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The following is a quick run through of the comments I provided on Monday morning, your Main

Steam Tunnel (MST) model, then the RCIC break model.

Comments on INER models

MST
[ CVar 2c¢ - In GOTHIC 8.1, CVars are returned in BRITISH units, not metric. Recommend

conversion to metric and identifying units in the Description.

[ | BC 15F & 16F - These are the break flows, but do not have ON Trips. ON Trips are

convenient so that the model can be run as NULL to confirm nothing happens.

| BC 15F & 16F - The break flows, P, and T, all appear to come from an outside source. It

may be preferred to uncouple from a computed source by bounding the source M & E.

| BC 15F & 16F - The pressure profiles (FFs 8T & 11T) may be simplified to atmospheric

pressure to ensure all steam release.

[ | Time Domain End Controls - You might want to change to OFF for all but the last Time

Domain.

| Data Tables 1T through 7T, heat sources for BCs 1F through 7F - Is a ramp down from Os to
600s intended?

u Heaters 1F through 7F all include mass flow rates of 4.72 m’/s with heat rates of 1T through
7T. None have ON or OFF Trips. Is it intended that the heaters be heating liquid flow that then
is boiled (a boiler)? Normally a heater that heats the air (Vapor) has no flow.
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[ | TCs 8 and 9 (10) are 60cm thick concrete (steel) slabs set initially at 40C. Volume 146
(MST) is initially at 54.44C, while the other side of these TCs are at 40C. It may be necessary to
either set the initial temperature for the TCs to 54.44C or run a short duration null to develop a
temperature profile through the TCs so that the surface in the MST is not 40C at the start.

[ MST initially pressurizes from the steam break, but blows down to atmosphere, leaving
mostly steam and very little air in the MST.  After the break isolates, almost only steam in the

MST continues to condense on the walls, resulting in a large vacuum in the MST.

| Material properties for concrete seem off.  Your density is 100 kg/m® (6.2428 Ibm/cuft) and
specific heat 1s 21.39 kJ/kg*C (5.1089 BTU/Ibm*F). But the product becomes about 30
BTU/cuft*F. We use a density of 144 Ibm/cuft and specific heat of 0.2 BTU/Ibm*F, with a product
of 28.8 BTU/cuft*F, so the difference should not be significant.

| BCs 1F through 14F are volumetric ins and outs for SGTS, with identical volumetric flow
rates, pushing volume into a compartment, then removing at the same volumetric rate. If there is

heat-up in the Compartment, this will result in (superficial) pressurization in the Compartment.

| FPs that connect rooms and have the exact same bottom elevation as the rooms will tend to
spread liquid collection across the rooms. It is advised to include a small curb between rooms by
having the bottom of the FP perhaps 1/4 inch greater than the floor of the adjoining rooms. Any

liquid collection in one room will puddle in that room before spilling over to adjoining rooms.
RCIC

| Similar to the first model, but different. Verification of the second model is not simplified

by the first model because constituent parts are numbered differently.

s At > Skip BARTNRAROT e 2SI DM - BiE B ég SRR RRAY K
/MILE > FEE T S RIS o MR ENERG v] DU R AN 2 B Eh D) EITAE (Auto-divid)
ARUJERSEL - SGTS RUBIFH IR 75 #E SR Pressure boundary condition R B » M R £ g
MR AR ECORIE » SRR TS HTA-0.25 /KIS » Sk PRSI o Mo iTiiaass
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Attached is the latest revision of the HELB model we have been working on together. This model

now combines both the MSLB in the MST (Compartment 146) and the RCIC steam break in the

RCIC room (Compartment 7). I offer a few notes on the model
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| The run currently starts at 0.0, same as your original. This means there is no temperature
gradient built up in the Thermal Conductors (TCs) touching the Main Steam Tunnel (MST). These
TCs all have their temperatures set initially to 40C, although the room is initially at 54.44C. But
set the start time (Run Control/Run Options) to -5.0 seconds and GOTHIC will build up a
temperature profile in these TCs prior to the break occurring when time reaches zero.

[ | I’ve increased the graphing printout frequency early in the event so the graphs we get will
better show what is happening. 1’ve also added Time Domain changes when significant changes
are happening (when the heaters stop decaying their heat and settle to the long-term heat rate, and
again when SGTS initiates). This will ensure our plots show these changes.

| I’ve also increased the allowed maximum time step later in the run, after SGTS initiates, to

as much as 60 seconds. This allows the run to complete much faster.

u I’ve redrawn all Flow Paths (FPs) so that the labels are back. I’ve also cleaned up the

visual of the model.

[ The environment Compartment (147) is now a background, so any Flow Path or Thermal
Conductor can attach more readily without need to draw back to some other area of the
graphic. I’ve shrunk Boundary Conditions so they are less obstructive, visually.

u We’ve changed the thermal properties for concrete (density, specific heat, and thermal

conductivity), using values we typically use (SI Units, of course).

[ | The first three TC Types are all 60 cm thick, including the TC you described as “NO. 90
door” that thermally communicates between the 4F corridor and the MST. Remember you were
going to confirm that this is really intended to be a 60 cm thick slab of steel. We have left it as 60
cm thick. The RCIC model adds one additional TC Type, this one is a 137 cm thick concrete
wall. We have removed the subregions in all of these TC Types and instead had GOTHIC
auto-subdivide these TC Types so that the model will better predict the heat absorption into the
TCs. Because the outermost region of the TC (surface) that sees the rapid temperature rise in the
environment is now much thinner, the temperature of the TC surface facing the heating
environment increases its surface temperature much quicker now, which then limits the heat being
absorbed by the TC, resulting in an increase in the room temperature early in the event
(conservative). So now all four TC Types have used the Auto-Divide feature in GOTHIC.

u Surface Option 4 1s the UCHIDA. Your model had the Conduction/Convection Option set
to ADD, which will add the UCHIDA heat transfer and the Convection heat

transfer. NUREG-0588 recommends (for evaluating environment temperature) using UCHIDA
until the condensing heat transfer diminishes, then using natural convection, so I interpret this to
mean using MAX instead of ADD. Your SO4 (as well as all other SOs) correctly sets the Forced
Convection to OFF, so that is left as-is. But we’ve set SO4 to MAX instead of ADD.
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[ | I’ve also added an SOS5 described as “Insulated” with the Heat Transfer Option set to “Sp
Heat Flux” and the Nominal Value set to zero. It is a practice of mine to always include a SO like
this. In this manner you could change the SO for either or both sides of all TCs to this Insulated
SO to evaluate how much your heat sinks are affecting your run results.

[ | All SGTS Boundary Conditions (BCs) are now three BCs. The first two are the same, but
I’ve added a third. The first BC is the inflow where you are forcing a specified volumetric flow
into the Compartment, the second is the outflow where you are forcing the same specified
volumetric flow out of the Compartment. As we mentioned, this results in an increase in mass of
air in the Compartment (for a heated Compartment) and thus an artificial pressurization. The
added third BC is a Pressure BC with a valve on its FP. Trips 2 and 3 control which inflow is
used. The model currently uses your same forced inflow (Trip 2 set to zero).

[ The MSLB in the MST (Compartment 146) now includes not two BCs but two sets of two
BCs. The first set (BCs 24F and 25F) are as before and use your RELAP M & Es. But new BCs
26F and 27F use a constant Pressure of 1 atm, a constant enthalpy of 2803.17 kJ/kg (maximum
enthalpy for saturated steam), and a simplified bounding mass flow rate that bounds your RELAP
flows. This attempts to decouple your GOTHIC model run from your RELAP run as we spoke
about. Trips 4 and 5 determine which MSLB source the model will use, while Trip 9 sets when the

break happens.

[ The RCIC break is now included in the model as well and also has the two sets of two

BCs. BCs 28F and 29F are again your RELAP M & Es, while BCs 30F and 31F are intended to be
bounding. I have not yet developed the bounding mass flow rates for 30F and 31F, so these are not
completed yet. Trips 6 & 7 determine which RCIC break M&E to use, while Trip 10 sets the time

of this break.

u So Trips 9 and 10 are used to set which break to simulate.

| I have added a vent to the MST. The vent will open when pressure in the MST drops below
1 atm (pressure in the environment, Compartment 147), and will reclose when pressure increases
again above 1 atm. [ have not seen cycling, but if this is experienced, these setpoints can be
changed slightly. Trip 1 sets when this vent becomes available, so set to infinity the vent will

never open.

[ For your MST leak path, which draws from the MST and discharges to the 4F corridor, I
noticed some of the flow being passed was liquid. If this is intended to be leakage, it may not be
intended to pass liquid. Liquid was being passed because the FP used to draw flow (FP 105) had
its bottom set to the bottom of the MST (13.3 m) and liquid collecting on the floor of the MST was
being drawn into the leak. [I’ve changed the bottom elevation and height for this FP 105 to be the
same as the floor of the 4F corridor, which is also the same as the bottom and height of the FP
passing the flow to the corridor. This has now kept from passing liquid as part of the leak.
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| I have left the flow rates (4.72 m3/s) in all of your heaters, but be aware that because these
are heaters (and with positive heat rates) and the Phase Option is Vapor, these heaters will not use
these rates. The intent of these rates for heaters is for use with heaters that have the Phase Option
set to Liquid, to only heat a certain portion of the liquid, and the rest of the heat (if all liquid in the
flow is evaporated) to pass to the vapor, but with the Phase Option set to Vapor as you have it, the
heat is passed to the vapor as you intend.

bR 1 oA ElGE 240 > Skip AR IE (L 72 A GOTHIC A2 2UAY/ INser - (IiEnT.
St (flow path) A ZIERFEL > Ry W B - RISV R &G SEAT B o —Imiy e ae s - SRR
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The impact of the assumed SGTS flow rate for the Aux. Bldg. HELB analysis was discussed.
Since the SGTS flow is the only long term cooling mechanism modeled, the long term temperature
is directly related to the assumed SGTS flow. The following is recommended:
B Review plant operating procedures to identify other possible long term cooling mechanisms that
could be included in the GOTHIC model.
B A conservatively low estimate of the SGTS flow should be used. This could be determined from
building leakage testing data. However, it should be recognized that this low flow value would be

subject to any building modifications that would restrict building in leakage.

H Bl 7 ({37 838 SR 55 SGTS AU ESIE » (s i S5 — (R B iE kit
FRERSNTRRE R R - LA E R (HBRREE > A5 23R SGTS RedERN 5
FE SRR S BA(-0.25 N /KA S)HYAE ST © Skip AR A volumetric fan SH{F2fef5EE SGTS
TSRS » TR T38 S B MR SRR E AR YR © MEZALE T i Ry e B > —
HHFEE SGTS SeRAysGT BRI =R LR R) - B AR EENE fe S B R e MR (R HY
RSO - FOTETETIF R ARC & - HIROTETE Z HAVZ B R <THIR 00 T
PRaT SRR 5 S ARSI B T8 HAR - SO B iR 4T H AT SGTS i B /53 -

Besh > BAEEZITVERTE (EFHAZYN) ~ JE/KF# B 5t (Reactor Water Cleanup system,

%8 H
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Z TR UE R E R ERET - /9B RERvERdE - AR ENEI a3
R FUE - ({5 NRC %47 NUREG-2161 (Consequence Study of a Beyond-Design-Basis
Earthquake Affecting the Spent Fuel Pool for a U.S. Mark I Boiling Water Reactor) » B[J{55 884548
MEEETRAE M (IBESRE T EE SR » FIBENEP T E A 2 fe KRR F RN — (B E 4.5
FFHIB I o HEIAN BRI ARIEZ (55 [BHYNETL T 500 gpm ffi7KEL 200 gpm jEE/KHE i -
BRI g EE AR 1x4 51— R eSS 2 A PED - I AR
Pk B A A B AR

(V)R 2 i s

1.[E[H#E pool swell P52

H 712 GOTHIC A2V EIRHAS pool swell FHE: 7 RHipE Y] > Tom §-£:7%71 NAI LA
Al (55 /] GOTHIC HY—4EfH 7L GE A E]RYSERIEYHE - Skip BARTME(E LU NS

Regarding Pool Swell for Mark III containments, the NRC document NUREG 0978 has
good information. Figure 3-2 of this NUREG provides a curve of maximum pool swell velocity
versus Drywell pressure (should be understood to be differential pressure, Pd - Pw). Using
this figure, given a containment pressure response for an event, you could read what the
maximum pool swell velocity should be. I believe the document directs Mark III owners to use a
maximum pool swell velocity of 50 feet per second.

So the way GE would evaluate an event would be to generate the containment pressure
response, including the Pd - Pw, then read the maximum pool swell velocity from Figure 3-2 of
NUREG 0978 and confirm that the corresponding velocity is less than the design value used by
the plant, which we expect to be 50 feet per second.

How to do this with GOTHIC is, once we have a good benchmark GOTHIC model that
adequately duplicates the GE result, we can then run our difference case and compare the
differential pressure (Pd - Pw) against our benchmark and confirm the our dP in our case is less
than the benchmark case. Of course the GOTHIC model has to provide an adequate benchmark

that captures the important phenomena of the event.
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2.5z Jt7{7(Dry cast storage)
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3. Inter Process Communication (IPC)
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EQ conditions evaluation for the Auxiliary Building
of the Kuosheng Plant in Taiwan

"

Yen-Shu Chen
Noclear Engineering Division, Instifute of Noclear Energy Research, Tamwan

; 7 ,r,'.,. incithrds of Huolear Energy Fecearah

Nuclear Power Plants in Tarwan

« Chinchan: 2 BWE/4 uwmts
» Kuocheng: 2 BWE'S umts
» Maanshan: 2 PWER umis
* Limgmen: 2 ABWE umts

-
il Cm

Kuosheng

Lungmen
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o Kuosheng Plant

= The second nuclear power plant in Taiwan

* Located in New Taipei City
= Two umts of GE-designed BWE.6 with the Mark III

contaimment

_ LR T
. Errigy Aeskarmh
[y P ——
Freare= Sue

s Auxiliary Building of the Kuosheng Plant

* The building surmrounding the Feactor Building
(primary containment)

= R T
» There are 7 floors o et i e b I-"i
gk [Pl ]
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EQ conditions

* Kuosheng FSAR Table 3.11-4
— 0 to 6 hows
. 212°F. 2 peig, all steam
— 6 hours to 100 days
« 150¢F, 0.5 paig, 90%% relatrve hunmdity
* These conditions are too tough for the Motor Conirol
Center (MCC) panels.
* Unfortunately, there are no EQ documents about the
MCC panels.
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Kuosheng Auxiliary Building model

« GOTHIC 8.1 is used

* Four High Energy Line Break (HELB) events are
considered.

— Main Steam Line Break (MSLE) inside containment

— MSIB ouiside confzimment

— Reactor Water Cleanup (EWCLT) system lne break

— Reactor Core Isolation Coolmg (RCIC) system hne break

%23 H



e  Kuosheng Auxiliary Building model

MS5LE mside containment

Steam leakage from the
contamment

e  Kuosheng Auxiliary Building maodel

MSLB outside containment

A door comnected between
the mainsteam tunnel
(MS5T) and 4F of the
auxiliary building.
Pressure relief doors 1n the
MST are used to prevent
overpressurization.

Blowdown data 15 from
EELAPS calculation.
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Kuosheng Auxihiary Building model

FWCU lme break

Break occurs in the RWCU
pump room which 1s m the 2F.
A water-proof door which can
stands 15.3 psig is for the
OO,

Fupture disks in the pump
room are used to prevent
oVerpressurization.

Blowdown data 15 from
FELAPS calculation.

=

FCIC hine break

Break occurs in the ECIC pump
room which 1s in the 1F.

A water-proof door which can
stands 133 psig 15 for the room.

Fupture disks in the pump room
are used to prevent
oVerpressurization.

Blowdown data 15 from
FELAPS calculation.

CUEL } 1)

E
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e Kuosheng Auxiliary Building model

= The HVAC is assumed inoperable during the accident.
— Venting flow- 50,000 gpm in total

= The Standby Gas Treatment (SGTS) system 1s
responsible for the venting during the accident.

— Exhausting flow: 7,000 zpm 1o total
= Heat sources from solar and lighting are considered.
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MSLE outside contaimment
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P RCIC hine break

Fermore ol HLIL Liaw Bk Fressmw sl FA'H. Lo Erval

=L Pl Hesa

Eslatlve Nunidy of BRCH Lne Brask
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Conclusions

« For the comdor in the 3* floor, the peak pressure after
the accident 1s 0.24 psig, the peak temperature is
107 8°F and the relative humidity 15 below 80%.

* There 15 sufficient margin to modify the EQ) profile for
the MCC panels.
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Q rowen |
NUCLEAR

GOTHIC o '_ﬂpuﬂt Fuﬁ!

GOTHIC has been used o0 model spent fued casks to look at:
» Intemal circulation pattemns
Irtemal pressure
Steady state and fransient temperatures and heat loads
Fuei and cask walls
Concrete in reglon below cask
SumoundingBulding condltlons

Exammne variows esolubions and phases

=  Dran/DryFill durng intial loading = temperatures and Gmings
Sheady Siate Storage Conditions — intemnal temperature and
pressures as well as environmental condiions

= Reflood Scenanos = pressures and tmings

peowes: mucssan - LAY
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EACCHRY

Fiexie nogdalzation schems

» Detalied model has center fuel assembly In 30 with indhvidual Tl pins
i conslder iocal fow paterms and pin Bmperaiures

= Oiher Tuel assamblles modeled a5 10 with the Tuel pins umped as 3
snge thermal conductor for each assemby

= Alows for the moded to remain computationaly efMicient while 508
considering Doth 1ocal and macmoscoplc effects

Buoyancy driven naturad circuiation fNow

Transhent conduction

= Axlal and radial power proflies
=  5SDpme capablity for 20 condwction

Radlation Heat Transfar
»  Wall & Wall - ransparent medla
= 'Wail & Steam

EACHRY
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.'.-'l:I Breps FPeziorp =

I 0 o 2 EFi'FT ™ ET NE FM|PT FPF
« |m Version 8.1 a new option Est -Dorerectdom SaTis

i LEEr CofdiedlloE Yilwk...

was added to limit the scope Qe

LT 5 Fare Tropsclf s Consactionr. ..
of the radiation solution T
- GLOBAL - al radiation ubtivided Greed Asiutson Eovpe TRk
Lolrk

surfaces can see each other
» LOCAL - scope imits
radiabon connections lmited

bo conductors and =1 |
subconductors in the same i P
horzontal plane Fanll Bl ' :
»  Limited scope is particularty FTEe N
useful for modeling radiation j : 2
in rod bundies | ¥4 ¥
ZACHRY

[

Tenrwsl Fadleilon Fecepdarp =—
EF FT M@ KT K3 | ER BT EF

i e o Pl |

Fi13 A coned. w

Thermal Fordistize Bice & g |
Emiprivity Sidw &

Tkl FadbEllbE B9de W E|-..__'|
ExisRivicy sids b

hicrmvedums Boops EEL 1
] i Bdii Theps Fezicrr AILL
» The radiation scope can be specified iad e
for each conductor s
+ FULL scope | detaut — same as -FLEAE
GLOBAL N 8.1 L;::
« Example — X-LINE scope means two T-1IE

conducions wilf s2e each other onty I
the attached cells e 3ong a commaon

fine parailed to Tie K-ands.
«  For mbed s5c0pes, both Scopes milst

be satisfied, eg.,
X-PLANE & Y-PLANE — Z-LINE

EACHRY
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Ehgm-g wiork to kook at performance on vanous scales:
Detailed mode] to simulate the drainidrygfill process as fuel is
transfemed from the pood to the cask and prepared for storage.
Exanine Tiesmal performance inslde cask (o compare © vendor dala
Detailed model of steady state condiions within the cask following
storage preparations.
Unit cel model of singe cask o examine heal transier o concrete
with consarvatve assumpIons for heat Tansier to atmosphere.

Frogresswely conssdering simpler representations o decreass mun
times without sacrficing accuracy relatve to the detaded model.

Future work will model an amay of casks to examine
atmospherabuilding conditions

Zachry has used o GOTHIC to analyze spent fusl casks
» Temperabure and pressure conditions
Flow patterns
Inform design and procedures
Computationally eficent relatve to CFD
Captures two-phase flow effects for relevant condibions

Radiabon heat transfer, which GOTHIC considers, is a significant
contribuior 1o overall performance
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