
TRACE CALCULATION NOTEBOOK

Facility: BETHSY Facility, Centre D'Etudes Nucleaires de
Grenoble, France

TRACE Version: 4.190

Date: March 2006

Written by:
Organization:

Reviewed by:
Organization:

Weidong He and Don Palmrose
Advanced Systems Technology and Management, Inc.

David Ebert
Advanced Systems Technology and Management, Inc.

C dSTM
(I A anced Systems Technology and Managemsent, Inc.



@/AdSTM
eAvanced Systems Technology and Managem entI, Inc.

CALCULATION WORK SHEET

Subject BETHSY TRACE Plant Model Overview Page /
Prepared by Checked by

Preface

The original BETHSY Test 9.lb input deck was developed to run under the RELAP5 code package in support
of International Standard Problem Number 27 (ISP-27). This RELAP5 input deck has an extensive calculation
notebook written by personnel at the then Idaho National Engineering Laboratory. This RELAP5 input deck
was then translated by ISL, Inc. (ISL), into a TRACE input deck via the SNAP program along with some
necessary hand modifications that SNAP could not accomplish at that time.

The resulting TRACE input deck for Test 9.lb formed the base input deck (or reference input deck) for this
follow-on study of the capabilities of TRACE Version 4.190. Two major changes were made on the reference
deck to form the TRACE input deck used in this assessment work: 1) a 3-D VESSEL component replaces the 1-
D component based BETHSY pressure vessel model of the reference deck; 2) a new steam generator model
using PIPE and TEE components replaces the steam generator model of the reference deck. The rest of the
BETHSY plant model remains the same in this new BEHTSY TRACE model as in the reference deck,
including: the primary and secondary piping systems, the primary coolant pumps, the pressurizer and their

(,ociated HTSTRs, control and trip systems, etc. For the unchanged portion of the plant model, the reader is
referred back to the INEL calculation notebook for further information on modeling basis.

This calculatiorn notebook is organized to include the following sections:

1) Overall BETHSY plant model. Most of this section is the appropriate sections from the ISL report and is to
provide an overview of the BETHSY TRACE plant model. This part also includes some notes, highlighting the
changes implemented in the current BETHSY TRACE model.

2) 3-D VESSEL Model. This section first provides an overview of the 3-D VESSEL model for the BE THSY
pressure vessel and the arrangement of the HTSTRs coupled with the 3-D VESSEL component, followed by the
detailed derivation of the parameters for each level and each HTSTR.

3) Steam Generator Model. The new steam generator model is based on the original steam.generator model.
This section details how the original model is modified to become the SG model used in this new TRACE input
deck.
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An Overview of TRACE BETHSY Plant Model
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This section is intended to provide an overview of the BETHSY plant model. Most of this section is the
appropriate sections from the ISL report. This part also includes some notes, highlighting the changes
implemented in the current BETHSY TRACE model.

yw
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TRACE COMPARISON to BETHSY Test 9.1B (ISP-27)

Information Systems Laboratories, Inc.; Nuclear Systems Analysis Division
December 2003

Under Contract No. NRC-04-02-054
ISI,-NSAD-TR-03-25

1. INTRODUCTION

BETHSY is an integral test facility located at the Nuclear Center of Grenoble, France, whose purpose is the
investigation of PWR accident transients. Thc BETI-ISY program is jointly sponsored by the Commissariat A
:.inerfic Atomique, Electricite de France, and Framatome. Some of its objectives are to contributc to the

ysical bases of either evcnt-oriented or statc-oricnted PWR Emergency Operating Procedures. Test 9.113 wvas
a 2 in. cold leg breakl experiment wvith high pressure safety injection system (I-IPSI) assumed to be unavailable.
1This transient leads to a large core uncovery and fuel hcat-up, requiring the implementation of an Ultimate
Procedure (UP) which should be implemented as soon as the unavailability of IIPSI is known. The UP was
delaycd and the following trigger criterion was used: when the maximum hcatcr rod cladding temperature
reaches; 723 K, the three Steam Generator steam dumps to atmosphere arc fully opened. This action allowcd the
primar, coolant circuit to depressurize to the accumulator injection threshold and then to the lowv pressure
injection system (Ll'IS) actuation. BETHSY Test 9.1 B wvas used for international standard problem 27 (ISP-27).

2. BETHSY FACILITY DESCRIPTION

A facility and instrumentation description and a description of Test 9.1 B is given in Reference 1 through
Reference 5. The BETHISY integral test facility is a scaled down model of a three loop 900 MWc
FRAMATOMIE PWR. The overall scaling factor applied to every volume, mass flowvrate and power level is
close to 1/100, wvhile elevations arc 1/1 in order to preserve the gravitational heads. The three loops are identical
with the exception of the cold legs. The Loop 3 cold leg is slightly longer than in the other two loops. The steam
generators were the inverted-U tube design. The core was composed of 428 electrically heated rods and 29
guide tnimbles and were arranged according to the 17 x 17 core square lattice. The corc is surrounded by a thin
wall which simulates the core baffle. Core power wvas 2857 MW. An isometric sketch of the BETI ISY hardware
is shown in Figure 2.0-1. The vessel hardware included a vessel downcomer external to the vessel so that wall
surface area could be minimizcd while maintaining the scaled dowvncomer flow area. 30M. The vessel

)->rdwz.rc included a vessel downcomer external to the vessel so that wall surface area cob d be minimized
.Jilc maintaining the scaled downcomer flowv area. |

Mi 3/i-f;cj
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TRACE COMPARISON to BETHSY Test 9.1B (ISP-27)

Information Systems Laboratories, Inc.; Nuclear Systems Analysis Division
December 2003

Under Contract No. NRC-04-02-054
ISL-NSAD-TR-03-25

1. INTRODUCTION

BETHSY is an integral test facility located at the Nuclear Center of Grenoble, France, whose purpose is the
investigation of PWR accident transients. The BETHSY program is jointly sponsored by the Commissariat A
l'Energie Atomique, Electricite de France, and Framatome. Some of its objectives are to contribute to the

(~11._Lsical bases of either event-oriented or state-oriented PWR Emergency Operating Procedures. Test 9.1 B was
a 2 in. cold leg break experiment with high pressure safety injection system (HPSI) assumed to be unavailable.
This transient leads to a large core uncovery and fuel heat-up, requiring the implementation of an Ultimate
Procedure (UP) which should be implemented as soon as the unavailability of HPSI is known. The UP was
delayed and the following trigger criterion was used: when the maximum heater rod cladding temperature
reaches 723 K, the three Steam Generator steam dumps to atmosphere are fully opened. This action allowed the
primary coolant circuit to depressurize to the accumulator injection threshold and then to the low pressure
injection system (LPIS) actuation. BETHSY Test 9.IB was used for international standard problem 27 (ISP-27).

2. BETHSY FACILITY DESCRIPTION

A facility and instrumentation description and a description of Test 9.1 B is given in Reference I through
Reference 5. The BETHSY integral test facility is a scaled down model of a three loop 900 MWe
FRAMATOME; PWR. The overall scaling factor applied to every volume, mass flowrate and power level is
close to 1/1 00, while elevations are 1/I in order to preserve the gravitational heads. The three loops are identical
with the exception of the cold legs. The Loop 3 cold leg is slightly longer than in the other two loops. The steam
generators were the inverted-U tube design. The core was composed of 428 electrically heated rods and 29
guide thimbles and were arranged according to the 17 x 17 core square lattice. The core is surrounded by a thin
wall which simulates the core baffle. Core power was 2857 MW. An isometric sketch of the BETHSY hardware
is shown in Figure 2.0-1. The vessel hardware included a vessel downcomer externa l ssel so that wall
surface area could be minimized while maintaining the scaled downcomer flow are&. 30 ± MW The vessel
hardware included a vessel downcomer external to the vessel so that wall surface are 'ld minimized

(Oile maintaining the scaled downcomer flow area.
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Figure 2.0-1 BETHSY experimental facility configtration.
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3. TRACE Input Model

A TRACE input model of the BETHSY facility in the Test 9.1B configuration has been constructed and
initialized to agree with the test conditions. The total number of components in the TRACE input model is 156.
Noding diagrams of the TRACE model's vessel region, Loop I primary and secondary piping and Loops 2 and 3
primary and secondary piping are shown in Figure 3.0-1, Figure 3.0-2, and Figure 3.0-3 respectively. The 2
inch break is located in the Loop 1 cold leg. The component numbering scheme is: the 100 series for Loop 1
(including the pressurizer), 200 series for Loop 2, and 300 series for Loop 3. The Vessel region numbering
scheme is the 400 series. The steam line header that is common to all three steam generators is component 500,
the turbine valve is numbered 505. A steam dump valve that simulates the flow area of all three atmospheric
dump valves is numbered 515. The LPSI is numbered 550 and 560 for loops 2and 3 respectively. The Loop 2
and 3 accumulators are numbered 224 and 324 respectively. The
break valve is numbered 135.

The starting point for the input model was a RELAP5 input file developed at the MNEEL for the purpose of
running ISP-27. The graphical user interface program named SNAP was used to convert the hydro and heat
iL ructure components into TRACE input format. The process involved the following steps: 1. Use SN.AP to

'-S reate a .rst file that is compatible with the TRACE code. The RELAP5 ACCUM components were not
included in this step of the conversion process. TRACE spawns an accumulator internal check valve. SNAP
does not recognize this internal spawned check valve, 2. A short TRACE run was made with the TRACE.rst
file. The -usf rPR command line argument was used which creates a TRACE.tpr file that is readable in SNAP,
3. The TRAC.E.tpr file was processed through SNAP to make a TRACE format input file, 4. Since SNAP is not
yet mature, several conversion errors needed correction in order for TRACE to process the input successfully.
The control system was converted over to TRACE input format by hand.

The converted input file of the BETHSY facility contained several components that were combined into one
component to simplify the input. For example, the RELAP5 input file and thus the converted TRACE input file
contained seven components describing the lower plenum, the core, the upper plenum and the upper head in the

ivessel. These seven components were combined into one PIPE component. Connecting components such as the
external downcomer and core bypass were connected to the PIPE using the nsides capability in TRACE. There
were a few geometrical errors in the RELAP5 model that were corrected in the TRACE model. Some of these
errors included pipe length differences from the reported values and pump metal mass.

(NOTE: this section provides background information about the development of the reference deck. The
current TRACE model has 220 components. The vessel model in Figure 3.0-1 is replaced with a 3-D
VESSEL component to be discussed in this calculation notebook. The loop primary loop models (Figure
3.0-2, and Figure 3.0-3) are still applicable except that the SG models are modified, which will be
discussed in this notebook.)

.0.1 Vessel Region
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(NOTE: Much of the discussion in this section of the ISL report is not applicable because the lBEHITSY
pressure vessel is modeled with a 3-D VESSEL component. The VESSEL component and POWVER
component modeling will be discussed in detail in this calculation notebook.)

3.2 Primaly Loops

The BETHSY facility contains three loops. These loops are nearly identical. The Loop 3 cold leg is a little
longer than the other two loops. All three loops were modeled. Steady-state controllers were used to control the
reactor coolant pump speed in each loop to obtain the desired loop mass flow rate. When the desired mass flow
rate was obtained, the controllers were disabled and the pump speed set to the constant value calculated during
the steady-state. The pumps were tripped on the SI signal with a 300 second delay. The pump coastdown curve
was input into the PUMP components and included the 300 second delay.

3.3 Pressurizer

The pressurizer was modeled as a PIPE component and contained five cells. A constant pressure BREAK
,i* :lmponent was used to set the system pressure. A single junction component (SJC) valve was placed between
-the BREAK and the PIPE. The purpose of the valve was to isolate the constant pressure BREAK component at

the initiation of the transient. The pressurizer surgeline was included as part of TEE 100. Rather large line
resistances were needed in order to match the depressurization rate in the pressurizer during the transient. The
timing of several events (scram, safety injection signal, etc.) key off of the pressurizer pressure. With smaller
resistances these events occurred earlier in time.

3.4 Steam Generators

(NOTE: The steam model of the reference deck was modified in this work. The modeling information of
the new steam generator will presented in this calculation notebook in detail.)

3.5 Feedwater System

The main and auxiliary feedwater system was modeled with FILL components. The main feedwater flow was
held constant (about 0.52 kg/s) until the safety injection (SI) signal occurred when it was ramped to zero in 5
seconds. For steady state purposes a simple control system was used to match the feed flow with the steam line
mass flow and the desired steam generator level (13.45 0.05 m). Once steady state conditions were achieved, an
extract of the output was made via SNAP and the FILL component simulating the main feedwater response was
changed to a constant mass flow until trip occurs.

The auxiliary ieedwater operated on two signals. The initiation of the auxiliary feedwater was a 30 second delay
NiSger the SI signal. The maximum capacity of the auxiliary feedwater was 305 cm3/s. Up to the initiation of UP,
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the auxiliary feedwater operated on the steam generator liquid level using the following control parameters and
thresholds:

Flow - 305 cm3 /s for SGLevel < 13.32 m
Flow-= 305.0 -760.0 x (SGLevel - 13.32) for 13.32 m < SGLevel < 13.72 m
Flow:= 0.0 for SGLevel 2 13.72 m

After UP initiation the auxiliary feedwater operated using the following control parameters and thresholds:

Flow-= 305 cm3 /s for SGLevel < 13.14 m

Flow 305.0 -1450.0 x (SGLevel - 13.14) for 13.14 m < SGLevel < 13.35 m
Flow 0.0 for SGLevel 2 13.35 m

These control parameters were modeled with control blocks and fed into the FILL components representing the
auxiliary feedwater.

3.6 Steam Dump Valves

The turbine valve (VAGV4) closes on the SI signal. The pressure in the secondary side increases to ihe set
pressure of the steam line atmospheric dump valves. At the initiation of UP a larger single atmospheric dump
valve (VAGV3) common to all three steam generators is opened and the secondary side blows down. The larger
single atmospheric valve simulates the opening of all three steam line atmospheric dump valves. Both the steam
line dump valves and the larger single atmospheric dump valve are modeled. There was sufficient information
to model the large atmospheric dump valve, but not the individual steam line dump valves. An estimation of the
area of these valves was deduced from the size of the large atmospheric dump valve. The opening and closing
set pressures of these valves was deduced from the measured steam dome pressure response and the steam line
mass flow rate. A comparison of the calculated and measured steam dome pressure shows the dump valves are
modeled reasonably. Better information on these valves would be useful in order to model their behEvior more
accurate.

3.7 Fluid Volume and Mass

Volume and mass information of each of the components is presented in Table 3.7-2. Naturally the vessel
region contains the largest fraction of the primary side fluid. The table is in two sections: the primary side
components and the secondary side components. The reported primary side mass inventory was 1960 40 kg.
The calculated primary side mass inventory is 1947.46 kg. The secondary side mass inventory per steam
generator was reported as 820 30 kg. The calculated secondary side mass inventory per steam generator is
811.54 kg.

yo
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The current input deck does not contain control blocks that calculate the mass inventory of the VESSEL
component. Instead, the initial mass in the current vessel model is obtained from the TRACE output file ani is
compared to the values given in Table 3.7-2 of the ISL report as follows:

According to Table 3.7-2,

Vcsscl Fluid Mass = Mass (PIPE 420 + PIPE 400 + PIPE 425)
Vessel Downcomner Core Bypass

e 523.747 + 211.818 + 43.862
779.427 Kg

Initial Vessel Fluid Mass (from TRACE calculation)

Vessel Fluid Mass = Mass (VESSEL 420 + PIPE 400) = 658.936 + 123.66 782.6Kg

3 Hleat Slabs

The initial input has 93 HTSTR components. HTSTR component number 925 represents the core heater rods.

A list of all HTSTR component numbers, number of axial zones, number of radial nodes and connection
information is shown in Table 3.8-3.

The B ETIISY hardware contained electrical trace heating to compensate for heat losses. Trace heating was
located on every component and piping of the primary coolant system except for the downecomer to uppcrhelad
bypass. the primary coolant pumps, and the hot and cold leg spool pieces. The steam generators also contained
trace 1-caters on every component except for the external dowvncomers. Steady state tests were made with the
experimental facility to determine the heat loss of the system. Results showed an overall heat transfer
coefficient of 3.1 W/m2 oC for both the primary and secondary systems except the pressurizer and pressurizer
surgeline. A separate steady state test wvas performed with the experimental facility to determine the overall heat
transfecr coefficient for thc.pressurizer and connecting surgeline. That coefficient was calculated to be 2.1 VW/m2
oC. 'Iec trace heater power was kept constant during the test until accumulator injection when it was shut down
to zero.

In the BEI'HSY input deck. system heat loss was considered only after the initiation of accumulator injection.
This was accomplished by setting the IDBCON parameter in the HTSTR components to 4 (heat transfer
coefficient is specified by table of heat transfer coefficient versus independent variable; sink temperature is
specified by sink temperature versus independent variable) and using a trip (402) and signal variable (4) to

ivaie the system heat loss at the time. The calculated overall heat transfer coefficients from the data wvere
S'ucsld as input general heat structure table section the input model. A constant sink temperature of 300 assumed.
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The current input deck does not contain control blocks that calculate the mass inventory of the VESSEL
component. Instead, the initial mass in the current vessel model is obtained from the TRACE output file and is
compared to the values given in Table 3.7-2 of the ISL report as follows:

According to Table 3.7-2,

Vessel Fluid Mass =Mass (PIPE 420 + PIPE 400 + PIPE 425)
Vessel Downcommer Core Bypass

= 523.747 + 211.818 + 43.862
= 779.427 Kg

Initial Vessel Fluid Mass (from TRACE calculation)

Vessel Fluid Mass = Mass (VESSEL 420 + PIPE 400) = 658.936 + 123.66 = 782.6Kg

3 Heat Slabs

The initial input has 93 HTSTR components. HTSTR component number 925 represents the core heater rods.

A list of all HTSTR component numbers, number of axial zones, number of radial nodes and connection
information is shown in Table 3.8-3.

The BETHSY hardware contained electrical trace heating to compensate for heat losses. Trace heating was
located on every component and piping of the primary coolant system except for the downcomer to upperhead
bypass, the primary coolant pumps, and the hot and cold leg spool pieces. The steam generators also contained
trace heaters on every component except for the external downcomers. Steady state tests were made with the
experimental facility to determine the heat loss of the system. Results showed an overall heat transfer
coefficient of 3.1 W/m2 oC for both the primary and secondary systems except the pressurizer and pressurizer
surgeline. A separate steady state test was performed with the experimental facility to determine the overall heat
transfer coefficient for the pressurizer and connecting surgeline. That coefficient was calculated to be 2.1 W/m2
oC. The trace heater power was kept constant during the test until accumulator injection when it was shut down
to zero.

In the BETHSY input deck, system heat loss was considered only after the initiation of accumulator injection.
This was accomplished by setting the IDBCON parameter in the HTSTR components to 4 (heat transfer
coefficient is specified by table of heat transfer coefficient versus independent variable; sink temperature is
specified by sink temperature versus independent variable) and using a trip (402) and signal variable (4) to

d ivate the system heat loss at the time. The calculated overall heat transfer coefficients from the data were
tued as input general heat structure table section the input model. A constant sink temperature Q 30( ssumed.
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(NOTE: the discussion in this section is largely applicable except that 1) the number of HTSTRs is 153; 2)
HTSTRs associated the BETHSY pressure vessel and steam generators are changed, which will be
discussed in detail later).

kytLS,
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Table 3.7-2 Hydraulic Components in the BETHSY model

Component Component Fluid Initial
Tyope Number Component Function Volumen Fluid Mass

(rn3) (kg)

PIPE 200 Loop 2 hot Lkg. Inlit junction 0.04'W9 36.S04
connccts to PIPE 420 orthc
Acsscl componcnts.

PIPE 205 Loop 2 SG inlet picnum, U-tubes, 0.2712S 202906
and SG outlet plenum

PIPE 210 Loop 2 pump suction 0.0161 61.275

PUNMP 215 Loop 2 pump 0.02070 15.5463

TEE 220 Loop 2 cold lkg, side arm Primary sidc Primary side
connccts to thc LPSI 0(01509 11.32810

TEE 221 Loop 2 cold Lkg, outlet junction Primary Side Primary side
connects to PIPE 400 or thc 0.02570 19.305S4
vessel components. Side arm
connects to the Accumulator

VALVE 223 Accumulatorvalve none

PIPE 224 Loop 2 Accumulator 0.423 284.04S

FILL 550 Loop 2 LPSI none

Primary Side - Loop3 3_ _ __ __

PIPE 300 Loop 3 hot ks. Inle junction 0.0490 36.5084
connects to PIPE 420 or the
Acsscl componcnts.

PIPE 305 Loop 3 SG inict plenum, U-tubes. 0.27129 202.906
and SG outlet plcnum

PIPE 310 Loop 3 pump suction 0.08t61 61.275

PUMkiP 315 Loop 3 pump 0.02070 15.5463

TEE 320 Loop 3 cold kg. side arm Primary side Primary side
connects to the LPSI 0 1508 11.32810

TEE 321 Loop 2 cold kg, outlet junction Primary side Primary side
connects to PIPE 400 orF the 0.0257 1930584
iessel components. Side arm
connects to the Accumulator.

VALV'E 323 Accumulator s ah e none

PIPE 324 Loop 3 Accumulator 0.423 2N6.5N6

ri
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Component Component Fluid Initial

T)Pe Number Component Function V'olume Fluid Mass

FiLL 560 Loop 3 LPSI none

Vessel components

PIPE 400 Vessel dosncomer and 0 213 211.S1S
downcomer to uppcr head bypass

PIPE 420 Lower plenum, core, upper 06'9934 523.747
plenum and upper head

PIPE 425 Core bspass 0.05849 43.X62

PIPE 445 guide tube flow path 0.00802553 6.02742

Primary side total mass' 1947.46

Secondxry Side - Sicam Generator I

PIPE 150 Loop I Steam Generator boilcr 1.44422 526.171
rdgion. stIam epa __or and steam
dome

PIPE 155 Loop I Steam Generator 050S16 215.36C
sceondary sidc dowscomer

Steam Generator I sceondary side mass S 11.54

PIPE 160 Loop I Stcam Gcneratorsteam 0(06831 2.461
line

VALVE 162 Loop I Steam Generator steam none
line atmospheric dump valve

BREAK 164 atmospheric pressure nonc

FILL 170 Loop I SG Main Fed-dwaler none

FILL 130 Loop I SG Auxiliary Feedwatcr none

Secondary Side - Stcam Generator 2

PIPE 1250 Loop 2 Stcam Generator boiler 1.44422 526.172
region, stcam separator and stcamI _ _ _ _ _ dom e_ _ _ _ _ _

PIPE 255 Loop 2 Steam Generator 050X16 285.367
secondary side dosmilcomcr

Stcam Generator 2 secondary side mass 811.54

1)
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Fluid Initial

Type Number Component Function Volume Fluid Maiss
T)p ubr(m.3) (kg)

PIPE 260 Loop 2 Stcam Generator stcam 0.06l51 2 46078
line

VALVE 262 Loop 2 Steam Gcncrator stcam none
line atmospheric dump valvc

BREAK 264 atmospheric prcssurc none

FILL 270 Loop 2 SG Main Feedwater none

FILL 210 Loop 2 SG Auxiliary Feodwater none

Secondary Side - Stcam Generator 3

PIPE 350 Loop 3 Stwam Generator boiler 1.44422 526.172
region, steam separator and steam
dome

PIPE 35S Loop 3 Steam Generator o0.50816 285.366
secondary side doncomer

Stcam Generator 3 secondary side mass S11.54

PIPE 360 Loop 3 Stcam Gencrator steam 0.06851 2 46079
line

VALVE 362 Loop 3 Steam Generator steam none
line atmospheric dump valve

BREAK 364 atmospheric pressure none

FILL 37U Loop 3 SG main Fecdwvater none

FILL 380 Loop 3 SG Auxiliany Feedwater none

Steam line common header, isolation vahe. and Iarg8 atmospheric dump valve

PIPE 500 Stcam line common header 0.006495 0.233259

VALVE 5(1 turbine valve none

BREAK 510 Condenscr none

VALVE 515 Almosphcric dump valve (used none
for UP - vahle area simulates
opening orthc atmospheric dump
iaacs on each line)

BREAK 520 Atmosphcrc none

a. DLs not include aceumulators or accuntutator lines

y
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Table 3.8-3 HTSTR component connections

HISTR NumbtrotAxisl Number of Connected to Hydraulic

Number Zones Rodial Node Component Number

600 7 4 TEE 100

601 9 TEE 100

604 4 PIPE 105 1-

605 14 4 PIPE 105

062 3 4 PIPE 105

607 I 4 PIPE 105

610 2 4 PIPE 110

61S 2 4 PUIP 115

620 a 4 P 1E 1021

624 9 4 PIPE 125

625 3 4 PIPE 125

626 3 4 PIPE 125

650 2 4 PIPE 150

651 1 4 PIPE 150

652 I 4 PIPE 150

653 9 4 PIPE 150

654 7 4 PIPE 150

655 PIPE 150 and PIPE 153

656 1 4 PIPE 150

657 4 PIPE I SO

65X7 1 PIPE 155

65t - PIPE 155

66U 1 4 PIPE 155

y

,
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Table 3J-3 llTSTR componcrt connections (Continued)

IIfSTR NumberorAsial Numberor Connected to Hydraulic
Component Zones Radial Nodes Component Number

Number

661 5 4 PIPE 153

662 7 4 PIPE 16O

700 7 4 PIPE 200

704 _ 4 PIPE 203

704 14 4 PIPE 205

706 1 4 PIPE 203

707 _ 4 PIPE 203

710 1S 4 PIPE210

715 2 4 PIPE215

720 s 4 TEE 220 and TEE 221

750 2 4 PIPE 250

751 6 4 PIPE250

752 I 4 PIPE 250

753 9 4 PIPE 250

754 7 4 PIPE 250

755 3 4 PIPE 251) xld PIPE 255

756 1 4 PIPE 250

757 I 4 PIPE 250

758 t 4 PIPE 25S

739 I 4 PIPE255

760 I 4 PIPE 253

761 5 4 PIPE 253

762 7 4 PIPE260

80 7 4 PIPE 300

X04 _ 4 PIPE 305

S05 14 4 PIPE303

8x6 I 4 PIPE305

Y
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Talic 353 HTSTPR componcnt connc-tions (Continucd)

IITSTR NumberofAxial Number of Connected to Hydraulic

Component Zones Radial Nodes Component Number
Number

807 1 4 PIPE305

S10 Is 4 PIPE310

S15 2 4 PIPE 315

820 8 4 TEE 320 and TEE 321

X50 2 4 PIPE 350

S51 6 4 PIPE 350

S52 I 4 PIPE 350

853 9 4 PIPE 350

X54 7 4 PIPE 350

855 3 4 PIPE 350 and PIPE 353

856 1 4 PIPE 350

857 I 4 PIPE 350

S5S I 4 PIPE 355

S59 I 4 PIPE 355

860 I 4 PIPE 355

S61 5 4 PIPE 355

S62 2 4 PIPE 360

900 I 4 PIPE 400

901 1 4 PIPE 400

902 I 4 PIPE 400

903 1 4 PIPE 400

()4 1 4 PIPE 400

905 1 4 PIPE 400, PIPE 420

91u 1 4 PIPE 400

911 6 4 PIPE 400

912 I 4 PIPE 4u0

913 I 4 PIPE 400

y
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Tahk 38-3 IITSTR component connections (Continuod)

I1TSTR NumberorAxial Numbero(f Conniecied to lI)draulic
ompones Radial Nodes Component Number
Number

1914 I 4 PIPE 400

9 15 1 4 PIPE 41H), PIPE 421)

9211 1 4 PIPE 420

921 l 4 PIPE420

921 l 4 PIPE 420

923 14 8 PIPE 420

926 l 4 PIPE 420

927 l 4 PIPE 420

92X 16 4 PIPE 420, PIPE 425

929 1 4 PIPE 425

930 1 4 PIPE 425

931 14 4 PIPE 42S

93 15 4 PIPE 420

936 C 4 PIPE 420

937 I 4 PIPE 420

94u l 4 PIPE 420

3.9 External Heat Losses

Heat transfer from the piping to the environment was compensated for by the facility by suppling power to trace
heaters. However, at accumulator injection initiation, they were turned off. From that time on, heat loss to the
environment is calculated. The computer model accounts for this action as noted in Section 3.8.

3.10 CCFL Model

Counter current flow limiting logic was not applied anywhere.

3.11 Choking Model

The namelist variable icflow was set = 1. This TRACE code option utilizes the default choked flow multipliers
'd the choked flow model was checked only at junctions connecting BREAK components.
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(NOTE: in the current, model iflow = 2 and icflg is set 1 at the break valve junctions (valve 135, 515,
162, 262 and 362).
3.12 Level Tracking Model

The level tracking model was not used in the 1-D components.

3.13 Reflood Model

The reflood model was not used since it is currently under reconstruction.

(NOTE: newrfd = 1 in the current deck)

3.14 Offtake Model

The offlake model is active for the side junction of TEE 120 leading to the break, ientrn = and also setting the

namelist variable ioffik = 1.

i:15 Trips

The model includes 11 trips. A Pressurizer component 930 low pressure of 12.6 MPa activated several trips.
Trip data is given in Table 3.15-4.

y
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Table 3.154 Trip information

Trip Obstnved set E. ~4' Z T E
T TripTitle blc PoI e e T I e E

162 SGI SRV set Pressure 7.12, below 0.0 150 12 162
point (Mvtpa) 6.675

Trip T Observed Set E i | |E
U Variable Point r 1

262 SG2 SRV set Pressure 7.12, bclow 0.0 250 12 262
point (MPa) 6.675

362 SG3 SRV set Pressure 7.12, below 00 350 12 362
point (NPa) 6.675

401 Accumulator Pressure 4.16, abovc 0O(3) 125 5 sv401,
trip%3alhc (NiPa) 1.50 223, 323

402 Trace hcater Pressure 12.6 abovc u 0 125 S svt4,
trip (NIPa) All

H-TSTRs
using Gen
Table 2

4W4 AlwaVys False Timc (s) 1 .cf6 bclows 0 00 NA NA 505,
515

405 Brcak Time (s) 0.0 bclow 0.0 NA NA 135,
126

425 Core Oicr- Temperaturc 723.0 bclow 0(00 925 I - 515.
tcmpcrature (K) 14 sv-725

440 Scram Prcssurc 13.1 MIPa abovc 00 123 S 999
(NiPa)

450 Si signal Pressure 11.9 above 0.0 125 S 115, 170.
(hlPa) 213, 270,

313,370,
5(5

451 Si signaI Pressurc 11.9 above 300 125 5 180, 28S,
(NtPa) 3S0

4. CONTROL SYSTEM

Two control system models were used during steady state calculations to drive the TRACE model to the desired
(,eady state initial conditions. The control systems are: primary loop flow controllers and steam generator



VAdSTM
,_ _Advanced Syst nu Technology and M.1nagement, Inc.

CALCULATION WORK SHEET

Subject BETHSY TRACE Plant Model Overview Pag~e '7 /
Prepared by Checked by

secondary side level controllers. Diagrams of the control blocks for primary Loop 1 mass flow and Steam
Generator 1 secondary side level are shown in Figure 4.0-1 and Figure 4.0-2 respectively. The controllers for
the other loops; are identical.

Numbers with a negative in front refer to control blocks. Positive numbers refer to signal variables. Steady state
controller target set points are given in Table 4.0-1.

During the transient the auxiliary feedwater flow rate is controlled based on the steam generator secondary side
level. Section 3.5 presented the control parameters and thresholds used for the auxiliary feedwater. A diagram
of the control blocks for the auxiliary feedwater control for Steam Generator 1 is shown in Figure 4.0-3.
Control blocks for the auxiliary feedwater control in Steam Generators 2 and 3 are the same.

Table 4.0-1. Steady state controller set points.

Desctiption Set Point Control Blocka

primamy loop mass flow ratc (klsmc) 51.0 -901, -911, -921

stcan gcncrrtor secorndary Icvcl (m) 13.43 -816, -326, -836

a LoUN". 1, 2, aski 3 &-siCvtiveh'
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Figure 3.0-3 TRACE input noding of B3ETIISY Loops 2 and 3 primary and socondar) piping.
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Filgunm 4.9-2 Sicuhd state stcanm gcnerator secondary side lcscl controllers.
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The nodalization diagram modeling the BETHSY pressure vessel is given
in Figure 1. PIPE 400 models the external portion of the BEHTSY
pressure vessel downcomer. VESSEL 420 model the lower plenum, core
section, upper plenum and upper head. The model parameters are based
on the information provided in the documents:

Reference 1 - BETHSY Data Base, SETh/LES/87-28
Reference 2 - General Description, SETh/LES/87-27
Reference 3 - Measurement System, SETh/LES/87-27
Reference 4 - TRACE Comparison to BETHSY Test 9.1B (ISP-27) - by ISL

In addition, the input deck for the above Reference 4 is used as a
reference deck in our current work. The following discussion provides
an overall view of the TRACE Vessel Model for the BEHTSY pressure
vessel.

* VESSEL (420)

The VESSEL nodalization is shown in Figure 1 . It is used to model:
1) downcomer section (annular) inside the vessel; 2) lower plenum; 3)
core; 4) core bypass; 5) upper plenum; and 6) upper head. The VESSEL
model is made up of 24 levels, 5 rings and 3 sectors. Five rings
accommodate the lower plenum, core bypass and upper plenum structure.
Three sectors are used, considering that three hot legs are connected
to the vessel.

Lower Plenum

The lower plenum is modeled with four levels (L1 - L4):

o Level 1 corresponds to Vl as shown on the schematic of the
BETHSY Vessel (Figure 3)

o Level 2 corresponds to V2+V3+V4
o V5 is split into L3 and L4. Ring 4 of L3 and L4 represents the

annular downcomer section. The external downcomer pipe is
connected to the annular downcomer at level 4 as shown in the
nodalization scheme. The cells in Ring 5 of L3 and L4 are null
ceJls (no flow in or out).
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Core Section

The core section comprises of 9 levels (L5-L13), specifically

o Levels from L6 to L12 correspond to the heated section of the
heater rods.

o The BETHSY core was provided with 9 spacer grids. Except for the
first spacer grid at the core inlet, their locations correspond
to related level boundary locations in the VESSEL model.

o R:L and R2 represent the core section. The core power is uniform
in radial direction and the core could be represented by one
ring. A second ring is introduced mainly to accommodate the
internal structure at the upper portion of the upper plenum..

o R3 is used to represent the core bypass (volume between the core
baffle and the vessel inner wall).

o Cells in R4 and R5 are null cells (no flow in or out)

Upper Plenum

The upper plenum comprises of 10 levels (L14-L23). The upper plenum
(Ow provides sources (junctions) connecting the VESSEL to hotlegs (3

sources), RCC guide tubes and upper head-downcomer leakage path:

o Hot leg connections are located at Level 17 and outer surface of
R., with each connected to one sector.

o The upper boundary of Level 16 provides three sources, with each
in one sector of RI, to connect 3 PIPE components representing
the RCC guide tube.

o The annular volume - V25 (connected to the pipe simulating the
leakage path from downcomer to the upper head) is represented
with Ring 4 at Levels 20 and 21 (Figures 1 and 3). Physically,
V5 was inside the vessel wall. However, Ring 3 cannot
accommodate the flow area of V5 in z direction. In the vessel
mcdel, V25 is shifted to Ring 4. Another alternative modeling
approach is also under consideration, which is to use a pipe to
represent V25.

Upper head

The upper head comprises of level 24 and Rings 2, 3 and 4 of levels 22-
23. The lower boundary of Level 24 provides three sources, with each in
one sector of RI, to connect 3 PIPE components representing the RCC
guide tube.
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External Downcomer (PIPE 400)

As shown in Figure 1, PIPE 400 models the external portion of the
downcomer of the BETHSY Vessel. PIPE 400 is taken from the PIPE 400 of
the reference input deck. Cells 1-13 of PIPE 400 in this new vessel
model correspond to Cells 3-15 of PIPE 400 of the reference card
respectively.

* Heat Structures Coupled with Vessel 420

The BETHSY Vessel heater rods and internal structures are represented
with TRACE powered and non-powered HTSTR components. The arrangement of
the HTSTRs coupled with the VESSEL component is schematically shown in
Figure 2. Table 1 lists the component numbers assigned to these HTSTRs
and their functions.
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Figure 2 : Arrangement of HTSTRs Coupled with TRACE
BETHSY VESSEL Component (Vessel 420)
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Table 1: List of HTSTR Coupled with VESSEL 420

HTSTRs Description
920, 956, 957 core baffle
920, 959, 960 vessel wall 0.000-l.OOOm

'.221, 962, 963 vessel wall 1.000-2.054m
964, 965, 966 vessel wall 2.054-2.164m
931, 968, 969 vessel wall 2.164-6.170m
:335, 971, 972 vessel wall 6.170-7.189m
:936, 974, 975 vessel wall 7.189-7.307m
'337, 976, 977 vessel wall 7.307-8.4516m
938, 979, 980 vessel wall 8.4516-9.063m
939, 982, 983 vessel head 9.063-9.5163m
940, 985, 986 vessel head 9.5163-10.421m
987, 988, 989 vessel top
990, 991, 992 vessel top
993, 994, 995 vessel top
996, 997, 998 vessel top
.O, 11, 12 Non-Powered HTSTRs for Tie Rods
.3, 14, 15 Non-Powered HTSTRs for Thimbles (ELO.400-

2.054)

16, 17, 18 Non-Powered HTSTRs for Thimbles (EL2.054-
5.820m)

1.9, 20, 21 HTSTRs for Internals between EL5.820-6.170m
22, 23, 24 HTSTRs for Guide Thimbles/RCC between

EL6.170-9.9665m
25, 26, 27, 28, HTSTRs for Separation between Upper Plenum
29, 30, 31, 32, and Upper Head
_33

34, 35, 36 Internal Wall of the Annular Downcomer-Head
Bypass

Qr



/AdSTM
_Advsnced System Technogy and Management, Inc.

CALCULATION WORK SHEET

Subject Page nJ ./
Prepared by - Checked by

SERLM/uS;87-28 jL 0 42 1

V2 V21 9y9 6 9.5

V22

V? - 9063

tv V2

V33

724 - - V14

695Xj ---- 2 U _6722.5
V1 I 1 6170

V50

.1...7
12164

j2054

VV ii _ _A100

-sO

Figure 4 : Pressure Vessel Fluid Cells (Figure 11.2, SEThILES/87-28)
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Nodalization of the lower plenum is shown in Figure 4. It is modeled with four levels. One source is
provided to connect the external portion of down comer. The lower plenum has five spacer grids,
located at elevations: 0.500, 0.736, 0.966, 1.196 and 1.696 (p. 13/85, SETh/LES/87-28).

The core is composed of 428 electronically heated rods and 29 thimbles, which are arranged
according to 17 x 17 core square lattice. The heater rod has an outer diameter of 9.5mm. The thimble
tube has an inner diameter of 8mm and an outer diameter of 12 mm. The pitch of the bundle is
12.6mm. Figure 5 shows the cross section of the rod bundle. A thimble tube labeled with "S"
identifies short thimbles and with "L" identifies long thimbles. According to Figure 5, the number of
heater rods in the relative cells 1-6 is respectively: 56, 56, 56, 87, 88 and 85. The level input
parameters are derived in the following pages for the low plenum levels.
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3.25cg rifitchk

(7 5.) , (4. 6 ) -a 7G (0. 6 )

6) *

( ?, ) (- z33 A\

(C, 6) 1,.eT g -i

(9 ,6 ) o, 5S~~-7 1. I

A.? 2C

C.0-

,ts;)
5'T

4.62

7.2 4/3

FQSF T 0. .
O- 0o 7

= 0. ,&29

Fl-7 - 0.629 v o0o07 x 0.4 - 0.0/435 n)2
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L9.11e/ / - r,1~ T'age ,/
Checkefd bv- J

-. 1

l/22D-

[2wet1 =- 3 r ?2 X o )( + O ° '57 = 2. 4s5 7 1)

1 1
Pwuerfedc

4x, o.o/435 2

2-4-5 - 2736XIO - 1

2J
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/" PS

ANo . o/ M/bI7b/es: a ( / 5I~orH tht-mblp tetsle e-,ds a0-i the appec boundaj ,
Levs-/ /)

FP. V' L

kotmed tof /ze - r.'ccf

P/o J km of lw&-fer rcld0s

( SRa n as S t1? t o f CQ J/ 4L)

=58Sx '- (x7e 3) oR

- 2.40o K to- nr3

Q ,,1f/@ -d 1111I"em = (6 o-2 40 7) xtO 3 - 3 5q 93 Iov 3 ,n 11,1'1�
F12 VoC L F ( t c, L - 0 5O T q q
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RF q -2.

/,oo "/o I I - fq / 6 Paxge 1__ __

r', ,.A ,x . ,,
-J

otet/ cct i = 0 °/0 9 A (•c&,1e ' hs 1c Co(/4)

64rec a ocrctp;-ec/ by heater pds:

L (9Se-3) 2 6.22XIO 1 m

orect 6 Ccc,,,P;ec/ bj tA,'n //kJ

4 12e-JL= / /o4n

0 2 .213I xl V4

f cltv zrea aweamt: frei tA d• Ce r .

6-1sv- -3 M
O,.oiSD _ 6.22 KIO 3-1.13 xIV) 7xio 1n2

P/o o aret 4L & Spa (r

.q9q X10 x o.79 6.919 x c ni n2

; F9 -z 9 § to
C- C / s-

Q

ff I -Z

Plceh-e ol ( t/A) = P x3,/z x (r.2 -3) = z..6 fP

,%ve He4 (W' f{n6a)pf = -/ X / X (f 2 e- ) = *- 0 769v L

P e = 2 /7t7 Ž '4 S2

4L 8.971to-3
2-2 -=- -4 -I.C i 2
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dby Checked by

CEFZ -z

FP-rA -P-

2 0o.30Z/

,. 0

I-ID -A-
/ - i, ( Sct lr i fhoLt f CeIl4 o f I. 1- - I )

CFV. - ~

0.0

FpFA -F ( 946f to Fcj 1)/ I i1ral CltI /kietv for Ce/l 5)

7he /,eetyer roq ,¼ lt-sc1iZ9 i'/l h Ce/l s5ia -( 20- 0 . /;ccoto-

(64) (qy.4) a nC/ op DT)

£9 h 2C

(8.4 9

(f9, )

(Io, !f)

/ . 57 ;

/. .25- 2. 22-0 fY ff9

/. o7.) $4It4'

FRIA- T I- Ez ,

0-o5-7 - 0. 6-c a

FA -7o.olZ/37 n'
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Prepare

level / - C:,II C Page 72, /
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. _,
d by hr'l-l- h-

S.,,

PWterle C = Z Kb 4 + ooC;57 7 .2.4e7
in

HP -T - 4-A

p 1v4Ued
-0 .0,23-3 q m

CF!L - T
0) o



VA dSTM
p/_Advsaocd Syitem Technologyand Management, Inc.

CALCULATION WORK SHEET
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Cells 7, 8 and 9 are in Ring 3:

R2 = 0.156m
R3 = 0.1715m

Internal sauctures: 8 tie rods - )14 mm

Assumptions:

* Ccll 7 - 3 tie rods

* Cell 8 - 2 tie rods

* Cell 9 - 3 tie rods

* Ti. rods are assumed to be located at

171.5-156
R ==163.76mm

2

._
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Subject
Preparei

ZAL,1/ / -. (b/I 7 /4' 1Page 74/
dby Checked by.

Cell 7 and Cell 9 have the same geometry and hydraulic parameters. ;/

FRVOL

total volume:

; o 0.4 k'- (0. 3a -3 ..2 ) = 2. 12S x X JO 4

volume occupied by the tie rods:

X 0 -4 T A 4 L -) to l L3

fluid volume:

(�p
2.)2S X' -O 3 - i. 005 (Iv0 - ' Z .q tx 0 -.L 7

FRVO:L= '.9 f4 rl
2. /25$ t, o-

= O.9i3
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Subiect I>Pa4'1 / - Ce// t/7 _Page .7!il
Preparec: by Checked

FRFA-Z

total area:

I X, rk Y (C..;442 _~ II 2tv}_f.feXt
5 4 _ ., Z)t '3 tXf

area occupied by the tie rods:

- ? A 314 X 14e- 3) ' 46z2 )to rn

fluid area:

~;. 3jq kI o - 46 ~2 )( 'rc

4.652 ICX
FRFA-Z = s 1

: ?314 t o-;

HD-Z

P etd = 3 3. 1 4 % ( l4 e - 3) - 1 / ;14q

HD-Z =
49 X / S i 7 X Io ?

0.,1-2947
= 0.,<.," t

°. 14-7i Y- 3i /C

CFZ-Z

cEz-z= 0.0
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Subiect /.pt4Q/ / - Ce1/)17/1Q FPage a65/_ _- * -
Prepared by ('hePperl hkv

/ 

TI. -. T

FRFA-Z

tolal area:

I .( rk (Y . 2  3,Z) 3^3( t xnO m2

arca occupied by the tie rods:

g x f.1 4 x I Y ( l4.6 - 3)

6^ .31Li3 t xo 3 - 4. 6 2 ) I

fluid area:

• 462 )C(O -4?Mn

=I * 52 x'o7 -@ 2

FRFA-Z =
4 (F 2 Y to1 -

- 3 ; 4 0to - ?

HD-Z

Pw,:tcd= 3 Y 3. 4I- X (I' 4e- 3) -

1'
HD-Z =

4Lx q.' 2 x1o I

0. 1319447
= D. /472 nI'

CFZ-Z

CFZ-Z= 0.0

,Is'
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Subject -
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Le 1-el I/ - Ce /I 7 + Yage -7

Che~rlakr liv
J

FRFA..R

= 1.0

HTD-R

flow area =
Ri

)(o.3ef3 Ko.-4'

PwAted = 3 X � I 1 � ly ( / � e - :3 ) + g- X ;3 .1 Y- Y 0 - -34-23 -�- o.4q / /M

o.4q /
=. i. i7 of jvi

CFZ-R,

CF'Z-R = 0.0
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Subject
Preparei

Late/ - Ce// 7/ FPage

1by C1,plrepA hv,
-. y

FRFA-T

= 1.0

HD-T

flow area = O.-q X go -3 4 3 t 2)/2 = 6.0oo2 m,

Pw.tted= (O.;q3 - O0 I/2)/2 -- o)bo0 y5- il

4A
HI)-T= =

/ weffed

4 x- 0.00o2

0. 01 5S
= /i4 In

CFZ-T

CFZ-T = 0.0
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Subject.
Prepare(

tot0a/ / - r.- /I i3 F'alge /D
dby mhpr'>-A 1-

S.,:

FRVOL

total volume: 2.1 7 2 2 t C73 m 3 (S3ame as stzf of Ce/l7/9)

volum- occupied by the tie rods:

2-XoD. 4L x x (1 =, nl'3-'

fluid volume:

2,00 e(.-3 )

FRVOL = A .412 lo'/-o
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Prepare

Le ve I I - Ce I1P -Page 71. .
d by Checked by,

FRFA-Z

tol:alarea: XO/ 4 x to -@ m 2

area occupied by the tie rods:

2 X -3.i tt ><x (/8 2
-4'

=7 zO. 0

fluid area:

5. oo ' x t o0 - l

FRFA-Z =

HD-Z

Pwc.ted = 2 K 3. /4' x ( 4 t4 - 3 ) =7 O.o87q mn

= 2.27d 7vl.wHID-Z =
4 x £.oo6 x 3-

o.OS7 9

CFZ-Z

CF.Z-Z = 0.0

K.)
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Subject
Prepared by.

)/PI/p / / - cel //' -Page - f3 /
_Checked by

FRFA.-T

= 1.0

HD-T

flow area = 0.0 0 6 2G
2- ( Scalne et tha/tx -,f (e// 7/1)

PwdUed= O .O 1 55 M ( 'F0ne as ti/ f ,Ce /7/q )

,7 .liDl- S- / . 6 rf ( 5-Q n e aS t/7cct i f Ce // 7 / )

CFZ-T

CFZ-T= 0.0
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Subject.
Prepare(

1LP ve f I-Ce//8 I3age -& /

I by 1-1-t-A 1-
�J

. FRFA-R

=1.0

HD-R

flowarea= o. I43 L n 2 (Sanmf A. th7y o f c// 71/ )

t/hc:t of Cell 71q )Pw ned = 0 4ty / mn (ScQme t-5

HI-P,= /. 171 m" ( Sa ni- c th-at of? Cel/ 7/q )

0w
CFZ-F.

CFZ-R = 0.0

(
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Prepared Iby Checked by.

In Level 1, Cells 10-12 in ring 4 are identical. there is no internal structure in these cells. Therefre,

FRVOL= 1.0

FRFA-Z = 1.0

FRFA-R - 1.0

FRFA-T = 1.0

HD-Z = (a

HD-R = o,

HD-T = a)

J 4 vala-e o/ /0 is bani.od /h /fho Xnp- c1ec.

CFZ-Z = 0.0

CFZ-R= 0.0

CFZ-T = 0.0
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In Level 1, Cells 13-15 of rinj(R4 = 199 mm, R5 mm) are identical. There is no internal

structure in these cells. Therefore, we have:

FRVOL= 1.0

FRFA-Z= 1.0

FRFA-R 0.0

FRFA-T 1.0

CFZ-R = 0.0

CFZ-Z = 0.0

CFZ-T = (l.0

HD-Z

FA-Z = X So. 52 -298p. 6

Pwctted = X 2 -. °C = O 3 0#

HD-Z = 4 '17Rwvehaee - 0. 9?2- 7

HD-R

0.0

HD-T

flow area = 24' N ( -o.5S o. 9 9S)/'2 = In

P'Ale ted l -3 o.4 ) (orog 182 = .4§/ /gil

/gp 0 AR,+z? -/8? fa
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g/eaCn7,'Z. - O.%Oo - /.tvo 1)2

2,,c7 ~ ~ ~~1" 7 2'< (

A /v '_ t1

rI'y

S pa C F ; ry~. t t J. c iS/I '(J , . tit r< / ,i/-? // t l

'age b41

,- / -r;�w

-. Z.:'. lu I-S ti tr

oc'. 'Ji m c' I t;' O 2

('-S , 0-7?, )

I, , ', j )&tk/' A L, i V p / i / /I(/ t ' S j -e st 3 ' '

;z ( ct 766 Z's{
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,v -/. t i42 i : ; {6

oU. f Jh,7/ 5 -: I ,%

r-1p ; C. // -C c, .

IZ!

Itotat Volume1 = I

3 4
_ ( 0- 2) r (U 6 )

=- ,, - ,L /'fJ -3 ,-,'

i-'/Itiie' c'CCap ;e'i by //Rs' (Wa 0/1;,bl/&s .

x6 I X (/ { 51 -?) I . C

gt -'x T x {2 )

:- 2 .C ;9,' / -. 3,)7

-- z. * /j

H tiv ;,'i PCit. ,,, e

3.~ K/CX' ,n2 7

f,@ 0 " L - . 53 |
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--- rimpared Dy in.^rPrl rsvJ uy
v v

rF1zF -z

T. -c, - -7 T-7 .1 ., 0- , = /.C 2 7 0ci -21 -7

IM!-Fel Cc-e-lzoied; 20 Y/vw haorth- /-ECyf

= 5 2, ; <.se, 3. q ? /y /)f

drfaq cce uep i Cltei 6y -//fre lbm,,6j e - c e- S
(IVI

Prc(lv lrgea wc fcy fro) $,c<te r"

;:4 6 7 //c, - 9. xi7 - - 9. 7' '

- 6 . xv spoetp

Fb-t- AJrea; c~7' t-/2 SphCv

5.SGY{ .t . C. Ya Z -3 A' 0 78

/2~2M z- • 33 x, /0 '
C' 4/ 4

/.C,47 xI,' 2
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R o - F

/ tve,,e/ ( /f S) = 6-~-Y3.4e A - I, § e -3) = / G 7 rYL

?eWe4-le-( (Yiim,6Xej ) =- a°, S '>I X (/Ze 22~) _ O. ? J t; /Vt

/7'D - 2 - _ 6 __

(/- 6 7- + c, 3, _)
_ /' I/ X x to-

--

i 7) C-A

o., 4t14 ( -Ag Sa4 e aj Ce t /I, -C/e/

C. 0 ,52-/n ( e /f hP SEr e as ?c-+ t C-4 1 / / rI )

CFO - g

C .u :/fc 1 Coe , / v7f Z o? V1 I,

""' 3) -e Yct, L e- /-'Zlo "

C'e,-/ / , Z-,e ( / )

t L- ( ( v di 4 le Ci 3c- .s, oii ,rf

17:177" "441 t,,, 4-� (, t,�)

F2 l 4 7 = / -

2 c = 2 J/23 2-2. =/

co, /Iyb- o , - o~ S7
F4 - T

/o^ 04 k., = O o0474e /4 a
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- PAF4-2 - iF/12F -/, - ' Ccjc) /j-, ty (/f 2 2 ev/2

h' ve SM,45 ' Vc- 1tePC 5 4/,v o9 #/LCL{- vr,/ // / 'ef 1 Z:

Ail~

Ish-e/, ,~P

'5 Z A- - I J0. /

F A- 7 = {

"'9 - 7 wo9
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Checked by

ct/1 d 1fD-a rt C)// of - Z 1e v 2 Ce

f o C u .e el Z-

,(2 l'oa

Ff2 rA -:

PLF 4 -Q

/-/ D- z

= 0 - -:3

= 0s/ sto-2 r&

- / //I xI0 Y

f4/ - k

C 'h va Se- of FtQF4 -iT ca d '/0 T ~k..OC4 • czyme d( tc bqf/L

cas t=e>e f"'- 6C-e/1 - /e vze/ / AS /egl/c/(hs 7'hAet fth // ?'Z-&

0 7q - T _ 1 d 7f

-7 - - .o/3cc '

(As,
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I ot'It/ 0 o/'4nkV e =- S-'.VJ~L' 0so0l I .occce =A l / . (02 I/-0 ) . (0 ) = f f/L,03A00 r3 p

1/0 IU 7 2 o c c-p,;ee dt tt Rs c-clz V/ b h&f + 5 -.

d'7 X ' x { -3x ) 24= 3. 69 e Y to r

4L ( /z e - -?, ) '2 : = 7Y2 Xo0(72XrOprM

)C/; cl Vo /ic we = 5-3rKo-~>-o-3M

Q
.oos x to-

0 .5EX
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67 X ' x( 9'.c-3) 2 = 6I± lo.? m -L.

/4?cr&ek Ccc4 4" b ft/{I/)Ia- A S-'-es

2 XK X/- ( / 2 - )2 - ,I
= 2.26 Wlv M 2

C4
f/a I~ -L recx f cCLW "

O e 5-/64 Z o 2X26Yo 4 fl?

I"(- c cj -ea aC a f C o . r Jrac-

e 4/ f g-g70tlvr
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Pw'e wea (s% ?JS - e 7 x -3 /< z ,x -3)

PW/e 4es ( 71' ),h6) 1, It i ) .2 x r -I Izx. -3> ",

I= .2S9&5

= c)7r38 e

- - = 0-0/290o5 /YL
2 !- + -o o7S36

Cf ? - 2

cf- -'? t $s 0ter- 52ecf c sCwS°Cd f'n -e<_c

@&cealcUF~ ,t12o7L0 A4 I/ 4 °" / 2.71i?2-xt,- -. S dax: I'A,7e
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/7'Z) - /Z
/0 Vp-jHe el 1 0. a
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F4 _/12g5VXtc-2m

( , D7 - T

llllvevtew =~ 4 x o- G I/Z- _: 4,} & a 2. &.,/L 7 = o c /0&-4~J A"L-



/Ad'STM
_/ Adamcd 3ysteim Tetchnology and Minagement. Inc.

CALCULATION WORK SHEET

Subject -

Prepared by
-eue/ 2 - CrlI J _Page 9S,/

Checked by Yage

Cle (/o L

F& zA -Z
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A-/' - 7 Pwcto.e4 = 3,6i;,

Q
C.;# 22-a Z

-As - -f -- Oa 6 5<
2
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.Checked by

F,42 4 -2.

- . ;'?79 X/t'- a )

CF q -* JaPi a,/s Wth -~- Ce// 6 o/

: ev-e / /FrLFA -- r

H tz -(2

_ O , o

= ooo

F2F4 -/ = o-63oZ

ND -T

Q wff-e d =- -2oo-6 =-3'6 "

4,t F/4- T = o. S-o 2- X a oS-7xo. 0/4- 0 -.0 Z v? nt

CF2 -T = o6, 0
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Prepared by I-P1PO o
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Cell 7 and Cell 9 have the same geometry and hydraulic parameters.

FRVOL

0.913 (same as that for Cell 7/9 of level 1)

FRFA-Z

0.913 (same as that for Cell 7/9 of level 1)

HD-Z

0.1472 (same as that for Cell 7/9 of level 1)

CFZ-Z

(_..
0.0

FRFA-R

1.0

HD-R

flow area = 0.1436 (same as that for Cell 7/9 of level 1)

Pwetted = 0

lHD- {:t co

CFZ-R

CFZ-R = 0.0
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Prepared by
/ aed-z' 2 - Ce t// 7 cta 9 1Page 9 I

IChecked by

FRFA-T

1.0

HD-T

flow area = 0.0062 m2

Pwetted = 0

HD-T= o

CFZ-T

0.0

Q
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Subject:
Prepared by

Z/' / 2 - Ce// P *Page t9 /
*Checked by

FRVOL

0.942 (same as that for Cell 8 of level 1)

FRFA-Z

0.942 (same as that for Cell 8 of level 1)

HD-Z

0.2278 (same as that for Cell 8 of level 1)

CFZ-Z

0.0

FRFA-R

1.0

HD-R

flow area = 0.1436 (same as that for Cell 8 of level 1)

Pwetted 0 °

HD-.Rf = oo

CFZ-R

CFZ-R= 0.0
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Subject:-
Prepared by

Level 2. - Cell /' Pa.ge /Yo /
-Checked by

FRFA-T

1.0

HD-T

flow area = 0.0062 m2

Pwetted = 0

HD-T= co

CFZ-T

0.0
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Prepared by_ -

- Cp //5 /0 - /2 Ye ge 102 /
_Checked by

In level 2, Cells 10-12 are identical. There is no internal structure

these cells. The downcomer shroud ends at the upper boundary of Level

The thickness of the downcomer shroud 284

10 mm.

R3= 2 171.5mm r2054

R 398 199mm 049 Ext erna
R4= 2 9mm-part

in

2.

is

elevation: 0.4 - 1.0 m

FRVOL

Int~ernal
pa :t I

AECOO

0398

Jup
1.0 4S12

FRFA-Z

tctal area:

4. (` 98 - o.gc') =.O '? in

area occupied by the downcomer

shroud: q

7L ( z -
X 4-6(033 o.o2) 2- 943 1 =./f IXt, m

fluid area:

_12054

Extarnal
par: I

Internal
part t

1 81:2

,0398
o. ?20 - A. ,'/ k/ - - Z-0 I I Y to /

FRFA-Z = .6s.3s
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. Subject: L.(
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HD-2t

e/ ~Z - r(iv//s /le-/2 _Page /°31
_Checked by.

Pwetted = aq / S x O. 3 .. ( I L / 1 // rot

HD-Z =

CFZ-Z

/' /el O
- o .o7@ 3 /

0.0

FRFA-R

total area:

0. i03o ,k/3, xoJ3 90

= o.77o pj

flow area:

(O.9 _o Zoo)x / - ? 2?

- O.- "s- mt I

I

2204

_J20"'4

External
part I

Internal
part i

Y 001

_L812

0398

FRFA-R = c5. -2}-

o. 7&c'
- o.g35

3

_2 h

HD-R

Pwetted = O V

HD- - t o ( 05 -, 4'bC ,' tl< 1C12Cgl

CFZ-B0 0.0
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Prepared by_-

FRFA-T

le I 2 - Ce(/s /O -12-- Page 14S /
_Checked by

1.0

HD-T

f -ow area = CO.6 X (o.; F8- o.?~ 3/2

.o (57 (i tn 2 )
a

I

r

Puetted =

A228 41

420541

External
part:

Internal
part X

A 0 0 0

(/ ° _ O.? 9 : .r - M-(

HD-T = x -o/lS ,7o / =° c. 6

0398

0IW CFZ-T 0.0

0

l F A-812
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In level 2, Cells 13-15 (Ring 5) are identical. There is no internal structure in these cells.

R4 =-28=199mm
2

500
R5 =-= 250mm

2

elevation: 0.4 - 1.0 m

FRVOL

total volume:

43, -x&Ž

4.3 i 4Lt 6D
= 0.6?/7

06 .14. y }{.5-.fZ

= 4 ?3Ie1X/o~2 177

fluid volume:

_ (o .8/.? -o ,4 1-@4 o2-a;91

-5 0. - Lofa&v X@4 ?°4'-

Z. 9 2 X 2  X/ -lo o9 o 2

2. § kI 8 -2 ,

FRFA-Z

fluid area: 0.0

-/3-

FRFA-Z = 0.0

HD-Z 0.0

CFZ-Z 0.0

FRFA-R 0.0
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Subject L
Prepared by __

HD-R

CFZ-1'

J -eve / 2 -:- Cells Ig -7 i Page 106,
Checked by

0.0

0.0

FRFA-T

total area =

flow area =

o. 6 X ( 0 5- 0o.39)/2 =O 6.0Y/O%`M

(0-9/2 - 0- ) x (0.-o.-03q8)12 t (0,90^0-0-812) X-(-fo-.3?oFs)/,Vj

- '2 @2 6 o -Z /72

FRFA-T= 2 326/ 3. o = O. 7

HD-T

Pwened= ( 0 812 - ° 4) 0/( - i9 )2l - FV0 - Z

- O.4L/2 -t-,17 = s. 5 m7 n

HD-T 4 x 2.326> lo 2/o.5137 =0.18,/ 1M

CFZ-T 0.0
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W.. LEVEL 3

1.000 - 1.854 m
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Prepared by - Checked by

elevation: 1.0-1.854m

structures

RINGS RI2  R22  R3 R4 R5

heater rods Y Y NA NA

thimbles Y Y NA NA

tie rods NA NA Y NA

baffle NA NA NA NA

downcomer NA NA NA Y
shroud

spacer grids' Y Y NA NA

Raw) 1. Level 3 contains one spacer grid at elevation 1.696, which is accounted for at the upper boundary of
the Level 3.

2. FRMOL, FRFA-Z, FRFA-Y, FRFA-T, HD-Z, HD-R and HD-T are the same for the cells in RI for the
L2 and L3; these parameters are also the same for the cells in R2 for L3 and L2.

3. Cells in Ring 5 are void.



/Ad dSTM
Advas d Sy itemn Tecbnooqy and Mm aspmtnt, Inc.

CALCULATION WORK SHEET

Subject: by' -P__ _3
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_Checked by

In Level 3, Cell 7 and Cell 9 have the same geometry and hydraulic parameters.

FRVOL

0.913 /
(same as that for Cell 7/9 of level 2)

FRFA-Z

0.913 /
(same as that for Cell 7/9 of level 2)

HD-Z

flow area= 4.c5'52 X1/0 &f 2  V'
(same as that of Cell 7/9 of level 2)

Ce//s 7, ~,

-~ 45 343
- 0312

- .

_J1OC)O

.- 0 .398
Pwetted = 3 14 x, ( 4 e -3) t3 J41

14-3 -4 r -V c2 A 4 O.
3

= 0.Z4/ tq /t1

HD-Z= 41-
Pwe ft e d

- O. 9q3 t Lo"/

CFZ-Z

0.0
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Checked by

FRFA-R

0.0

HD-R

HD-A =0.0

CFZ-R

CFZ-R = 0.0

FRFA-T

1.0

HD-T

flow area = 0.0062 m2

(same as that of Cell 7/9 in level 2)

Fwetted == !/. e M5 ' - iG c .85•L in

AAIT 4. 'O. 0 t- °
HD-, T 4f1/wefled z- Iq - 0.4290O4 M

CFZ-T 0.0
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.v/ , /- - Cofi//P) Page II/ /
_Checked by

FRVOL

O. 9-2
(same as that for Cell 8 of level 2)

FRFA-Z

o.q42
(same as that for Cell 8 of level 2)

r-

HD-Z

flow area=
(samne as that of Cell 8 of level 2)' \

Pwetted = 2 X -3, .r /4e -3) tf I

- A A. - %e J41

- 21 343

tooo
-. 0 398- / ,Y

HD-Z= 000o44~ie 117.A

CFZ-Z
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Subject: I
Prepared by -

FRFA-R

uv#/ -4 - rol/ A Ilale III /
. , ., . _ .

".7

0.0

HD-R

HD- .*= 0.0

CFZ-R

CFZ-R = 0.0

FRFA-T

1.0

HD-T

flow area = 0.0062 m2

(same as that of Cell 7/9 in level 2)

Pwetted = (0 FE 0~ /. 0 ) =° i .s. -

HD- - 41-
f"~p~, t'

=- ao2yo< m"

CFZ-T 0.0
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_ Cf // 1,2 -1/2- Yage //@ /
hPrkPd hvsuy-. Y

Cells 1O-:12 (in ring 4) are identical. The downcomer shroud is represented with these cells.

FRVOL

total volume
g /.t _ o-/. o-vo)x -3,4 / l ( c. 39R 2 -_ ~e, 2 4

= O./o6 iii

fluid volume

/. 01grv _/.co ) x3I x, 4 O (/ 3qg2 _ O sft _ :o- ?-) C.,:

(.01
FRVOL

-. O 5 oG2a

FRFA-Z

total area - - S ,

flow area - < ( -. g 9 - o 3S3 )
4

FRFA-Z - O.,F2 ~

- f 343

Celly /o, ,, CS7 /a

J41
0 398
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Prepared by

HD-Z

Page
Checked by

Pwetted= .I4L K (0o 9S + o0.393)

s4 A
HBD-Z =

.4 -Y i x ( 0 . 9'9 '- c>.3<3 ')
4 -3( 0 8 a.0 )

@,8xr~Seo t

= D :-

CFZ-Z

0.0

FRFA-R

0.0

HD-R

'HD-Z = 0.0

CFZ-R

CFZ-R= 0.0
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FRFA-T

0.?i -. v.34-3 - v.gl g
HD-T

flow area = ( /.834 - /. oo) )( 0. 98 - 0 i3

Pwetted = ( .&3 _ /. O a ,) e 2

HD-T=
424

pweH edC
= 0 . 0 AS 7

CFZ-T 0.0
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LEVEL 4

1.854 - 2.054
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Subject: Page // 7,
Prepared by _ Checked by

Level 4 extends from ELl.854-EL2.054m as shown in the figures on next page. Level 4

does not contain spacer grids. The spacer grid at the core inlet, 2.196 m, is

accounted for at the upper boundary of the Level 4. The parameters - FRVOL, FRFA-Z,

FRFA-Y, FRFA-T, HD-Z, HD-R and HD-T, are the same for the relative cells in rings 1,

2, 4 of Level 4 and Level 3.

Level 4 provides a source connecting the external downcomer pipe:

* level cell face junction

4 10 3 400420
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et4 a - CGl/s '7- Page// 8/
_Checked by

The geometry and hydraulic parameters of cells in ring 3 of Level 4 are the same
as those for their corresponding cells in level 3 except for z-direction.

Assumption: two orifices are in
are in Cell 7; one office in
Cell 81 and Cell 9.

Cell ,

FRFA-2.

total area:

I I (D7t 45 '

I I I j2054

i . 1.85Y'
__ 0 '43

=: ¢5-- j1 xio-3 n73?2-

flow area:

3/ 7j L< (o032 -o.-331) -- 2 X (0o4a X 0./S-)

/. de7 ,XI ° M
4 orifices (48x15) - J51

2054

4.,FRFA-Z = /6 67
.S Cr3/

= o. 3dS J50

I

HD-Z

Pwetted = 3 .14 x (C. 3y3-' 0,??q ).f t L 2

-o-963 6 .,
HD-Z = 54,/JoWe.ed = 6t e922 o t°¾
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Subject:_
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CFZ - Z

Z>e,',/p 4 I-CpI//s 7- 9 I
r u,, -.Alk

Page IJ/
_ _ . . ? ,

. . vy

1I/J L aIele= /_ 13 .s-
( r- " '-L, t % (,e t I )

f ct A-e-- ,'t *5 (r)n PtJ . bit -to d fv,
V414cc bt." ot 4t -en 1 5/ Ye- ly-) Lkoe h g -@. -, k= 's Lta- ,1 '. 7'X 1'np tf-

dick/ b2ZC 1s •

L7JI+RL> f ,L'ce ~99-

ac2Cc),r&71 -1-+0 ti-Le e F,'

Cells 8 and 9

FRFA-Z

total area: . -?13 x tO - '

/ h67 x lo -

( SaineL, at) 7tham of - // 7 )

y flow area: - ~48' X S / 0~- G =& I2-.=~-<47 k /O Mv

C Ce-/ / ) ( sJ1',4- ,r,
FRFA-Z =

HD-Z

Pwetted = - e7 - 2 'l ( 1/1 -',/S-) x10 Z- 0-d:74

(e// 7) (4SX11 rvr-r,�,'U)

'4' q 7-t,o -~
HD-Z =

0 ?7
= ¢2 7 X - t 2 k '4t

CFZ-Z

k ~ 3 •-~ r R z 6 .7 C?� 7q �-�/Ito L
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As shown in the figure on the
left, the core region comprises
9 leveLs (L5-L13). The heated
length of the heater rods
corresponds to Levels 6-12. The
level elevations are selected in
such away that most of spacer
grids ELre located at the level
boundaries. As shown in the
figure, all but the two spacers
at the bottom and top of the
core section are located at the
level boundaries.

The core bypass is the volume
between. the core baffle and the
vessel wall. The flow area of

the core bypass is 1.459x10-2 in
(V50). There are 8 reformers
(figure on the next page) atL8
elevations: 2240.4, 2812.6,
3334.6, 3840.6, 4378.4, 4900.6,
5422.6, and 5958.2. The flow
area at a reformer is 2.143x10-3
m2 (J50) and hydraulic diameter
is HD = 4.00 mm. In the VESSEL
modeling, the reformers are
realigned with the level
boundaries, which is the
elevation of a reformer is
assumed to be at its nearest
level bDundary:

_Checked by

695'Li

tVOT1 I1-LMIS5-22 Is 1 IS

Physical location Model
2240.4
2812 .6
3334 .6
3840. 6
4378.4
4900. 6
5422. 6

%j 5958.2

2164
2817
3339
3861
4383
4905
5427
6052

Vol . it.) V. 10t 1W) Junction A I"a W IDSi . U3p 1.1

JI5 0.2no Z2.86

3.455 i 4.j
_ . .. _-

7.bl- ITT7L2S
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Subject:_
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In the following pages, the

geometry and hydraulic

parameters will be derived

for the cells in these

levels. Also, the cells in

ring 4 and ring 5 of these

levels are void.

To70

8 forners 00 * 359,t 5
I hdovn a dombli)

J52

I-, bundd wal, ttv - LZ

4 rectd or oIlke
48e15 1J50

_L2054

Figure 11.2.3: The Core Bypass.(Note
SEThILES/87-28)

y.
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LEVEL 5 - CORE INLET (non-heated level)

Elevation

2.054 - 2.164m (AL=O. 10 m)

Structures

RINGS RI R2 R3 R4 R5

heater rods

thimbles.

baffle

spacer grids'

reformers2

Y

Y

NA

Y

Y

NA

NA

NA

Y

Y

NA

Y

NA

NA

Y

yii 1. In the core region (ring 1 and 2), the spacer grid at 2.196 m is relocated'at 2.164 m in the
model.

2. The mid-plane of the reformer at elev = 2240.4, as discussed earlier, is relocated at elev =-
2.164m. In calculating the volume of the cells in ring 3, the reformer at the bottom end of the
core bypass should be taken into account.

y
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Cell 1

FRVOL

0.531 - Same as that of Cell 1 in Level 2

FRFA-Z

0.414 - Same as that of Cell 1 in level 2

HD-Z

1. 119x102 m - Same as that of Cell 1 in level 2

_.

CFZ-Z

1.7555e-3

FRFA-R

0.444 - Same as that of Cell 1 in Level 2

HD-R

0.0152 m - Same as that of Cell 1 in Level 2

CFZ-R

0.0

FRFA-T

0.578 - Same as that of Cell 1 of Level 2

HD-T

0.02256 m .- Same as that of Cell 1 of Level 2
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Cell 2

FRVOL

0.531 - Same as that of Cell 2 in Level 2

FRFA-Z

0.414 - Same as that of Cell 2 in level 2

HD-Z

111~x10-2 m - Same as that of Cell 2 in level 2

CFZ-Z

1.75!55e-3 - used in the input deck

FRFA-R

Y 0.444 - Same as that of Cell 2 in Level 2

HD-R

0.0152 m - Same as that of Cell 2 in Level 2

CFZ-R

0.0

FRFA-T

0.52:16 - Same as that of Cell 2 of Level 2

HD-T

0.02036 m - Same as that of Cell 2 of Level 2

Page f'Z P/
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I by lx 1-cth

---- rx~ u,.7

Cell 3

FRVOL

0.53:L - Same as that of Cell 3 in Level 2

FRFA-Z

0.414 - Same as that of Cell 2 in level 2

HD-Z

.113x10- 2 m - Same as that of Cell 2 in level 2

CFZ-Z

1.755e-3 - used in the input deck

FRFA-R

0.444 - Same as that of Cell 2 in Level 2

HD-R

0.0152 m - Same as that of Cell 2 in Level 2

CFZ-R

0.0

FRFA-T

0.57' - Same as that of Cell 2 of Level 2

HD-T

0.01388 m - Same as that of Cell 2 of Level 2

y
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Cell 4

FRVOL

0.589 - Same as that of Cell 4 in Level 2

FRFA-Z

0.4478 - Same as that of Cell 4 in level 2

HD-Z

flow area: 6.720x10-3 M2  same as that of Cell 4 in level 2

Pwetted (87HRs) = 2.595 m - same as that of Cell 4 of level 2

Pwetted (2 thimbles) = 0.07536 m -same as that of Cell 4 of Level :2

Pwetted (baffle) = 1.276 m /3 = 0.4253 m (1.276 m - baffle wetted

perimeter, Note SETH/LES/87-28)

Pwetted 2.595 + 0.07536 + 0.4253 = 3.096 m

HD-z = 8.683x10-3 m

CFZ-Z

1.7462-3 - used in the input deck

FRFA-R

0.0

HD-R

0.0

CFZ-R

0.0
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Ze Ve/ 3 - C,< // 4' Page /127 I
I_Checked by

FRFA-T

0.37 - Same as that of Cell 4 of Level 2

HD-T

flow area: /. 26542 yb 2 ('n?) x
/0.6\m

-3 2.
rn= 2.32 x (O

F/4-T of CeI/4 ',eep /2 lba/ Zaefc-/ 2

Pwetted (rods + thimbles + baffle)

' /2/64 -2-q ) 2 -t f2.I64-2 )
- 0" 9 mr

/V1Xe of rbds-/e/)5b/e - S4-0 170r5C'3 )Co r (1/4 Z-cvl/ 2

4y 2.3Z K/lo 3
HD-T = = 97. 37 -3 10-- In
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Iby hrl,.IA hv,
u.,

Cell 5

FRVOL

OSA!f- Same as that of Cell 5 in Level 2

FRFA-Z

- Same as that of Cell 5 in level 2

HD-Z

flow area: d46ff2 x /Q m 2- same as that of Cell 5 in level 2 (

Pwetted ': HRs) = -65r m - same as that of Cell 5 of level 2

Pwetted / thimbles) =OaO3.7 d m -same as that of Cell 5 of Level 2

Pwetted :baffle) = 1.276 m /3 = 0.4253 m (1.276 m - baffle wetted

perimeter, Note SETH/LES/87-28)

Pwetted = 2. 6 2 0, fO 3o 76 fo 5JO t.r 3 = 3,0ogo I

HD-z =
4.x c?.6 2XI A 3

-_ -- - -- - rvz

CFZ-Z ,. 7$s8 r Io .d /2 1,4t ;It&7 dzCll

FRFA-R

0. 0

HD-R

0.0

CFZ-R

0.0

FRFA-T

(%,. 7,2- Same as that of Cell 5 of Level 2
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Subiect: Zev&/ -e- - roll;r I'age /21,- --j -- - - - - -

Prepared by_
HD-T

f low area:

19, o d-2 -<

Checked by

L2 9 tA off a

-

o. 1// ,I,

= -? SC" 6-d M )
go '4/

LL e f LA toe/ /

Pwetted :rods. + thimbles + baffle)

3 'C z / (2/46I - 2 o,&<') t (2- / - 2 or)

- O'77P

HD-T = d4

Pw e He y

z4 3y. q77-g o

@ @7 7
= o .2 o-F Y

y.
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Subject: Zojev/ ¢ - (R>'/I 4
Prepared by _ Checked by

Cell 6

FRVOL

- Same as that of Cell 6 in Level 2

FRFA-Z

O 46/ - Same as that of Cell 6 in level 2

HD-Z

flow area: F 87 XIO m2- same as that of Cell 6 in level 2

Pwetted i HRs) = 2-AS m - same as that of Cell 6 of level 2

Pwetted (/thimbles) =0 o3768 m -same as that of Cell 6 of Level 2

Q Pwetted (baffle) = 1.276 m /3 = 0.4253 m (1.276 m - baffle wetted

perimeter, Note SETH/LES/87-28)

Pwetted 2,S# 2.o769 t o . .99

5zY fo 783
HD-z = -n - , 2

2. S

iige /VD

CFZ-Z
I'- 0•6" -.C- o - 3 Vo-d ,/z 1 -' eLt _C-

FRFA-R

0.0

HD-R

0.0
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Subject:
Prepared by

CFZ-R

f - - /-, / / X Pamr 103/ 1, , ,
Checked by

0.0

FRFA-T

C.'Z-o. - Same as that of Cell 6 of Level 2

HD-T L- 7<* ~o fi -D / 2

flow area:
O. oi1z7 M

O.//& M
XC = - . 17 &- <o I

L

(4J Pwetted (rods + thimbles + baffle) - o, 0J , J a °.,?

I
IV6. O/ 1)~ S.

HD-T = 4 x 3.'&2 Xv 16
_ o o20 . 7 7W
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Prepared by Checked by

In the VESSEL model, the

core bypass region is

represented with an annularacare B.

(Ring 3) as shown in the

figures on the right. R2 2,

(312 mm) is determined in

order t.o preserve the flow

areas of the core region and OX:

the core bypass.

The Cells 7-9 in level 5
Schematic of core cross emton

have the same geometry and (Fig. Ilile.&SEThMESI87-28

w hydraulic parameters except /

for the fluid volume

fraction because Cell 7 has

two 48x15 orifices in the >1135mm
bottom reformer while Cell 8

and Cell 9 each have one

orifice (pl. refer to cal

notes related to level 4). ModeIkg Core a1W Core Bypao

In the next few pages, we

will derive the geometry and

hydraulic parameters for

these three cells.
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Subject
Prepared by

ZLeve/ 5- - Cel/ 7 Page / 13 /
-

F- _/oL

i- ot >t/ I/O /u. d I e = K(2 I6 -2.o°54) 7 ( 04 -?eL322 0,, 2 Z)

Z 5. 9 47 o a 8

Z lwtc/ 10/&,, n,^
I

ha/l/ J,;cl-nes$ of 1/1 rfy74ryvAer-
/ '4 e Z .'.C4-2.' f o

0-t 2*c41 0 .S4-o.o 2 -aooz t-Z+ °84 o 3 '0w 2

/

z or,,f,'cxs 5A 4 /os&p

/ r+,,,

Q
-9- / ,7 X 2.1/4 / x, (0.0 2 0.c062.) -t 2X -o2X o 4fK0 CIC

a ri a of 'ULP tZ. 47 CC la P a f y ' /e,* /"er

=: / 42 g - /° 4 Z t /, So 7 &Io - t- 0. SS' x 10o -

•= ;/ /lo :,'

Vr V)I - t.17/ x 4

-4/ x lo-4
= O. Po1
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Preparec

J_, e ve / -:; L & If I / A1-AA 1L-

I by -neCKCea DV

pFQ A - -Z

1 I- 2-

F- - =Z 2,'43 )(O - 3 -= 7. t Rz ,'/0 ^4 , 2

F F A - 7 = o . / 4

0.S,4 , - 0-03 9 = anc; 4 I

/2= /3.o - ls/ Z7zA, z 'vac /cz, eAh/cAh Wev'l 4 aa Lts.ieev 4'

ob fan LA 7 0W 5,'eZ byoets 5 _5 {1'1 /Iaf e

c F -~ :- z. OL 67ogE-.. IS L-&d 2 t'I 7-t ", IDa c&C.

rR F-1 - P
o. C

c. o

(j~
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Subject:_
Prepared by

teveL f - Ce// 7 Yage I Sl,
_Checked by

- .

FRFA-T

total area ( o. 34t - o. 3t2 ) ,( X { 24 Z4 - 2. 4)
reformer

-.78•xlo iv In 2.164

flow area (o.*48 -o-.3z _ o07 - (z.'t4'-2.of4 -. o2-o2s)

+ (O.02 + 0.oo2S) X (0.3/.3 -0°3) X g

_: /.2S3c@o~ 0I) Baffle

FRFA-T =
/.283 Y/o

/ I. 5
e2d.75-2(

HD-T

Pwetted:= (2 6 4 - 2.ooS4)J i2 + 2 ( 0J.3q -O.?
.. _ .. _ .. _ ._. -

4~ 7 J X --L

:2 0.22 ' 0 -o 4 :

HD-T:= 4 2

z 0. 22 -+

- 0-o229 mn
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Subject: L ve/ 4 - ( /1 .ad (1I/ C; Page
Prepared by Checked by

Cell 8 and Cell 9 are identical for Level 5.

FRVOL

total volume: 6. ,44 v /&~4 -same as that for Cell 7 of this level

#fa; d aol4b # / ' ae/ /) I, 2vts ,7t'4

fluid volume: 4,71 X /O4 1 - o0o0 x 004 zO. O/c IS' ez

•45.7X o 4 ,0

FP=Vo tx oz S,

F~l/OL. =C712

FRFA-Z

total area:, !(,33x'tn 1Msame as that for Cell 7 of this level

x,{ )
flow area: 7./413o -same as that of Cell 7

FRFA- Z: o. 1/?44' -same as that of Cell 7

HD-Z (Z m ,n -same as that of Cell 7

CFZ-z 13.0

FRFA-R

0.0

HD-R

0.0

(4-i CFZ-R 0.0
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Subject: /eve/ f - Ce//s Z -9
Prepared by_

FRFA-T

_Page /? i,
_Checked by

0.7 526 - same as that of Cell 7

HD-T

0-022 7- same as that of Cell 7

CFZ-t 0.0

&
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Prepared by_ Checked by

Heated Core Section (LEVEL 6 - Level 1 2

The he.ted core section (3.56m) is represented by 7 levels: L6-L12.

These levels have the identical parameters for each corresponding

cells: FRVOL, FRFA-Z, FRFA-T, HD-Z, HD-T, HD-R and CFZ-Z/R/T). The

parameters of Cells 1-6 of these levels are the same as those of

Cells 2-6 of Level 5 except for additive friction coefficient CFZ-Z.

Also, the spacer at z = 5.960m is relocated at z = 5.820m. The

elevations (z) and level lengths (dz) are listed below for Levels 6-

12:

level z (m) dz (m)

6 2.817 0.653

7 3.339 0.522

8 3.861 0.522

9 4.383 0.522

10 4.905 0.522

11 5.427 0.522

12 5.82 0.393

Additive fiction coefficients are listed below for Cells 1-6 of

Levels 6-12:

Cells K-factor HD (m) DetZ (m) FRIC
Level 6
C1-3 3.0400E-0011.119E-002 1.1750E+000 1.5361E-003

4 3.0400E-0011.113E-002 1.1750E+000 1.5278E-003

5 3.0400E-0011.119E-002 1.1750E+000 1.5362E-003

6 3.0400E-0011.184E-002 1.1750E+000 1.6243E-003

Level 7-11

C1-3 3.0400E-0011.119E-002 1.0400E+000 1.6358E-003

4 3.0400E-0011.113E-002 1.0400E+000 1.6270E-003

- 5 3.0400E-0011.119E-002 1.0400E+000 1.6359E-003

6 3.0400E-0011.184E-002 1.0400E+000 1.7298E-003
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I - - / 6 - L &we ( 12 ( /14e&-fep Car- !c-, \Subject: L6c
Prepared by

Cells

Level 12

C1 -3

4

5

6

_Palye ? 0 9/

K-factor HD (m)

3.0400E-0011.119E-002

3.0400E-0011.113E-002

3.0400E-0011.119E-002

3.0400E-0011.184E-002

__ Checked by.
DetZ (m) I

3.9000E-001

3.9000E-001

3.9000E-001

3.9000E-001

?RIC

4.5978E-003

4.5732E-003

4.5982E-003

4.8620E-003

In the following, the parameters for Cell 7 - 9 are derived.
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Subject:
Prepared

%Z e / 6 -_, //5 s7, 8 O4Gz 172/' Pave 140
, ,- . , '-b.I-0

iby M. U-
V.y

The Cells 7, 8 and 9 are identical.

FRVOL
I-- 1- ,6P", /6

total vol: T.p )/10 4~(ln 3)

0. //O i9 - c/' ° 7L t.e5eI

= 5 467 KIDo 3 ,

fluid ol: = x 2./1'x3 XI D oKoos + L O (C.)S 4Z x 0 2.

- 3.1 6X/O /7

FRVOL= O.9'/fC1 .

FRFA-Z /3 pr z R- same as that for Cell 7 in level !

HD-Z ,. oo4e , -sawuv as that for Cell 7 in level 5

CFZ-Z K :13.0 CF j -:z- =2-3476 X10o 71

FRFA-R 0.0

HD-R 0.0

CFZ-R 0.0

eff(. 4. J g'vJen on P~-~e :?

FRFA-T .FA qI COO~l
IIIt t t It I S.

d z oj t e 2e 1 6
(= . /o 2/2 0w1total arma: /. 7Do S x /0o t

z 6. 65!?
0.______

d/7 Of zope/ 6
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Subject:_ - (ells 7- 9 *Pz.ge -50
Prepared by. _Checked by

flowarea: ( 0.39 - 0.312 -O.oo27) Y x O. 6D7z
reformer (5mm)

2.817
- O.c0off o-ooa

- 0.-0 59241 1

FRFA.-T =
0.o092 A4

O. 01 of Z 2
- 6.,9121

HD-T

Baffle

Pwvetted = 2 X 0. 6 53 +I (O ?? - O. ?/47 ) ' g K'

/
/ -3 ?0 " 12

reformer (5mm

HD-T = - 5_ _ __ _

2.164

// x C. o Y z4~
: _

,. 32o g
- 0.0°778 nL
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.eve/ s '2 - // e//is 7-Subject:-
Prepared by

ygage / tl /
_Checked by

The Cells 7, 8 and 9 are identical in levels 7 - 11 which have the same dz = 0.520 m.

FRVOL Lkt. of &elI 7 of Lc/L f

total vol: - X 3 x Io 7? 37 X 02.7612 6 t

fluidvol: - Y2./43x10 ?0.O J + o R )

=- 7. ~/ 2 XK1O /713
reformer (5mm)

2 R5C2c 10
r- FRVCL=-

:J2.76 c to'
- 0. 9, / d

FRFA-Z 2. /3d4 - same as that for Cell 7 in level 5

HD-Z o. cl q nM -same as that for Cell 7 in level 5

CFZ:Z /&13.0 , cFc -t- - 2,476 X(0-3

FRFA-R 0.0

HD-R 0.0

CFZ-R 0.0

FRFA-T

total area: 47 4t )(/o 23  6 -f-2o
0. ( /0) =n
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Subjectr b/y -__

Prepared by_
,7 -// - e//< '7 - q Page ,.1Z /

Checked by

flow area: ( 0.5 2 0 - ° °o 5) V(0,3,9- 'O.2/7) N f r0- 4P o, oo w'v2

- 7.28740 rn',

7 2z 7xuo -8
FRFA-T = = .9 o ~

HD-T

Pwettd = 2 K C'?-O -t ( o.339 - A-i4 7)

4 X 7.28 7xio
HD-T:= - 2,737><lov

50 6 q A
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Subject:J°./'/ /2 - Cgt,/A 2- _
Prepared by_

_Page /4.^ /
_Checked by

The Cells 7, 8 and 9 are identical in Level 12, which have the same dz = 0.393 m.

FRVOL

totalvol: . 4' r/o K 0 o' ((0c> .,?7

- Z.08.K//o - nAl

fluid vol: 3 X(2.(4? X 10 ° o74# I (o.

"< -4 x (° cS3I<L7)

-:: /, 9e 0/ 4 VI /2t 1 Baffle

Q.1.FRVC'L=
s2% 1-v ) -I I

= 0 2, 2(L

FRFA-Z

total area: - - -x ,e (o. 343 - . i 2 )

_:: t- 1 f X, / L) 4 ) 2

flow area:
3

4 , ( C 3 y 3 2 6, @ i + 7 2)

= J'M 7 X0o p 7

FRFA-z = B, 6 7Y 1 7
~~ = o. 17

52' *3 z Io Af t
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Subject:-
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HD-Z

dZeue / / 2 - Ce//s ?- 9 iPage / MI/
r~,,-V.A hi,1

. j

Pf'eti1( = L( "3S i';-r / 7

-/;v - 2

CFZ-Z

FRFA-R

HD-R

CFZ-R

0.0

0.0

0.0

0.0

<L7-4L/ 4o?.z o?47x4Af 4 :v x, ( o-a8 _,~3 0 . 31 q 7 4) x 3/ = a? C? z 9- <?~1

(.0-593) X- (0,giL@- ") x

FRFA-T

total area:

flowarea: ' ( 3. @ B _ -O. 4 7 ) , L. < 0V37 3 =-- §,6 t o .- ani2

c. ?Y3- o,3'7
FRFA-T = - --------

O*- 34,3 -o.? t 2

0.0 -g 2

0 0 (
= 0, f15

HD-T

Pwetted = 0. 3 9 3 x Z
- O. 7 ' ' n7
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IPagethr/
I by tMhtL.A 1-

�J

x to-~ . O2.)Y 3 nt
HD-T = 5

c. 7S6

Qo
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TOP of CORE (LEVEL 13)
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Subject:_
Prepared

/e9Lvpe/ / ? T'age /s71-I- -

by t0h1-e1- t.
_u

As shown in the figure below, level 13 models the top of core, including the top unheated section and

the section on the top of the core and below the upper tie plate.

upper core plate

-I ' 17 short
core bLOlNt

Figure _ _ (Figure I11.2.2, SETh/LES/87-28)

(16
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Subject -

Prepared by -
I'e-te/ /3 - Ce /.4 / - 3 _Page ____

Checked hv
-J

,X ss -el a0 f( tie 7/1o yfa ro-i .e te rT' a,-e tfh M,,., 7/ fc r

Cet/ s , - 3;- ,e- CveC/ 1-3 : ct ;% ~e 7i!.r LzG ./ P- , GI&S 13)

/7, 10Z , /'FT4 - Zo ,R /,-z , RZ FA, - ct9 aaa' -/,@ .

IVo .* fA A s . 1,1q e,'v /:

Ao. of 9&,;c/e to/-vA It4 Se ( #og sb-+ ): 25

ee 1LA of £1L.V(e/ (3 o. zgz m ( .8Zo M - C.o°Z m ))

0 1elv-y'4 */ i," ?; £a-(e I - o. 77 m

gRP4oL

Z?4bozlc Uo21a"Ae

.a 2,
T x . 2x . 232 =7 z85x io-3m3

d 14,1, eP 8//r iP et /3 -

:z 2. o1o7 X 10-3 fn

Vt~o ame of g4cie +6,l' bs& At. &c/ee( i
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Prepared by - Checked by

2Sx 7 x ( lZ e -3) X 0.232 Mr

-65 b / u o4 3

Paf;e /5 9 /

7%-i d A //awt = 7.2g57XIV- Z-107X10 - 6.3 9o

-3 P
- q/- 2z Z 1f YY

. f 22 X 1.620

-------- '- _2 O. 6,208 ---
Ft t'aL

7 28 - to-

LR FA -z

fiece arvoL .

' x0. 2 1
4 = 14to' -2-m

4e, r4, apper bcda df />11J/~i ~~b!{

5 7t o / 5 'Lz/n..o y ,'

t4 f! /I O I A / A 2 t .4 jt A1 J "o 2, ). 2 k 2  & =2. W / P C1t ) Clo m

Wt 0 c4,;'6 k0eA, t& ,' fecr of /v Ao/ x6S5 4k+ iw -A f

*er.nQ o -t i °t e Q -e ' h "
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Zn- ae 6r 't/7 . FeA -Z 4r- PAIh1, / f./c asstrp1onv at4 n1ad -e

(f) 'te hof-e-) I'toJe 1-kA- SQ.si do efe-

(:Z) ''wo ATI'd4 of /i ot 6 /rC - i 'ng (

0.,,

So /l7 X M;.C1. e-e 74 'A-' 2ho/$ 40 p

CI) 6 f/ow creza of v4A ,L/e5

. 2 - 71
*3 32Jt;-> ~ 3 < °j )~)v2,o /24 tt; ,g 2

62) We,9<rc °p~er -.6 r- e tCe-to 7tfk 7pna p b / t i ~bs

= (o.7/ in

°weS4ed ('^/'Sy = o.7 r l - x4

=8 763 M

(3) zv vrne7Le 'of be Av 4x -

4 .>- ./2Sgo2

- /l7 ff-2P

8~ 76 ?z2 02
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_Checked by

/A
:3'/4'X 0.o/426 -

A1' / s az/Z / I-e r £Le{, /V = / ?.At

ip = .7632Ž
O . S-. -7, 9 % a

4 ,4 -r GC,- C f i

(Q

F - :

e F4 - g

2-
Tx C.o?ts'2 = ~2,0og

Zoyl3 x I& 2

6 ~&. 4 ra x to- -t:t o. &

rblf4-149-a O't 41t

x.(o 'xM
2

/-/,p - 2 = D &-f 4Ib 60'(-e S - 1- / It x I O Itg
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Zn lagfe -r 2reap a. a Gi' yo&Lt',. o n fe a/L rt.T 7xCl'4?

7A> ,e & %tr- /,-- 1A s-&e-r~-~ -e. 7*&,66i7-

TA4C; -/t -1tk mc t o 6 ct a=

= FA A4 -2 r de t Avt Vf^/+ '

e{, F C4A 07 (7-/3 71) O C Ez-M ,2

AL= / - ) (/- £Z/42) (i- O.66~S2)=°

/<) = F(t O- - o.i3 o23-

cFp *2 - z ,x-3
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or/tf /s' - rolle 1-3 parle IU /- - - - . - . - .-. .. - . - -47 -

I by nhPr>Pd hvJ uy'-.7

Fi TA - 12-

ot' a/ ee *- = 3.1(f C O-23 2 e O- 2 5O./Ic7 m2

/h tec>i-auA -vetm of rods -to f-tk--r 5rf 0,r p- =O. I w" .

( I - OD, 4tf4 , ) -- o. 2 Y 4,14 Y- O - '7 7 _ o7. o f 6r,

FWfA - f2. ef .Iue z.

fF/c2 W Oi- Ai- _-

2-'vi

C, O."CS { 0 .0 C/3 = 0. 0 8'.7 S M')2-

Fa,:,A - P0- = ° ,5`~ -- 1 o- S 2 t
0. 9S

HD- D- 2

NiO. #I ro. J h{IStSytaa t 5

-?, ( Fee Ahej F Q /

pi4e~eil= x 6c2, x 0. f7 7 :' {2.C ? Xgcf

14. A,--P = t .o OS3 f SL =9 0. 2,6'R R

a-: P Z-O ,/J ,5

(W C Rp-i
.=
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i%/A- / !�?

red by CChecked by.
C

C5/it/;l -4r/ ffi9 -t'D-T

Ce // /-

M/A-, rA-T= 0.1 JC 0.2-32

RI AF4 a ,

v ( ftouS C14 gt a ot~p -4e';-n2! ff

= 2.32 'o0 Mh

?'t a l w e o / ^ IA 1e c 'f 3 ,

rA -T - .f*7f x 0./ x.l77 = /. eZS-x/0 2  2

CI
P'TFA -T o fl Ce I / i Le-vel /

f/110 et-e 0- iz e ex fAe A t-er ro dQs

-T - ' O. / t. O.05 22 -• ./ 7 7)

- S , lo- m

FA -T = /'o zf xto -? 4 r-t xo-

/. <7S xto 2 fn
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Prepare,

Z.eJA / 13 - Ci I 1 - ; PR e /6,5- - - -1 -- - -,D-

dby th-l,.,l, lw-
U,y

,CRI - T f. P7r x to Z

2.;Z X to - Z
- 0.67d"

* /RV-T

/vo. of reds /2 /e r -cfg * Vr -f- -/Azf srcta : - CA& f/efes f-r Ce(/I1

ox 7 Z )

= 2- xX / 77 -/ - /.?7 #0- /J7T

as -T _ 4'

Pweeffeot

4 xt57x to -2

-- a .6

CFt -77



vda TM
t Adr eed Syste Technology and MnIagement, Inc.

C CALCULATION WORK SHEET

Subject,
Preparec

lo'~e / M - tq.lIx-r / - - IPage AtSl /
Idby Checked by

Coll * 2

* AFAP-T

ieotal are a ~ 2. 32 <- pI C Scrrne Q s Ce, t1 , zetle/ /3)
,/

//Co W a4~,6&

- f/ow "e. rrorL"tY' -& ' tL- O5 ef t02 *'n LAeI /13

:A, - 7 = x< o.1 xo-/77 = q. 23.ZlO XI .n

f..tfow 014ta mbomL &D aer rcocD46
S'.ft~ X-/0 /fl'2 x (54._fn e Q-.j &AA7L

d7/' Ce// I zI / &-v / 13 )
tO tqL/ 4,10 W o-4--e o..

-T 7 9F..21s xo a -
I _f I to ^$

-

fC FA - T f.- 732 x tu -2 /n.

12. 3 Z x Lo -1 Ml
= 0. ,

# 10 -

1/V'~. vfro' / n~-!, cg -t., u's 9A -MA 01/ X5k1Mea-Wf r7 _!D C 9C /V0S 7, C .,

&te/e_ 4 )



/AdASTM
Advafn ed Syut neTechbologyandMunagement,lnc.

rsj
tA. CALCULATION WORK SHEET

Subject -
Prepared by

IAIVo / 13 - / - 3
Checked bv

Page /67
,,, ,. L . _ _ .

-J.

= ;cO. 77 x 2 e- O/ = I ~)Y

ID -7 - but I 4 7-2 arto -2 -0-0- ,/,
1-= 7



qAdSTM
/ Advanted SY env Technology and Management, Inc.

-t CALCULATION WORK SHEET

Subject_
Prepared by.

ZI-I/,O/ /A - 001/c I-A Y a.3e _ _ _ _

_Checked by

Ce// 3
,f1

.--- -

6o tf Sareot = -.32 X,1o -2M2

7 C1W eD- Corre-sponui( %- .

0- .¢ X 0./77 x0o _

F(zFA -T of C-e13

o.o ot7 f M2

J cAA cabouce tV /e ctr S

xio - in 2-

* - to4 {t c&I-Lc0t

/. $4 789 x ID - 'n

FP-F-A - T f r6K 7( 0 to

'Z. Z- X lo t),

lt2e~kjcf~L w* u,-h 'ett Ce-11 -C4-A 6 (-. \-tLJf'

Ce// :? . f age- / ;

Pwe t-e f = 6 x o.7?i 7 7 t f-. = 2. 2 zV- t

L 

V 

-t

2-2. 2
-: 0 0,96t2? 0/



dS'TM
Advanced Sysi!mn Technoloyand MNIagmtunt, Inc.

CALCULATION WORK SHEET

Subject -
Prepared by

le Z /? 3- C-eIs f - Page /9 9 /, . . .
Checked by

Ce // 4

- CrwoL-
/Vo. of ieodd! _ D 7

No *. of 9J'eve t = 2

Eo ta'l valtm Pt - x t:. if )C ( 0.3gZ L- 0. 2 2)9 x 0 21 Z

(/.o l o lf /s-oter 'ULtd

tvtC e _ c 0 7 7 _ /%o 2

V4l/e of t&,',,sk j

2 V -' x (ze.-372 < o.25a = .24txgg m3

t4 n of , CTeA i. 49/ xzo - _-/'0/ < *cO ;- t-- z .rk I 0

calco L

- 2-.37MYto m @

-l 2.S37PsIc -

3* 4,?f x to -3=06 ]P



VAdSZTM
_/ A odnnd Sycems Technology and Mmnagement, Inc.

we CALCULATION WORK SHEET

Subject -

Prepared by.
i. -ce/ /3 - C0-; /4'6 Page /70,

_Checked by

to-tat c&reo, I x Tr (O.312 - 0. 2)

flow 6-V eo = 7t X( (o .I 2t - 0.30C ) -t

2 mim -3 Qp

A ( 1 c 6. o0,?i-)

I
he /'es

_ t-41? Y' 3 In

1FA - z _ ¢.4 'q x to

/.k- to c
=1 6). -3 01 / 3

HPD -Z

A/0 . of Aole - ,/A J t I JJ- = 147 ; $z O.o043( In

Pvetfed = I.d '7 ,i.4 < 0-o./4; 3 t 2. x l4 Y (° .. Z tI O.' o )

.: (. 6.2 3Irnl

4 S I9 Yio-
I. t' -



dS.TM
_A ved dSyienu Technology and Mfatgement, Inc.

(0> CALCULATION WORK SHEET

Subject
Prepared by

.- V4? 1 1 3 - rj' // Ai Page iQii
_Checked by

C FE -'Z

76Q pfper t-~e plaute

at6rctpt coftIrc+C6n an d

< Sfazfcvr o- tkQ G"uopef-

ror ke albrY

= o.31
J

is tre#fea( aeo a Comn6,teti'ofl of aa

as-f 0-6#rc.p e expa nlJ iorift * A /t Co CL d & f

6 of. Lue/v* /3.

co ti (FetI& T

6,3le,=t~s rab& l-,Theor te nged )- -I

Fvr t-.lt a frrup-f eocip&, gsXo /

k i (i -k. 2 = A I - - .
A -t I

( I-o.;6 - 3) ) o40,

k o.32 + .o o.7B85

kF- = 0 t3 + /vEA {p/ I P''-7)

- /. Z3S g xto -Z

- 1-A Al 6 <d- ~j

74Aci V Se/a GtL4 'd-e v Q,6oj.U



vdS TM9, Advsfd SyptenuTehnolcgy and Management, Irc.

) CALCULATION WORK SHEET

Subject,
Preparec

L et/e/ 13 - C.I //a Pap.e 1 72
- .- - - . -0Z-,- ... .. ...

I by M-t-AP hu-
U ,

FAFA - A*

(-D -

c Fq -72

FzFA -T

0.0

0.0

o .0

totaf( are-CA. o0.zg2 2 (o.?Z- 0..) /2_

P/a vi & Cot#-r-esp.r "L% i-tl- n-m.h *F rols

1.2 Xo I yl

;n th ;sa c1:1

( o0.1 7 7) K ( 6 .3 2 - 0-2)X < a ? 7 = -. s69 7 {rto4I n

I
FP-Ft4-T of Ce/ 4, '-e/ 2

'lzotv otkvo- a-6t-e 7q nok 6 fto mths L"t7 c /

(o.2-32 -0-177) x Co.3t2,-o )/2 _ @,o0P x lC P2

-ota( l fl A ca ;ev&

1.299 Y -- 3 .6C( 7 .3.o;) X/o-3

(9J FF FA -T :
F A. 2 T X O 41- t

-: 0' 4z81



VAdStTM9 __ ! d~vsnced Syste a Technology and Management, Inc.
. ICA

C) CALCULA TION WORK SHEET

Subject -

Prepared by
leve/ /9 - -es/ Z Page o2s,

Checked by

11-A - Tr7-v

Ago. of rovf .,'Afer.5acJ,,'n6 W,�-h fate so4-ft eLC. 4 (bo t. 7 .r C//Q t > )
ZO>G / >

= 4Xo.,77xa +t 0.2 2 -3Z- {0- 312 -a. 2-)1/

- /. 7o0 m

PVa' -T '7 6.24.tX to-?

I- Do 4/-7 7I = -z 146 &xto -2 /

C ,



eAdSTM
_7 Adtvanced Syltenu Technologyand Mma enlent, Inc.

0 CALCULATION WORK SHEET

Subject -

Prepared by
Lvel 13 - r"1 S _Page /772/

MA - ulp
-. T

Val . of Alp X

A'a. of - 1L,,rn&Ci$ f

FR vo L

60 th' C/oI Lg e = 3,41i /10 ( Sam- a s 't~Am--7r-Ce /4 )

Vo lccmtne o~ fhe&-ter rv~ f :t
of e ev-/''?

8 L ' o o f O, T e A 3), x o / 77 = 1,b.tq rn

Il/o 1aie oJ got , ck : /tr bQmi

IC (/ze _ *) co.3 23Z = 2,622kx6o-f P

Volume 08 6; 231 X.IO m3

CrevL_ - _ z...

6. 36i3 ( Ya mp a5 cit of Ce// 4L - Lw.../ I'?)

1-/0 - Z

CFF -Z

t @;:6 xio- ry . ( Sam-~e a-.- L ; /f (et, 4 , Lve/ /3 )

,Y:: a.- 7 ,o A ef &-/ C fr; - I /. 2.g (6 X (
-2



Ad SYTM
Advsfnlcd SteltnoTechnologyandManagementInc.

C.) CALCULATION WORK SHEET

.Zve r /1 -Subject.
Preparec

(,11 t Page / If /
Iby f-'U-ln-A 1-w

L'Y

si-- &- _-J

Rvp

6.0o

0.0

0.0

(il



VAd!,51M
q/ dvan e.d.Sy tems Technoxlgy and Mm agement, Inc.

Qe CALCULATION WORK SHEET

Subject _
Prepared by

Zxve/ I3- Le-// _Page
_Checked by.

FrzFA -T

e- fo.ta( o reo - I-v q x1 o

fIdc U, 0-r.e& +vr fu#dt5d' 4-a tL a hJa2.fer rodos

Co-( 77 ) x (o.321 I-o.z)/Z . 6gzj

I
= 6.2v3So la rn

R FA -T of Ceat , L.ewe/ 13

f/louw vre-A O'bo&e -tqteztef- fvct .;

rC 3.09 ox to 2 ( Sonta e's -tA-- 0 o- C -e(I 4)

totat( 1flow 2-+-* A.

(3. g -I + 9, S-e ) xKIb 2.

F;FA '-T -- q.31s- K lo -3

I1 29 x T2
:- .717

/%)es. of ilA wr@ 4, 4t8 *-" '5.>

-=K zv- o 023Z +(O.5,,2 -0.,')/,

A/y_ _ -4 _

1 w fe-.DC

_ ¢ 9. s- xwo-]



@9AdITM
em Tebnalogy and Maagemeut, Inc.

C CALCULATION WORK SHEET

Subject -
Prepared by

-14!wel /.? - rP .1 x _Page /7
_Checked by

AI . of /tRs : car

/V . of l g~de M' ,Ml/eJ f :

Fp.VoL

fe'o-t voicefa. r -3T.q4-A x/t' - 3 ( Sa n-e r> A-h o a-,,0~CtI 4

t/olae o/ iao+fer rod;S

U o d' th(qe-t)2 o 77 = o Yio tr

Volt of gadilxP fhimbA -

-; 7L _' -3) 2 o-y-2~ bl f X 0-2 32.

vo( jr1e of c 4,c(

?) -3

gP- Po L = o. 6 *

--�-r4'

F -7 ( &v4,-,t-v &-hct,-f ' 0-r ce I I4 )
tA ce f Crell 4 )N-fD - F,

Z.F: -2.~

t.s x. to - ytl ( Sorn oz:

0. 79,5



9/A dSTM
/ _Advan adSySlems Technology and Management, Inc.

3 CALCULATION WORK SHEET

Subject
Prepared by,

.!6/el 1? -2 - li 6 Page
-I Checked by -

FFA -rT

iota( 1.21 Xo 2 hi

f(ae Ovv'o. CorrpoPntrt'* tA- Lnt

( / ) x ( O * I; 2 - o.2)/2 " , .

( Sa~m 06 -fh-at- o +' Ce (N 4;)

S5tk 12 f h-l4> r rwes l I1f A.lf

zsZ = 9- i, 7 'o ..

(
FP-M,-T-f L"r/lz, Ot/9

f lo U- 0-L 0-bov vfke tie tec rbels .

' 8 rC I o -Rt 27 ( Sarn-e Qs thLt of Ce-1 t7)

o fCr-I 'f 1o w d'k-0A

i-T77 x Ko

FP-FA -T 6-747 xio a

/.2qg Xf,- 2 z 0.'�-, ? �z

1-f D - r
/O - of v rdS n f - r SA I6-?-At -:-A s stir/rc-e O / G t1I!;

QL)



eAdS, TM
i,/ Ad~v*ned SYtem Technology and Mansgement, Inc.

(7D CALCULATION WORK SHEET

Subject
Preparei

zecrel ,'g - C1.',, ~6 I'age / 79,
d by Checked by

fn

t "we82d = 3 X I x O.2 z -+ 0.232 $ (o C7 - 7) /2

_ I 64 IYL

1APTq 4_'X6747Xl/ = - 64 t -2



eAdSTMw Advanced Sysemn Tehnolcgyand Management, Inc.

(2r CALCULATION WORK SHEET

Leve /I - Co 11 XSubject -
Prepared by

Yage I/?i/
.Checked by,

I-V1 - F

cF:9 - g

8 *0

C. )

0.0



vdStTM
{ AAvanwdSyrenuTechuologyand Muiagement. Inc.

4%o) CALCULATION WORK SHEET

Subject
Prepare

' / / 2 - 1Ce//x f _ -9i I Page /! /
dby Checked by

Zen LVe / .? , Ce//C 9- I9 f f04,r I?4.-

6.052
__ _ ii -

FR Vo L.

0. 232 X - - (O.34?2- 0o.?12f )

= 3.tY79 q 10' 1)1M

tlo/&j)nL of -'-4t 6/{6e itn (4u / 3,

92 x Y (4

= 3.o,8,6 Y/ , /)I

C'4

Baffle

/Z'
_._ 312

343

339
rerormer (smm)\

, 5.820

6Y -.A -c re-f ,o r-p,by 7 e, Vu/ ttoi- oc0 A-tIV Z!/- Jv? o n

Cbat4!knA of /4u =. ?.3? Yp

_3 _9 9, 9 8 X to ^3

?.t'979 X O'°3 =`.096g7

(�w)



VAdS'TM
i/ cAdvaned SystemsTechnologyand Management. Inc.

CALCULATION WORK SHEET

Subject As
Prepared by

evnel i3 - CeJIs 7_9 _Page /8 72/
_Checked by.

r12eA -Z

= - Cc' o34 - 0.?, , /. 5 J _ -2/

(0 low cl-oew0- 2- 7-_2471) - /.46l to M 8

/4D- Z

Co. 3 o- 09, 4L7) = O.0283 rvt

FR A - 1 A

-= 0.0

0.0

0. '

CF - A
o.o



/AdS'TM
Advanced Syst onTechnologyandd Mmagement, Inc.

J CALCULATION WORK SHEET

Subject
Prepares

pll.p/ /g - Ct(ls 7-q IPale / a?/
I by Checked by

- -11

fRfEA -T

-0....0 2-32 x Co.034'3 */Z v) '?SfX0' If72

�y Ykx refiorot er 0-i sL = 682 o r, X/'1oc0 6eve 0. r5

0 ,2- K 2 CO (0D 5~ - 0O. tf7>/z

FbFA - T = 0,9.qi

I eei a = 2 iy .23Z + ( 0-3? 9 - 0. ; e,7)2/

-: 0.o - - i

i° -t7 4 (-.23 0 t o-

o . r



qAdSTM9, Advanctd Syseim Technology and Manugement Inc.

CALCULATION WORK SHEET

Subject:
Prepared by

Page /1h
Checked by

TOP CORE Support Section (LEVEL 14)



/AdSTM
ark_!Advanced Systemu Technologyand Mtanagement. Inc.

CALCULATION WORK SHEET

Subject: Page I gal
Prepared by Checked by

As shown in the figure below, level 14 extends from EL5820 m - EL 6.170m and contains the top core

support structure, including the upper core plate, upper tie plate, 12 long guide thimbles and other

structures. It is assumed that cells 1 and 2 each contains 5 long thimbles and cell 3 has two long

thimbles.

upper core plate

long thimble (12)

/ ^ 0 343 /
/ it 339/ XJ tII ,70

F~~~AX. 6130
6 f 0 1 upper tle plate

V 1 'v Level 14

> -16052

.0 V9

-g- Level 13

/ v / l . 428 rods
17 short Ide himbls t 5820_

core boltIle ----- L -

(avg.



dSTM
.4dvanced Systens Technology mad Management, Inc.

-4 CALCULATION WORK SHEET

C; Lah.r / cj / / 4 ( - ', / rjr1,/ 2 TPage W /-OUV- _- -.- ,,- , , - , . . .

Prepared by Checked hv
-w -

/J2VoL

406 ta(l t/ouln/f

1 A.

3~ I1T z L Y- 0. If 8 - I-2?5 1 XI, Y

+- inbb L it,/vvi e

5,,~ ?-Z J 0-/ I I J' .66 3el 3 0 -ry

t/oUcrv j 0 1 6, Pj,4 e ( -filU Sa&Z 05Mrpt/on 0- pp/, C "/ aJoce. Zv3

-f (0U-r a-eA ½n Ike iy Plate

2.o0'3 X to 2. /n

-e,'f p,*-Y te v0c, jctme

a.

V= ( 7-i XO. 2 -z-CdeS3 /i0 / ~.i70 - -i?O ) IY

Woad "t1-t1Y,0-

/ .2 3$ X /0 - .69 ~-;Yqo / -4 / Vlo I G;`

- - f0o2 7 / -, I 3 ~o nV

2/ 1o7& vlo ?

/ - 2 3<-/ k" (o 0
= O.83,?



/AdtSTM
Advancd System Tehnology and Mnagement, Inc.

CALCULATION WORK SHEET

Subject 'Z 'ev/ /1
Prepared by - _

Ce//s / ,'2 IPagec
_Checked by

FiRFA-Z

FCA -t k ao x 1_ - Zr o.2 =o.o /o467 z

Artt ocaqpsec/ b Le f

>X 4 X ( 12e e -3) 7 - 6S2 X /d I 2
2.

o/o/04Z7 - &.6fzD 4F FA -

o.c'/t'46 7

/PD --?

&/eL/e ot - g-x (dsC7/2) 1R,3,l _= a. f (/i /2L

4 Y 49o /IeXto

0 / I se
- O 2 /V L

A 's a rh /, A f ,01- -t f-e fz Sc aR I'f
ttPp~r 1", P'tfe~

,4,-P .

A - 2.O V3V1O

,i) -T
, /

0. /t62se

o- 1 - - - ) X ( &t7 1 -gj.

= / -/ 6- -2 t- to
.2 2

/M



v~a'STM
dSysems Technology and Management, Inc.

I

, N
tt 1 CALCULATION WORK SHEET

Cells f(f?Subject
Preparei

/ 44/I /4/ rPage I /
d by (~-c.AP ~hv

.. 7

fvetief

HP - T

./-o 71 - io0-5 2 = o0 lo I t

4 x /. 1'2 x lo
- _ - 8 a 4 -3 0L
o0,0/ I

Fk: 7:4 -T /'/ 6-a x 1o'

/_ I/ X/ -22
=- .qCY9

powete,', tbv Ct(c(&1C.-f0f

.(Sw; OM tfz la /ei eI t J

VAffillf;'ld r; 5 kY ,

Fv ' PT - =e 4kh o 1 /0.• nhjq Lc/. -(- rf e rnff e fkect

FRTA- 7 = &fi-o/; 7 y47/. g ..e.ch eovs'k

FQ-FA -T F - ' L ^-"3 ' d $ u 'it It& iflf A &L~tC



/A.dSTM
Ad 'UGctd System Tecloolgymnd Masagement. inc.

CALCULATION WORK SHEET

Pavze / 8',Subject
Prepare d by Checked bv

-1

,ivssl* the azmuth flow area 1.16195E-02 m2 of vessel 420 cell
greater than the cell vol/rdt flow areas 9.81524E-03 m2

'rivssl* the azmuth flow area 1.16195E-02 m2 of vessel 420 cell
greater t}ani.the cell vol/rdt flow areas 9.81524E-03 m2

'kivssl* the azmuth flow area 1.16195E-02 m2 of vessel 420 cell
greater than the cell vol/rdt flow areas 1.01952E-02 m2

(xr= 1,yt= 1,z=14) is
and 9.81524E-03 m2 on each side

(xr= 1,yt= 2,z=14) is
and 1.01952E-02 m2 on each side

(xr= 1,yt= 3,z=14) is
and 9.81524E-03 m2 on each side



S/A dSTM
Ad vanced System Technologyand Management. In.

CALCULATION WORK SHEET

Subject
Prepare

/1'eI /4 1'!6 //.- I 1-1 11 1-1 7 IPage I ? D
I by Checked by

F9r -?`2

Fa -P- = - 7 X ' >ore i (6 l7 _

= ?.e072qXlo- rVI

FA - 2 
b t

FPFAF -

3 k &:? Y (6- 7o - .os )

6.'7o -. o 71

6./7o -6 osŽ.
= 0 .- ; '3 ',

ffWetiee'[
- )(o&- Z o*Z013' r i

.v z v7 X /o-
-o0..4 Z8 WL

0. 2-01e



A~dSTM
Advanced Systems Technology and Management, Inc.

CALCULATION WORK SHEET

Subject
Prepares

/ /116J I 4 - r-1, 2, I?ag(- M /-- -- I I I - sz,� -1
I by Checked bv-Iv

-1

FR vt

f/t ilnbU

z x, (o-012j x -2 /z XO-s1/e?
- 2. 677g/C' pt

'?z2/'( t/, l,4L -.

/.z2 3 Xto 3 - 2.6 6 7 7X (0o5 /. 9/ )\~/ 0 -(/

t

/( rI )e

- '. ° 7Y X to -3 l

7f2L /aLC = 0o.6 1

Fg Fq -*7

PA -Z
/ 2

- T Y T; x
t6_2) "a /1(I

9Z/e Y ( o0 o /2)

= /- 64 66o/ - /6- - 2- 24og V 10 -L,

- I 6v 2 A(O r L- 2 I



/AdSTM
Advanced Uystenu Technology nd Management, Inc.

CALCULATION WORK SHEET

Subject -
Prepared by

zGveu' /4 Yage /9 2
Checked by

pwfe'/el - X< -3. l/ v~ L o 2 = 0 ,C 7373 6 6 I

i-ri' -2 4 x /'o2.4' 75 , 6

O - 7J-: 6(
-= 0. •J/ " YL

FP-FA - T, i-,'V-/z, q - Cell. 3 _ tAo SQ/Y M

-~ / oil07 Ce lls / 42.

y

im,>



vdE, TM
A v sncedSyrenurTecdnology ad Magement, Ix.

CALCULATION WORK SHEET

Subject
Prepare

I z.!el/ /// - rCD/4/. r -and 6 Ilage l9:3 I
dby ChebkA-1 hv

- �.y

FFVoL
2ae41t-~~~ a1-a

L) ,Dpei t/e p/afe

(2) 0/8 5rpgpca t Co'u4'.

(,S c 'orCor-e

C Ce//s 4-6 oac6 co/2 ta 'aj)

Co I WV -I'I

2 of tfie S(Y- IcS sPpprvt

(Z) Oa/ -/2rd of f/th holes of tts ft1 pl/-fe care /ocated

/2 r, n~ 2 (R. - o / rn Rz - o./S 5m)

-,O L/ t/l/aA w oJ f C// 4 .

3 < '6 k ( 73(2- _0.2 ) 4 O- S = /1.7 7t K to ' M 3

tr e l{u /J ? 6CcwlpD-eC( 4v f-/ spol/? cola/in/zX

2 x /a _- 3

-- 3.0o/2 x/o -•'- 3

( 0,1o 9 - O-O( q - .ok4)

y.ll



vdS5'TM
A vancedSyste1n Tebnologyand Masgement, Inc.

CALCULATION WORK SHEET

Subject _
Prepared by

Lemvei /¢ g-/ 4 Yage / 9A/
Checked by

ore- ocepb'cl 15J (ILe apfŽ r t(,e pP/&f,- e

C. A ( O. 30b2-4a_0 ) & -°/7
3 .3

= 2.Icbxio np1

Vo/tcre ocscbp'~ec/t 6# ke cmppwr (ore /p/ate.

7L ( 0-322 -0.2ZZ) x'o# 4 - T 4 T (-0.22 -+ o-248 ") x.o-4) X

Cu-;
_ / i. 1 X r I x 4

Fl4c-t' ,lb o

/. 77/ /0 - -_0ooI/ K/V -2.o7 xYoD - 4 .X4 1) -

= /.0 7 x /o

FR vO 6 /-.? X,10o

1 '>/ X/ ,0-
o, O ,.-r



dS'TM
A Avaned Syst-nu Ttchnology andMnlagement, Inc.

X~el CALCULATION WORK SHEET

Subject
Preparei

/A. f / /4 - Ce// 4' IPage /lqC /
I by -lt-keA h-

-. Y

do ta ( a eCaL

f o lv LAcC -

_ .* X ( O.?,22 2g2 2 ) c 3 2 -
./9i(O M

= 2. fnto -m2-
7'- x L o. Z20 o-0o.tz ) K (

( 0 22o _ -V..Ze 2.

- 0.14

HD-z

PW.tele d = -L) ,, x.4- x o .2 2 = O. 2-3o-3 )VL

H ;- I?
4 ,' z ISx (L,5

o* 2-o3.

rvlt



q/d"STM
Advanced Sysenv Technology and Mnagement, Lc.

CALCULATION WORK SHEET

Subject
Prepared by

/~-/ / 4 - (0"1/ 4 Page Ifl
_Checked by

FgFA -A 0.0

0.0

0.0

EJFA -T

toToc catvec,- ,

f tow .vec, -.

(0.-12 - O.Z) X I )( lII

3 -o. o 1 I -o o4 ) t (o~ 22 -2)i
(o 0 2--O2) x - X ( 0. II

- 3.- 0o4xW )V

:4, I to

+ 8 <to 4

F2rA - T

D -T

pIe W.oqtd _ 0. C4 -t Og) 1- (t 0 .?2 -O. 2)72 t (o.0-, 21 .Žj/4

= 0 / I v L- 4- . O Rg ( 4- .f

: 0. T7o b D

-3
4- x4l / o 4 -v l

=- 0 6,0/ 4 nt
0. Ž %O

Q_



dS.'TM
/ fAvanced Sys neuTechnologyand MNnagement, Inc.

< )l CALCULATION WORK SHEET

Subject:p
Prepared by

Z e I'le, / /,� - r. // s 7 - q -Page 'I9 7 /
_Checked by

CIO //s 7 - 9 a-r rt ( 'f t r{ ca-(

f o lfa/ 10/ern e

_ t K 0 ( 34-3' _0- 2 2) , l

=. 2. to 2prO</4=// tDf

Vo(amne of f/l"cl

tt * ,4 a- 1
- .1 0 .3(fv X O

Fievo t- / / 4> )eo 31

/.mt1 Y to-?

FAFA -Z

-~ 1, U,)c4J--e -

-iao - C-a P

HFP- A -z =

= 0 .# - .?~ -21 41 t- M- ,

= ,1 / (0-34L? Z- 0.?/ - ) - O. oS t

o. /143



q/AdSTM
Advanced Syste m Technlogy and Mmiagement, Inc.

i) CALCULATION WORK SHEET

Subject.
Preparec

to/ il/ /I - Cr/(I 7-q _]Page /hIf /
dby _'Checked by

0.;4? -o. -3 3 o .oo44 r'L

Cf? -z

FrAF -

-: :3.0 6(2z ' - 0.10 L I gU,1

3q0 P p . I

0. o

0. o

0.0CFz -i

TAF2-T

L,010/ 0--4510 - (0 - 3 -4-, -0 --8, 2.) , z-- V O. / I 80.41

_ 6 -7 0 (O rn2

ic/ L,; c-p e4 - (°.43 - 0-,3 i4,7) x 7- x (o,, _o7 -04)

f- /o4 Io - tL 2

- . 6i/' +-

- O. z qy, _(//

y
0, 24 5, ;



/AdESTM
Ad Snted Sys :em Ttcholngy and Mnimgement Inc.

Q' CALCULATION WORK SHEET

-

Page I9? /Subjec't.

Prepared by Checked by

UPPER PLENUM and UPPER Head - Level 15 - Level 24

(6.170 - 10.421m)

yI-)

yJ



VAd&STM
,_Advan-d Sstean Technology and Management. Inc.

yTh CALCULATION WORK SHEET

Subject: Page 'ZO/
Prepared by Nhrtl.i,. Iv

.. Y

The figure on the right is a

schematic representation of the

upper plenum and upper head

structure of the BETHSY vessel.

In the VESSEL model, it is

represented with levels L15-L24.

The elevations and lengths of

each level is listed below:

yIwe
Elevation Length

Levels (m) (m)

15 6.67 0.5
16 7.189 0.519
17 7.307 0.118
18 7.8793 0.5723
19 8.4516 0.5723
20 8.7516 0.3
21 9.063 0.3114
22 9.51625 0.45325
23 9.9695 0.45325
24 10.421 0.4515
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LEVEL 16

As shown in the figure on page •ŽO , Level 16 extends from EL6.670 - 7.189

m. twelve long thimbles go through this level (1 in cell 1, five in cell 2

and six in cell 3).
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LEVEL 17

As shown in the figure on page '2,0, Level 17 extends from EL7.189 -

7.307 m. The three hot legs are connected to the vessel in this level.

Before July 1988, three RCC tubes were used to model the RCC guide tubes.

After August 1988, one larger tube was used, which was equivalent to the

three tubes. In this VESSEL model, the single large RCC tube is split into

three individual tubes with each located in Cell 1, Cell 2 and Cel:_ 3

respectively. Sources are provided on the bottom surface on Cells i. - 3 to

connect teae three tubes. The dimensions of the RCC tubes (modeled with

PIPE component) use the dimensions of the RCC tube before July 1988 (35 ID

38 OD in mm).

The level 17 has the same internal structures as level 16 except that

Cells 1-3 each contain a RCC tube (35 ID x 38 OD in mm).

Source Card

Cells 7-9 each provide a source at Surface -2 connecting the three RCC

tubes.

*source level cell face junction

17 1 -2 445420

17 2 -2 446420

17 3 -2 447420

Cells 7-9 each provide a source at Surface 3 connecting the three hot

< 'zgs.
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Checked by_-
junction

100 * Loop 1

200 * Loop 2

300 * Loop 3

For the parameters of Cells 4 - 9 of this levels, refer to those of Cells

4-9 of Level 15 or level 16. The parameters are derived for Cells 1 - 3 in

the following.

I
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* LEVELs 18-19

As shown in the figures on page ____,, Level 18 extends from EL7.307

- 7.8793 m and Level 19 extends from EL7.8793 - 8.4516 m. By

neglecting the volume occupied by the RCC support structure, the

celJ-s :in L18 and L19 have the same parameters as the cells in L17:

CelJl 1

FRVOL 0.8367

FRFA-Z = 0.8367

FRFA-T = 0.62

FRFA-R = 0.62

HD-Z = 0.114 m

L! HD-T = 0.124

HD-R = o

Cell 2

FRVOL 0.8367

FRFA-Z = 0.8367

FRFA-T = 0.62

FRFA-R = 0.62

HD-Z = 0.114 m

HD-T = 0.124

HD-R = oo

Cell 3

FRVOL - 0.870

FRFA-Z = 0.870

FRFA-T = 0.62

FRFA-R = 0.62

HD-Z = 0.1871 m
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HD-T = 0.124

HD-R = Zo

Cells 4 - 6

FRVOL = 1.0

FRFA-Z = 1.0

FRFA-T = 1.0

FRFA-R = 1.0

HD-Z = m

HD-T = Xo

HD-R = X

Cells 7 - 9

FRVOL = 1.0

( FRFA-Z = 1.0.

FRFA-T = 1.0

FRFA-R 0.0

HD-Z = 0.052 m

HD-T = 0.062 m

HD-R = 0.0
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LEVELs 20-21

As shown in the figure below, Level 20 extends from EL8.4516-8.7516m V

and Level 21 extends from EL8.7516-9.063 mYThese two levels contain

the annular volume simulating the downcomer-head bypass (V25).

Because Ring 3 (R2 = 312mmn, R4 = 343 mm) cannot accommodate V25, V25

is modeled in Ring 4 with the fluid volume is preserved. A source is

provided on Surface 3 of Cell 10 of Level 20 to connect the external

pipe linking to the downcomer.

Source card

*sourcE! level cell surface junction

20 10 3 420400

(*210l_

-000 r2R
4IRS

I s

VII I 10R3

125 RI

8.7516 _I .U

850 3.01 . RI 1lO rrmi
8 I V11 _R2 156nn

8.458 I VI1 R3 171.5 mn
V'I R4 -10 rnrn:HI______ 8.4516 R5-250nvn



.'22
20 / 85NOTE SE'h/ILES|87-28

10022.5_j
9979.5-2-

9215.5 L V20

9063 L a9063

a900S
0 r343l

8563 L j85311 E

....L8458

hot leg
7248 . 14

3 x 0118 7148
(with an angle of 120a)

.4 pp J2QL6722

I )IJAL6170

Figure III.2.4: Upper part of the vessel

08080O23
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RCC Guide Tubes

As discussed in the notes related to Level 17 and L.X2, three identical PIPE components are used 1:o represent

the one large RCC tube at the vessel centerline. The PIPE components are connected to the upper boundary

of L16 and L23, providing a flow path between the upper plenum and upper head. The PIPE components are

based on t1 e RCC tube geometry in the 3-RCC configuration before 1988.

The PIPE component contains two cells. Some main parameters for the PIPE component are listed below:

No. of cells

dx

7
1.

( ;:1-.6 / , pat'll-e 2,8)( V y6!- 7. 15 q /0 , /.2flL B7 5h

volume K :1 ' (? T se -3tg/.;gS 7' .-=1.S 10 -

V f re ( Y ?.6'2 x ^ ffa

r .l X { z 2, 132 { 7 X -//- ,I2' (C .2f) j Kit2 I2

L PA (720,) - D- ll2~/ P,/7- -

Q
A s e-c'- Z Zf o---e 2'hS 1 ,1 i

In a.P / fa;c1 &en t
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The BETrHSY corer composed of 428 full-length indirectly heated rods
of an OD of 9.5mm. It is powered by a 3 MW power supply, i.e. a
little more than 10% of the nominal power on the BETHSY scale. L /

The heater rods consist of three wires spirally wound to a variable
pitch so as to get a step-wise cosine axial power distribution with
an axial peaking factor of 1.6W'The insulation material is boron.
nitride. And 0.6 mm thick cladding material is made of a low carbon
stainless steel. The power distribution in the core is uniform in the
radial direction. -

In determining the number of heater rods in each relative cell, at a
boundary of the cell, a rod is counted for the cell only if > 50% of *

its cross area is in the cell. Thus, it is assumed:

Cell 1 - 56 heater rods;
Cell 2 - 56 heater rods;

Q Cell 3 - 56 heater rods;
Cell 4 - 87 heater rods;
Cell 5 - 88 heater rods; and
Cell 6 - 85 heater rods.

Six powered HTSTRs are used to represent the heater rods, with each
coupled. with a relative cell. The axial nodalization and nodalization
for a single rod are shown in the figure on next page.

As the shown in the figure, 8 axial nodes are coupled with 9 levels (L6
- L13, core region). A heater rod is modeled with two regions: BN and
cladding (316SS). It is assumed that the heat is generated in the BN
region uniformly.
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Heater Rod Axial Nodalization

ELEVATION

3I-M
> 2.164

2.817
1.-1

3.339

3.861

'4.383

4.905

VESSEL
NODES LEVEL

NODE
PEAKING PEAKING

1 6

2

3

4

7

8

9

DHSTRZ (M)

* 0.653

0.522

0.522

0.522

0.522

0.522

0.393

0.232

DETAZ (M)

0.528
0.125

0.135

0.26

0.127

0.133

0.26

0.129

0.391

0.131

0.129

0.26

0.133

0.127

0.26
0.135

0.393
0.232

0.53

0.69

0.69
0.96
1.23
1.23
1.48

1.6

1.6

1.48

1.48

1.23

0.96

0.96

0.69

0.53

0.53
0

0.561

0.956

1.446

1.570

1.223

0.714

0.530
0.000

5 10

6 11&e 5.427

5.82

(6.052

C/
7

8

12

13

Radial Nodalization of a Heater Rod

R1 = 0.0

R2

R3

R4

R5

R6

R7

= 1.0375x10-3

= 2.075x10-3

= 3.1125x10-3

= 4.15x10-3
= 4.35x10-3

= 4.55x10-3

R8 = 4.75x10-3
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POWER Component

Axial power distribution:

ZPWZT and ZPWTB1 are based on the HTSTR 925 nodalization and
distribution given on Page 40/85 - NOTE SETh/LES/87-28.

axial power

ELEVATION

2.164

2.817

3.339

3.861

4.383

4.905

5.427

5.820

6.052

VESSEL
NODES LEVEL DHSTRZ (M) NODE PEAKING ZPWZT

1

2
3
4

5
6
7

8

6
7

8

9
10
11

12
13

0.653

0.522

0.522

0.522

0.522

0.522

0.393

0.232

0.561
0.956
1.446
1.570
1.223
0.714
0.530
0. 000

0.763
1.285
1.807
2.329
2.851
3.373
3.766
3.998

,/

Power decay curve

W+02 TIME W+02 TIMz
(kW) (a) (kW) (a)

2864 *30 SCRAM SIGNAL 964 123.
2864 17.0 906 153.
2720 17.6 854 199.
2578 19.0 812 273.
2434 21.5 750 373.
2290 24.0 726 423.
2148 26.8 706 523.
2005 29.7 680 623.
1862 32.6 662 723.
1750 36.0 647 823.
1550 44.0 629 923.
1385 52.0 510 1923.
1265 63.0 439 3123.
1170 74.0 ' 380 5123.
1110 84.0 340 7123.
1050 94.0 324 9123.
990 104.0 271 18123.

(Source: page 11/149 - ISP27 Final Report)

L/'
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List of POWER component input cards

******** type
power
* rnumpwr

6

*

htnum V 950
htnum 1 953

irpwty
7

num
999

chanpow
0

951 952 s
954 955 e

ndgx
0

irpwsv
1

izpwsv
1

ipwdep
0

nzpwi

* irpwtr
-440

* izpwtr
0

* ipwrad
0

* nzpwz

8
* react

0.0
* rpowri

2.864000E6
* extsou

0.0._w
*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

rdpwr *
rdpwr *
cpowr *
zpwzt *
zpwzt *
zpwtbl*
zpwtbl*
rpwtbr*
rpwtbr*
rpwtbr*
rpwtbr*
rpwtbr*
rpwtbr*
rpwtbr*
rpwtbr*
rpwtbr*
rpwtbr*
rpwtbr*
rpwtbr*
rpwtbr*
rpwtbr*
*

0.0
0.0

f l..Oe
0.000
2.219
0.00
1.223

0.0
2.720000E6

24.0
2.005000E6

44.0
1.265000E6

94.0
9.640000E5

273.0
7.260000E5

723.0
6.290000E5

5123.0
3.24000OE5

-1
tneut

0.0
zpwin

0.0
pldr
0.0
1.746746

0.0

0.653
2.741
0.561
0.714

2.864000E6
19.0

2.290000E6
32.6

1.550000E6
74.0

1.050000E6
153.0

8.120000E5
523.0

6.620000E5
1923.0

3.800000E5
1.812300E4

userid
1

ndhx
0

nrpwtb
-34

nzpwtb
1

promheat
0.0

nfbpwt
0

rpwoff
0.0 1.

zpwoff
0.0 1.

pdrat
0.0

1.746746
O.Oe

1.175
3.263
0.956
0.530

17.0
2.578000E6

26.8
1.862000E6

52.0
1.170000E6

104.0
9.060000E5

373.0
7.060000E5

823.0
5.1000OOE5

7123.0
2.710000E5e

component name
Power decay curve.

nrts
10

nrpwsv
0

nzpwsv
0

decaheat
0.0

nrpwr
1

rrpwmx
.0000OOE20

rzpwmx
.0000OOE20

fucrac
0.0

1.746746

1.697 s
3.656 e
1.446
0.00 e

2.864000E6
21.5

2.148000E6
36.0

1.385000E6
84.0

9.900000E5
198.0

7.500000E5
623.0

6.470000E5
3123.0

3.400000E5

nhist
0

nrpwrf
0

nzpwrf
0

wtbypass
0.0

nrpwi
0.

rpwscl
1.0

0.Os

1.570 s

17.6s
2.434000E6s

29.7s
1.750000E6s

63.Os
1.1100OOE6s

123.Os
8.540000E5s

423.Os
6.800000E5s

923.Os
4.390000E5s

9123.Os
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Core Baffle - HTSTR 928, 956 and 957

Three ncn-powered HTSTRs (SLABs) are used to represent the core baffle. Each coupled
with a relative cell in ring 2 and ring 3 for EL 2054 - 6.170 m (L5-L14). The coupled

cell pairs by the HTSTRs are: 4&7, 5&8 and 6&9.

Axial nodaization: axial nodes correspond to their coupling levels as follows

ELEVATION

2.054

2.164

2.817

3.339

3.861

4.383

4.905

5.427

y 5.82

6.052

6.17

DHTSTRZ
NODES MI LEVEL dhtstrz

1

2
3

4

5

6

7

8

9
10

0.11
0.653

0.522
0.522
0.522
0.522
0.522
0.393

0.232
0.118

5

6

7

8
9

10
11
12
13

14

0.11
0.653
0.522
0.522
0.522
0.522
0.522
0.393

0.232

0.118

Heat transfer length:

total area of the baffle: 9.858m2 , EL2164-5280 (p.30/85-/LES/87-28)
volume: 6.186e-3m3, EL2164-5280 (p.30/85-/LES/87-28)
thickness: 1.255e-3m3

width: 9.885 1 = 0.530m
2 3 5.280- 2.164

List of 1ITSTR 928 cards

******* type

htstr
nzhstr

10
r.opowr

1
nmwrx

0

num
928

ittc
0

plane
1

nfci
0

userid
0

hscyl
0

liqlev
0

nfcil
.0

Core
ichf

1
iaxcnd

'0

hdri
0.0113

component name
Baffle - Cells4&7

hdro
0.01435

* width

*

0.53
nhot

0
nodes

4
irftr

0
nzmax

48
hgapo

0.0

irftr2
0

* dtxht(1)
1.0

dtxht(2) dznht
10.0 1.OOOOOOE-3
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*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

jdbcin
i dbccn

hcomor.l
heomor.l
hcomor..l
hcomorl
hc omonl1
heomnonl
hcornonl
hc omon 1
hcomnonl
hcomonl
hcomon2
hcomon2
hc omon2
hcomon2
hcomon2
hcomon2
hcomon2
hcomon2
hcomon2
hcomon2
dhtstrz
dhtstrz
dhtstrz

rdxK
radrod
matrld

nf ax
rf tn

f 2e
f 2e
420
420
420
420
420
420
420
420
420
420
420
420
420
420
420
420
420
420
420
420

0.11
0.522
0.232

1. Oe
0.0

150001
f 3e
f 560.8e

2
2
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3

0.653
0.522
0.118 e

4.18e-4
150001

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

0.522
0.522

8.37e-4
150001e

_Checked by _

5e
6e
7e
8e
9e

l0e
lle
12e
13e
14e
5e
6e
7e
8e
9e

lOe
lle
12e
13e
14e

0.522s
0.393s

1.255e-3e

I
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HTSTRs for Vessel Wall

y
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Subject
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External Vessel Structures and Vessel Levels

Non sZ.7mI!t.-2I

_Page ;2 g /
_Checked by

17

I 7516

8 4516

L11 Lf

7307

LIT

7 189

2817

LiE

LU26?"

U

U
2 054

1.4

L3

I 000

UZ

pal

wz34

*-0343

V, 4S CI * o-,' r'

Y, . 1.4! a 10' P'

V. 2.1.16 I L0" el

;. ' 33.75 * tO" .'

V, * 10.50 * 10'' a'

21 1

" ' 61.3s X 10' a,

ljisj * 1O.SblD 'e'sjj." - $0.632x13r,
%-" IbS.3M3s10'.

9, . 13.57 4 lo" -Al

$v - :11.31 4 10- r'

Sli- 3>.43 4 10 '"'

V4 - 156.29 * 10' PS % ' 5Vb6.5 . WI &as

. I

42284

V44 - 21.25 6 10 , Ml

E:tSrnal
I - S1 a to" ns

Into fI5 I
F.ct a v* .S 7a % 10" nI

*j1000

Y. - 5.e6 * W' '3

S6 . * *' MI

% * 131.05 a 10' mt

ko") - 1I56.,t," a
- :oa l ss *Ifi.qh "5'

S - :6..5 * 406 rt

s... - q.:o . Ic'f 01

,* 2 9.29 a 10" v,

o 400

LI
A4-875

-0

v'. *a .40 . IC"
6 

-'

V 6.. ' A. a 10, a,
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HTSTRs - ELO.0-1 .OOOm 0(HT•7' 92o, Jy.?f

Three non-powered HTSTRs are used, coupled with each sector. The three HTSTRs have the samne
parameteri. iale oi. . *. w'' . ... ; er .T- g fllii !-:: ;

total volume:

?. gr X' t -5 334 63.4C Jo -t 4o.q e' ` = (P. 2 KIo 2
rrL -3

total area:

2g- f - -a .- 9 t I X to Ž 17.2 9 = 2..

thickness:

6 .2J6 Xo t - 2

Z= O. o r 3 7 /vL

width:

/. 194Zt z
_______ _ . , - =5. ,4 2 VL.
(f^ Ooo - O.C 3

axial nodes:

dlhf tS * ( )

I 0 40

2



VA dSTM
_/Advan ced Sys enn Technology and Alanagement. Inc.

CALCULATION WORK SHEET
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List of HTSTR 920 Cards

******I, type
htstr
*

*

*

*

nzhstr
2

nopowr
1

nmwrx
0

width
0.5142

nhot

num
920

ittc
0

plane
1

nfci
0

nodes
4

dtxht (2)
10.0

userid
0

hscyl
0

liqlev
0

nfcil
0

irftr
0

dznht
1.OOOOOOE-3

component name
PV wall 0:l.Om SEC1

ichf
1

iaxcnd
0

hdri
0.045

nzmax
3

hgapo
0.0

hdro
0.045

irftr2
00

* cLtxht(1)
1.0

*

*

*

*

�ta) *

*

*

*

*

*

*

*

idbcin *

idbcon *

hcomcnl *
hcomcnl *
numbco2 *
numbco2 *
dhtstrz *

rdx *

radrd *

matrd *

nfax *
rftn *

f 2e
f 4e

420
420

2
2

0.4
1.Oe
0.0

150001
3e

560.8e

5
5
le
le

0. 6e

1
1

le
2e

0. 0146
150001

0.0292 0.0537e
15000le

f
f
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M�A-Pfl 1,11

-. 7

HTSTRs - ELl.000-2.054m
(q2z)962 oad 963)

Three non-powered HTSTRs are used, coupled with each sector. The three HTSTRs have the same
parameters. . .. i,.;.

total volume:

5to 3

total area: C

4~ q )0-2- 2-

htickness:

5 .9 4~ Xo 3

z/?/ C4 k to -z
= 4//to o 2,

width:

/~ --44,/ --- r L

2.k~ -z 04Zoo n
-z

axial nodes:

A/ecit 5- dxt''tr2 (nl )

043-* ( 'Z y

, ,o-2oo ( L 4 )
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Subject
.Prepare
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List oE HTSTR 922 cards

**** ***

htstr
*

type

*

nzhstr
2

nopowr
1

nmwrx
0

width
0.4163
nhot

0

num
922

ittc
0

plane
1

nfci
0

userid
0

hscyl
0

liqlev
0

nfcil
0

iaxcnd
0

hdri
- 0.045

component name
RVWall-1.0:2.054-SEC1

ichf
1

hdro .
0.045

irf tr2
0

nodes
4

dtxht (2)
10.0

irftr
0

dznht
1.OOOOOOE-3

nzmax
3

hgapo
0.0

* dtxht(1)
1.0

*

*

*

L'*

*

*

*

*

*

*

*

idbcin *

idbcon *
hcomonl *
hcomonl *
numibco2 *

numbco2 *
dhtstrz *

rdK *

radrd *

matrd *

nfax *

rft:.l *

f 2e
f 4e

420 4 1
420 4 1

2 le
2 le

.854 .200e
1.Oe
0.0 0.0137 0.0273 0.041e

150001 150001 15000le
f 3e
f 560.8e

3e
4e



VAdS'TM
,,_ _!Advaaced SystemTtchnoogy and Mruagement, Inc.

CALCULATION WORK SHEET

Subject
Prepare

l4e s i bi/nil / 26 i4- -92.1 <a M I -]Page 750,
d by (k.A'PtlrpA hv

HTSTRs - EL2.054-2.164m
-. 7 -

(q64A965 ctnd

Three non-powered HTSTRs are used, coupled with each sector. The three HTSTRs1iveihe same
parameters. ... -

q66)

total volume:

? 1. 28f X trv -_ ( o .3 19 Z" - 0- 54.?) 'K (2 Z 4 - 2 .164) -covi 7 -: 6 !

total area:

thickness:

314 x 03' 4

0. IuY 47

i< ( z i64 q -2. o.D 4) - 6. 1t46 7 m2-

=. c . {// rY

width:
o. It 2. P 47

2,1{4- -2.oPt4
Y 3

axial nodes;:

NO P z- _5s c0 4 6 s-?'r e Cn )

1 0.11 (1-5)
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List of HTSTR 964 cards:

htstr
*

*

* (1'

type

nzhstr
1

nopowr
1

nmwrx
0

width
0.359
nhot

0
txht (1)

1.0

num
964

ittc
0

plane
1

nfci
0

nodes
4

dtxht (2)
10.0

userid
0

hscyl
0

liqlev
0

nfcil
0

component name
RVWall-2.054:2.164-SECI

ichf
1

iaxcnd
0

hdri
0.045

nzmax
3

hgapo
0.0

hdro
0.045

irftr2
0

irftr
0

dznht
1.OOOOOOE-3

*

*

*

*

*

*

*

*

*

*

idbc:in *

idbc:on *
hcomconl *
numbc!o2 *
dhtst~rz *

rdx *
radrd *
mat-rd *
nf ax *

f 2e
f 4e

420 3
2 le

.llOe
1.Oe
0.0 0.04886 0.09772

150001 150001
3e

1 5e

0.1466e
150001e

rftn * f 560.8e
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Subject_
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tK'~.' Wait ( 2,164 -i.i70 m) _Pa1ae; @ /
.Checked by.

HTSTRs - EL2.164-6.170m
(C?;I,q68 and q69)

Three non-powered HTSTRs are used, coupled with each sector. The three HTSTRs have the samne
parameters.

total volune:

,( (o-3qq -o.343') x (6,s7o -2,164) = o. /o7 at 3

If~

total area:

3.14 X 0 34 v (6G0 -2,16q) =- ,4 . lq4 '

thickness:

0. /v6 7
^ 0.0Co2' 'YL

width:
4. '3 q 6

y _. = 4. ; P
65. -/ _21 ,4

axial nodes:

ELEVATION (M) LEVELS
2.164
2.817 6
3.339 7
3.861 8
4.383 9
4.905 10
5.427 11
5.82 12

NODES

1
2
3
4
5
6
7
8

0.653
0.522
0.522
0.522
0.522
0.522
0.393
0.232
0.118

6.052 13
6.17 14 9
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List of HTSTR 931 cards:

htstr
*

type

nzhstr
9

nopowr
1

* nmwrx
0

* width
0.359

* nhot
0

* dtxht(1)
1.0

*

num
931

ittc
0

plane
1

nfci
0

nodes
4

dtxht (2)
10.0

userid
0

hscyl
0

liqlev
0

nfcil
,0

irftr
0

dznht
1.OOOOOOE-3

component name
RVWall-2.164:6.170SEC1
ichf

1
iaxcnd

0
hdri hdro

0.0247 0.0247

nzmax
42

hgapo
0.0

irftr2
0

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

idbci:a
idbco:a

hcomonl
hcomon.L
hcomonL
hcomon;L
hcomon'L
hcomonL
hcomon'L
hcomonL
hcomon'L
numbco2
numbco2
numbco:'
numbco:'
numbco,'
numbco:'
numbco;!
numbco,!
numbco,!
dhtstr.:
dhtstr,:

rdx
radrd
matrd
nfax
rftrL

f 2e
f 4e

420
420
420
420
420
420
420
420
420

2
2
2
2
2
2
2
2
2

0. 653
- 0.522
1. Oe

0.0
150001

f 3e
f 560.8e

3 1
3 1
3 1
3 1
3 1
3 1
3 1
3 1
3 1
le
le
le
le
le
le
le
le
le

0.522 0.522 0.522 0.522s
0.393 0.232 0.118e

6e
7e
8e
9e

lOe
lle
12e
13e
14e

0.03029e0.010097
150001

0. 02 0193
15000le

y~,v



/AdS'TM
AdvanadSSyslem Tetbologyand Muanagement, Ic.

f

y)w*; CALCULATION WORK SHEET

Subject.
Preparec

0 i IA/ AII (` /,./7 - 7. IA"? in I IPage , q , /
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TSTTTRs - LT6.170-7.1 89m
(.q. , 7 nd 972)

Three non-powered HTSTRs are used. coupled with each sector. The three HTSTRs have the samne
parameters. . . . ., ._-

total volume:

4 X~ ( o,@q q 0.- @8 32') X ( 7.v7'-6.07o) - to,f to - ? 7, Y7 -.c7? o: .o3?zq'1 mn3
7. /-7.,73

total area:

th ic k n e3 s ( 7.IsI - G :70 ) / o 7f P-

thickness:

O. 0 ?2 93

/. c'>7f- 6. o ' In

width:

7,lg - 4.,7t 3

axial nodes:

ELEVATION (M
6.170
6.670
7.189

LEVELS

15
16

NODES

1
2

0.5
0.519

\y4
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�.Y

HTSTRs - L.7.1 89-7. m... .. \v ,, . vo , . . ...

(c 36. 974, 91s)
Three non-powered HTSTRs are used, coupled with each sector. The three HTSTRs have the samne
parameters. ' - .. . .- . .. . ^ .

total voluine:

/P. AX X to X 0./?,: .

O.
q,~ S4k7 1'1 9/Y

total area:

3q.03 X lo
-2 o-IIE

o ---

o. - -So = o ./ /,77, 7 7

thickness:

o0. ,,- 77f
- o. 0 o S-7 7 n

width:

LI . / /Sf 7 I

o . It 8
0a - 27 "2

axial node;:

ELEVATION M
7.189

LEVELS NOD-ES DHTSTR (M)

7.307 17 1 0.118
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Subject,
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I/10 C 1 /4/,? // 2, ?c 7 - g/ Pa1 ,e 29/
d by IChecked by

HTSTRs - EL7,307-8.4516 m
( q37. q 7C Mindq71)

Three non-powered HTSTRs are used, coupled with each sector. The three HTSTRs have the sane
parameters. -

total volumne: ( 7. L23 - 7.3c 7 J x (o.4 o 2 - o )4522 ) +(e?.457 - 7.42') 7 4 -° 3074: ' ( 0 4 Oq- k Z

= O. 03&c7/ (/" )

total area: ( 7.4'23 - 7. t7) -< )C.4 xo I t (P. 44 - 7.F23) K3.14 °.o5' I

** ( S.4'r-,( - 7.3 7) 0. 34 - 2. 592 4(ly n)

y thickness:
0-05' ° 7 1

_.3?z4 2 - O. 0 2 q 4- M5

width: - x
2.S8924 /2

8. 6t -7. o -7

axial nodes;:

ElEVATION (M)
7.3070
7.8793

8.4516

LEYELS

18
19

NODES

1
2

0.5723
0.5723 i Z .) rctp -c
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Prepared by U.W.T

HTSTRs - EL8.4516-9,063m

(93J q7q cwd q'c)
Three non-powered HTSTRs are used, coupled with each sector. The three HTSTRs have the same
parameters. '1 .. L. .

total volume: 4/.70/ X ( -3-

= o.o2S¼, '@

total area:

63.:3 5xto 4 9' +(.6 3)(5./47 -c13)

-7- 4 6 ,o2 X /0 ^2

= /. o 7P 2I

thickness:

4- e). 7X t 8,I ( iI
+ 0-o. 0i3)

O~. O>2dSo/

,. 0o07

7

1. 5-6~7

= O.o?7624a /n

width:
,z 2

13 9 63-3-6-
= S0.4 t/X -<-r

axial nodes.:

ELEVATION
8.4516

8.7516
9.0630

LEVELS

20
21

3
4

0.3
0.3114

.
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*uyA11.
_ _ Vl

�11%1�� UY

As shown in the figure below, three groups of HTSTRs are used to represent the upper head structure:
EL9.063-9.5163, EL9.5163-10.421 and the top of the vessel.

£LI0736

V1 * 1s.560Oed' ml Su * 16.432.10-' a'

110343

V, , 36.04'1o0 at S2 - 117.5talo ft'

y
3

L9PS5.5
V* . 27.376s1,0" ml

69169

61752.y151"o .a

- 21t.1 41uto' as

s. - 1.177210' a'

RV Head HTSTRs EL9.063-9.5163m
(4q39, 982 itad 93)

Three non-powered HTSTRs are used, coupled with each sector. The three HTSTRs have the sarme
parameters.

total volume: o 1_ -g ./-g _- 9 + 27.7 6xe t -r 2.637Sx)( i - (P 47 06?

= {. I-O .t L

total area: I/ Y / -22 9 ,,6 3ff- S t
0 c? 7 t- ? 7? x o2t + ., x K93r(f /-7^ ?

llt ~ - 52~-I 2C p 2
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.Checked by.

thickness:

, 5/ Io -2

0.52 q26
- O. / C<L/ ;,qt

width
0,. -2 92.6

X i - O.3 @3992 14

axial nodes

ELEVATIONM LEVELS
9.0630
9.5163 22

NODES

4 0.4533

y
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,

Checked by _
RV Head HTSTRslFL9.5163-10.421ml

(qqo, qgr. 'j76)
Three non-powered HTSTRs are used, coupled with each sector. The three HTSTRs have the same
pararneters. (- n - - .. , -7 .: ,

total volume:
+14 e( x3 2- 0 e- o=) x (/o.tf2/ - 9- 6;3) = 0,o2 .7' C& m3(0

total area:
3, 1 4 X o.@ 38 x ( 10.421 - 9 S/4'3) = / o 7 9 ) ,n 1

Ythickness:
0. o 28 7,(-02

- -o.o 2'-"9 t
, .o7 !-

width
J. 0 79? t

_ _ X

( /°. gel - F. 5-le 3)
_ o. 777 7Iq

axial nodes

ELEVATION (M)

9.5163

9.9665

10.421

LEVELS

23
24

NQDES

4
4

0.4502
0.4545

y
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RV Top
. y

A total of 12 non-powered HTSTRs are used to represent the RV top structure, coupling with Cells 1-12 of
Level 24. :n the following, parameters are derived for the HTSTRs coupled with Cell 1, 4, 7 and 10 (in
sector 1).

HTSTRs coupled with Cells 1-3 ( H TSTh 9 F 7, 9 gg an cd q )

thickness: , , ,

area: / _ ,1 x o. 2 /.o 96 7x lo mz

width:

y o./ <,,

dhtstrz:
0. /

= /- 0 1 ' 7 X lo -' m

HTSTRs cDupled with Cells 4-6 ( IITS.TP qqo, 99/ opd 9 q 2)

thickness:
0. 0 01r /z

y :T ) ( O. gt z o, 2 ) = O. 0/r Inarea:

width:

dhtstrz:

(0.', 2 -0.2 )

2

a. 0/L

- _'

- o.c., /'L

y -~0 O2 (?79~y it;7 "
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HTSTRs coupled with Cells 7-9 ' qq3, qq4 an d qq.)-)

YPage ;06 /
.Checked by

thickness: o -,~ ~- n-

area: T x F x I D. -4 - 0-3t 2 ) =- P hi r , 3 m 2

width:
o ,2 o.? /2

2

.r./?l x /0- 3dhtstrz:

0 .0/ tr-P

y HTSTRs coupled with Cells 10-12 ( p7T•T. Iq , q9 q7 cL7d 9 9k)

thickness:

area:

oo6P 

m)

7 x ;4 x (o .......0 0 " o . _ jL ?W ) _. c. c',

width:
0. ¾'o -o. L93

= 0.01fsn1

dhtstrz:
0. o e 7

cv. VIP g
= o.37S37 In
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HTY5TR-5 -' 7,', kePads _PaE;e 3° /
_Checked by

-

No[Qn-Powered HTSTRs for Tie Rods

The 8414mm tie rods are lumped into three non-power HTSTRs with each located in each of relative
cells 7, 8 and 9.

HTSTR_ /0 , //,and

volume:
o.4LZ96W /o 3 -- z.o37xio 3 = 2 .z2q6 X 'lO n I ( P 2/ 8-/L aS/ 7 -28)

area: 2.52 6- .3 o.SI,' 7 = 0.7227 inv

Y':
thickness:

= ;. o3 s_
o0 7, 27

width: a- 7 2 7
71 -J9
_______

' ,,'-J
_ 0.'7,Pft i

axial nodes:
ELEVATION M LEVEL

0.400 1
1.000 2
1.854 3

NODES
1
2
3

DHTSTRZ(M)

0.400
0.600
0.854

2.054 4 4 0.200



vdS TM
A/ Advs d Systs Tecbno logyand Mmagement, Inc.

CALCULATION WORK SHEET

Subject -
Prepared by

A'TSTS far t/A/ss (tL0.;oo-2.0Zm) Yag e -3 02fi1
h-UrAS So,uVY -

Non-Powered HTSTRs for Thimbles (EL0.400-2,054)

Since most of thimbles are in Ring 1, the thimbles are lumped into three identical non-powered 11TSTRs
with each located in relative Cell 1, Cell 2 and Cell 3 respectively.

HTSTRL . /4( and IS:

volume

/.7&67xIo- 3 (p29/8.•-f, / T1 /zC~/cFs7 2 }2

area

/. 0~o 0o /K. 2

y,
thickness

/. 7~6 7 x o-'

/. o 6
/I; , /0-

width

/. a eD / I

_2u- x/06 3 =0C

axial nodes
ELEVATION (M) LEVEL

0.400

NOEQS DHTSTRZ (M)

1.000
1.854
2.054

2
3
4

2
2
3

0.600
0.854
0.200

y
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Non-Powered HTSTRs for Thimbles (EL2.054-5.820m)

Since most of thimbles are in Ring 1, the thimbles are lumped into three identical non-powered 1HTSTRs
with each located in relative Cell 1, Cell 2 and Cell 3 respectively.

HTSTR Ib 1 i7 and 'I g:

volume

0. ZVcqK IO -3 + 6-617 xi 0-3 - 6 Si/74 flo7 M ;2 (P. >2o/s8( - 1s-triL,-,51,7-z01)

area

Y thickness

o.,zSO t 3.q 7cI - T 2-

&.SD+ xku-7
_ - /. 6 -S / lo- / M
4. it7 3

width

- .L // 73.7 - _

2 z - z.o.r7
3 r .3 ;43 rvL

axial nodes
ELEVATION (M) NODES PHTSTRZ(M) LEVEL

2.054
2.164
2.817
3.339
3.861
4.383
4.905
5.427
5.82

1
2
3
4
5
6
7
8

0.11
0.653
0.522
0.522
0.522
0.522
0.522
0.393

5
6
7
8
9
10
11
12
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HTSTRs for InteeaLsbtween EL5.820-6. 1 70m

The internals between EL5.820-6.170m are lumped into three non-powered HTSTRs with each located in
relative Cell 4, Cell 5 and Cell 6 respectively. ( 5[ T/i/e 7f-/ -2 Gt)

HTSTR_ /0, 24 and__

volume _ 775'9 7XXI - X o 9.S ) ;.2 - &

- 4=7,25 x/o "1@

area - 3.6/o - 428 , 349 r (9S-e -3) X (c6.ez -5 .8 )

= 0.64S IYL2

thickness
7.2-5q d O

_= 1,11?xte
0.6,?,F

trL

width
o. L4' S

x _L = o. 6t7
.,7o - g8zL)

axial nodes
ELEVATION (M

5.820
6.052
6.170

NODES DHTSRM) LEVEL

2
2

0.232
0.118

13
14
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HTSTRs for Guide Thimbles/RCC between EL6.170-9.9665r

The guide thimbles, RCC, and RCC support structure between EL6.170-9.9665 are lumped into three identical
non-powere.d HTSTRs located in relative cells 1, 2 and 3 respectively.

HTSTR ', Ž- and 2- : D

volume
-3 -..- ~- . -- I

0-3 5-5-6x o- 3 + 3.2dT X10 40.qz KI 6 0'60o

c.J=~e ofL1L4 J /Of L&5/7-Z,

1,area
0. 213 q- t 2 3?- 0 t C'. .5-8 =- .I2? q-z M.2

)

<I thickness
Lh6oS1 10

?. 922t 9- = t-47< /to

width

,3 .O / 2- 4 L
q.q9G 17 3 °' 0-7/41~ t -

axial nodes

ELEVATION (M
6.17
6.67

7.189
7.307

7.8793
8.4516
8.7516
9.063

9.5163
9.9665

NOES ~DHTSTRZ(M) LEVEL

I
2
3
4
S
6
7
8
9

0.5
0.519
0.118

0.5723
0.5723

0.3
0.3114
0.4533
0.4502

15
16
17
18
19
20
21
22
23
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HTSTRs for Separation between Upper Plenum and Upper Head

The figure below shows the separation structure between the upper plenum and the upper head. 1-ITSTRs are
designed to model the top (1), the shell (2) and the bottom (3).

usn

L23

side 2
'.51,3

9969 5 V - M75513 s

V. - 2,79%.is)n'1

%S - 1X- 110:1.1

Sw1 - 1. Ill, 10"',

-' 54.S1.It'sa

%.7 -. 7.265n10 'FI

5,, * 2. P- 1"n'

S.,-It I tt. I 0,1 n'
V, - *.515.10' rId

9-L063

HTSTRs for Top Separation Plate

There non-powered HTSTRs are used to represent the separation top, coupling with Cells 1-3 of Level 23
and 24.

HTSTR _ r, any , and 2,

thickness:
0. 0 / ' AML

area: I ;L 0- 2.
~ 1,2F-, O = 2-

width:

o./ir.

dhtstrz:
/- o4-. / X & -2

0 -- -. /.1 7
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HTSTRs for Separation Shell

Page /

There non-powered HTSTRs are used to represent the separation shell, coupling ring I and ring 2 of Level
22 and Level 23.

HTSTR L. 9 , and ° :

thickness:
0.00o, bt

area:

width:
.:) V 3.14- X-0- 0. Z e - &.03 a*

Axial nodes:

dhtstr? (m)

0. ;r 32 (,L22)l

2 6. 'Z o 2 (Z2S )
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HTSTRs for Separation Bottom Plate

The separation plat is treated as emerging in ring 2 of level 22. Three HTSTRs are coupled to Cells 4, 5 and 6.

HTSTR I_, I , and . T :

volume:

--34.D� )(10 rnK

area:

18.7o x1iO zn

(.,, ickness:

/0.70 )e tO-'A.
= 0.04281 'fl

width: I-7 xo o 02/
3 = o.o6 I r

d 9st1r6 3 -4- o 6 ? = o ; r I Mdhtstrz: ( plane =t)
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Internal Wall of the Annular Downcomer-Head Bypass

As shown in the figure below, three non-powered HTSTRs are used to represent the structure 1, which couple
ring 2 and ring 4 (pl. refer to notes for Level 20 and level 21.

F,

8.1 .

M

g

j 9147

4External
part. VU - 4S.01 10' =I S 61.35 1 10-2 n2

I nte rvaI_ ~
partL 8.65 a 10' jM Su(Latj S 40.63xlO-m'2z

48563 - it 46.02%10 3ts

-Vu 2.384 r 10" n' St 10.57 x 10"2 n0

HTSTR iL 4 , '3 5 ,and __ _

volume f ,

area 440-63 + 4 6. 0 PCI2
= '6 .a-? 35 -S M I

2-

thickness

width

8.qS ) (o 3

0 3 4.3 Z 5

q o &- - 8 401 4

:- 0olo9s rn

1. 2362 Z_.
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axial nodes

ELEATON(M)NOESDHTSTRZ (M) IFV~8.4516J LEVEL
8.4516
8.7516
9.0630

1
2

0.3
0.3114

20
21

K?

kVI
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The BETHSY facility consists three identical SGs. The SG will be modeled with an assembly
of PIPS and TEE components. FILL components are used to represent the Main Feedwater and
AUX Feedwater systems. The nodalization for the SG is shown in the next page. I includes
(SGl):

PIPE 105 - U-tube
PIPE 150 - Boiler
TEE 151 - riser/steam separator/steam dome
TEE 155 - downcomer
TEE 152 - "feedwater pipingf
FILL 170 - main feedwater
FILL 180 - AUX feedwater

The HTSTRs are not presented in the diagram. The HTSTRs for the SG1 include:

HTSTR 604 - PIPE 105
HTSTR 605 - PIPE 105 and 150
HTSTR 606 - PIPE 105
HTSTR 607 - PIPE 105
HTSTR 650 - PIPE 150
HTSTR 651 - PIPE 150

/,>TSTR 653 - PIPE 150
<SdTSTR 654 - PIPE 150

HTSTR 652J - TEE 151-
HTSTR 655 - TEE 151/155
HTSTR 656J - TEE 151
HTSTR 657J - TEE 151
HTSTR 658J - TEE 151
HTSTR 659 - TEE 151/155
HTSTR 660 - TEE 155
HTSTR 661 - TEE 155

The SGl decks will be obtained from modifying the SG1 decks of an ISL deck- According to
the SG nodalization, the TH components and the HTSTRs/SV definitions associated with the
TH componentIs need to be modified are listed below:

PIPE 150
PIPE 155
FILL 170
FILL 180
HTSTR 652
HTSTR 655
HTSTR 656
HTSTR 657
HTSTR 658
HTSTR 659
HTSTR 660
HTSTR 661

( 'T,1

q J5

2



/AdS')TM
A vanced Sytems Tecbology and Management, lnc.

i CALCULATION WORK SHEET

Subject IPage R)l) /
Prepared by
SV137
SV138
SV139
SV140
SV141

Checked by

In the following discussion, a quoted component refers to a component in the XSL
reference deck. For example, "PIPE 150" refers to a PIPE component in the ISL deck, while
PIPE 150 is a component in this new SG model.

!
BETHSY SG Nodalization Diagram

3
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PIPE 150 - SG BOILER

The boiler section of SGl is represented with PIPE 150 as shown in the nodalization
diagram. PIPE 150 corresponds to CELLs I - 7 of "PIPE 150". The leakage path at CELL . of
"PIPE 150" is repaced with a junction.

******* type
pipe
*

num
150

nodes
0

userid
1

junl
155150

component name
tubebun

epsw
4.57000OE-5

ncells
7

jun2
150151

(junl connected to downcomer TEE 155; un2 connected to riser/separator/steam dome - TEE

151)

* nsides
0 -'

(eliminatinq sjuns of "PIPE 150 N)

* ichf
0

radin
C. 0

to.tv
0 .0

iconc
0
th

0.0
powin

0.0

iacc
0

houtl
' 0.0

powoff
0.0

ipow
0

houtv
0.0

rpowmx
0.0

npipes
1

toutl
0.0

powscl
0.0

(data arrays below taken from those for CELLs 1-7 of 'PIPE 150")

*

*

*

*

*

dx
dx
vol
vol
fa

*

*

*

*

0.025
2.244

1.43900E-3
0.129173

2. 5761E-2

0.505
1.132

0.02907
0.065162
0.055277

1.7305
2.922e

0.099614
0.168201e
0.011291

2.244s

0.129173s

0.0214s

(fal - area of J8, p51/85 of Note SETh/LES/87-28)

*

*

*

*

*

*

fa
fric
fric
rfric
rfric
gray

*

*

*

*

*

*

0. 0214
4.OOOOOE-3
6.52763E-6
4.0000OE-3
8.52763E-6

0.0

0.0214
0.0

1.13365E-5
0.0

1.13365E-5
1.0

0. 0214
1.71201E-5
9.44055E-6
1.71201E-5
9.44055E-6

1.0

0.065778e
9.62939E-6s

O.Oe
9.62939E-6s

O.Oe
1.Os

(gravl=0, horizon al flow at Si)

* grav *
* hd *

1.0 1.0
0.038272

1.0
0.038272

1.Oe
0.038272s0.02

-(hdl - hd of J8, p51/85 of Note SETh/LES/87-28)

P thd * 0.038272 0.038272 0.038272 0.328e

4
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* nff
* nff
* alp
* alp

* V1
* vl S

* vlv* w s

* tl s
* tl s
* tv I
* tv I
* p a
* p I

* pa I
* pa I

Page a,,

#I

f*

Pr

Pr

Pr

Al

Pr

Pr

Pr

Al

1
1

0.0
0.276991

0.0
0.946871

0.0
1.395357

555.84342
558.567617
558.836225
558.474942
6.982057E6
6.944952E6

0.0
0.0

1
1

0.0
0.3145

0.310822
1. 091659
0.31416

1.464617
556.854557
558.480269
558.816709
558.38403

6.980045E6
6.935728E6

0.0
0.0

1
1

0.022237
0.300332e
1.526117
1.144042
2.093682
1.608429

558.780398
558.353771e
558.734072
558.278491e
6.971593E6
6.924833E6e

0.0
O.Oe

_Checked by
is
le

0.156485s

0.826293s
0.360952e
1.564165s
0.72111e

558.696394s

558.604862s

6.958258E6s

O.Os

5



1 ;fAld,VTM
Advanced S eona Technology and Management, Inc.

) i J.- CALCULATION WORK SHEET

Subject gPage;I'
Prepared by Checked by

TEE 151 - SO RISER/SEPARATOR/STEAM DOME

The riser/sfeparator/steam dome section of SG1 is represented with TEE 151. The xaain tube
of TEE 151 corresponds CELLs 8-12 of "PIPE 150" and its branch tube corresponds CELLI of
"PIPE 155". The input cards for TEE 151 are listed below along some notes.

******* type

tee
num
151

nodes
0

userid
1

ichf
0

component name
SG riser

cost epsw
-1.0 4.570000E-5

jcell
4

(the branch tube of TEE 151 is connected to CELL 4 and parralel to its main tube - cost
=-1. 0)

*
(|I*L

iconcl
0

rad..nl
0.0

tout:v1
. 0

icorc2
0

ncelll
5

thl
0.0

pwinl
0.0

ncell2
1

junl
150151

houtll
0.0

pwoff 1
0.0

jun3
151155

j un2
160

houtvl
0.0

rpwmxl
0.0

ipow2
0

ipowl
0

toutll
0.0

pwscll
0.0

(jun3 connects the downcomer TEE 155, eliminating the sjun between "PIPE 150' and "PIPE
155'Y.)

radin2
0.0

toutv2
0.0

th2
0.0

pwin2
0.0

houtl2
0.0

pwoff2
0.0

houtv2
0.0

rpwmx2
0.0

toutl2
0.0

pwsc12
0.0

* ient:-n
0

(data arrays for the main tube taken from those for CELL 8-12 of "PIPE 150')

* dxl *

* dxl *

* voll *
* voll *
* fal *

* fal *

* fricl *
* fricl *
* rfricl*
* rfricl*
* gravl *
* gravl *
hdl

<-i hdlI

0.158 1.38625
0.4e

C. 010393
C .13404e
0.065778
0.502655

0.0
0.0

1.38625

0. 06754

1. Cls

0..54287s0.06754

0.048695 0.048695 0.048695s
1.14000E-3e

0.0 8.98106E-5 1.00963E-4s
5.01316E-3e

0.0 0.0 8.98106E-5 1.00963E-4s
0.0 5.01316E-3e

1.0 1.0 1.0 1.0s
1.0 1.Oe

0.328 0.249 0.249 0.249s
0.8 0.0381e

6
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* nffl *
* nffl *

* alpl *
* alpl *
* v11 *

* v11 *

* v11 *
* vl *

* vv1 *

* vv1 *

* tll *

* tll *

* tvl *

* tvl *
*pl *

* p *

* pal *

* pal *

_Page A/7 /

1
le

0.307636s
0.307983
0.360952s
0.492428

12.669283e
0.72111s
0.959652

12.709974e
558.25639s
558.175574
558.188664s
558.160611
6.916838E6s
6.912828E6

O.Os
0.0

1 1 1
_Checked by.

Is

1.Oe0.306043 0.856605

0.492493 0.490948 -0.269534s

0.962023 0.971902 0.033683s

558.105506

558.090166

6.905675E6

558.055534

558.050044

6.901367E6

558.042375e

558.042304e

6.90057OE6e

O.Oe0.0 0.0

f-

(data array., for the branch tube taken from those for CELL 1 of "PIPE 155')

* dx2 * 0.3375e
vol2 * 0.14922e

r fa2 * 0.44915 0.09648e
* fric2 * 0.0 6.35264E-5e
* rfric2 * 0.0 6.35264E-5e
* grav2 * -1.0 -1.Oe
* hd2 * 0.539 0.176e
*

*

*

*

*

*

*

*

*

nff2 *
alp2 *
v12 *
vv2 *
t12 *

tv2 *
p2 *
pa2 *

1 le
0.890228e

0.257453 1.570779e
-9.02931E-7 -1.79623e
:558. 057141e
!;58.079787e
6.902283E6e

O.Oe

(.o

7
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TEE 155 - SG DOWNCOMER

tee
*

type

jcell
2

num
155

nodes
0

userid
1

ichf
0

component name
fwdinlet

cost epsw
0.0 4.570000E-5

(Cell 2 - feedwater in, eliminating the two sjuns of 'PIPE 155")

* ico..acl
0

ncelll
9

junl
151155

jun2
155150

ipowl
0

(the main tibe of TEE 155 corresponds to Cell 2 - 9 of "PIPE 155'. CELL
is spilt into two cells - CELL 1 and CELL 2 of TEE 155)

2 of "PIPE 155'

*

*

f~'jun3

t*J

*

*

rad:nl thl
0.0 0.0

toutvl pwinl
(1.0 0.0

icorLc2 ncell2
0 1

connects feedwater line)

houtil
0.0

pwo ff1
0.0

jun3
152155

houtl2
0.0

pwoff2
0.0

houtvl
0 .0

rpwmxl
0.0

ipow2
0

houtv2
0.0

rpwmx2
0.0

toutll
0 .0

pwscll
0.0

toutl2
0.0

pwscl2
0.0

radin2
0 .0

toutv2
0.0

ientrn
0

th2
0.0

pwin2
0.0

(data arrays for the main tube are taken from those for CELLs 2-9 of "PIPE155')

*

*

*

*

*

*

*

*

*

*

*

*

dxl
dxl
dxl
dxl
voll
voll
voll
voll
fal
fal
fal
fal

*

*

*

*

*

*

*

*

*

*

*

*

0.778
1.9815
1.7912

0.025e
0.07683

0. 06336
0.010453

, . 03500E-3e
0.09648

0.030415
E.83600E-3
'E.83600E-3 :

6.35264E-5 0
1.35531E-5 1

0.0
2.37309E-5 4
6.35264E-5 t

1.655s
1.7912s
1.7912

0.16345
0.010453s
0. 010453

0.09648s
5.83600E-3s
5.83600E-3
2.5761E-2e
Os
.14242E-5s

0.0

4.00000E-3e
).Os

1.7912 1.7912s

0.010453 0.010453s

* fricl *
* fricl *
* fricl *
* fricl *
* rfricl*

f- rfricl*
< pyrfricl*

5.83600E-3

0.0

0.0

5.83600E-3s

O.Os

O.Os
1.35531E-5 1.14242E-5s

0.0 0.0

8
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* rfricl*
* gravl *
* gravl *
* gravl *
*hdl *
* hdl *
* hdl *
* hdl *
* nffl *
* nffl *
* nffl *
* alpl *
* alpl *
* alpl *
* alpl *
* v11 *
* vll *

* v11 *

* v11 *
* vvl

* wl *

til *
* tll *

* tJ. *
* tll *

* tv3 *

* tvl *

* tvl *

* tvl *

* pl *
* pl *
* pl *

* pl *

* pal *

* pal *

* pal *
*

*P.age I/
_Checked by.

2.37309E-5
-1. 0
-1. 0
-1. 0

0.176
0.05983
0.0431
0.0431

1
1
1

4.54714E-4
0.0

0.0
O.Oe

1.570779
0.564434
2.943122
2.943677

4.OOOOOE-3e
-1.0
-1.0
-1.0

0.176s
0.0431s

0.0431
0.02e

1
1
1

-1. Os
-1. 0
0.Oe

0.0431

is
1
le

0.0431s

Is

4.54714E-4s
0.Os

0.0 0.0 0.Os

1.570779s
2.942795s
2.943366

O.Oe
2.943538 2.943641s

()1 .79623
(0.495 005

0.495005s
2.940261s

2.940151
2.940724

555.770973
555.782226
555.788842
555.801926e
558.125203
558.287872
558.472885
558.837641e
6.909074E6
5.925691E6
65.944669E6

6.982203E6e
0.0
0.0
0.0

2.940401
0.Oe

555.770973s
555.785093s
555.792581

558.125203s
558.368069s
558.577287

6.909074E6s
6.933912E6s
6.955396E6

2.940578 2.940684s

555.796313

558.681345

6.966100E6

555.80004s

558.785134s

6.976790E6s

O.Os
0.0
0.0
0.Oe

0.Os
0.0

* x2 * 0.5 e
* vol2 * 2.6533E-4e

vol2 = 0. 5x --14 x O. 0262 = 0. 000265m3
4

(feedwater inlet diameter = 0.026m)

* fa2 * f 5.3066E-4e

a2 = ' xO.0262 =0.000531m2

4
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Prepared by - Checked by

* fric2 * 6.35264E-5 0.0 e
* rfric2 * 6.35264E-5 0.0 e

The fric2/rfric2 values have no bearing on calcuation since the feedwater flow is
controlled by FILL170 or FILL180

* grav2 * 0.0 O.Oe
* hd2 * 0.026 0.026e

feedwater line inner diameter = 0.026m

* nff2 * 1 le
* alp2 * O.Oe
* v12 * 1.16065e

mass]lowrate 5.210289e - I
v12 = = -= 1.160653

density.flowarea 8.459e + 02- 5.3066e - 4

* w * 0.0 O.Oe
* t12 * 493.15e

Th tv2 * 493.15e

feedwater temperature = 493.15F

* p2 * 6.930E6e
* pa2 * O.Oe
*

(,,,~
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Subje ct ]Page 41 /
Prepared by NhPr>>A hv

luy,

TEE 152 - FWD PIPING
U'y

TEE 152 is created to
cell geometry data of
paramenters; are taken

provide connections to feedwater in (FILL 170 and FILL 180). The
TEE 152 are taken from the side tube of TEE 155 and TH initial
from those for "FILL 1700. The input cards are listed belcmw:

tee
*

*

*

*

*

*>

*

type

jcell
2

num
152

nodes
0

dxl
voll
fal
fricl
rfricl
gravl
hdl
nffl
alpl
vll
vvl
til
tvl
pl
pal

iconcl nce.
0

radinl
0. 0

tou vl pwi
1). 0t

iconc2 nce'
0

rad:in2
(.0

tout:v2 pwi
(.0

ient:rn
0

* i 0.5 0.5e
* f 2.6533E-4e
* f 5.3066E-4e
* f O.Oe
* f O.Oe
* f O.Oe
* f 0.026e
* f le
* f O.Oe
* f 1.16065e
* f O.Oe
* f 493.15e
* f 493.15e
* f 6.930e6e
* f O.Oe

11i
3

:hl
0.0
Lnl
0.0
112

1
:h2
0.0
Lin2
0.0

userid
1

ichf
0

juni
152155
houtil

0.0
pwoffl

0.0
jun3
185

houtl2
0.0

pwoff2
0.0

houtv2
0.0

rpwmx2
0.0

toutl2
0.0

pwscl2
0.0

component name
fwdline

cost epsw
0.0 4.570000E-5

jun2 ipowl
175 0

houtvl toutll
0.0 0.0

rpwmxl pwscll
0.0 0.0

ipow2
0

* dx2*
* vol2 *
* fa2 *
* fric2 *
* rfric2*
* grav2 *
* hd2 *
* nff2 *

( alp2 *
C 'v12 *

0.5e
.!.6533E-4e
i. 5.3066E-4e
6.35264E-5 O.Oe
(6.35264E-5 O.Oe
i 0.Oe
i 0.026e
f le
f O.Oe
f O.Oe
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* wv2 * f O.Oe
* t12 * 493.15e
* tv2 * 493.15e
* p2 * 6.930e6e
* pa2 * O.Oe

/-

(%jJ
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_Page
d by f'Url-I-A hvU,

FILL 170 and FILL 180

DXYN and VCLIN of "FILL 170" and "FILL 180" are modified to be consistant with 5EE 152.

******* type
fill
* junl

175
* iftr

-450
* twtold

0 .0
* dxin

0.51.0
* ?pin

6.93 De6
* vmscl

1.0
* vmtbm
* time

0.0

5 .0

num userid
170 170

ifty ioff
8 0

ifsv nftb
1 -2

rfmxv concin
lO.Oe8 0.0
volin alpin
2.6533E-40.098755
pain flowin
0.0 5.210289e-1

vvscl
1.0

component name
main feedwater

nfsv
0

felv
0.0

vlin
0.0
wvin

0.0

nfrf
0

tlin
0.0
tvin

493.15

493. 15 I

mass flow rate
5.210289e-1 s

0.0 e

fill
type

*

*

*

*

*

*

*

jUnl

185
iftr

0
twtcld

0.0
dxin
.5g4.-
pin

6.930000E6
ifmlsv

-126
ifosv
184

num
180

ifty
10

ifsv
0

userid
1

ioff
0

nf tb
0

rfmx concin
1.00000OE9 0.0

volin alpin
0.0987--552.6533E-4
pain flowin

0.0 0.0
ifmvsv iftlsv

180 181
* ifpasv ifcnsv

185 186

component name

nfsv
0

felv
0.0

vl in
0.0

wvin
0.0
if tvsv

182

aux feedwater

nfrf
0

tlin
0.0

tvin
0.0
ifasv

183

307.150 1

*

-, I
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Update SV definitions

* SG1 steam flow rate
10 69 151.G 614 0

* SGl pressures
:L53 21 1514 414 0

* SG1 mass inventory
:137 76 15-1 &1 0
:38 76 151G @2 0
:.39 76 151 443 0
:.40 76 151- G4 0
:.41 76 1514 405 0

14
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HTSTRs of SG1

The nodali2ation of HTSTRs to be modified as listed above has no changes except for HTSTR
655. HTSTR 655 currently uses 4 axial nodes to accommodate TEE 155. Input cards are
listed belcw are those modified HTSTRs.

HTSTR 652

******* type
htstr
*

*

nzhstr
1

nopDwr
1

nmpvrx
0

nhot
0

num
652

ittc
0

plane
1

nf ci
0

nodes
4

dtxht (2)
10.0

userid
0

hscyl
1

liqlev
0

nfcil
0

irftr

dznht
1.OOOOOOE-3

*

component name
SG1 Boiler upper flang

ichf
1

iaxcnd
0

hdri
0.027515

nzmax
4

hgapo
0.0

hdro
0.027515
irftr2

0
*

* dtxht(1)
:..0

*,x

*

*

*

*

*

*

*

*

idbcin *

idbcon *

hcomonl *

numbco2 *
dhtstrz *

rdx *
radrd *
matrd *

2e
4e

151
2

0.158e
1.Oe

0.164
150001

1
le

0 Oe

0.217571e0.181857 0.199714
150001 150001e

nfax * 3e
rftn * 558.261163 558.279839 558.292165 558.296375e

HTSTR 655

******* type
htstr
*

*

nzhsi:r
4

nopowr
1

nmwrx
0

num
655

ittc
0

plane
1

nfci
0

nodes

userid
0

hscyl
1

liqlev
0

nfcil
0

irftr

*

component name
SG1 upper cylinder she

ichf
1

iaxcnd
0

hdri
0.249
nzmax

12
hgapo

0.0

hdro
0.261

irftr2
0

* nhot
0

* dtxht (1)
1.0

4 0
dtxht(2) dznht

10.0 1.OOOOOOE-3

kGavl idbcin * f 2e

15
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* idbcon
* hcomonl
* hcomonl
* hcomonl
* hcomonl
* hcomon2
* hcomon2
* hcomon2
* hcomon2
* dhtstrz
* rdx
* radrd
* matrd
* nfax
* rftn
*

Yage
_Checked by.

It

*

*

*

f 2e
151
151
151
151
3-55
155
155
151

1.38425
1.Oe

0.1245
150001

f 3e
f 557.076832e

2
3
3
3
2
2
1
6

0.27075

0.1265
150001

0 Oe
0 Oe
0 Oe
0 Oe
O Oe
0 Oe
0 Oe
0 Oe

0.778 0.3375e

0.1285 0.1305e
150001e

HTSTR 656

htstr

*

type

nzhE:tr

1
nopcowr

1
nmwrx

0

num
656

ittc
0

plane
1

nfci
0

nodes
4

dtxht (2)
10.0

userid
0

hscyl
1

liqlev
0

nfcil
0

irftr
0

dznht
1.OOOOOOE-3

component name
SG1 Separator region
ichf

1
iaxcnd

0
hdri
0.8

nzmax
4

hgapo
0.0

hdro
0.85

irftr2
0

* nhot
0

* dtxht(1)
1.0

*

*

*

*

*

*

*

*

*

*

*

idbcin *
idbcon *

hcomonl *
numbco2 *
dhtstrz *

rdx *
radrd *
matrd *
nfax *
rftn *

2e
4e

151
2

4
le

0

1. 08e
1.Oe

0.4 0.408333 0.416667
150001 150001 150001e

3e
558.05587 558.056039 558.056148

Oe

0.425e

558.056186e

HTSTR 657

**** * **

htstr

*

type

nzhstr
1

nopowr

num
657

ittc
0

plane

userid
0

hscyl
1

liqlev

component name
SG1 Dome

ichf
1

iaxcnd

16
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Subject
Prepared by

Page 32-7,

*
1

nmlwrx
0

nhot
0

1
nfci

0
nodes

4

0.
nfcil

0
irftr

0

_______Checked by
0

hdri
0.799754

nzmax

hdro
0.839754

irftr2
0

*

* dtxht':1)
2. .0

*

dtxht(2) dznht
10.0 1.OOOOOOE-3

4
hgapo

0.0

* idbcin * 2e
* idbcon * 4e
* hcomonl * 151 5
* numbco2 * 2 le
* dhtstrz * 0.4e
* rdx * 1.Oe
* radrd * 0.399877 0.406543
* matrd * 150001 150001
* nfax * 3e
* rftn * 558.042799 558.042958
*

0 Oe

0.419877e

558.043092e

0.41321
150001e

558.043058

HTSTR 658

QA,,f'* ** ** *
htstr

type

nzhstr
1

nopowr
I

num
658

ittc
0

plane
1

nfci
0

nodes
4

userid
0

hscyl
1

liqlev
0

nfcil
0

irftr
0

component name
SG1 DC top outer shell

ichf
1

iaxcnd
0

hdri hdro
0.8 0.8

nzmax irftr2
4 0

hgapo
0.0

* nmwrx
0

* nh~t
not0

* dtxht(l)
1.0

*

dtxht(2) dznht
10.0 1.OOOOOOE-3

*

*

*

*

*

*

*

*

*

*

*

idbcin *
idbcon *

hcomonl *
numbco2 *
dhtstrz *

rdx *
radrd *
matrd *
nfax *
rftn *

2e
4e

151
2

0.3375e
1.Oe

0.527499
150001

6
le

0

0.562703
15000le

Oe

0.580305e

558.143992e

0. 545101
150001

3e
558.083407 558.115357 558.136606

HTSTR 659
I

Qo'
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htstr
* r

* r

*

iIPage 41 P /
fli-rl-A U-s
\.,IIL.sU U)V

type

Lzhstr
2

Lopowr
1

nmwrx

num
659

ittc
0

plane
1

nfci
0

nodes
4

userid
0

hscyl
1

liqlev
0

nfcil
0

irftr
0

component name
SG1 DC upper sleeve

ichf
1

iaxcnd
0

0
* nhot

0
* dtxht (1)

1.0
*

hdri
0.424517

nzmax
4

hgapo
0.0

hdro
0.473577
irftr2

0
dtxht(2) dznht

10.0 1.OOOOOOE-3

* idbcin *
* idbcon *
* hcomonl *
* hcomonl *
*qflxbco2 *
*qflxbco2 *
* dhtstrz *
* rdx *
* radrd *

/-' matrd *

4M/ nfax *
* rftn*
*

f 2e
f le
155
i51

3.1 3(
3.1 3(

1.655 0.778e
1.Oe

0.212258 0.2,
150001

f 3e
f 555.772014e

1
6

)0.Oe
)O.Oe

0
0

Oe
Oe

20436
i0ool

0.228614
15000le

0.236792e

HTSTR 660 *

*******

htstr
*

type

nzhstr
1

nopowr
1

nxnwrx
0

num
660

ittc
0

plane
1

nfci
0

nodes
4

userid
0

hscyl
1

liqlev
0

nfcil
.i 0

irf tr
0

*

SG1 DC
ichf

1
iaxcnd

0
hdri

0.0689
nzmax

12
hgapo

0.0

hdro
0. 0833
irftr2

0

component name
multitube and r

* nhot
0

* dtxht(:L)
1.0

*

* idbcin *
* idbcon *
* hcomonl *
*qflxbco2 *

* dhtstrz *
* rdxr*

radrd *

matrd *

dtxht(2) dznht
10.0 1.OOOOOOE-3

2e
le

155
3.1

1.9815e
1.Oe

0.300188
150001

3
300.Oe

0 Oe

0.304365e0.30158
150001

0.302973
150001e
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Subject -

Prepared by _
nfax * f 3e

* rftn * 555.782909 555.782923 555.782929 555.7;

_Page
Checked by

8293le
*

HTSTR 661

htstr
*

l:ype

nzhstr
5

nopowr

1
nrrwrx

0

num
661

ittc
0

plane
1

nfci
0

nodes
4

dtxht (2)
10.0

userid
0

hscyl
1

liqlev
0

nfcil
0

irftr
0

dznht
1.OOOOOOE-3

SG1 DC
ichf

1
iaxcnd

0
hdri

0.0431
nzmax

20
hgapo

0.0

component name
lower multitube

hdro
0.0483
irftr2

0
* nhot

0
* dtxht(1)

1.0
*

* idbcin
* idbcin

idbcon
idbcon

C** hcomonl
* hcomonl
* hcomonl
* hcomonl
* hcomonl
*qflxbco2
*qflxbco2
*qflxbco2
*qflxbco2
*qflxbco2
* dhtstrz
* dhtstrz
* rdx
* radrd
* matrd
* nfax
* nfax
* rftn
* rftn
* rftn
* rftn
* rftn
*

2
2e
1
le

155
155
155
155
155

3.1
3.1
3.1
3.1
3.1

2

1

4
5
6
7
8

300.Oe
300.Oe
300.Oe
300.Oe
300.Oe

1.7912

0.086416
150001

3

2

1

0
0
0
0
0

1. 7912

0.087335
150001e

3

555.785638
555.789265
555.792893
555.796521
555. 80015

2s

ls

Oe
Oe
Oe
Oe
Oe

1.7912s

0.088254e

3s

555.785639s
555.789266s
555.792894s
555.796522s
555.800151e

1.7912
1.7912e

1.Oe
0.085497

150001
3
3e

555.785622
555.789253
555.792883
555.796512
555.800142

555.785638
555.789265
555.792892
555.79652

555.800148

('
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UPATEE SG2&SG3 USING THE NFW SxiMODEL

The three SGs ia the BETHSY facility are identical. SG2 and SG3 are updated with the new SGI model. Correspondeuce between
SGI and SG2, '.GI and SG3 are listed in the table below.

SGI (NEW MODEL) SG2 (old model) SG3 (old model)
T'YPE ID TYPE ID TYPE ID

PIPE 150 PIPE 250 PIPE 350

TEE 151 PIPE 250 PIPE 350
PIPE 155 PIPE 255 PIPE 35 '
HTSTR 652 (151) HTSTR 752(250) HTSTR 852(350)
HTSTR 655 (151/155) HTSTR 755(250/255) HTSTR 855(350.'355)
HTSTR 656 (151) HTSTR 756 (250) HTSTR 856 (3.50)
HTSTR 657 (151) HTSTR 757 (250) HTSTR 857 (350)
HTSTR 658 (151) HTSTR 758 (255-1) HTSTR 858 (35.5-1)
HTSTR 659 (155) HTSTR 759 (255) HTSTR 859 (355)
HTSTR 660 (155) HTSTR 760 (255) HTSTR 860 (355)
HTSTR 661 (155) HTSTR 761 (155) HTSTR 861 (355)
SV 10 (151-S6) SV 20 (250-S13) SV 30 (350-S].3)
SV 153 (151-C4) SV 253(250-CI I) SV 353(350-C11)
SV 137(151-Cl) SV 237(250-C8) SV 337(350-Cli)
SV 138(151-C2) SV 238(250-C9) SV 238(250-C9)
SV 139(151-C3) SV 239(250-CI0) SV 239(250-('10)
SV 140(151-C4) SV 240(250-ClI) SV 240(250-Cl 1)
SV 141(151-C5) SV 241(250-C12) SV 241(250-C.12)

i,

.i

0


