
7 1.9 1.5 OFr
8 1.9 1.5] OFF
9 1.5 1.5] Orr
10 1.9 1.5 OFF
11 2+:9 2.4|! OFF
12 3:93 1.14| OFF
13 2.65 2.35] OFF
14 0.34 0.52]| OFF
19 0.34 0.52| OFF
16 2.84 2.84| OFF
17 2:.73 2.65| OFF
18 2.84 2.83| OFF
19 2.78 2.66| OFF
20 2.8 2.83| OFF
- § ¥ 2.78 2.82]| OFF
22 2.84 2.83| OFF
23 2.78 2.65| OFF
24 2.62 2.48| OFF
25 - P8 2.58| OFF
26 2.79 2.79| OFF
27 2.79 2.79| OFF
28 2.79 2.79| OFF
29 2.79 2:.79| OFF
30 2.47 2.47| OFF
31 1.5 1.5| OFF
Thermal Conductors
Cond Vol HT Vol HT Cond S. A. Init.
B Description A Co B Co Type (ft2) T.(F) Or
1 jVOL 1 1 1 8 2 1 1290. 106.1 3
2 |VOL 6 6  § 6 2 1 43448. 138.1 1
3 |VOL 7 F 4 1 | 2 | 26875. 108.1 1L
4 |VOL 8 8 ¥ 8 2 1 24665, i04.] 1
S |VOL 10 10 1 10 2 1 5565. 130.1 1
6 |VOL 15 15 3 15 2 1 34736. 135.1 1




modelSa/5.5 sec bk.
14:19:20 17-NOV-94
GOTHIC Version 4.0 - August 1993

in stm.

tunnel

Heat Transfer Coefficient Types

Heat Peak
Type Release Time Const Curv Cond Scnd. Phase
# Option (Btu) (s) Value ‘ Opt. HTC HT Opt.
l|Constant 0. 0. 8. 0 VAP
2|Constant 0. 0. 0.01 0 VAP
3|{Constant 0. 0. 40. 0 VAP
Thermal Conductor Types
Type Thick. 0.D. Heat Heat
B Description Geom (in) (in) Regions (Btu/ft3-s) FF
1 |CONCRETE WALL 3. 0. 3 0.
Thermal Conductor Type
1
CONCRETE
Mat. Bdry. Thick  Sub-~ Heat
Region B (in) (in) regs. Factor
| 1 0. 1.  § 0.
2 1 1. 1. | 0.
3 1 2. 1. 1 0.
Materials
Type # Description
| CONCRETE
Material Type
1
CONCRETE
Temp. Density Cond. Sp. Heat
(F) (lbm/ft3) (Btu/hr-ft-F) (Btu/lbm-F) /7
0. 140. 0.92 0.161 X%
1000. 140. 0.92 0.161




model5a/5.5 sec bk.

in stm. tunnel

14:19:20 17-NOV-94

GOTHIC Version 4.0 - August 1993

Valv

es & Doors

Flow Open Close Valve

Valve Path Trip Trip Type Disch.
& Description " # B B Vol.
1v 1 1 1 1
2V 19 2 2 10
v 17 3 3 10
4V 13 & 4 2P
5V 20 5 5 6
6V 24 6 6 6
7v 25 7 7 10
8V 26 8 8 5P
9V 27 8 8 6P

10V 28 10 8 7P
11V 29 10 8 8P
12v 30 9 10 15
Valve/Door Types
Valve Stem Loss Flow
Type Valve Travel Coeff. Area
© Option Curve Curve (ft2)
1 QUICK OPEN 0 0 100.
2 QUICK OPEN 0 0 22.
3 QUICK OPEN 0 0 - § B
4 QUICK OPEN 0 0 288.
5 QUICK OPEN 0 0 21.
6 QUICK OPEN 0 0 850.
7 QUICK OPEN 0 0 30.
8 QUICK OPEN| ~ 0 0 50.
9 QUICK OPEN 0 0 100.
10 QUICK OPEN 0 0 150.
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n stn.

tunnel

Component Trips

Trip Sense Sensor Sensor Var. Set Delay Rset Cond Cond
B Var. 1 Loc. 2 Loc. Limit Point Time Trip Trip Type
1 |PRESS 1 2 UPPER 0.3 0. AND
2 |PRESS 6 10 UPPER 0.2 0. AND
3 |PRESS 10 11 UPPER 0.65 0. AND
4 |PRESS 13 9 UPPER 0.5 0. AND
5 |PRESS 14 13 UPPER 0.8 0. AND
6 |PRESS 6 8 UPPER 0.2 0. AND
7 |PRESS 10 13 UPPER S. 0. AND
8 |PRESS 8 7P UPPER 0.5 0. AND
9 |PRESS 13 8 UPPER 0.25 0. AND

10 |PRESS 8 8p UPPER 0.51 0. AND
Functions
FF# Description Ind. Var. Dep. Var. Points
0 |Constant - - 0
1 |BRK ENTHALPY TIME (SEC) |ENTHALPY ( 11
2 |BRK FLOW TIME (SEC) |FLOW (LBM/ 11
Function
1
BRK ENTHALPY
Ind. Var.: TIME (SEC)
Dep. Var.: ENTHALPY (BTU/LBM)
Ind. Var. Dep. Var. Ind. Var. Dep. Var.
0. 1186.7 0.001 1186.7
2 1194.3 2.001 633.3
3.9 633.3 3.501 633.3
8. $33.3 $.001 633.3
$.5 633.3 2.501 633.3
1000. 633.3
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in stm. tunnel

Function

2

BRK FLOW
Ind. Var.: TIME (SEC)
Dep. Var.: FLOW (LBM/SEC)

Ind. Var. Dep. Var. 1Ind. Var. Dep. Var.
0. 0. 0.001 3€50.
2. 3650. 2.001 9670.
3.9 9670. 3.501 8100.
3. 8100. 5.001 3800.
8.5 3800. 2.501 0.
1000. 0.
Volume Initial Conditions
Relative Liquid Ice Ice
Vol Pressure Temp. Humidity Volume Volume Surf. A.
B (psia) (F) (%) Fractio Fract. (ft2)
def 14.7 104. s0. 0. 0. 0.
6 14.7 125. 50. 0. 0. 0.
10 14.7 130. 50. 0. 0. 0.
11 14.7 90. 50. 0. 0. 0.
12 4.7 100. 50. 0. 0. 0.
15 14.7 138. 50. 0. 0. 0.
Initial Gas Pressure Ratios
Vol x
3 Air Ar He H Kr N 0 Xe
def 1. 0. 0. 0. 0. 0. 0. 0.
6 0. 9 0. 0 0. 0. 0.
10 da 0. 0 0. 0. 0. 0. 0.
il ) 0. 0 0, 0. 0. 0. 0.
12 B 0. 0 0. 0. 0. 0. 0.
 § 14 0. 0. 0. 0 0. 0. 0.
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Run Control Parameters (Seconds)
Time DT DT DT End Print Graph Max Dump
Int Min Max Ratio Time Int Int CPU Int
1 {0.001] 0.05 - A 0.2 0.1| 600. - A
2 |0.000] 0.25 ; ¢ 10. P 0.1(3600. 0.
3 |0.025 0.5 L $0. 0.1/3600. 0.
Control Parameters Menu
Parameiler Value
Restart Time (sec) 0
Restart Tir: Step # 0
Restart Tim: Control NEW
Revap. Frac‘ ion 0
Min. NC HT Coeff. 0
Reference Pressure 0
Ice Temperature 0
Ice Density 0
Graphs
Graph Curve Number
B Title Mon 1 2 3 4 -3
i TV1 TV2 TV3 V4 TVS
2 TVé6 V7 TVS TVS TV10
3 TV11 T™Vi12 ™vi) TV14 V15
4 : PR11 PR12 PR10O PR6 PR7
5 Steam Tunnel Te TV15
6 Turbine Deck Te TVS8
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