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Preface

The original BETHSY Test 9.1b input deck was developed to run under the RELAPS code package in support
of International Standard Problem Number 27 (ISP-27). This RELAPS input deck has an extensive calculation
notebook written by personnel at the then Idaho National Engineering Laboratory. This RELAPS5 input deck
was then translzted 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 9.1b 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 rzference
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
| LL jociated HTSTRs, control and trip systems, etc. For the unchanged portion of the plant model, the reader is
reterred back to the INEL calculation notebook for further information on modeling basis.

This calculatior. 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 BETHSY
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.
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TRACE COMPARISON to BETHSY Test 9.1B (lSP-;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 purposc is the
investigation of PWR accident transients. The BETHSY program is jointly sponsored by the Commissariat A

LEnergie Atomique, Electricite de France, and Framatome. Some of its objectives are to contribute to the

ysical bases of either event-oriented or state-oriented PWR Emergency Operating Procedures. Test 9.1B was

"a 2 in. cold leg break experiment with high pressure safety injection system (HPSI) assumed to be unavailable.

This transient lcads 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
delaycd 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 arc 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 9.1B was used for intemational standard problem 27 (1SP-27).

2. BETHSY FACILITY DESCRIPTION

A facility and instrumentation description and a description of Test 9.1B is given in Reference 1 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 applicd to every volume, mass flowrate and power level is
close 10 1/100, while 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 stcam
pencrators 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 corc 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 external to the vessel so that wall
surface area could be minimized while maintaining the scaled downcomer flow arca. 30}%'?’. The vessel

Aardwere included a vessel downcomer external to the vessel so that wall surface area éoh}d be minimized

Jile rnaintaining the scaled downcomer flow area.
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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
I’Energie Atomique, Electricite de France, and Framatome. Some of its objectives are to contribute tc the

" Jw:sical bases of either event-oriented or state-oriented PWR Emergency Operating Procedures. Test 9.1B 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 9.1B was used for international standard problem 27 (ISP-27).

2. BETHSY FACILITY DESCRIPTION

A facility and instrumentation description and a description of Test 9.1B is given in Reference 1 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 1/100, while elevations are 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 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 externalto »Ihb\:ssel so that wall
surface area could be minimized while maintaining the scaled downcomer flow aref, 30 + MW) The vessel
hardware included a vessel downcomer external to the vessel so that wall surface area cotjld be minirnized
(lU,ile maintaining the scaled downcomer flow area.
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Figure 2.0-1 BETHSY experimental facility configuration.
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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] primary and secondary piping and Lcops 2 and 3
primary and szcondary piping are shown in Figure 3.0-1, Figure 3.0-2, and Figure 3.0-3 respectively. The 2
inch break is Jocated 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 RELAPS input file developed at the INEEL for the purpose of
running ISP-27. The graphical user interface program named SNAP was used to convert the hydro and heat
",*ructure comonents into TRACE input format. The process involved the following steps: 1. Use SNAP to
~-ureate 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 —usr'TPR command line argument was used which creates a TRACE.tpr file that is readable in SNAP,
3. The TRACE.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 RELAPS 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
vessel. 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 RELAPS5 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.)

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

3.2 Primary 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
o dMponent 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 stearn 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 feedwater operated on two signals. The initiation of the auxiliary feedwater was a 30 szcond delay
L o -ter 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 cm*/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 cm?/s for SGLevel < 13.14m _
Flow == 305.0 -1450.0 x (SGLevel — 13.14) for 13.14 m < SGLevel < 13.35m
Flow == 0.0 for SGLevel > 13.35m

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

3.6 Steam Dump Valves

Che turbine valve (VAGV4) closes on the SI signal. The pressure in the secondary side increases to the 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 reascnably. Better information on these valves would be useful in order to model their behzvior more
accurate.

3.7 Fluid leume 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 calculatect primary side mass inventory is 1947.46 kg. The secondary side mass inventory per stcam
generator was reported as 820 30 kg. The calculated secondary side mass inventory per steam generator is
811.54 kg.

\
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The current input deck docs not contain control blocks that calculate the mass inventory of the VESSEL
compcnent. 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 Fiuid Mass = Mass (VESSEL 420 + PIPE 400) = 658.936 + 123.66 = 782.6Kg

_3 Fleat Slabs

—

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

A listof 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 spoo!l pieces. The steam generators also containcd
trace Leaters on every component except for the external downicomers. Steady state tests were made with the
cxperimental facility to determine the heat loss of the system. Results showed an overall heat transfer
cocfficient 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
transfor 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

10 Zero.
In the BETHSY input deck, system hcat loss was considered only afier the initiation of accumulator injection,
This was accomplished by setting the IDBCON parameter in the HTSTR components to 4 (heat transfer
coefficient is specificd by table of heat transfer coefficient versus independent variable; sink temperature is
specified by sink temperaturc versus independent variable) and using a trip (402) and signal variable (4) to
ivare the system heat loss at the time. The calculated overall heat transfer coefficients from the data were:
“used as input general heat structure table section the input model. A constant sink temperaturc of 300 assumed.

A
K in
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The current input deck does not contain control blocks that calculate the mass inventory of the VESSIEL
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
=779.427Kg

Initial Vessel Fluid Mass (from TRACE calculation)

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

w’i Heat Slabs

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

p—

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 hzater 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
J"Jivate the system heat loss at the time. The calculated overall heat transfer coefficients from the data were
i%ed as input gzneral heat structure table section the input model. A constant sink temperature of 300 hssumed.

ke
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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).

(thw
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Table 3.7-2 Hydraulic Components in the BETHSY model

Component | Component Fluid Initial
Tl'pe Nu::)ber Component Function Volume Fluid Mass
’ (m3) (k)
PIPE 200 Loop 2 hot kg. Inlct junction 0.04909 36.50%4
conncets to PIPE 420 of the
vessel components.
PIPE 208 Loop 2 G inlct plenum, U-tubes, | 0.27128 202906
: and SG outlet plenum
PIPE 210 Loop 2 pump suction 00816t 61275
PUMP 218 Loop 2 pump 0.02070 15.5463
TEE 220 Loop 2 cold keg, side arm Primary side Primary side
connccts to the LPS] 0.01508 11.32810
TEE 22t Loop 2 cold kg, outkt junction Primary Side | Primary sidc
connccts to PIPE 40U ol the 0.02570 19.30384
vessel components. Side arm
connects to the Accumulator.
VALVE 223 Accumulator valve nonc
PIPE 224 Loop 2 Accumulator 0423 284.048
FILL s50 Loop 2 LPS! none
Primary Sidc - Loop 3
PIPE 300 Loop 3 hot kg. Inlct junction 0.04909 36.5084
: connccts to PIPE 420 of the
vessel components.
PIPE 308 Loop 3 SG inlct plenum, U-tubes, | 0.27128 202906
and SG outlet pleaum _
PIPE 30 Loop 3 pump suction 0.08161 61.275
PUMP 31S Loop 3 pump 0.02070 15.5463
TEE 320 Loop 3 cold kg, side arm Primary side | Primary side
connccts to the LPSI 0.01508 1132810
TEE 21 Loop 2 cold keg, outlet junction Primary side | Primary side
connccts to PIPE 400 of the 0.0257 1930584
vessel components. Side arm
connccts to the Accumulator.
VALVE 32 Accumulator valve nonc
PIPE 324 Loop 3 Accumulator 0.423 286586

Page 5 /
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Component | Component Fluid Initial
Ty Number Component Function Volume Fluid Mass
pe . (m3) (kg)
FILL 560 Loop 3 LPSI nonc
Vessel components
PIPE 400 Vessel downcomer and -] 0.282 211818
downcomer to upper head bypas
PIPE 420 Lower plenum, core, upper 0.69934 523747
plenum and upper head
PIPE 425 Core bypass 0.05849 43.862
PIPE 445 guide tube flow path 0.00802553 6.02742
Primary sidc total mass® | 194746
Sccondary Side - Stcam Generator |
PIPE 150 Loop 1 Stcam Generator boiler 144422 526.171
region, stcam scparsitor and stcam
dome
PIPE 155 Loop 1 Stcam Generator 0.50816 245368
sccondary side downcomer
Steam Generator | sccondary side mass | 811.54
PIPE 160 Loop | Stcam Generator stcam 0.06851 2.461
linc
VALVE 162 Loop ! Stcam Generator stcam none
_ line aimosphcenic dump valve
BREAK 164 aimospheric pressure none
FILL 170 Loop ! SG Main Fecdwater nonc
FILL 180 Loop | SG Auxiliary Foodwater | none
Sccondary Sidc - Sicam Genceralor 2
PIPE 250 Loop 2 Sicam Generator boiler 144422 526.172
region, stcam scparator and stcam ’
dome
PIPE 258 Loop 2 Stcam Generator 0.50816 2858367
sccondary side downcomer
Stcam Generator 2 sccondary side mass | 811.54
v’
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Component | Component Fluid Initial
Ty Number Component Function Volume Fluid Mass
P (m3) (kg)
PIPE 260 Loop 2 Stcam Generator stcam 0.06851 2.46078
line
VALVE 262 Loop 2 Sicam Gencrator stcam nonc
linc atmospheric dump valve
BREAK 264 atmospheric pressurc nonc
FILL 2n Loop 2 SG Main Feedwater nonc
FILL 280 Loop 2 SG Auxiliary Feedwater | none
Secondary Sidc - Stcam Generator 3
PIPE 350 Loop 3 Sicam Generator boiker 144422 526172
rcgion, stcam scparator and stcam
dome
PIPE 258 Loop 3 Stcam Generator 0.50816 285366
sccondary side downcomer
Stcam Generator 3 sccondary side mass | 811,54
-& PIPE 360 Loop 3 Sicam Generator sicam 0.06881 246079
hine
VALVE 362 Loop 3 Stcam Gencerator stcam nonc
linc atmosphenic dump valve ’
BREAK 364 atmospheric pressurc nonc
FILL X7 Loop 3 SG Main Feedwater nonc
FILL 330 Loop 3 SG Auxiliary Feedwater | nonc
Stcam linc commaon hecader, isolation vahe, and large atmospheric dump valve
PIPE 500 Stcam linc common header 0.006495 0.233259
VALVE 308 turbinc valve nonc
BREAK 510 Condenscr nonc
VALVE 318 Atmospheric dump valve (used nonc
for UP - valve arca simulates
opening of the atmospheric dump
alves on cach ling)
BREAK 20 Atmasphere nonc

a. Does not include accunulators or accumtilator lines
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Table 3.8-3 HTSTR component connections

C:::::nt Numl;r of Axial Nu.mbcr of Connected to Hydraulic
Number ones Radial Nodes Component Number

GO0 7 4 TEE 100

601 9 4 TEE 100

604 1 4 PIPE 108

603 14 4 PIPE 105

606 1 4 PIPE 103

607 1 4 PIPE {05

610 18 4 PIPE 110

615 2 4 PUMNP 115

620 ] 4 TEE 120 and PIPE 121
624 1 4 PIPE 125

628 3 4 PIPE 125

626 [ 4 PIPE 125

650 2 4 PIPE 150

651 4 4 PIPE 150

632 1 4 PIPE 150

633 9 4 PIPE 150

654 7 4 PIPE 150

633 3 4 PIPE 150 and PIPE 133
656 1 4 PIPE 150

657 1 4 PIPE 150

658 1 4 PIPE 155

639 | 4 PIPE 155

66U | 4 PIPE 155




AdSTM

Advanced Sysiems Technology and Management, Inc.

&{\ CALCULATION WORK SHEET
Subject_BETHSY TRACE Plant Model Overview Page /2 /
Prepared by : Checked by

Table 3A-3 HTSTR componcnt conncctions (Continucd)
C:g:;‘:nt Number of Axial Number of Connected to Hydraulic
Number Zones Radial Nodes Component Number
661 s 4 PIPE 155
662 7 4 PIPE 160
700 7 4 PIPE 200
704 ] 4 PIPE 20$
708 14 4 PIPE 208
706 1 4 PIPE 203
207 | 4 PIPE 205
710 18 4 PIPE 210
718 2 4 PIPE 215
20 ] 4 TEE 220 and TEE 221
750 2 4 PIPE 250
- 751 6 4 PIPE 250
E 752 1 4 PIPE 230
' 753 9 4 PIPE 250
754 7 4 PIPE 250
758 3 4 PIPE 250 and PIPE 253
756 1 4 PIPE 250
757 1 4 PIPE 250
758 1 4 PIPE 255
759 1 4 PIPE 25§
760 1 4 PIPE 235
761 5 4 PIPE 233
762 7 4 PIPE 260
800 7 4 PIPE 300
804 | 4 PIPE 305
805 14 4 PIPE 305
806 i 4 PIPE 305

&J
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Tahle 3.8-3 HTSTR componcent connections (Continucd)
C:::;':nt Numbzer of Axial Number of Connected to Hydraulic
Number ones Radial Nodes Component Number
807 1 4 PIPE 305
810 I8 4 PIPE 310
815 2 4 PIPE3IS
820 8 4 TEE 320 and TEE 321
850 2 4 PIPE 350
851 6 4 PIPE 330
852 1 4 PIPE 350
8s3 9 4 PIPE 350
854 7 4 PIPE 350
8535 3 4 PIPE 350 and PIPE 353
, 856 1 4 PIPE 350
887 1 4 PIPE 350
@' 258 : 1 4 PIPE 38§
859 1 4 PIPE 355
260 | 4 PIPE 38§
861 ) 4 PIPE 335
262 2 4 PIPE 360
900 1 4 PIPE 400
901 ] 4 PIPE 400
902 1 4 PIPE 400
903 1 4 PIPE 4C0
904 1 4 PIPE 400
9208 | 4 PIPE 400, PIPE 420
910 1 4 PIPE 400
9M 6 4 PIPE 400
912 | 4 PIPE 400
913 1 4 PIPE 400
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Table 3.8-3 HTSTR component connections (Continued)
(I:::::::m Number of Axial Number of Connected to Hydraulic
Nusmber Zones Radial Nodes Component Number

914 1 4 PIPE 400

913 1 4 PIPE 4113, PIPE 420
920 1 4 PIPLE 420
921 1 4 PIPE 420
922 H 4 PIPE 420
928 14 8 PIPE 420
926 i 4 PIPE 420
927 1 4 PIPE 420

Y28 16 4 PIPE 420, PIPE 425
929 H 4 PIPE 425
930 1. 4 PIPE 42§
( .'J 931 14 4 PIPE 425
9318 i 4 PIPE 420
36 1 4 PIPE 420
937 1 4 PIPE 420
940 1 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.

Y
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(NOTE: in the current, model icflow = 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 Offtale Model

The offtake model is active for the side junction of TEE 120 leading to the break, ientrn = 1 and alsc setting the
namelist variable iofftk = 1. ' .

@1.1 5 Trips

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

o
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Table 3.15-4 Trip information
T ¥ § o E -8
- c
Trip . Observed Set te| xS T §_ = : §' =
g | TRTHE | Voabte | Poimt | EE | F é $e|%5 £3
-3 Z 0 o=
162 | SGI SRV set ™ | Pressure 7.12, below 0.0 150 12 162
point (MPa) 6.67%
Trip Observed Set § E :‘3 g g = ; gis
i 1 o
3 L)
g | TP N Viiabte | Poim | EE | E é se(CH g%
Z =0 o=
262 ] SG2 SRV sct | Pressurc 7.12, below 0.0 250 12 262
point (MPa) ] 6678
362 ] SG3 SRV sct | Pressure 7.12, below | 0.0 350 12 362
point (MPa) 6.675
401 | Accumulator |} Pressurc 4.16, abave 0.00 128 $ sv-401,
trip valve (MPa) 1.50 223,323
@‘ 402 | Tracc hcater | Pressure 126 above 0.0 128 s sv-d,
trip (MPa) All
HTSTRs
using Gen
Tablc 2
404 | Always False | Time (s) 1.0c+6 below ] 0.00 | NA NA | 508,
518
405 | Break Time (3) 00 below 0.0 NA NA | 138,
126
428 Corc Over- Temperature | 723.0 below 0.00 925 - 518,
femperature (K) : 14 sv-728
440 | Scram Pressure 13.1 MPa | above 0.0 128 s 299
(MPa)
450 | SIsignal Pressure 119 above 0.0 128 b3 LS, 170,
(MPa) 215,270,
315,370,
503
451 Sl signal Pressure 19 abave 300 125 s 180, 280,
{MPa) 380

4. CONTROL SYSTEM

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



'4dSTM

Advan ced Systems Technology and Management, Inc.

\_, CALCULATION WORK SHEET
Subject BETHSY TRACE Plant Model Overview Page '/ |
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. $teady state
controller target set points are given in Table 4.0-1.

During the traasient 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.

Description Set Point Control Block?
primary loop mass flow rate (kg/sec) 510 =901, -911, 921
sicam generator sccondary level (m) 13.45 -816, -826, -836
(,') a. Loops 1, 2, and 3 respectively

—
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Figure 3.0-3 TRACE input noding of BETHSY Loops 2 and 3 primary and sccondary piping.
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Figure 4.0-2 Sicady state stcam generator secondary side level controllers.
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STEAM GENERATOR AUXILLERY FEEDWATER FLOW CONTROLLER
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Figure 4.0-3 Stcam generator auxiliary feedwater flow controllers.
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BETHSY Vessel Modeling - Overview
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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.

e VESSEL (420)

The VESSEL nodalization is shown in Figure 1 . It is used to model:
1) downcomer section (annular) inside the vessel; 2) lower plenunm; 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
accommocate 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 V1 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
nocalization scheme. The cells in Ring 5 of L3 and L4 are null
cells (no flow in or out).

g
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Core Saction

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 fcr the
first spacer grid at the core inlet, their locations correspond
to related level boundary locations in the VESSEL model.

o Rl 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 plenur.

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
provides sources (junctions) connecting the VESSEL to hotlegs (3
sourcesi), 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 Rl, 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 representad
with Ring 4 at Levels 20 and 21 (Figures 1 and 3). Physically,
VS 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
arproach is also under consideration, which is to use a pipes 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 R1l, to connect 3 PIPE components representing the RCC
guide tube.
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e 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.

e 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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Table 1: List of HTSTR Coupled with VESSEL 420
- HTSTRs Description
928, 956, 957 core baffle
{920, 959, 960 vessel wall 0.000-1.000m
322/ 962, 963 vessel wall 1.000-2.054m
364, 965, 966 vessel wall 2.054-2.164m
331, 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
937, 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
.0, 11, 12 Non-Powered HTSTRs for Tie Rods
Ve .3, 14, 15 Non-Powered HTSTRs for Thimbles (EL0.400-
(‘ J 2.054)
v 16, 17, 18 Non-Powered HTSTRs for Thimbles (EL2.054-
5.820m)
19, 20, 21 HTSTRs for Internals between EL5.820-6.170m
22, 23, 24 HTSTRs for Guide Thimbles/RCC between
EL6.170-9.9665m
z5, 26, 27, 28, HTSTRs for Separation between Upper Plenum
z9, 30, 31, 32, and Upper Head
23
34, 35, 36 Internal Wall of the Annular Downcomer-Head
Bypass

"
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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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Figure Q : Lower Plenum Nodalization
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Lo
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LD ' CALCULATION WORK SHEET
Subject Leve/ | ~ (Cell3 Paze 54
Prepared by ‘ Checked by _

FeFA =T . ‘ ‘ .
A /7<>af€r‘ rod mnfersects w-th +he Surface Of Cell] 3 at =zo5 ° /7['

PRS- et

A < &«5mm Sor a Heater fod '

ar
ﬁ < & mm fcr‘ & 'f/(v'rh/p/f’ Tub( .

/2 = A 5‘1‘/‘) (9 = /‘2.5-\/ (~2+J'2 .5fn(9

@ - TQ/‘IF//-/‘/l,/.._QS“

—
~

- 7he rtedter rods/thimbs /}7/€r54(¢-,‘nj wizh 7he Cell surface rncleucte.
w '

(2.1) (3.,1) (¢42), (5,2),r6,3) and(7.3).

,ﬁﬁ F/j arn cf /Z ,}

¢ = [ grsr _pt Sor Hbe
Cc = j €% - 4t for‘ a 7Aiaible Fuby
8° 4 | 2¢ |
(2,1) 1.578 0.176 9.37
(3.1) £. 556 %547 2.74q
( 4,2) / 578 55/ 8.977
(5,2) 3. 18§ 3.771 5777
(6,3) 1.578 3.527 §.26 2
( 7.3) )7 Qo 2.995 7-373



@ CALCULATION WORK SHEET
Subject ____Level ] ~C23 Page_ 5§/
Prepared by Checked by
FREA=T = [ ~25 (¢ = 4 - 4250 o
_ 00 = 1-0.425 z0578
FA = 01 xo.4¢ x 0.57%
2
= 0017 M
HD-T
Fivesrect =X xé-éd *0./ =g m
s 4 A 4 xwo.017
GQ HD = B T 0.0/388 m
- PWQﬂed 4 9

Q»ﬂ
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‘g:) ' CALCULATION WORK SHEET
Subject . ' Pag;e j? /
Prepared by Checked by
o
205° 270




Paze _%8 /

Checked by _

CALCULATION WORK SHEET

—
o
<
N 5/
n QY
] o ~
£ /aVs
=3
¥
O ™
e
m P-4 U\A\An\
a DD D-B-D-D-D-ch-d
[\ N f\lfﬁ\|f\ fn fn f\ A4 r
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PYPYYYY 10))\ o
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Subject

Prepared by
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Advanced Sys ems Technology and Mnnngemen.t, Ine.

) CALCULATION WORK SHEET
Subject Level | - Cell 4 : | Page 59/
Prepared by Checked by
FRrVOL
Jota Volum e = -ql_- (0.3,22_ 0_22).‘34 x O. Q =40 XIO-ghIB

Uosletme ef HRs:

7
5’7"41: x (00095)% x o0 « = 2465 x10 B3

Flaic Velilng
- (6-0*7-4-65} xi07% - 0003537

. ‘ 0.003537
. F.Z o L = = 0. 5.8‘]

- o ood

e/
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. CALCULATION WORK SHEET
) |
- .
Subject Level | -~ Coll 4 ' Page _£p /
Prepared by A Checked by
FRFA-Z
fotal area = = x (0.312%-022) €% = 0.0/80 m?

/

area ocuop,‘fo/, /)7 heater m:l;
2
0.006164 m

-
-

87&} x (9.5e-3)*
aree OCCLc/)z'ec/ ég ﬂu‘,ﬁbu tebts (2 thimble tubey €nd al the

tppe r baanda.*%_ ef Level
2 x 7 x(12¢-3)" = 2.26x107% m? -~
(ﬁl-“' ' .
][/"W@-rt’a “way 7{/‘00'7 a Spacter 9”\5{ =(/Soxio™™ 6.’64‘(‘40'._2.26)(’(0’9)
= - FbtSxto?
0.Sc0, 0.736m ) are assumes to Do

74e two spacers ( ¢éle
located at Tthe upper Z)Oﬂl?ﬂal‘y of “Leével {1 ar” é/a_[/.='0-¢\hl/y
=672x10°% m?

FA~2 = Fliswio? x0.78

~ 2
FRFA -1 = _672X007
/.5 k0~ 0\44700

7%{ {/ow ot
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Advancec Systems Technology and Management, Inc.

(% CALCULATION WORK SHEET
Subject Level | = Coll & Pag‘:_gL/
Prepared by Checked by . :
Hp-32
Pe tted (#es) = 27T x3.1u x (§:5e-3) = 2.5¢5m
Poered. ( Thimbles) = 2x3.1U x ((2€-3) = 0,07+ 36 m
Lisx 107 ?
Hp- 2 = -—-i? C X XCZ\_ _/,27/)/10“1' y 7
2595 r0.07536
CF 2 T plotersrined Uaf./‘z,ﬁ the a/)froacﬁ Given Arer,
. . N - - .
. CF2-3 = (L2327 i3 s marel i tho f}"?p(,f e (<,
-~

( K: 6.080)“04) A
/
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CALCULATION WORK SHEET

el

Subject | Leve] | - Cell & Page 2

Checked by

Prepared by

FREA-T  (Bef o Fg. § and Fig. § for el of Lavel ])
anel carete fer Cel/ [ of Leve/ )

7he hewter rods rntersecting with the surface at 86 (ndeele. -

C1.9), (1,10), C1,17) and (1.12)

h 2¢
(1. 9) z.6¢9 8.003
( 7,10) .1.4&7 | q.039
C; (1,11) 0. 364/ 9.472

(t,12) 0.7335 9.386

LVfrere

h o= (142,78 ~126x5)5m5° =
C = _j 4_75‘2—h.1‘ =
FRFA-T = | — zz ¢ _ ,_ _359x107%
0.1§7-0.) 0.057 "/—0;37 _

FA -T = 0.37 x (0157-0.1) x0-4 = 8435 x10"3 m?
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D _ CALCULATION WORK SHEET
Subject fowel | - Coll 4 Page g}/
Prepared by Checked by

Hp-T
4 0057
Fethed = Axosx2Z2 =32m +0057m
= 3.257m
HD -7 = _4A _ _4x3&36x10 3 .y
Puettec 3.257 °36 m
CFe-T
0.0
(’\
.-,)
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Advan ced Systems Technology and Management, Inc.

' (‘“ CALCULATION WORK SHEET
Subject Level | - Coll # Paze éﬁ/
Prepared by Checked by
Fe-FA
B = [.0
HD - R
FA -R = ‘é‘ 0.4 x 3,14 x 0.312
P[/VP#fd = —BL X 2,14 x 0»3/2.
HD"Q _ 4. F4 "R

-

P
X

T /6 m
Pweted
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L y CALCULATION WORK SHEET

Subject__Level | - Coll 5 : Page 85,
Prepared by Checked by
No. of (H{eater rods : o8
Vo, of thimble tubes . {
FEVoL
’ /
total Volume = T XT X —2,‘{- [0.2:22—0.2.2} X 0.% = &oxipS3m*>

.L’o/uIﬂce of heater ods

2,14 . -$ 3
=7 ¥ (G.5e-2)° x 0.4 x 88 =2.4%4 41077

f/u,‘q' volunm e .

3

T (oxi073 . 2494 xi0 "

= 2.§08 X(Ons m 3

FRIVOL = §.584472

W/
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CALCULATION WORK SHEET

"
Subject Lepel ) - Cell § Page g6,
Prepared by Checked by

FRFA -2

Greo Jo7el = o.0r50 Mm* ( Gl 4, Lerel /)

area occepies /J;( hooter tods

38 7.% x (9.5e -3);‘ = 224 Iflo'.5 m*

SN

2

x (12€-3)> = //2¢10 % m

P

\
o 7['.’0w area awanyf Fropy SPacer 5/‘?0{5_

0.0/50 ~ £.23¢ x o~ 3 -1.73 x0”%

865-2 X/D-g

8.652x103m>

FRFA -7 = .
'——-—‘.ﬂx e _;76 X . =
0.0l50 Z:kc ° ’ '0"'7"61 T oS
f2-2
psne—— o )
fweted rirs) - £p ¥3.0¢ ¥ (9.6 3) = 2.4
/ - T L6248 pq
Peet e ('7‘/1/‘_/»\4&,)) = By (72 :
. 2E€=3) =0.03749
Wao te o T 2. 662 s
Lo . “ X $b82x00° :
_ T e
2403 = /Feo e -2 Voq?

W

4
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-~ CALCULATION WORK SHEET
k“MSubject Love) | - Coll b . Page &7
Prepared by Checked by
FRFA - R
/.0
HD - R |
_ HD-L2 =1.6 m (Same s Zz/7d"f 0[ Ce//4/-£&‘”e//)
CFZ-F
c.0
FEFA-T  (@ef to Fig(0 for Cell 2 0f Level 1)
The heccter rod's /'/z/€f51£c7f727 with the Cell S'u_rfa(ﬂ al 325« /‘ndl&d{
o 75y, (26) and (0.6)
O Vi 2C
(7.5) (293 " %.073/ | 9.26¢
T T B 0 B
(9.,6) 0.5557 [-of 7-243
FREAST =y o 2EC 4 429
. 0.057
.F/l T 2 0629 v 0057 x 0.4 = 0.0/435 m?
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‘Advanced Syrtems Technology and Management, Inc.

,\) CALCULATION WORK SHEET '
t‘“"’S‘ubject Lovel | - Cell b Page ¢4
Prepared by Checked by
Hp-T
Pwetted = 3 r2 xo0¢ + 99057 = 2.457 m
Hp = %A _ 4x oor43s s
PWerred 2.U85 7 = 2336X 00 m
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Advanced Syitems Technology and M-ugemen't, Inc.

CALCULATION WORK SHEET
Paze £q

-

'’
Subject Lot/ [ — Cell 4
Prepared by Checked by

No. ﬂf Hes = 85
No. 0/ thimbles : {) ( 1 Short thimble tube eacdls at The wupper bbu,na’auj Jf‘

Level 1)
FR VoL
Lotal tolume = 6.0xi0 Zm? ( Same as that of Cell 4‘7/
Volume of leater reds
= &5 x 27;-&(9.5‘9-3)1,\'0.{4 v
| = 2.409x07% m? — .
(J Flurd Volteme = (60 —2-4‘0?) XIO'S’: 3.573)(“"3 m:? S

1}
(o)

FrR Vo L

90 e
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s CALCULATION WORK SHEET
Subject Leyel)t) - CLeodl 6 Page 7° A
Prepared by ' Checked by
FeFA -z
fota| aroo. = 0.0/50 m> (Same as thot of Cetl ¥)

area occupled by hetater ruds -

§5x 2o« (95e-3)" = ozzxi0™? m? /

'___Ol‘ea OCCQP;C’C/ bj thrmbles

3 mz
z2.526 nt
0.037648 "

% X ((2e-3)% = 143 X104 m?
C..é, j[IDW area away from the Spa Gr .
. ... v 8.8
00'5‘0 - 6.022 X 10 ?—’./3 XID = ) 7x/0~
flow area at a Spater
6.919 X102y 078 = 6.9/9 x(c "> m?
. - E.91G xm™
FP-FA 7 = 50, o T 0. 44/
HD -2 .
FPrveted CHRS) = & w31 x (§.5¢ -3) =
Pwetred ( Uimbls$) = 3,14 x1 x (12€—3) =
Pwetted = 28524
-3
‘ iy § 8T w0
He -z = - /379-2 L
(U 2.¢74 .
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Advan ced Systeins Technology and Management, Inc.

@ . CALCULATION WORK SHEET

Subject Lows] - Cell £ Page _ 1 /
Prepared by Checked by

CFZ-1

e

: 2)(0-304‘ :0.608
= — o
HD —R

1.6 m (Same as thod of Cell4 of Leval 1)

(14': |
W FprA T (Ref to Foy P72 and Caf pote 7or Cell 2)

The lreoter rods iNtersSecting with +he cell surface ot 208° . jpeluole. -

(84) (9.4) and (10.5)

WY A 2¢
/8,4} [.57&5 3.103 71923
(§.4) 1628 2.220 4399
(10, %) 1572 3.879 5454
Fﬁlz:/)_.f - /__ fZC’,‘ .
0057 =2 0.63c2

N FA-T = 001437 n

\
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Q ' _ CALCULATION WORK SHEET
Subject lel«'é/ [ - Gl 6 Page /2 /
Prepared by Checked by
HD-T o g
PWeried = 2x2X6.4 4+ g.0o57 = Sad m
_ 44
o -1 - = 002339 m
R,véﬂed
CFE-T
O, 0
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Advsnced Sy:tems Technology and Management, Inc.

t“D _ CALCULATION WORK SHEET
Subject: Lewel) | - Cetls], & and 9 : Page ’73 /
Prepared by Checked by

Cells 7, 8.and 9 are in Ring 3:
R, =0.156m '
R, =0.1715m
Internal sructures: 8 tie rods - $14 mm
Assumptions:
o Cell7-3tierods -
o Cecll 8-2tierods (/
e Cell9-3tierods |

e Tie rods are assumed to be located at

_171.5-156

R =163.76mm

o
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Advan ced Syitems Technology and Management, Inc.

.:3 CALCULATION WORK SHEET
Subject Level | - Coll 7 ,/ q : Page 74
Prepared by Checked by :

Cell 7 and Cell 9 have the same geometry and hydraulic parameters. /
FRVOL
total volume:

g 7 2 2y . ' -3 2
2 X0.Y xz;x(o-%%’ -0.312 ) = 2.125x10° m

volume occupied by the tie rods:

.
3 x 0.4 /r_j x (14e-3)% - 1. 85ki0” Y m3

— fluid volume:

W

2,925 X102 - 185 xto~% = /.44;\/10—;,7,,3

-3
FRVOL = r7¢ xio =093

2.125 x10°%




AdSTM

|
Lp) Advanced Systeny Techmology ad Mmagement, Inc.

- CALCULATION WORK SHEET
Subject Level t ~ Cel7/9 Page_751
Preparec by Checked by
FRFA-Z
total arca:

! y -
E B oy (o343%-0312% ) = 534 k107 M’

area occupied by the tie rods:

Zr306x g (14e-3)" - 42 xio ™ m?

fluid area:
Lrl ~ 531y vio tl 4g2xie? : 4852 410" 2
-3
L §52 xic
FRFA-Z= el = 0.943
521y xp-3 f.
HD-Z

Puencd= 3 ¥ 314% x (1%¢-3) = 0/3/942)1

Gr 4852 0™} .
HD-Z= —""'—""”_—"“-— = D‘M 11l
O /321947 oz
e L1kE )
ﬂd) 3 oi?/pl;
CFZ-Z
CFZ-Z=0.0

Lulu
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Advanced Systems Technology and Management, Inc.

Page 75

., ' CALCULATION WORK SHEET
Subject Level | —~ Cell7/4
Prepared by v Checked by
FRFA-Z
total area:
-é— X 77;— X (0.343%-0312% ) = 6304 x10” m’

arca occupied by the tie rods:

ZX3e X Fx (14e-3)" =462 0™ m?

fluid area:
\oo’ 5314 x107% . 4.32 xio™% = 4,935'2'*/,0“4 m?2
FEFA-Z = #8520 = 0.9/3
5314 xi10°3 -
HD-Z

Pyited = 3x 2048 X (/""5"3) < @/;/?4ZV!

4 x 48852 x w0?
T T

HD-Z = — = 0./1472 m
O. 131947

CFzZ-Z

CFZ-Z=0.0

W
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Advan ced Systems Technology and Management, Inc.

o) CALCULATION WORK SHEET
Subject level |~ Cett 7T+9 Page_Zé/
Prepared by Checked by

FRFA-R
=1.0

HD-R
1 _ T
ow area = -é_ X0.343 X0.4 - 0.143€6 m>
Pw::neé= 3 x5 X(14e-3) + ?{‘13-"/' ¥ 0,243 = 0,491 m

R
HD- = 4X0~/4‘35 = (170l m
0-49 |
-
CFZF,

CFZ-R=0.0

W
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Advanced Syste:ms Technology and Management, Inc.

) | CALCULATION WORK SHEET
Subject Leve| - Cell 779 | Page 1]/
Prepared by Checked by
=1.0
HD-T

flowarea= 0.4 X (0-343-0.312)/2 = 6.0062 Mm?

Puwes= (0343 - 0:212) /o = 0.0/55 m

) 4 A 4 0062
HD-7= ——— = £0:00¢ =/ m
Fvetted 0.0155%5 :
—~
-
CFZ-T
CFZ-T=0.0
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Advanced Systems Technology and Management, Inc.

W) | CALCULATION WORK SHEET
Subject __Level ) - Cell B ' Page Zb/
Prepared by : Checked by
FRVOL
total volume: 2425 x 107 m? (Same as 1hat of Cell7/9)

volum: occupied by the tie rods:

C

o .
2XOG X 2 x (14€-2)" = (235074 m3:

fluid volume:

2.00 ef3) - m?

(L

FRVOL= .42 v/o”
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Advanced Systems Technology and Mamagement, Inc.

pr CALCULATION WORK SHEET
Subject Lovel | —~Cell & Page 74 /
Prepared by Checked by :
FRFA-Z
2

toral area: £314 xi10™% m

arc:a occupied by the tie rods:

2 X 304 x -LF’-(/M;;)’ = 308 %0 “m>

fluid area:
2 ' . 500 xzo’z‘i‘ me
" R :
FRFA-Z = 0.94
HD-Z
ch_ttcd: 2 X314 X (/4¢-3) = 0.0879 m
-3
4 x&.006x107
HD-Z = =0 2278 m
00879
CFZ-Z
CFz-Z=0.0
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O CALCULATION WORK SHEET
Subject fewe] |~ Cell & ' Page _A0 /
Prepared by Checked by - -
FRFA-T
=1.0
HD-T
flowarea= ©0.,0062 m~ (Same as That c;[ Cel/ 7/9.)
Puwa= 0.0155 nt - (Same as That of Celf 7/9)
HO- = 1.6 mt (Same as that of Cell 7/9 )
W
CFZ-T
CFZ-T=0.0

-
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Advanced Systerns Technology and Management, Inc.

O CALCULATION WORK SHEET
Subject [eve [ | - Cell 8 Page _B) /
Prepared by Checked by
. FRFA-R
=1.0

HD-R

flowarea= 0-142&6 m? ('Samf as That 07[\ fe//‘//")
Pystted = o.q(// m (Same as That of Cell 7/4)

HD-£= /.17el m ( Same os thar of Cell 779 )

~.
-

CFZ-R.

CFZ-R=0.0
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\.‘;\3 CALCULATION WORK SHEET
Subject: Level 1 - Cells [0 -)L Page p
Prepared by Checked by

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

FRVOL=:1.0
FRFA-Z = 1.6
FRFA-R = 1.0
FRFA-T=1.0
HD-Z=w
HD-R = o A value of 105 s
HD-T =
CFZ-Z=0.0
CFZ-R=1.0
CFZ-T=0.0

wied 1h the ‘/‘n/)u:/ dezle
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L/.y) CALCULATION WORK SHEET
Subject___Lovel | - Celfs 13 -15 ' Page_ B3/
Prepared by Checked by

In Level 1, Cells 13-15 of ring f (R4 =199 mm, RS =‘,L S’f,mm) are idéntical. 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=0.0
‘ My

HD-Z
FA-Z= -L:(;L,((ogé h 02
R £7-03987 ) - 022948 m*>
Puettea = ‘3"'/(7( xo.( < 0 5-233 m

HD-Z= %A/ Fvened - 0./822 m

HD-R
0.0
HD-T
( ﬂqwarea= 4 x (0.5-0.398)/2 =020y m’
Ao
Pwetted = 0.4 + (06.0348) /2 = o 4c) M

7o-7 - 4"4//%/@{/@;( s 0./807 m
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&

"y

Subject

CALCULATION WORK SHEET

BETHSY Vessell /2 )

Prepared by

El@l/él?/o/z >
Inferal .{i‘ru.c‘ﬁ(r-es‘:

/2/>15' s

/.'—/;r‘./') lﬁl;l S

-,;“'4 7//‘./:-(’

o e

(o

f:/’ aeers

5/)('1((: Ve j,'/‘,‘c'/ /u{tl 7 ‘c/l S Yo f"I/L( (o e /)/,{ Qb -

o AL i gerel Spacer

O.400 - Jooo M

W

C-968

Checked by
2 Rz
Vi e
A vl
<a) vl
g ~A
/vt )

f/au (Le g cz’ob‘(.’.\t/ Jyfr-wu_ 7"(: S;Dc'..rc’a/‘,

A : S ] . . . -
DC u oj.’ L7 (ot #or- ThE /l-'_(_\" 21 PSS

(¢ $o0 ,073¢)

b

Gotd ("' I

/

T S0P DOl y b LeVE) T

/9L )

Page 9& /

2 /-/(/.é\

The floce curtce iS5 Tt © 79 F of vhe

T u/)’ Dorr

7 Ze g/’d PRl
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—.

G

CALCULATION WORK SHEET
Page 3; /

Subject legel 2 - (el |

Checked by

Prepared by

Ne. e HRs + 56

!

Ne. 0/— thimble s - 8 %5

Elev ; Odec -reec
_"”:?-i/c‘L
totel Worume = LI (o)t o)
- ' | = & 28 xnm3 m2 /

Veldme cecapied by HRs and Unbles

5¢ & L 50 -2)° -3
S X g XK AG503) no = 2380007 3

B4 x4 x(120-3)* x0.6 = .65 p107% m3

Floucd Vol me

5 3 2 3
332 xi10 7

FRIZcL = g 53)

(v
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Advanced Systems Technology and Mansgement, Inc.

/-04{7 x/o"?'

@ CALCULATION WORK SHEET
Subject____stevel 2 < Cell 1 Page_B6/
samamemasn Prepared by e e e e Checked by
FRFA -2
Ter, SR DU RAT. .
«l '7/}’: T 3 /L ( o,;} = . O0L8T7 XU _2/)72
Hrea 5‘('(‘«/0/6(,( éf CAe freater [ods
.. _ 2, » :
= 56 A (9SC-3)Vg = 3G67xn m?
Aroc ceecipioet by e thimble 1upes,
v
—~ :J,‘,"XBI/)(IQ ,)2 = O -< 2
,(J | 5 X34 x(r2e-3)/, <04rx1™"
K . ’ -

- e

Flow Area L'lWCLy fron! Speear L
A2 yiol - 9low C e 3.9C Jxi0 3

L= 556l m?
Flew Area at the Spacer
- -3
.50y " x 0.78 - 423,,,73
Feil-2 %32 5,02
- - T = Ly &«
e

—
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Advanoced Systems Technology and Management, Inc.

i/ ‘
»CALCULATION WORK SHEET
Subject level & - Ced ! page &1
Prepared by . Checked by
Hp -2
5 .
[“evetredd (HPs) = §6—x3.14 A/t},{"p-j} = /.67 n
f o . - /
We ea (1A mples) = 84 X318 x (12€ -3) =0,31& m
Ko -3 _ LX5.56 x16™% :
. = "2
(/- €7+ 0~31¢) A x e m
FRF4 -2 .
- o wuy ( the Same as ~thaf For Ced 1, loere! 1)
U HD -,
W 0.0/52 m (the Same as thai fir. Cell i, Lowe) )
cfz -~ P
FeFA-T
Conpacect +o Caoy s '
( cf Level I, the Short Lhm ble twbo ax
0.3) Sloruid te taken [+ ; r |
n srrute &lioecet (éq_e )’b{d.:/fu( o£:3CL¢.>S /~Ol1 o«f
Cetl v+, Level ) ‘ |
For ke Fhromble et (23
n =, - N
2,293 2¢ = 2 /é‘2-3‘27g" = /M3
- FREAT . / - 24" =, - 0'0321+o.ui
w o~/ 0 = ©-87%
FA-T |

= 0-2;77 5{0'& Yoof = 0.0347¢ MZ



AdSTM

Advanced Systems Technology and Management, Inc.

~~
3
. CALCULATION WORK SHEET
DR Subjcct""“‘““l eve /[~ 2——eCe (-] o A - Page: 2%
_ Prepared by Checked by
D -7
FW&#-CV{ = 2)(5-X0~£+o_/.; 6./ 248
. 4 xo. 03474
Hp -7 = T T = v.w2z270 m
6. f
e
v/
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Advanced Systems Technology and Management, Inc,

\

i CALCULATION WORK SHEET
Subject Level 2 - (e -/ Z Page _3? /
Prepared by : Checked by

(RUCL |, FREA -2 . FRFA L. | t/D-2 conel HD-E- oF Cell 2 oF Level 2

f)au( Zhe SBme volues oob Yhoo e} that of Cell / a/ (svef 2
FRIbL =o0.82

FREA-2 = omqre

F2FA - = ovewy

oD 2% = /179 x107% m

FREA ~T ano HD-T cne ASswurmed + be the Same ppn thony Fen—
A

cen 2 of leves s by PGLANG Che facd that Hr Homble tike
IS Lo~ pPresenl fa Le ool |

FREA - T = ovc2:1

//'D -7 oy 0\02036 P



AdSTM

Advancec Systems Technology snd Management, Inc.

Ve
| ‘)
./ CALCULATION WORK SHEET
Subject - Level 2 - Co/ll 3 ' Page ?0/
Prepared by - Checked by

FRUOL |, FRFA -2 , FRFA-R , HD-2 ctnd HD-P et Cetl 3 of Level 2 ane

the Same ab thole of Cell 1 of Level 2 .
FRVo/l <= 0. 531
FRFA -2 = o.¢re
Frvr4 -2 = o.ceu

HD -2 = 0119 x(1672 m

/'/D“/é = 0. r§&2 Ve 28

—~ The valwl s of FRF4A-T and Hp-T el ossamed +o

. be the Same
QS Ttheooe for Cell &

- Leves /ﬁ'at negleq'r\/zﬁ f—/za_f.r‘u Phembiy Freho

S mot present Ja Levas

’

FRFA - T = 6.578

9D -7 = 0.0/388 m



' AdSTM

Advanced Systems Technology asnd Management, Inc.

N
g CALCULATION WORK SHEET
Subject Leve/ 2 - (Cofls 4- 6 : .Pagc. Q//
Prepared by Checked by
Ct”/b’ Cetp ecae IR /‘r‘/z; 2 ( 'E'BWQ 4) -
271 =o.y m
L2 = o/56m
A
RoA > Grel Hhimibles oliXrrrAeTiet com one Phe Cails ang -
AR A rmb F o on
Ceyt ¢
- 7 >
Cett & £ ' .
Gl é . 35— . |
—
(o
(



AdSTM

Advanced Systems Technology and Managemeat, Inc.

(\:\) , CALCULATION WORK SHEET
Subject Jovel 2 - Cell& Page 92
Prepared by : ‘ Checked by
Fe Fo L
total vofunmie = ZBL 8 (0.'15.'5 L-o.le).(a.é) - ?005*,/0—3"”?

Volunr e o(CL(,PffC/ é; Hes cenel f/\-l\/l.!bcl ‘ILM-—A—/'-y

18 2 ‘ -3 3
d’7x§:x(7.s—p-;)mé= 3.6 xvw0 ~m°

7 : i
-Zf-)( (12¢-2%) %4 = &782x 10 $m3

Flewiel Volume = 5306 x 1077 m?

C

Felo! = §-26x107

3 T _0-587

9.002 x10”
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Advanoced Sytems Technology and Management, Inc.

@ CALCULATION WORK SHEET
Subject Lovel 2 = Coll # Page ?3/
Prepared by Checked by
coetal /e areq - %(—xz’-(a\g/z—o.z'z/ =o0.0tlom?*

B rea O(Cu/ﬁec/ by feater tods

87 x Sx(9.56-3)% = 6164 x (677 m™

Arec o ce epr oo by Ainibl Hihes

| 2 X % x(/ze-s)’"‘ = 2.26 %10 ¢ m?
C _
flow erea aw oy o m spacers

- ’ — 2
0.9750 ~ E.164 X to 3—2‘2{»\/10_ d m

- 8615 x 0" > mt

flow crea at a Spaer Grid

s Z

.64 xw’g x0.75 = €720 Xt~ °m

— 672
FRFA -Z = ————— = 0.448

1§



/

AdSTM

Advanced Systems Technology snd Management, Inc.

/‘\
k.._y ’ CALCULATION WORK SHEET
Subject Leve/ 2 - Cell & l Pagc: 74/
Prepared by i Checked by
Ho-2
Pwewest (425 = €7 x 314 x (PSe-3) = 2.595m
Pwe trect € 24 ipibles) = X3 NUX (r2€-3) = 007536 mn
: -3
HD- 3 = Qx8.615 x o
: = = 0.072 s
2.896+ 0078536 70 i
CFz-2
CfFz -2 (S dﬁ’_i‘erfhl\aec( D Aiscwsaed _I'Vl P‘*ﬁ-e,____/_é__ of-t‘ﬂxt\j
Calculation rote . & valer 'o/ 2.7122 xto"? s ol i ‘Hq
f" .
o /h/bu/f aeck
i’ﬂ:f /« o
D~ '
pomse—— /Dtueh’eal Z 0.8
7D -2 = T A valwe 0{ HD-R = (p5 s ae o ,‘h»m
/\npuj clece.
CFe2 -k
oro
TeFA -T £
0.27 ( 774 sape 08 Lhat of Cel ¢ of leves 1)
: FA = 1.285¢ X6 2m”*
Ny

Pwettest = § xo-l, v 2 - -
o~6 S ¥ HDT 200 j0kur



[

o/ AdSTM

Advanced Systems Technology and Management, Inc.

i
Gt CALCULATION WORK SHEET
Subject Level 2 — Ceit 4 Page 9!/
Prepared by : Checked by
FRUOL = o.684c
FRFA -2 = o-¢$v
FRF{ - R =/ 0 - YA~ Same o) fhacece for
FRF4 -7 = 0.629 - Sl S of ool |
HD - 2 = [ 30 <10 ° m
HD -7 . Pwetred = 3w 2 xoub = 36 m
— 0.212-02
FA-~T = 06 x = <
Q | > 002,56 M
{_ID' T -

0. 0239 m



AdSTM

Advan ced Sy items Technology and Management, Inc.

L :
( JJ CALCULATION WORK SHEET
Subject L}()é’/ 2 -(Cell 6 ' Page 96
Prepared by Checked by
Wo- of Heafer eds = I3
No - of Thimble Tubkes =
FRVOQ
toral velume = F.003xi0? m3 (Same a$ that of Cell 4)
Veltume of heoter rods -
0.6 X & x 2 x(9.60-3)° = 3¢/3x10°% m?
S _ .
- 0.6 ¥ 7 X (12¢ 3 ) =hrExi0™ 3
/r/u,‘r/‘/ Velcirrre = 5387 x1073 m3
[FR VO L = 0599

W
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CALCULATION WORK SHEET
Subject Lowol 2 - Celt 6 page 27
Prepared by Checked by
FrrFd -2 -0-¢6/
H2 -2 = 1379 xio"® m
cF7 -2 = 33u22x0"3 Y Same as thoae for Cefl 6 of
FRFA -2 - Lo Kevel /
Hpo -2 = o~o
FREA -7 = 0.6302
Ho -T
Fuwettee! = 2x3x0-6 =3.6m
Yp-T ¢ X FA”T = o, 5302X0-0$“7,<o.g¥¢= 9.0299 WLL
3.6
3.6
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Advanced Sy items Technology and Management, Inc.

e CALCULATION WORK SHEET
Subject: Lewe! 2 - Celts T anat T ' Pzge ?5 /
Prepared by . Checked by

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 (éame as that for Cell 7/9 of level 1)
D2 .
0.1472 (same as that for Cell 7/9 of level 1)
CFZ-Z
(l; y 0.0
FRFA-R
1.0
HD-R
flow area = 0.1436 (same as that for Cell 7/9 of level 1)
Puettea =0
HD- T 0
CFZ-R
CFZ-R=0.0



AdSTM

Advanced Systems Technology and Management, Inc.

—

" CALCULATION WORK SHEET

Subject: Lewe/ 2 - Cells 7 ana 9 ' page 79/
Prepared by : Checked by
FRFA-T
1.0
HD-T
flow area = 0.0062 m®
Puetied = 0
HD-T=o0
CFZ-T
0.0
(o



Advanced Syitems Technology and Management, Inc.

(‘_"," 3 CALCULATION WbRK SHEET
Subject: Leve) 2 - Cofl & Page 190
Prepared by 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)
HDZ _
0.2278 (same as that for Cell 8 of level 1)
CFZ-Z
0.0
(o [FRFAR
1.0
HD-R
flow area = 0.1436 (same as that for Cell 8 of level 1)
Puettea=0 |
HD-R =0
| CFZ-R
CFZ-R = 0.0



AdSTM

"~ Advanced Systems Technology and Management, Inc.

CALCULATION WORK SHEET

Level 2 - Cell &

'Pa.ge /g/ /

-Checked by

’"\'\
tﬁmngf’b o
Subject:
Prepared by
FRFA-T
HD-T
CEZ-T

»

1.0
flow area = 0.0062 m?
Puettea =0

HD-T=w

0.0




STM |
ds
Advanced Systems Technology and Management, Inc.

anég“

Subject:_ Lpwe / 2 —

Cells (0 - 12

CALCULATION WORK SHEET

Pege 102/

Checked by

Prepared by

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

these cells. The downcomer shroud ends at the upper'boundary of Level 2.

The thickness of the downcomer shroud
10 mm.

R, = 3—:'3 =171.5mm

4 =-3§—8=199mm

elevation: 0.4 - 1,0 m

FRVOL
- 1.0
-

FRFA-Z

tctal area:
L
7 < (63987~ 0.3/;3&) Z0.w0320 m?

area occupied by the downcomer

shroud:

fluid area:

A

0.320 =209y xw “m

- /ol X207

FRFA-Z = 0.663¢

W

7 '#‘ _
| 249 o
Y § Ie 2 2 2 2
Z X (0343 _{_0'0'2) ~0.343 ]=/~//X({M
‘ _*_046
2396
2 2 3

a* |

‘#'049

3 NI
+046 23968
@

¥

_J2284
_42054

External
part

Internal
part 3

—EC'OO
J.S 12

_E:ze:;
_}_2054

Extarnal
par:

Internal
part ¢

—ilODO
_iat:!

is
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Advanced Systems Technology and Management, Inc.

e | CALCULATION WORK SHEET
Subject: Level 2 ~ Cells [0 -[2 ' Page / 03/
Prepared by : Checked by .
HD-Z,
Pyettea = %/Cf XO-ggg = /-/Lfo /VL.

. rZ
¢ X 209 x10

HD-Z = = oo/ M
/~ 7¢O
CFZ-2 0.0
FRFA-R | '
2284
(b; © total area: .* -L
" . 0.600 ¥3./¢ x0.398 ‘%
EOEM
= 0. 760 m 2 *649 External
| | o part ¢
flow area:
| g Internal
(0.900 ~0-Coo )X 1Y xp 398 pl:;';
z o *
Z 0.2 m . 2398
FRFA-R = o.62¢ : 8 812
oo =—o.823 —% | X1
HD-R
Pyetted = 00

HD- R + o (107 ;s wsecl in the Input eleck)

CFZ-R _ 0.0

rd

G/
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LY CALCULATION WORK SHEET
Subject: Level 2 — Qells 7012 Page /24 /
Prepared by Checked by

FRFA-T 1.0

HD-T

flow area = 0.6 x (0.398 - 0.3¢3)/>

=0, 0045 (1m?2)

Puettea = ' /ro . o.? = o./ m
HD-T = 4x0.0/85 /o0-] =064 m
CFZ-T 0.0

O

J?ZG‘[
_LZOSJI

External
o part

.Intarnal
part 1

-iIOOO
_LBIZ

2396



)
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Advan ced Systems Technology and Management, Inc.

CALCULATION WORK SHEET

Subject Leve/ 2 - Colls (3:1§

Prepared by Checked by

(o

Page /0{/ '

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

g, =28

98
2
0
2

i

199mm

W

R, =22 250mm

elevation: 0.4 - 1.0 m

-2
FRVOL - = 298 4x10 = 0.691 7
431402 '
total volurne: ' i
J5 1000
0.6 ¥ 314 X 7 X (05> 03798%) va 2 398
= 4L 34 x0 m? 14 1900“‘53
fluid volume: <3 y 812
. \ | Ci3-
z (0.812-0.4)x ’3_4_’1_4.‘. X (0:652.0.398*) sl
F V3 - (0.9-0.512) x %Z x0398° | J21_ 1 _L400
Vi @ so0

= 2.962X1007 #1016 x107% - 1094 x107°

= 2.98¢ x )0-? m3

FRFA-Z

fluid area: 0.0

FRFA-Z=0.0
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Advanced Sys ems Technology and Management, Inc.

G CALCULATION WORK SHEET
Subject Leve/ 2 = Cells (3 -4 | Page 108/
Prepared by Checked by - -
. HDR 0.0
CFZ-R 0.0
FRFA-T
totalarea= 0.6 X (0.5-0.3928)/2 = 306x10""m*

flowarea= (0.5/2-0-4) x (0.5-0.398) /2 + (0900 -0.812) x(0.5-0.398)4¥1

= 2.326 x10°% m2
FRFA-T= 2.324 /3.0 = 07§

C.,t HD-T

' . J
Puerea= (0. 812 - 0-4) 4([/"'5—0.3?6‘}/2]27‘ ( o Fvo - o.a’/z)Q)Z

= 0472 + (dorT = 0.5137 m

HD-T: 4 x2326x10"% /0.5137 =078/ m

CFZ-T 0.0

-



AdSTM

Advanced Systems Technology and Management, Inc.

e CALCULATION WORK SHEET
Subject: Page /! o/ |
. Prepared by Checked by
] LEVEL 3
1.000 - 1.854 m



@ AdSTM

Advanced Sys ems Technology and Management, Inc.

( '/ CALCULATION WORK SHEET
Subject: Lewe/ 3 ' Page /Ag -/
Prepared by Checked by '
elevation: 1.0-1.854m
structures
RINGS R1? R2? R3 R4 RS
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 v i
shroud
spacer gridsl Y Y NA NA ' -
U 1. Level 3 contains one spacer grid at elevation 1.696, which is accounted for at the upper boundary of
the Level 3.

2. FRVOL, FRFA-Z, FRFA-Y, FRFA-T, HD-Z, HD-R and HD-T are the same for the cells in R1 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.



AdSTM

Advan ced Syitens Techaology and Mmagement, Inc,

(‘“:,\»" CALCULATION WORK SHEET
" Subject:__ Lewve/ 3 = Cell7 and Lot/ Page /2%
Prepared by Checked by

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

'FRVOL

0.913 v

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

FRFA-Z o
§ 2054
0.913 . /
(same as that for Cell 7/9 of level 2) 1 ‘ 1. 854
— | o 343
flow area= 4852 x/02m” / L : #312
".’ - (same as that of Cell 7/9 of level 2) V5
. \
' Cesls 7, 5’,?/ ) I 5.
|
. ' {
)
Puced = F. 14 X (14 ¢ -3) x3 Jal |JD _{iO( o
g 398
+ 3./4 x {+854—~fp)}x 0343.\’—3[-
= 0491 m
Hpz= 24 . po305 m l/ |
lpw.e#ed
CFZ-Z

0.0



AdSTM

Advan ced Sys ems Technology and Management, Inc.

L™~ .
& _/;‘ ' CALCULATION WORK SHEET
Subject; Level 3 - (olls 7 /‘4 Page //¢ /
Prepared by Checked by
FRFA-R
0.0
HD-R
HD-R =0.0
CFZ-R
CFZ-R=0.0
-}
FRFA-T
1.0
HD-T

Ilow area = 0.0062 m®
(same as that of Cell 7/9 in level 2)

Fuetted = /. 5Y ~r0 = 0854 m

HD-7 = 4A/Fwetted - 'i-};._ﬂ_:?ﬂ;f_ = 0.02904 m

- CFZ-T 0.0
i —



AdSTM

Advan ced Systems Technology snd Management, Inc.

Gl . CALCULATION WORK SHEET
Subject:___ Jeve/3 - CellH ‘ Page s
Prepared by Checked by
FRVOL
0.9¢2
(same as that for Cell 8 of level 2)
FRFA-Z &
L[] 4205
0942
(same as that for Cell 8 of level 2) |
’- Bzf;‘
HD-Z ;
HRZ 006 w10 2 343
flow area =" . : '
(same as that of Cell 8 of level 2)' \ .
) | | V5
(S
Pwened=2X?,/‘pf»\///4/9'3)’*3/’)(5-’9‘1(0-3¢3 |
ga LLL[Js 41000
= 0 {Z{(? m -
g 398

HD-Z= 0.004% 8 1

CFZ-Z




AdSTM

Advan ced Syst:ms Technology and Management, Inc.

(o CALCULATION WORK SHEET
Subject: Leves s - Cefll 8 Page /12 /
Prepared by Checked by

FRFA-R
0.0
HD-R
HD- 2=0.0
CFZ-R
CFZ-R =0.0
FRFA-T
. 1.0
‘-g””
~ HD-T
flow area = 0.0062 m?
(same as that of Cell 7/9 in level 2)
Pyetrea = (/'55-¢-—/-0) T0.8§5¢%
44
HD- - = Q02904 m
/a/v ted
CFZ-T 0.0



AdSTM

Advan ced Systems Technology and Management, Inc.

-

(7 CALCULATION WORK SHEET
Subject: Level 2 ~ Cetl 0 —12 . Page /13
Prepared by Checked by

Cells 10-1 2. (in ring 4) are identical. The downcomer shroud is represented with these cells.
FRVOL
total volume (7 Ecu -0 000) x3./% x (0-398°_ 0.3¢37)

= o0./0 3

l093 m
fluid volume
(/. 8SY —1.00) x B.ig x [o.~g732_0.3$31) ccodoks
L'i; FRVOL _ 0.09062
| T T = 0.929]
O./043

HEAZ | 2054
totalarea _ 3. ¢ 2

o X (0-3997-0.2¢37)

l 1 85
. @ 343

. 3¢ '

flowarea = = x (0.398% 6 3537 )
: ' Cells 10, 1/ ang +2
FRF A-Z_ - o. $2 g el
¢ 1000
W %) 398
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(D) CALCULATION WORK SHEET
Subject: fovel 3 - Celf (0-/2 Page W4
Prepared by X Checked by ‘
HD-Z
Pyetted = G4 x (0392 + 0~'363)
4 A 4 v;,’l x (0-398° -0.243%)
HD-Z= —— = = aags m
Pwered SUG X (0398 + 0.343) —
(e
CFZ-Z
0.0
FRFA-R
0.0
HD-R
HD-Z=0.0
CFZ-R
CFZ-R=0.0 -



%van ced Systcms Technology snd Management, Inc.

Page 23] /

D * CALCULATION WORK SHEET
Subject: Lerel 3 = Cellc1o /2 _
Prepared by : _Checked by
FRFA-T ,
0.298 - 0.353
= 081§
0.398 - 0.343
HD-T

flow area = (485¢ - 1000) x ( 0.398 —0.5’5_3)/2_

Pyetted = (/* 6’5’91 - /.000} Y2

L"i HD~"|"= 4 = 0.0 Z/—f m
Pweﬂed

CEZ-T 0.0



@ AdSTM

Advanced Systems Technology and Management, Inc.

L.ﬁ CALCULATION WORK SHEET
Subject: Page [ 5 /
Prepared by Checked by
LEVEL 4
1.854 - 2.054



AdSTM

Advanced Syitems Technology and Management, Inc.

L _('_f? | CALCULATION WORK SHEET
Subject: ' Mg/l?l
Prepared by Checked by

Level 4 extends from EL1.854-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



AdSTM

Advanc:d Systems Technology and Management, Inc.

™ | - CALCULATION WORK SHEET

—

Subject:

Prepared by Checked by

Leve| 4 - Cells 7- 9 Page//gl

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 . '
| | # § 2054

Cell 8 and Cell 9.

cell ¥
FRFA-, . .
total area: {/,85¢4

. | 3943

| -
1oz
3 K G X (0.3437 -0.312%)

= 5512 xi073 ;% o V5

flow area:

- ,/_, 7
L.j 3 x7/- ((0"3¢—32-0-33?2) + 2 x (0,04‘9,(0_0/5_)
= /.&e.’7'x;o'§m’- -
o= 1867 :
FRFA-2 = _£¢9/7 =0,2134 .
|
| orifice .
HD-2 ) ' 1]

Pussced = 204 X (03434 0,329 ) 4 4 x 2 X 2 (#3443

T 0-9636 m
RS LA Plened = Ligaa xioFp
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Advan ced Sys:iems Technology and Management, Inc.

) b
k( % ‘ CALCULATION WORK SHEET
Subject: Love) 4 - Cells 7-9 Page 119/
Prepared by ; - Ehecked by '
CF2Z-Z — —(FECAP T RV BI%k)
T INEL wped k=130 Becasr ST g ,‘,.,,PUS,},L, to devia@ flu k

Vake: boseel on 0L Snfor mathon e hewe. K 25 cg waed ra the tnpaf

. L :
cleck.  FRZC s ‘?'7037)((0 a(Cc)Tc//‘/_zj- fo Fhe - Frpc Con e rd g

Zia.a,ffaz on /ba,ge zq

Cells 8 and 9

FRFA-2

3

total ar=za: 5’-_3,3,(/0‘3 y7%i - ( Same a> that af Cell 7)

.. _ -3 ) _
Lg) flow area: [ 667 x (0 G F XIS X1 A - 5‘4‘7)“0 (Lm;-

CCeh7) ( éd’x/_t’on-"{:‘c( )
FRFA-Z = 0-/76’
HD-2Z
= 09436 - S

Puetted 2X (44 +/5) x 10 0-8376

(eenT) (48 x15 orFia)

Uy F4eTxi0 ¢
HD-Z = _ =Gtz T o
0-4374

CFZ-2

K=13.¢, FRIC = &_7g;9¥,0~2,

o
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As shown in the figure on the
left, the core region comprises .
9 levels (L5-L13). The heated oy AL 28 HqUL
length of the heater rods
corresponds to Levels 6-12. The
level elevations are selected in
such a way that most of spacer
grids are 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.

IN0

The core bypass is the volume
between the core baffle and the 1
vessel wall. The flow area of i i
the core bypass is 1.459x1072 m?

Q;} (V50) . There are 8 reformers

“ (figure on the next page) at'8 o !

elevations: 2240.4, 2812.6, &K - ;
3334.6, 3840.6, 4378.4, 4900.6, B NN Hu
5422.6, and 5958.2. The flow N
area at a reformer is 2.143x1073
n? (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 boundary:

Core bafle 411
E

healsd 1ane : (3636 | 177l 5528
|
B

U

405?..._5L 10

fiks

MOTE SETRILEIS/RY 20 ni/sn

Physical location Model
2240. 2164 - ’ vol. tte) | ¥ u 10) {a)) | Junctton | A« 1D (o') | WD w 10D [s]
2812. '
3334.
3840.
4378.
4900.
. 5422.
a/ 5958.

— .

2817 v | e 4349 50 ooty | weo
ggzi o m | e 2.8
4 3 8 3 Ju2 1.459 N7
4905 _ Tele 17729

5427

6052

N OO
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Subject: Page 2] 4

Checked by

Prepared by

In the following pages, the

;I 1 jsmo
geometry and hydraulic - l —+]{-
paramet.ers will be derived ” I 8 formers 00 = 339/ = 3

. ¢ 3" linchuding 0 doubls)

for the cells in these ’ I
levels. Also, the cells in vsoqé.] ' Jeq us2

L1 ”
ring 4 and ring 5 of these aJJ.UJ-"‘J - bended woll , 1 o 12
levels are void. - ! ll :J:gumuhkn

' 'l 2054
J50 y — R LT .L
2343 ®

[

Figure I11.2.3: The Core Bypass.(INote
SETh/LES/87-28)
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LEVEL 5 - CORE INLET (non-heated level)
Elevation

2.054 - 2.164m (AL=0.110 m)

Structures
RINGS Rl R2 R3 R4 RS
heater rods Y Y NA - -
thimbles. - Y Y NA . - -
baffle NA NA Y - -
spacer grids_l Y Y NA - -
reforn‘..ers? NA NA Y - .

L'd/ 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.
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Subject: Leve) 5 = Cell -/ . : Page /2%

Prepared by Checked by

cell 1
- FRVOL
_ 0.531 - Same as that of Cell 1 in Level 2
FRFA-Z
10.414 - Same as that of Cell 1 in level 2
HD-Z |

1.119x10% m - Same as that of Cell 1 in level 2
CFz-2
1.7555e-3
FRFA-R _
0.444 - Same as that of Cell 1 in Level 2
0.0152 m - Same as that of Cell 1 in Level 2

g

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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Subject; Level & - Cov 2 Page ['2 4/
Prepared by : Checked by
Cell 2
FRVOL

0.531 - Same as that of Celi 2 in Level 2
FRFA-2Z .

0.414 - Same as that of Cell 2 in level 2
HD-Z '

1.119x10% m - Same as that of Cell 2 in level 2
CF2-7 |
1.7555e-3 - used in the input deck
" FRFA-R
L!? 0.444 - same as that of Cell 2 in Leyel 2
HD-R
0.0152 m - Same as that of Cell 2 in Level 2

CFZ-R
0.0

FRFA-T _
0.5216 - Same as that of Cell 2 of Level 2

HD-T
0.02036 m - Same as that of Cell 2 of Level 2
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"Prepared by : Checked by
Cell 3
FRVOL

0.531 - Same as that of Cell 3 in Level 2
FRFA-Z

0.414 - same as that of Cell 2 in level 2
HD-2

1.119x1072 m - Same as that of Cell 2 in level 2
CFZ-2 |

1.75%e-3 - used in the input deck
FRFA-R

. 0.444 - Same as that of Cell 2 in Level 2
\“ ip-r

0.01%2 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 lLevel 2
HD-T

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

Cu’
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Subject: fece/ ¢ - Celfl £ : Page136/
Prepared by Checked by .
Cell 4
FRVOL

"0.58% - 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: 6.720x107° m? - same as that of Cell 4 in level 2

Pyettea (87HRs) = 2.595 m - same as that of Cell 4 of level 2
Pwetted'(z thimbles) = 0.07536 m -same as that of Cell 4 of Level 2
Pyettea (baffle) = 1.276 m /3 = 0.4253 m (1.276 m - baffle wetted
t“J' perimeter, Note SETH/LES/87-28)
Pyettea = 2.595 + 0.07536 + 0.4253 = 3.096 m
HD-z = 8.683x107 m
CFZ-2
1.7462-3 - used in the input deck
FRFA-R
0.0
HD-R
0.0
CFZ-R
0.0
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Subject: Le vel] § - Cell & X Page /21 /
Prepared by_ _ Checked by N
FRFA-T

0.37 - Same as that of Cell 4 of I.avel 2
N\

HD-T
o 2./6% ~ 2.e0Y¢
flow area: /.2654,\//02(07'*) X L\ ~t :2.32)(/0—3’"2'
o5 rn
/- \ .
FA-T of Cetl 4, Level 2 (eng 77 a/ lace/ 2

Pyettea (rods + thimbles + baffle)

# (2069 -205¢) X2 + (2.164-2.05¢) =0.99 m
-) / | | |
Wo. of rods/ ehimbles = See /10725 for Cell ot Leves 2
Ly 2.32 Ko ™3

HD-T = = ~3
0.¢¢ 9.37 2 x (0 m

Lo/
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Subject: Leve & ~ Ceotl & Page (28
~ Prepared by : Checked by
Cell 5
FRVOL
0.584 - Same as that of Cell 5 in Level 2
_ FRFA-Z
0.%$0 - Same as that of Cell 5 in level 2
HD-Z .

. f 6f =3 3 : S y
flow area: 9.052 X/ ~ m’- same as that of Cell 5 in level 2 (@way7om SPace
Pyettea P HRS) = 2.62f m - same as that of Cell 5 of level 2
Puetteda | / thimbles) =0¢.0376fm -same as that of Cell 5 of Level 2
Pyettea (baffle) = 1.276 m /3 = 0.4253 m (1.276 m - baffle wetted

-. perimeter, Note SETH/LES/87-28)
L"'} Pyetted = 252$' 7 O. 032768 + 0:.4240°3 = 5‘05000 m
-3
_ ax &.6£2 X110 -
HD-z = = /1§ <o *m
: 2088
CFZ-7% 2768w 10™3  wwed ra The /‘n/5¢f eck
FRFA-R
0.0
HD-R
0.0
CFZ-R
0.0
P FRFA-T
-

0.629 - Same as that of Cell 5 of Level 2
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Prepared by Checked by '
HD-T
_ ) /LGyﬁl J-f Lbué,-/a.

flow area:

.
o.0rd3s& m* X ___i_”_/l_

= 9 -3 2

0. & om 2¢6x o " m
L [.enj/'h c}f Ls vef 7

Pyetred .rods. + thimbles + baffle)

= 3 ’? 2 X (206U - 2.08¢) + (2.16¢ -2.08¢)

z 077 m .
HD-T = 9‘/‘1 _ & 3/'3‘441-{'210’; _ L
lpu/-eﬁcd 0.77 - 00208
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Prepared by Checked by

Cell 6
0.599% _ Same as that of Cell 6 in Level 2
FRFA-Z _
0.&§/ - Same as that of Cell 6 in level 2

HD-2Z

flow area: &-87 xi10 -3 m’- same as that of Cell 6 in level 2

Puetted té'fji’Rs) =2-£25 m - same as that of Cell 6 of level 2

Pyetteda ((thimbles) =0.03768 m -same as that of Cell 6 of Level 2
@ Pyettea (baffle) = 1.276 m /3 = 0.4253 m (1.276 m - baffle wetted

perimeter, Note SETH/LES/87-28)

Puettea = 2..5-3$¢- 0.03768 +0.¢6283 = 2.9.96‘

“v 837Kc07"
HD-z = = n/é’(zxzo"zm
2.%98

CFZ-2 3
1 8SE6¢ xwio” taeod n The I\h})UJf elecfc

FRFA-R
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Prepared by Checked by
CFZ-R
0.0
FRFA-T

8.4302 - Same as that of Cell 6 of Level 2

S . Le"ng{-/) o.,l'Ln,ue/ 2
{
‘ 2 0-//"/71
O.or¥37 m X — = 3.962 k102 2
O« ¢ m ”
L

Leng ¥h df Lave[

flow area:

(", Puettea (rods + thimbles + baffle)

du :;XO‘//O)(Z + 0.1/ 0 =0077M
/VG.Of /&;ro[s'
HD-T = G x3.982 x,0"° e 02063
.77
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Prepared by Checked by

In the VESSEL model, the
core bypass region is
represented with an annular
(Ring ) as shown in the
figures on the right. R2
(312 mm) is determined in
order to preserve the flow
areas of the core region and

the core bypass.

The Cells 7-9 in level 5
have thevsame geometry and
hydraulic parameters except
for the fluid volume
fraction because Cell 7 has
two 48x15 orifices in the
bottom reformer while Cell 8
and Cell 9 e_ach have one
orifice (pl. refer to cal
notes related to level 4).
In the ne#t few pages, we
will derive the geometry and
hydraulic parameters for

these tiree cells.

Core Bypa:

Baffla

gees

Heater R
Thimble!

Schematic of core cross saction
(Fig. I.1.3, SETMLES/87-28)

12 mm

/43 mm

th = 1.35mm

. Modeling Core a:hd Core Bypass
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fRVoL
2 _ _ ! - 71 -
tota/ Volume = gx[z./JQ-zoga}x? X(O‘-34-32,0_3/22}

- 584 xro Tm?3

fialf thickness of tlhe rtforme r
al eley = 2,164 m

. /
F/LUC/ Va/(//ﬂu b ;‘ x/lz./gz/ —2,05‘;4 -0.02 —o.pozf} x—;—?—(o_aq);z_‘_ ( o3 7*0.0,,27

/
Fhrckpess of sortont

tt ferwrer
2 0//\76‘@5 A 7t /vf/.m;

/ ref=<rage p—

-

! -
oy X243 x107% % (0.62 4 0.0025) + 25002 % (0.048¢0.01¢ )
/ i
dréa of the annular goap atl Fle refomer
= 4.75)(/0'-4 -+ /-507&(0’1. -+ 2.8§8 )<Io§r
= %7/ X0 ¥ m3
%
Zﬂr/?l - - “ 71 Xep _ _ ogog
58y x4
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Subject___ Leves 5 - Cell 7 Page /341
Prepared by ' Checked by i
FRFA - <
'fdfa{ crea = é P% g; e (0-34-;1_ 0.312%) - 5‘.—3’:3>Oo’3m2
FA-2 = 2.143 xrofgxé = 2082 x10 Fm?

FeFA-Z = 0.1344

0543 —-0.33 5 = goo&g pr

~ = . - : '
) /3.0 Use Inze valua , Wwh.ch wifl &e aa’/‘wsfea’ +v

Q“ i, _ /e

. L~
obtarn Rrown Given éy/)a $s Flow rate
CF2 -2 : O.6708FE-02 ('S wasol in Yie C0 pet lecks

FRFA-p

b o.o
HD - R
S 0,0
CFZ2 - R
_— O. 0

o
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Subject: feve/ £ - Celf 7 Page 1357
Prepared by Checked by
FRFA-T

totalarea  ( 0-343-0.212) X —2’— X (2164 - 2.05Y)

reformer (2prmm) '
= 1706 x 10 3 m? 2.164 D ™ |
[ SEE—.
' P32
flowarea (0-343 -0.3/2 _0.0027 ”'z,“ (2.164-2.08¢4-002-00025) )
. N Fa43
*(0.02 +0.0025) x (0343 -0.339) x +
e . T 128350072 m? Baffle
/.283 ¢ 08 X
.~ FRFAT= - ay528 I
: 1 J0bx107% :
reformer (20mmN
HD-T - 2.054 N
.................. U | S

Puenea= (2164 -2.05¢)x2 4 2(0.239 _o,;,”)x;—’«
2 0.22 +0.004 2 0.224¢ m

o 450283 x1075
HD-T = 00229 m
J. 22(/
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Prepared by ' Checked by

Cell 8 and Cell 9 are identical for Level 5.

FRVOL
total volume: ¢ 84 x (v “%m? .same as that for Cell 7 of this level

_ flwid Voluore cn Cett 7 Lleerst Uilewss o o a?-f,r/f
. - ~
fluid volume: 4.71 X 10 4rm3; - 0.02 x 0.048 ¥0.01& (m3) orif e

= 4sixi074 m3
FevelL = 0,7321'

FRFA-Z
k:/ total area: £33 x/o";mfsame as that for Cell 7 of this level
-u
flow area: 7./43xs0 = -same as that of Cell 7

FRFA-Z: 0./2¢4  -same as that of Cell 7

HD-Z goog m -same as that of Cell 7
CFZz 13.0
FRFA-R
0.0
HD-R
0.0

{_J CFZ-R 0.0
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Checked by

Page /2 7/

&_D : ' CALCULATION WORK SHEET
Subject: Level 5 - Ceth B -4
Prepared by
FRFA-T

0.7526 -same as that of Cell 7

0-022 ‘-7- same as that of Cell 7

CFZ-t 0.0
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Subject; Level 6 - Level 2 ( Heoted Cure Cection /) Page /35 1
Prepared by - Checked by

.H_g_a‘ted Core Section (LEVEL 6 - Level 12)

The heezted 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 1-6 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

12

z {m)

2.

U 0 b W W

817

.861
.383
.905
.427
.82

dz (m)

o O O O O o

0.393

.653
.522
.522
.522
.522
.522

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

Levels 6-12:

Cells
Level 6
Cl1l-3

4

5

6

Level 7-11
C1-3

K-factor

W w ww

W www

.0400E-0011.
.0400E-0011.
.0400E-0011.
.0400E-0011.

.0400E-0011.
.0400E-0011.
.0400E-0011.
.0400E-0011.

HD (m)

119E-002
113E-002
119E-002
184E-002

119E-002
113E-002
119E-002
184E-002

‘DetZ (m)

B R R R

R S S Y

.1750E+000
.1750E+000
.1750E+000
.1750E+000

.0400E+000
.0400E+000
.0400E+000
.0400E+000

FRIC

L

(SR S UPR T

.5361E-003
.5278E-003
.5362E-003
.6243E-003

.6358E-003
.6270E-003
.6359E-003
.7298E-003
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Subject: Jevel| 6 - Level 12 ( Heafeol Cove Soct~on Page /39/
Prepared by Checked by
' Cells K-factor HD (m) DetZ (m) FRIC
Level 12 :
c1l-3 3.0400E-0011.119E-002 3.9000E-001 4.5978E-003
4 3.0400E-0011.113E-002 3.9000E-001 4.5732E-003
5 '3.0400E-0011.119E-002 3.9000E-001 4.5982E-003
6 3.0400E-0011.184E-002 3.9000E-001 4.8620E-003
In the following, the parameters for Cell 7 - 9 are derived.
(o
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Subject: Ze‘/e/ 6 - Cf/[Sj, & arnd ? Page 40
Prepared by Checked by i

The Cells 7, 8 and 9 are identical.
FRVOL

. level 6
o - oz
- . 6 (4
total vol: 5 94 x1o "'(mf, x % /
| o .11rom — de eof tevel S5
= ;-457)(/0.-3/;13
fluid vol: = é‘ x 2.193x10"° x 0.005 + ’:é X (0:653 ~0.008 ) x —?f— X (b.€432~o.%/972)

= 2.06x07%m?

(  FRVOL= 0.9!1%

FRFA-Z 7.3 ;z;.z- same as that for Cell 7 in level 5
"HD-Z  5.00¢ | -Sau as that for Cell 7 in level 5
CFZ-Z K130  CFz-% = 23476 xto=? , Cquation 4-¢ given on Prge 3¢

FRFA-R 0.0
HD-R 00
CFZR 00
q n vel S’
FRFA-T EA-1 of Cetll ! |
/'/ _dz Q/Leuclév
total arza: /- 705'(/(7';”1z X _Olﬁi - Oolor22 m?/
; O.r70
\

' dz o/ Level
(o
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e
Subject: Leve/ 4 — Cells 7-9 Pzge / S0/
Prepared by Checked by
R . / reformer (Smm)
flowarea: ( 0.3¢3 -0.312 -0.0027) % = x 0.6 53 S
t 2.817 |
- 0.00fx 0.002 rd
= 000924 m2
: 0.0052¢
FRFA-T = > oror2a C 9-9:27
HD-T | -
' Baffle
Puetted = 2X‘0'553' + (.0.33?"0-?/47)’(’2‘, X 2 //
A
w z / 3303 /71
reformer (5mm)\
oy
HD-T = \
/Dwfﬁéd ) 2.164 i r———
e =l _
4 x0o09z2y
= — = 0.02778 n
/- 330 3
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Subject. ___Levels T =11 : Cells 7-9 Pege 161/
Prepared by Checked by
The Cells 7, 8 and 9 are identical in levels 7 - 11 which have the same dz = 0.520 m.
FRVOL totel Vel . 0{ Cell 7 o_f Levetl §
total vol: 484 xi0™¥m? x _Of20 — 2761 x0™? m?
. 0110
fluid vol: —é ¥2./43 %10 > x 0.00f 4 §/- v (0.£20—0.00f ) ; X (0.3¢3%_ 0. 3147%)
= 2.45/2 X w0"? n13
reformer (Smm)
—~ FRVCIL 2.5’:21108 5 .
5 = . = ] /0 ) . . 339
W 2.7€61 x to 2 7 ) ¢
175
FRFA-Z . /3¢ - same as that for Cell 7 in level 5
HD-Z o©.004& h -same as that for Cell 7 in level 5
CFZ'Z K-13.0 , CFt-t = 2476 X0~3 @ . _Batfle
FRFA-R 0.0 ‘ /
| «?312
HD-R 0.0 o 243
CFZ-R 0.0
. reformer (5mm)\
FRFA-T \
 B—
. -3 2 . '
total area: 270 xs0”7 1 x 0520 = Pobxr03%,,3

Qo-¢/0
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Subject:___ Lowvels Z-11 : Cells 7-9 .- Page /52/
Prepared by Checked by

. . — N . - ’
flowerea: (0.520 -0.005) v (02423 ~0.3147 ) x S At 0w0sfx0002

= 7.287x077 m?

-3
FRFA-T = _ZM = 0.90¢-

P.oé Kito ™}

HD-T

——

Puetea= 2 ¥ 0.€20 + (0.33G -0.2147)

—_ Z [.0by3m
(3
G x 7-287)(10»1z '
HD-T = = 2,739 x 1072 4
/- 06 ¢ 2

-

G
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Subject: Lovesrr2 - Cplls 7-9 Page /42 /
Prepared by Checked by

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

FRVOL
totalvol: & 70¢ xio 3 ¢ 2392 5.620
o lro
= 2.08¢ %10 "% m?3
. 1.75
/ ’3 0-0/2f
fluid vol: 7 ¥ 2.(43x(0 K0.002§ 3 'gl (o. —;"7_;-4&4,7)
x 2 > 2
Xz x (0.3¢3 -0.3,4¢7 ) |
‘ ~= 3 m? | & Baffl
ZZ /. G9el o M ® ‘ Baffle
7 FRVCL- /
(/) veofh xwE NV N
/ . a1z
/904 x10°5 0.9,2(L . et
o 343
FRFA-Z
reformer (5mm)
o rd 2 N ' \\ 339
total area: 3 x? X (0.243 -0.312 / \
5.427 N
....... 17=.___

flow area: é— X —:E X (c.;(/_32'_o|7/(4.7z)
= %87 x00 m*
-3
FRFA-z= zé7xw ~ 0.9 17
53131077

G
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Subject: Leve/ 12~ Cells 7-9 . . Page /154
Prepared by Checked by
HD-Z . .
: {
Pwettedt = z (03¢5 +0.2147)
. 1 2 1L
- 03¢ ~ 0.3 ¢
Ho -2 = & A = “1Z <l 4 7)"; —aQoz§3s M
Pvertea T (0243 40.31¢7)

CFZ-Z 0.0

FRFA-R 0.0

HD-R 0.0

CFZ-R 0.0

FRFA-T

-, total area: (0.393) x (0.3¢3-0-31% ") x5
flow area: ;'—_( 2. 3¢2 0.3 147 )y i x 0.39 3 = ¢ 64 Klu'gnza
0. 343- 03147 00283
FRFA-T= —— = e = 0.9,
0-3¢3 -0.312 0-0% ( 713

HD-T

Puetica=  0.293 x 2 = 0.786 m
(o
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Advanced Systems Technology and Management, Inc.

) CALCULATION WORK SHEET
Subject: Leve/ 12 - Cells]-F Page /55 /
Prepared by Checked by
: ~7
HD.T = 4x5-56/7 x to - 00293 m
0.786
ot

-
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Advan ced Systems Technology and Management, Inc.

CALCULATION WORK SHEET

o)
Subject: Page /5 6 /
Prepared by Checked by
TOP of CORE (LEVEL 13)

)

[,
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Advanced Sy:tems Technology snd Management, Inc.

e CALCULATION WORK SHEET
Subject: Leoe [ /3 : Page /57
Prepared by Checked by

As showr 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

5/ o 343 _ 'I/‘/Iong thimble (12)
1 te—B 339 Lavo
A E 7% K720 7y I —
- V il ~l
; " // 2 46130
- /’ Q\‘ ! P 6x 018 i , upper tie plate _
o’ /; ' l 1 - VIO Level 14
| (Te} -
? o B_LI - JsoTi
e X AN
; > &\.\\ N N Io leos2
1 8 ks |
/ - S ) Vo
/ £ Vo) .
o |
; g f-O-—-1f--7 ‘.J_._.'__J_5997 Level 13
§ T T 14928 rods
e I7 short guide |thimbles, 5820
core boffle ——-—- --—-;L--—--—~--— +
Figure (Figure I11.2.2, SETh/LES/87-28)
(
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Advan ced Systems Technology and Management, Inc.

e CALCULATION WORK SHEET
Subject Level 13 - Cotls) -3 Page 158,
Prepared by : Checked by

Assetn; f‘/z; Chat the Followlrg paramerers art the same For
Cell]s /-3 ,';z level! 13 . C See WHE for [et/éx}z ) Cells 1-3)
FavoL . FRFA-Z, Hp:z , FRFA-R and HD-2
No. of HRs . 1» .el‘/z;/ : (68
Mo of gaide thimbles ( tong ,j.rm ;25

[e/z21'-A o/' L vel /é r 0.23z m C £.820 m - .05 2 m)

(.:) Jeniul/z of Mls in CL({E 12 2 0477 m

Eevel

Zotel! olume

2 > 7285 x107% 3
Z x 0.2 x p.232 =/ x10 m

Volapre of Hee in vel I3 -
o <
160 X F X (9.5¢-3) v 0.077
= 2,007 x10™3 m?¥

Vo lep e of qu/dle thimblo s rh lcel |12

(L..J J
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Advanced Systems Technology and Management, Inc.

-
LJ;" CALCULATION WORK SHEET
Subject Level |3 - Colls 1 -3 Page /59/
Prepared by __- Checked by

26 x I (uze—?)z X 0.232 m

N

= ¢56¥w0 *m?

f/oi'd //O/élu = 7.285’,\’/0—3- 2.t0) X073 - b.56 ,(‘o—'-/-
-3 3
- %5’22-‘({0 m

3

,ZéwL- = fifrrxw 0.6208
72850}
« FeFA -2
total wrep .
14‘- x0.2° - 24 Fm®

A the wpper bocendary of leval (3, flow path Comprizes he
2mm anpular 9P el tle Aoles in Tl perferated copper +.‘-c.
A} W
P(‘Vf" . Qs shown )n "¢fia4’€ on PA.?,{ 157 . It ¢ Koo p vheq 1
% s . _
thAx jla‘ovf/ Mrka  «f Jerstion T e 2.32¢107°% ana L2 = /2.¢0 y/a—zm |
We dlonrt Lntsww whn cflameter of rhe foles of +he wppar it plate

k(...» Crbhe r e oy pot know + 4x d"“h’;q"'” of the hole
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Advan ced Syst:ms Technology and Maagement, Inc.

) - ' CALCULATION WORK SHEET
Subject svef 13 - Cells -3 Pagee '60/
Prepared by Checked by

Zre dwermrna FRFA-Z -for R:h;/ , Two asswempiions ase Made .

(1) The poles harve thet Same diame fe,

(2) two ZAirds of The Koles ace ' rng f,

50/1/';.”2 for ¥Ae dv'qm-ez‘-er o7/ tAe hole s, p.

Lo fo

/
a/ flow crea of the fholes

-2 (. 2 . '
32.32x10"° ~ z * Co3p2)-0.2:0 % = 30263 « 102t

‘ (.J

¢2) Wetled Perimete Aueto TLe 2-mm jwp ane the poles

-2
Procsest = 44 o G ¥3.32x10 "
Ao - 12.40 xt0°3
- /_0.7/ m

Pweste of (é./os/ = 0.7 M - 34 « [0\%/2-;‘ ©.308) m

=763 m

(3) Doameter of the holes - D.
_ . of Aafe<
3109 - A/ = 5’._7632 nl

-

U Z%’))’.A/,

- 31/293\’10’2/)—2,“'

2 - ¢ X 3axi0 2
f7632 C0/4264

v
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Advanced Systems Technology and Management, Inc.

-
. CALCULATION WORK SHEET
Subject Level (2 - roife s :3 Page {41/
Prepared by ‘ Checked by
87632
A -
‘ = =/9%5. ¢
314X 0014266 3
A /S an /"n¢e5er‘ . 49( N 198
~ 763>
. =o0.0/y3) M
: 3,14 x)9¢ /
Aceorcling Cy
- 2 ' 2 2
- FAd-z -y X 0.03(25 = 2.083 x10”"m
(.J
. -2
FrRF4 -2 - £ofl X = 0.663%
2.0¢ xi0™?
[

é»z"a,/Ma o f ,6/}1:7/

I:

/D -2

(§!

i o’f-é/w holes = /.31 X0~ m



)

Subject Lovel 3 - Collc -3 Paze /62/
Prepared by Checked by

AdSTM

Advanced Sys:ems Technology and Management, Inc.

CALCULATION WORK SHEET

CFE -2

in cU’fkoflzJ “he k—f&c‘for 74)'v v“he uf)/?.er he p(a;f‘e, 7’L(
7re Plate s Treateo as a Lom b atren o/ ane a.b)brfl‘ Con 75-a.cT1dN

<dnd! e aércrfi expansron

. : obCarnee .
At £ Prltor for AL .aﬁ/“&%?"/bq /s I’Z—C’caw’/-)y ‘o Jabl 7-1 of

TRAC -1 Thesot Y Man aaf

Ajer
/4_)‘

= FeF4 -2 = 0;55.35’ £, = o./Y

TR £ fector for Tl whrept expangivn 5 obtusned aa-,m(,x,)

L eu{ru,a,fl‘iﬁ (2-13) 07" TEAC-M manwa(,

‘kw,: (/—ﬁ

2
T ) :(/" Fr7A4 “Z'):—: //" 0.665y1= 0.7/3

K = K 4 (€x = ol14 043 = Oiaf3

CF2 -2 = #2649 x.0°?}
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L..V) CALCULATION WORK SHEET

Subject ___ Lel/el |3 - Cellc 1-3 Page 163

Prepared by Checked by

FRFA - 12
Tota/ arce = 304 x 0.232 x 0.2 = O.1447 mz
/ntersaction aveo af’ rods ansd ther Swrforl ot Rz ol v .

(7 - o,kgt,z) X O.Z)fan'q xo.r77 T 006 m*

[

FetA - of Level 2
f/a w asea : -

(") | 0.1¢87 ~o0.061§ = 0.0839 m*

0.0 §39
c. (487

Ferd - o =

= O-f?f(?

HD -2

No. of rods in r’erseoh‘qyy wrkh the Spurfact af Pep,/ m ,x
36 ( See Mbtes fr Cen ¢ +F Lore/ /)

)Du'eﬁ‘cé[ = 36x2 x 0,077 Sr2uee m

/‘JI/:'*:Q = 0-0(?37:{4L

12.) 4y = 0.02632 m

(o (Fr -R

-
C
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‘\ oo CALCULATION WORK SHEET

U,
Subject Leve) /3, (Cells /-2 Page /641
Prepared by : Checked by

..S.a/l/r‘/;z___l-ér fRFA =T , #D-T

—m o oz

Cell )

FA~T = 0.1 Xx 0,232 = 2.32 x10"% m?

| $Hreth =T total area

/‘/yu/ area ,

« flow ewea (orrrspoﬂnf/"rqu the T’étzj‘c% 07/ Hes 1'n Level 13,

FA-T = o097% X0/ xo0.(7]) = /- 025 619 % m?
- | /
FEFA=T of Cell 1, Level 2

s flow area above the heater rods

FA-T =" « (0.222-0.77)

\}

0~( x c.0 54

)

$rxw? m

8}

* Fota( Flow arpa
FA-T = 2028 %072 4 rif xeo-?

= 5.S785 x107° m*

W/ ”



AdSTM
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C;:) CALCULATION WORK SHEET |
Subject Lewef 13 -~ Cetls (-3 ' - Page /65
Prepared by ' Checked by
o -2
FRFA -T = [$75 x (0 _
- 2.32x10"% 0.67¢7
¥ Ho-T
Mo. of reds /nterscting -WeZTh +he Swrfaet S ( ¢20 fotes Rir Cell 1
of lare] = )
ﬂveffaz/ = 2x65 x0Qs77+0. = ,_77._{.04': /-87"’1-
HD*T - 9"1 - 4X'/-579'x(o’2 : B
Roetred - ., - oo2369 M
(") 137
# CFE -T =0

((J
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G) : - CALCULATION WORK SHEET
Subject Jovel (3 - Colle ) -2 Page /64 1
Prepared by Checked by
Caff " 2
+* FRFA-T
Cotal area. = 2.32 x10°%m?

( Seme as Cen 1, Lewve/ 13) -
l/

//aw areo

’

Fflow area Corvesponding +» ¢l bevqth of @25 in Lwey /3
FA-T = 0.6216 xo.] x0./77 = g.232x10  m*

Q_J ' © flow cupa abore the feoder rods

$.5x107% m? |
1072 m (Jame s Chat of Cell 1 of Level s3)

tolaf flow oseo

- -3
FA 7 = 9.222 0 + £ 5 073

L

- %2 a L/

-~ /¢7222x10 "

FPEA -T 12732 3 1072

2.32 x 10" m* add /

+* dp-T

Vs, 07[ fé.q'( ,./11‘¢r$e&h‘,7 L{/.?“fz tha Cl// 5“’7[6"(,? - £ ( Se WVotes ﬂV ('e//z,
Lu/e/;/

o
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™ |
o CALCULATION WORK SHEET

Subject Lovel 13 - Cells (-3 Page /87

Prepared by Checked by

fweﬂ'ee( = §xo0t77x2 F 0 =/(8Tm
- - G K- %732 k1o "2
Ho -T = = 0.03/S M
-7
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N '
\1...#"’ CALCULATION WORK SHEET
Subject Loye [ 13 —- Cells 1-3 . Pagze 168
Prepared by Checked by
Cell 3
[ SE— )
— -
fo tal areec = 2.32 X|o -2 m >

fc‘ew el C’orrespono(fmé to Ao (engfi o,ﬁ +ht heate 0“00(5.‘\

0.678 x 0./77 xo0f = 0.0r0¢7¢ m?

L

FRFA—T. of Cell3, Leve)2
f[ouJ cnla. aboue Tthe Accrer rods

Q’ S xiw 3 m*®

-') .

tted Llow cuter

2

[.5678 <107 m

FP_FA __7- _- I-f€7g )((O'L )
e o= — = 0.675¢8
2.3z x (0"

pe. of rods /‘/2*6*9&1‘"11? with AR cell Sevsfeect -« 6 ( Con Noers Fov
Celt2 of Level 2,

Puetted = 6 x0.177r2 +0.] = 2,226 m

Ho -7 o ZA | $xIS47p 007
/aweh’cd 2-22y¢

002820 m
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S

\«/\ CALCULATION WORK SHEET
Subject___ Love/ 13 ~ Cells -4 Page /469 1
Prepared by Checked by
Cell 4
A [pool
No. of Rods = P7
Ne . 0/‘ Geercle Lhinbles = 2
o [
total Uolurml - 7z —th x ( ognzl—o,z‘) x 0.232
= 32,48/ Kl0-3m3
Velume of feater fods,
- . |
97*’% X fyffe.g)’- e O.’77 - /.0‘7//\'(0-3,/)15
Vo lume of taimble s
(.
2% 7 x (12e-3)% x 0.232 = 246610 3
y ‘o . ' -3 ‘
MIM’L{ of F[cqc( : 3.4‘3/ x/0 - 109)x '0—5'5"-?—4‘,(',(10"(-
= 23370 3 .
fefol - 2337k o

(W

.
-

3.ugt xi1p"3 = 0.8ng
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\.D | CALCULATION WORK SHEET
Subject veve/ 13 - Cell ¥ Page _/ [0/
Prepared by Checked by
FRFA -2_
total ar¢o. = % x—% ¥ (_0.312".0.2") =L,,S—xlw—z m*
f/ow ~reéq = _7:}

. 2 2
. X (0:3127 —0.3087 ) + 3.’- P (54 X 0. 03/2F)

[
2 mm -32p /w'//e.)‘

= f49vipd m?

| -3
Sz = f£4rgxw
v FeFpa-z7 = SeMx0” 0.3613
. (- & xw0"?
1D -¢
/
Nlo . o[ holes 3 Xé‘ X195 = 21.67 ; b= ool43lr m

Puetted = 11672304 ¢ 0.0/43( + Lisna v (0312 10.209)

(- 6= 3. m

(R

GxS5.419 Ylo—s
1-623

Hp-1 S

= 1336x107" m
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Ll.g) CALCULATION WORK SHEET
Subject Lave] 13 - Cetld : Page 2 ] 1/
Prepared by Checked by
CFr -2

7he wupper tie plate is treatec ad 0 Combnation of an
,dbruff Coflf}‘ac-h"‘dn and an abrupt expanyion Lmn Ca,[culd;\‘l‘v"ﬁ

k fatkor ot the upper boundo of Lavel /3,

£eor the a,br«f-é confyocetion,

Aj el B ‘
e = 0.3613, Ke =038 ( Table I~ , Theory Manyal)
J |
A’ For the abrupt expen Sish

K. = ( I - ﬁ—‘— )1: (’——6-35?3):— = 040

Y = 038 +0.40p = 0788
(Fa-t = £y ‘/{‘ryz (DX; +DXroy) = Gpuation 4.y

1:2386 xio "3 TEACZ US2k Gurde Vhéo L
= ' )

-
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) - CALCULATION WORK SHEET
Subject Level 13 - Cotl /4 Page _/ /¥
Prepared by Checked by

FRFA - & 0.0
.__—__-_————_-‘
Hp -P 0.0
cfz R 0.0
FrFA -T
’LLofa_( avrec - 0.23%2 )([0.3(2 -o.z)/?’ - 1-279)“0—2[»'[3'

)
'//ow. 02 on Corresp.mu'n.ﬁ it ‘-‘—'\5-‘~h -F reds vn this coif -

-
(0477) X (0312-0-2)4 x 0:37 = 24670 m ™
FREA-T of G4, Level 2
flow area above the rods in thiz lever coy
(0.232 -0-17]) x (0.312-0-2)/3 =3.0p x1073 m*
total flow aren,
1299 X107 = (3,607 33.04 ) k1075
= {24l xi0
A | _ £.2¢8 %073
(o FEFA -T = ————— -4y

1-299 xw07t
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Advanced Systems Technology and Management, Inc.

kD , CALCULATION WORK SHEET
Subject Llevel 13 -~ Cetl £ Page /731
Prepared by Checked by
Hp-T

M. of roos rhtersecting with the sevface . & ((Notes for Gotla

J/
Loval >

weted = 4 X0471X2 + 0.232 + [0.3/2-0.2_)/2_
= 1709 m
Ho -T - %4 . %X .246x107% s
/70 & 170 4 = /464 x o m

m
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C‘, CALCULATION WORK SHEET
Subject level 13 - Cell's : : Page /7{4/
Prepared by Checked by

o . Of Hes Xf
N of thimbls : /

FrR VoL | | '
: -3 '
total Uelume = 3.481 x10 m®  (Same as That for Ced &)
Volum e o][ heater rods :
88'x—} x(i,se—g)"xo./n = /‘,ogyx}v'gmg
@ Volume af- g‘rfw‘q'-é “Yhrmble -
A . U 3
7 ¥ (12e -3)° xo0.232 = 2.622¢ 1075 m
Volume of flewel = iélg;x_lo-g m?
F'QVf’L = 0b¥
Ferq-= 0.3613 ( Same as Zhar of Cel %  lewe/ 17)
Ho -2 2 |
—_— 1336 X10"" mn ((Same a5 fhot of (et 4, lives 2 )

| L | )
(o F2-*F K= ,7p8 , CFf2-2 = £.2386X 0 >
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Advanced Syttems Technology and Management, Inc.

@ CALCULATION WORK SHEET
Subject Loyer 13 - Ceyl t - Page /1§ /
Prepared by : Checked by
FRFA-F
_— 0.0
HD - @ 0.0
CFZ - . 0.0
(&
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/:D CALCULATION WORK SHEET
Subject Level 13 - (et S Pagej_zg/
Prepared by —_Checked by
FrFA-T
—_————
totaf areo- = [-294 x10"F m?¥

flow aven covvesppnding to tHa Lngth o £ haaster rods .

o177 ) x(0:312-0.2)/2 x 0-629 = 6235 x 10 T

I

FRFA-T of Cett £, Leve| 13

f/owamea, above the bhkecter rmads :

(.,/ 3.08 x/o-g m‘z ( Same as thatf 010- Cetl 4—)
total flow area
'(3.-o‘9 + 6.73¢) X0’ - 9.3 x10 ¥ m*
Fera -7 - - '13/3' x 10—; :
(.2?734:0"2’ -0y
HD-T .
Ne. of HRs fllfz’r‘.ucrfaj wtd has Suvfat . 3
Pwe&x.ed = 2¢3 v 0.232 +(o.212 -0.2) /4 £06.232
, - l- 64 nt
(o -
H?-T - 44__ . F x9S )(/o'3

™ T o023 "
fiwe rest /.84 4o e2272
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@ CALCULATION WORK SHEET
Subject ___ Level /2 - Cotl & ' Page /1 ]/

Prepared by : Checked by

No. of tRs : &

No. of Guide rhimpbles : 7

FevolL
total Veleme = 3,49 xio™> m3 ( Seme a> that of Cell 4 )
Volume of faater rods:
;RQ‘X'%\ x (9.5 -3)* « 0177 = /-Offklo—g m3
) Vol. of Goude thimble .
(o |
L& % 2 , )
7 <Cre)’ Koz = pupmearm
Volume of [Llerdd
2.3886%10 > m j,
Frool = 068
-2 .26 ( { ' h '.
Eﬁf’:}_‘—;‘ 03.13 Saml of €hat of Cell 4 )
-2 )
({o - € (336 x1° " m ( Same as thet of Cell 4)
CFe -t 0788
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Advan ced Systems Technology and Management, Inc.

N '
W CALCULATION WORK SHEET
Subject Level 13 - Ce (b6 . : | Page )72;
Prepared by Checked by

FeFA-T

=

Total Owee : 1291 y o2 m?* (Same o4 that o,{:' Ce(]4)

f[,w o€ o Corr%[?ona,‘q_é_ +he Lbnc)-/-l\ -F h,(_a_T,(r\ r‘0€[$"l‘h ThAaS

Cell:

(0.177) X [0.3/2 -0.2)/2’ )‘0737 = 2.,{(7;((0‘?#1'1

[
FRFA-T of levst =, G £

f/ow Ot obove the Aeater rools -
3.08 x o-> m* (So.me as thet a,f' Cell L,L)

tota]| Lflow area ,

£7%7 xi0?

Fefa T £.747 x 1073

-
—

1.299 x 02 - OOITE

HD -

~

|

No. of rods r’/zferﬂof/‘r? with €y .S'(,Lr/'a,ce of “Y N4

3
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(:_D : CALCULATION WORK SHEET
Subject___ Lewve/ 13 - Cell & ' Page / 74/
Prepared by Checked by i
Pweired = 3x2 % 0.232 +0.232 # (0.212-0.2) 4
| S 64 m
' ~3
. X 6.747X]0
{9-7 = -L,;;/LL = 1644 1072 p_
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Advanced Sys:ems Technology and Management, Inc.

)

Subject___Lave) (3 - Coll 4

CALCULATION WORK SHEET

Prepared by

Checked by

CRFA ~B

HD-E- ' 0.0

i M

CFZ-R

O ———

Page MI/
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‘w) CALCULATION WORK SHEET
Subject: lLovel 13 - Cells 2-9 Page 18/
Prepared by Checked by :
In Lﬂve.) [3 , Cells 7 -9 ore /\oben.f;(;ﬁ—{-
6.052 . 1 T
FR oL
—_
1.75
Totars oleemy
A 2 2
0.232 x z = (0-343%_0.3127 )
-2 S
= 3.£979 %10 /)’I-‘; N Baffie

O

Votame of +he baffle 7n Llave/ /3,

2
0232 X F x (0.3147%-6.3/2%)

= 081 v w0 n3

by neplecing the velumt occqpred by +ie refo roer

volume of flewsd - 3.389P % 107% ;2

Few/o/

-—
—_—

3.3898 %107

2.4929 x10°3 V687

reformer (Smm)

5.820

343

339

L..—..
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C..) CALCULATION WORK SHEET

Subject Level 13 = Cells 7-9
Prepared by

Pape /&2
Checked by

Fer4 -2
il Bl S

total area. = 2{(6-34«32- °.31° ) =/.593¢0 x10" m>

Flow cnea. = i

m————

= 4 (03437 0.2147% ) = [ug 10 m?
FRFA-Z = 0.41 669

HD -Z
(0.3¢:3-0.2147) =0.0283 m
- CFz -2
o &£
IZ —_ 0.0

FRFA -~ 1

_— 6.0

H.D -R .o

CFeg -k

_ 0.0

(-
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-

CALCULATION WORK SHEET
Subject ___ Leyel (3 - Ceolls 7-9 Page [ 932/
Prepared by Checked by '
FefA -T
Total Qréeo. : 22
0-232 x (0.343-0.. .. ./4 M =354 xeo” m?

b'# neju—of('né yd ¥ r‘(furm.er “1 EL = 2820 M , f/ow' aneo (S

0.232 x €0-3¢3-0.3(4754 =3.2P3x10 " m?

F'Q-FA"'T - 0.?!27

2x0.232 + (0399 -0.3147)/2

0-5’0,{ 7

v

& x3.293 x(o'?

—_—

= 0.02598 1
0:Sof 7

10 -7

(o
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w: CALCULATION WORK SHEET
Subject: _ : Page /f ¢
Prepared by Checked by
TOP CORE Support Section (LEVEL 14)
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Advanced Systems Technology and Management, Inc.

C) CALCULATION WORK SHEET
Subject: Page _/ Y,
Prepared by Checked by

o

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 S long thimbles and cell 3 has two long

thimbles.
upper core plate
long thimble (12)
“Ae——2 343 b
1 je— 339 _Lsno
/ - 7 m J" J— .
/ 7 "2 i
? o % §6130
/ &\ "/ 6x @18 v , upper tie plate
///; ' ! o VIO Level 14
- I i o _feom
~1 8 T
//; = NN RENR o 48952 |
A 8 Kl
12
1 = Ve
/‘ o :g .
o .

; § -‘19———----~-r -J-—:-__J-sgs‘r Level 13
/ |
- ————428 rod
yd rods

7 short quide thimbles

I 58

//;ore boffle ——-—i._JL._.1._ y 20
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CALCULATION WORK SHEET
Subject‘ Lever /& - Colls 1 and 2 Page: /35/
Prepared by Checked by
FRrRvel
dotal Uklume
| A -3 3
3X 7 K62 x018 =[-2350 xi07" M

thirmble Volume

5% (6012)° x 5.2'# Kol & = 6.6693 075 m>

Vol aj‘l e p)a%e [ tha Same ooiﬁ‘um/t;‘[“/‘on aPP/«‘eal e.D Cell i 43
flowarea in the te plate
2083 xi0°F m "

1/ e P/d.'{"e o Ll p 0

V= (‘Z,LLXO-ZZ- c’.ao°3,(/o—2)/5-/7o-é./2o) >(§)

= )41 w0 3
—,fluia‘ Vo L mr

/- 2551 x /0’2 -4.68 93\’10"(’. /Gy o

= /027¢X/o’3,n_9

(U

Fvol _ 1022 U 077

= 0835
1- 2385/ x ;573



=
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CALCULATION WORK SHEET
Subject Leve) I, Cells 142 Page /J‘]/
Prepared by Checked by
FRFA-Z
h ! X._L- 2 ' 2
FA-£ total = 219 X02 =o0.0]0467 m
Area occuprecl bg; +Armbles
A ' R
5‘;(5\ X (I2¢ —3)2:5-652 X 16 “ 1674 z
-y
gFA - 0.0 /0487 - $652 %10
FRFA -2 =0.964
C0.0l04b T
/11D -2
/7WC’\“/€0, = $x (0.0/2) )(3,/4( zo/§8C AL
H-2 . Exeedwe”
o- 188U
FRA-T

/)S"samfh/ that the flow area

S a Grewdeer hole w/'{ .

rh thz wWPper  q)e P[Aj{

é- XD = 2.683 leo'2

? = 0/627 m

,Cz)f7 = O /xo.//4 - g/(o-l~

2

1

<2
1 6-2 x o m

0. /625

S ) X (697 -4y,
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w

< CALCULATION WORK SHEET
Subject Lovel 14 . Cells (42 Page /88 /
Prepared by Checked by
/Qweﬂed = 4.07) ~6b052 = o.0ol 9 Mm
- 4x 1.162x10°°
L - -
i_l - = 2. 4463 n
6.0/ 9 :
EIFA"T _ /062 xip972
- 0. 9F«
[ 18 x10 2 7

However, the calealetion w1 2""*’ ¥he (oeanr n:n_é mwsoje eutheed el
warniny megsage

FeFA -T -rerVelL = 0-£318 ISeaed Sy i fnpwf teelC .

(W
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CALCULATION WORK SHEET
Sﬁbject Page /¥ 7/
Prepared by Checked by

o e 2
-t S o=~

-

vivssl* the azmuth flow area 1.16195E-02 m2 of vessel 420 cell (xr= 1,yt= 1,z=14) is
greater than the cell vol/rdt flow areas 9.81524E-03 m2 and 9.81524E-03 m2 on each side

tjvssl* the aimﬁth 'i_:'.low area 1.16195E-02 m2 of vessel 420 cell (xr= 1,yt= 2,2z=14) is
greater tian‘the cell vol/rdt flow areas 9.81524E-03 m2 and 1.01952E-02 m2 on each side

tjvssl* the azmuth flow area 1.16195E-02 m2 of vessel 420 cell (xr= 1,yt= 3,z=14) is
greater than the cell vol/rdt flow areas 1.01952E-02 m2 and 9.81524E-03 m2 on each side

(W ,
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o
< CALCULATION WORK SHEET
Subject Lewel| 14 ., Colle | and 2 Page: 190,
Prepared by : Checked by
Fera 2

FA-R = g X316 xo.2 x (670 —€6T)

2.20T2¢ x1072m”

- ! '
FA-R 4t =3 X34 yo.2 x(6~/7o—é.o$’z)

LEA _ _ 6-170 - §.07]
F FA-R - =0.439¢

6170 ~6052

. S/
Fueren - ‘—3‘46“ X2 =0-2097 m

H> - & . 43 2.267 X 072

b - :0,42/8 "
0. 20-72
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)
< CALCULATION WORK SHEET
Subject Leve) 14 - Ce 1l 2 Page / 2/
Prepared by Checked by
FR Vel

Zhimble  Usleeme

-_ 2 Dl
2 x (0002)° x )ZL kost1d = 2.4677x 105 m”

Hewiel Volume -

1.2367 K™ ~2.6677x 0™ sts o ¢

/ .
dotal voleqng /
. {i'p /J/(de
‘-.,J ' = so0d7%x 1073 m’

Frvel _ o, 96y , ;

FrRF4 -2
FA-2 . Li2 Pl 2 ’
= 3 ¥z x(o-2) -Z,(:f,—- X(ow0/2)
= /. o-éé(],!//a'2 - Z.Z'tfof)flo'u
= le2¢ Kip~t m”®
;'-./ZFA'? = o'?7y'

-
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WD
S CALCULATION WORK SHEET

Subject Level 14 . Cell 2 Page 192
Prepared by Checked by

H» -2 = 4 X lo2y¢ xip~ ‘

= 0.543%
007536
FRFA-&

FRFA - T, HD-R. anp HO-T of cell 3 gire +tlho Samyo Y

thesy  of Cells 142

(o
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fw ~ CALCULATION WORK SHEET
Subject Leve] 1l - Coll¥. S and & Paze [§3 /
Prepared by Checked by
FetoL | Cells 4.5 cnat £ ane Ciote, cfitey

2rterint! Structeere -

() upper tie plare
2) ¢8 Swppert Co lee it

(2 upper Core plare

/?S‘Sccm/) triors .

(#)  Cells -6 ach Contains 2 of the Six &18 Suppovt

Coluemn
) , oz
(Z) one +hird of the holes of tha treplate are (ocated

/)? r‘fn; 2 (/Z,:o,/m , Rz = o./ggm,l)

total Volume of Cell & :

{ 7 2 -
5% 7 x(0302 -0.2%) xo.1td =7.771 xi0 img

Urolunte occccff?a( /7 the suppant Columing,

A 2
X Fx(18e-3) « (0M18 - 0019 ~0.04)

= 3.00/2 )(/o's‘m3

S
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(QW\’ CALCULATION WORK SHEET
Subject Z evel 1L ~Cell 4 | Page Hﬁl
Prepared by Checked by :

Vojunrie occeprecl 63 the wpper tie plate :

[% (0.205’2_0.22-) X vorg - é X6.0312f xo.019 J x —5‘-

= el xi0™ o’

Vol ipre OCCCL/);f’o/ 63 +he u,/)pdr (ore p/afe .

A 2 | v |
(ZF (0.312° -0.22%) x604 - ZI Wl (_0_222+ 0.2648°) xa-a'-") ;(;L

)

- 1.321x 073 m? x 7%
= Guy xip“m3

Fleod Voleeme

~

) -3 -
1771 %107 _ 300/ %1077 207 xi0™%_ 4 4¢ x 15~
= /.o?x/o'gm"
/.09 xzo's
FRVolL - T 777 ~ 9 Cref

I"7>) xtp-3
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g._,,g} ' CALCULATION WORK SHEET
Subject __Lope/ (¥ ~ Cell ¥ Page /48 /
. Prepared by Checked by
FeFA-2
"3 ; - 71 / -
éo(_a./ arec = _[; X (0.312% -0.280%2) x g = l.$olx(0 % m™
7~
f/ow Clre o = ZF x (o,ZZol—-o.zol) xé— - 2-/75‘){(()‘;4%”
Cp o (0:220%-9.2:%)
[ - _ .26
FriA -2 - ) = O.14by
0312 “ _p.22
HD-2
[
o PW{H/ed = X34 X 022 = 0.2303 m
W
4 4 x 288X (00
Hp~-2 = . = 0.0381& i
O0-2203 -_—
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(.,‘2) CALCULATION WORK SHEET :
Subject Lovel (4 ~ Cell ¢ Page /56
Prepared by Checked by
FRFA-# 0.0
HD—& 0.0
CEz-E. 0.0
FeFA-T
TOTQJ ajv'e& N '
(0.312-0.2)x 3 Xoutf = 8.608 x 10 m*
flow aveo = ( - :
- O = 0.312-0.2) x &4
"«./ ) z X (0-“3 -0.019 -0.04.) + (0.22-02)
= 3.304 xp7? m?* + & xro~ %
S Ylogxio?
F'.QFA “T = 0.6-2// '
1D ~T

Fuweted 2 0.04 + ollp + (0.2¢2 -o. 22)/fa + (0312 §o.2) /o

= 0.189 +0.0%( +0.05¢
- O.Zbo P

‘ -3
- ; Lt 104 xio
2T = Q063/4 m

W

0.240
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e CALCULATION WORK SHEET
Subject: Leve/ 14 - Cells 7-~4 Pa;;eﬁ?l
Prepared by _ Checked by
Cells 7-9 are dldentfica.
e K330
Fevol e1r0 ] T
s] i
tota/ volwume ) l
; I { %2
= Z‘—x (0.342°_0.2122) 20,118
- -s’m‘s’/ =
= 7.423x0 & = Ity 1D m? ©
s Baffe
Votume of flerd /
' 1 5 B3z
L'm = z X [0-??3—0.?/6-72) X{O,[[g,.p.péc) 343
= ) R
/ /4 X/70 m
' 8.052
Fovor o _lréxio” S
1-881x 077 0606
FRFA -2 _
) g‘lq_. . N ) 2
floweree < T X (03 0328%) = 2041 x107 m
) v 301 ’
Total cen 2 . (0.3¢3°.0.3,2%) = 0.0059% p 2
= 0.1343

Fer4d -2

.
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(,_,_,/} ' CALCULATION WORK SHEET
Subject lewel 1Y - Cells 71-9 Page /78 /
Prepared by Checked by
4 -2
’ 0.243 -0.339 =zov.004 nm
‘ . 39
CFZ z . L ,v 8 ‘)L ¢’¢ on /m’?l' f
,k:lg.ﬂ , 6‘/22( - 0~IOU [ L/L/> “3,1’7% 1‘!9 r /
F’ZFA’- O.0 | -
HD ~R 0.0
CFz -F 0.0
. FAfR-T
ot a o-re = 0. 3 —0.2 L
a ¢ 0—32)Xzyo./(8
- -3 2
[-67x10 " m
J[/OLU ol = (0‘5"43—0.'3/4'7) x_;_L x(otg ~0.04)
= [ted x o3 2
FREA -7 = 0.66 1
Ho ~T
/O/A/ef/ec/ = 2 x 0.//} + (0'337’0-§l¢7)/2
T 0.248: 60 m
‘“‘{'- ’ Hp <7 = 1104 x00 Pt

0.245, 5 T 9O m
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h,{\' v CALCULATION WORK SHEET
Subject: . Page 199
Prepared by Checked by

UPPER PLENUM and UPPER Head - Level 15 - Level 24

(6.170 - 10.421m)
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(e CALCULATION WORK SHEET

Subject:

Page 209,

Prepared by Checked by

The figure on the right is a

schematic representation of the

upper plenum and upper head 10421

structure of the BETHSY vessel.

In the VESSEL model, it is S
represented with levels L15-L24. I 'Lf =
11x 12 long thimble

25 i

The elevations and lengths of

s163]

each level is listed below: RC.C guide tube

Elevation Length
Levels (m) ‘ (m)
t!g 18 6.67 0.5
- 1€ 7.189 0.519
17 7.307 0.118
18 7.8793 0.5723
19 8.4516 0.5723 .
20 8.7516 0.3 7.189 [C
hotlegs Ix 118
21 9.063 0.3114
22 9.51625 0.45325 £
23 9.9695 0.45325 8570
24 10.421 0.4515
6.170

o’
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} : CALCULATION WORK SHEET
Paze 20] /

i
Level 15 ~ Coll {
Checked by

Subject
Prepared by

FRVOL

total Uoleime

7 2
4 Z 0.2 x0.$ =& 233003 m3

>

Thimble Volume -

S x (126-3) x0.5 = Secrxio™$

Y

{lwrd Velwm ¢ S 177 ci0"3 m?

G

FRVOL = o.9892

FRFA -7 |
-z‘ara/ area

> - .
x X027 = Loty kip mF

L
3

RSB

Hlow area

) -2 X .2
fog7x (0 - ?x[/ze—gﬁ = [0f7x10 —/-/;at';k‘ld'_q

o

A AT M

FEFA-Z - 00592

&
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CALCULATION WORK SHEET
Subject ____Levg! (& - Ceyf ! Page 202/
Prepared by Checked by '
Wo- 2 . N
S Pweged = 304 x (12€-3) =0.03766 m
x he3lxin?
H? -2 . 4 P = (094 m
6 .0276E&
FefFA-F w
HD— R Foetles = o-0
Ho- 2. - =n°
FRFA-T
. /~o0
\/
Ho -T

-
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(s CALCULATION WORK SHEET
Subject Level/ (§ - Cell 2 Paze 705/
Prepared by Checked by
VoLl
In compariSon to Cett |, Ce/lt 2 fias 4 more fumbles
A
ta ¢ e\

Vol occupied by Fluid . :
” Jf — FLUV‘O\ Ut
/
5-/77x10"3—éxzr“xnze-g)zxa.f

4

= 577 %107 226 x0m

4.951x10 7 m?

\L

VoL - 4.957xi0°°
Fr - o0gug

Ef} ' 14232 %o -3

FeFfA -7
FA-Z = (047 “0.-2‘4)(2771 x(129-3)2

1047 x107% _ 5650”7

I

7.¢08 x /D’% 2

9.90.6')(/0'2

/.047‘ Xl()"'a' - 0?4 6

FRFA -2

o

-
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CALCULATION WORK SHEET
Subject___Lewel (& -~ Coll2 Page _20%
Prepared by Checked by
(/-2 )
—_ Prested = 5 x304 x (12 ¢-3)
T o0 t8Fe m
/ _ 4x 4-905‘/\’/0'?’
4p-2 = IEI=LZ = 0 zie3 m
O 188« _
FEF A -F I o
HD- £ PWeHéd = 0.0
HD-R = o
\o
FREA-T
\"L /\ A
Hp -7

- 29

(.
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) CALCULATION WORK SHEET
Subject Lovel 1§ ~ Cell3 . Page 22/
Prepared by Checked by '

FrioL
' ' total Volume
Flaid Volume = £.233x107 - 6 x X x(12e-37x05
= 4874x1073 m?
? 4 . -3 .
fryoL = jﬁ_ﬂ‘io_ = 0.9352
4233 x0 73
‘ FREA -2
‘ . -2 '
- L-J FA-2 <= [o47x1D - € Y.__-—i )('(/2'6 -3)a

= 4792000 m?®

ERFA-2 = 09352

g
)\v
v

Pwededt = &£ x314 x (12€-3)

0 2z6) m

1

Hp-2 . 4x9.792x107°

e’ | 0.226

= 0.r732 n1
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w o -
CALCULATION WORK SHEET
Subject Level 1 - Col[ 2
Prepared by - Checked by
FRFA —{ /o
Ho-R Pweterl =o
(/o — R =70
FRFA-T /0
HOo-T 0

W

r
Page 242 /




L(f_’\‘

-
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CALCULATION WORK SHEET

Subject Leve!/ /4 - Cells & -6 Page wz/ .

Prepared by : Checked by

Cells ¢-6 are (dintical and HAeee ,5 no snternal
 Shecchure insrde

‘C’e ver = /oo

FREA -2 =/.o0

o - 2 - w (165 wsid in #he snpatelek)
FRFEA -R = /o
9D R - eo Cio s wrey m the rmpud slecls)
FRFA ~7 Zi.0

HD - 7T = eo (/d; waed 1n the /hfwf’ ele el )
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foer) CALCULATION WORK SHEET
Subject Levels 15 - Cells 7-9 Pa;;c}l)/?/
Prepared by Checked by

Cells 7-9 are cdentical and +bere (3 flo (nternc! Stvrcfond ¢ nse ol
frvol = .0
FQF-A -2 =1(-.0

FRFA -2 =o0-0

EB£4-T =10

“D ,[2__ =z 0.0
HD -2
Fuettess = 314 x0343 = 1077 M
fa-2 = + (03435 -0.212%) = 15034y 2y
D=2 = 6. 0850 m
Hd - T
fwenect - 0.5 m
FA =T = 08 x(0343-032)/5 = [7p4 3 ">
| HD -7 = 0062 m
e
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L CALCULATION WORK SHEET
.Subject: . . Page ZQ? / '
Prepared by Checked by . ‘

LEVEL |

As shown in the figure on page 29 , 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).

<



W

W
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CALCULATION WORK SHEET
Subject __Zevel +H - Cell { Page 219/
Prepared by Checked by
Cell

) of Levef (6

_ of Lev e '7:

Hen dhey Sepne paraneters

FRvot = o g£72
FRFA -2 = o9892
FkPA—é_ = (0

) -RrR =

FepA -7 = 1o

Hp ~ T =7

HD -2 = /o2 ! m
czz-z' |

cCF2 - T - 6.0
CE2 -

an Ces 1/
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S
Qi CALCULATION WORK SHEET
Subject Level 164 - Cejj 2 Page 211 /
Prepared by Checked by
Cell 2 of level 16 had +As Same parametfers o> ol 2

of Lovet 15 :

Frrvet To.9¢g

/‘_/ZF/?' -2 =o0-94¢
42 -2 =0.2/ 075
FRFA -T =10
Ho -7 = o0
t@ FRFA -R = /~o0

Fea-2 =, ,
GCF 2 - R = 0.0
CFg -7
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CALCULATION WORK SHEET

Subject /Qf/e/ 16~ Cell 3

Page 212/
Prepared by Checked by

Cern 2 of love

16 Aas The Senp ferenteters oA Ce /(3
O/ Au/e/ e >

FRYOCL =0, 9352
FRFA-2 = 0.9352
HD -2 = o732
FRFA -p = /-0
17D =R = eo

- FRFA =T =1vo

>y

Lub"
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A

Subject Lovel 16 - Colls & : G ‘ Page 213

CALCULATION WORK SHEET

Prepared by - Checked by

Celtls -6 - &re cdeitscal anel '/"Mg hace it Same

poramrttry  as Colls 4= o ) Lovel /5.

Cells 2 -9  (re c'clentrcol Gl ﬁxe/,«, A atie \P/uz«fcbru_e'

parcneters o Ceils J- ¢ 0-7[ Lrvef 73T

Celtlsy (0~ /S cre  vored  Chot omeel )
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(o | CALCULATION WORK SHEET
Subject: ' Page’” 9 /
Prepared by ; Checked by
LEVEL 17

As shown in the figure on page 2% , 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 t.o0 the
three tubes. In this VESSEL model, the single large RCC tube is sblit into
three individual tubes with each located in Cell 1, Cell 2 and Cel. 3
‘respectively. Sources are provided on the bottoﬁ surface on.Cells L -3 to
connect tie 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 zach 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

kggégs.
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-_ CALCULATION WORK SHEET
Subject:__ Page 21 ﬁ
Prepared by Checked by
*source level cell face junction
17 7 3 100 * Loop 1
17 8 3 200 * Loop 2
17 9 3 ' 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.
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> * CALCULATION WORK SHEET

Subject Leye/ 7 - Cells 4 -2 Page Z’él

Prepared by Checked by

o N . \
Cells 1 aasd 2 are (Lonl. . cal |, RISING CLachk cepter iy,

s long LA/ mbles -

FR Vsl

-

Cotal UVslume -
_fo v A o2 -3 7
3 Z 6.2 xo.N§g = /,235<xto M

Volun e occeepredd /;7 one BCC

18

R

XOwld xo0.028°% = (33787 xw"l_’ m9
Voluwme ofca«,/o/‘u/( /Py R hemble teehes
SKo~rr £ x at =
F X O0I12T 2 5XN3PY TS
=264-66432 v m?
Flurd volume .
= 038 S x /0 7

Frrvo = 0 8374
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(_(i\

CALCULATION WORK SHEET

Subject Leve/ (7 - Cells 1 and 2 Page Z'Z/
Prepared by Checked by

FRFA-Z = Fiiel = 0.8376

— 7L 2 f _.? Z

Fad -2 = 0.8376 x 7 % 0.2 X3 = 87669 xto  wm

Fwen’,eo( = 5 xX0p0l2Z X 3.4 +310¢xo03§ = 030677 m

| 4 x ET669x1073
/’/D ___-2 = ? 10

p———— .

———n

0-3077

FA-T

Tou1l 4

[ =00¢ X(0:]-0.038) =734 x1o""

FA ‘T-t’-a‘{‘a,[ = 0-/]67 Xo.|

Puered = 2xo.ud

4 -7 24

Puettes!

=0.(2%

2

M
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LD |
o CALCULATION WORK SHEET
Subject Leves 17 - Coll 3 ___Page 2i¢'/
Prepared by Checked by
FRUO [
e luume /7 2 thimble +ches .
2x o018 x X 2 ~& 3
O- X Z X6.612° =2.6677x%(0 " m
Flee e Ustume
/0238 -3, - -4 )
X lo { 33 7‘57'XL° _ 2.&677xl0~i
\v
total Ve . Rce
(*-:.‘f;
= 10746 %1077 pp2
D .
ferel - 0-&7o
FRFA -2
FRFA-2 =FR Y07 = 0.870
Hp -7
FA-2 = 0.870 x z ><§' oy 2
= 9104 x 0" m?>
, ' pweu‘t‘d{' = 2,/(/ [0._0;3 .
\ To0lzx2) =0 9468 m
w>-2 - 24
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S
:L A
- , . CALCULATION WORK SHEET

Subject Leve! t7 - Cell3 ' Page 219

Prepared by Checked by

FQFA’ ’(2‘ = /\ o

FRFA -7 = o672 Sane ad oo o{; Ce (L .«
HD - R R |
HD -T 0.2 ¢

oy

(-
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'~ Subject: Lever Fs

Prepared by

CALCULATION WORK SHEET

(e -/9 ' ‘ Page 22/

Checked by

LEVELs 18-19

As shown in the figures on page 220 , Level 18 extends from EL7.307

-.7.8793 m and Level 19 extends from EL7.8793 - 8.4516 m. By

negleciing the volume occupied by the RCC support structure, the

cells in L18 and L19 have the same parameters as the cells in L17:

Cell 1

FRVOL := 0.8367
FRFA-Z = 0.8367
FRFA-T = 0.62
FRFA-R = 0.62
HD-Z = 0.114 m
HD-T 0.124

It

HD-R =
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 =

Cell 3

FRVOL = 0.870
FRFA-Z = 0.870
FRFA-T = 0.62
FRFA-R = 0.62

\e/ HD-Z = 0.1871 m
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k__"»\‘ CALCULATION WORK SHEET
Subject; Llowvols I8 -9 : Page 2 &/
Prepared by Checked by .
HD-T = 0.124 -
HD-R = ©
Cells 4 - 6
FRVOL = 1.0
FRFA-Z =
FRFA-T =
FRFA-R =
HD-Z =
HD-T = o
HD-R = .

Cells 7 - 9

FRVOL

FRFA-Z

FRFA-
FRFA-

HD-2
HD-T
HD-R

T
R

]

it

1.0

1.0 .
1.0
0.0
.052 m
062 m
.0
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e CALCULATION WORK SHEET
Subject: Page 2
Prepared by Checked by

LEVELs 20-21

As shovm in the figure below, Level 20 extends from EL8.4516-8.7516m V/
and Level 21 extends from EL8.7516-9.063 m&/éhese two levels contain
the annuiar volume simulating the downcomer-head bypass (V25). b///
Because Ring 3 (R2 = 312mmn, R4 = 343 mm) cannot aécommodate 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
u&i 20 10 3 420400
$210
ao_~-> | 20

Yz 2430

Z o .

9.038

w

8.7518

L20

R1 =100 mm

R2 = 156 mm

R3=171.5 mm

R4 = 199 mm
8.4516 RS =250 mm

-



L)

~,

I'd

)

~ (with an angle of 120°)

125

NOTE SETh/LES/87-28 20 / 85
| 4l0421
: 1
@ 380 |
7
~ JI90
10022.5 — J2i
9979.5 v22-h 1§ 9969.5
'J200
2 29
V23 g2qo|
VI9
9215.5 & !
4 \ 3 f-vz0
)
9063 _§9063 ~*
1 ¥ 9038
viz_| [l ¢ 9009.
Va5 @il g 343 |
U230 25€
J26 VIG
8563 § . | _§ 85316l
8458
73 6
hot leg
7248 _§
3 x 28

4 7148

Figure I1I.2.4 : Upper part of the vessel

08080023
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(. ' CALCULATION WORK SHEET

Subject Level 20 - Cells | +2

Page 23%

Checked by

Prepared by

Ceil + and Cell 2 are ieclentical,

FReeL

total velum-<

v

, |
A | o2 w (8764 - 8.astl )

-3
:‘3ul‘{' X110 f)’)‘3

Velurmue  occwp e by one 2 cc. (Rod Conrmol Clucter ] S

‘ A 2
k..—" -E X (0‘025) X ((?-75‘(6--8764—&-‘4 )

- 3.yo xi0™ m?

Volume occupied 0 Froe thimble vubes

€ x 775— X (Mﬂ)z X(5~7.{’(6-£.4S‘|é)
= 1 6456 x10™¥ m3

Flw'd Velbomse = 2~63x10"3 m?

2.63 xw?
FR(/D( = —— :0‘y377

3004 yvio-?3

o
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-
CALCULATION WORK SHEET
Subject_ Love!l 20 - (ofls (+2 Pageaq/
Prepared by Checked by
FRFA -7
) FRFA -2 =FRvel = 0.8377
HD -2
'FA.—’Z = 0.8377 X g-xi— X0.2F = 8. 7669 Ko m”
Pwared = 5x3uu c12e-3 4304 xpu039
= 0-30772 m
« Hp-z o dxossxie” e m
. - 0.1
030772
Fefa -1

HD -T

FA-T (#otel) = o) « (&.756- s0514) =

ASSLL/YL/\/Zé 0/1! .ECC a,f @ _—_/20.0

FA-T (Ret) = 0038 % (8.7506 -duucih) -

fREA-T =o0.42
Procsee = 2 x (81814 - d. </5/é"7
Ho-7 - £ -7

_—

. = 0.2
Puve ded ' «
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>

CALCULATION WORK SHEET

Subject devef 20 o~ Cofls 112 Page 226

Prepared by : : - Checked by

FRFA ~R =1-0

Hp -R = =0
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CALCULATION WORK SHEET

Subject Level 20 - cey 3 Page 22"7/

Prepared by Checked by

Fruvotl

-

Volume occuprecl by two Ehim blo tube s -

I , | <

2 X7 x(o~012)> x( 87816 &-¢516) =
Flwr'd Votumu

3.1 x 10 -3 - 3. ¢o ,\/\o:u _ ; o=
f ;

+totod Ve t LCc Uol,
\,_——\//‘-—"’

Site Note on Cetls 1+2

C

fRVOL - = .20
FeFd -7
FeF4-2 = frUet = o-8 10
D -2
SR 21¢

{ ' 2 _ lUéKLO"gmL
£4 -2 = 0870 X 5 XD ¥ (0n2)” = 9.

Pwced = 31¢ x(oeo3f + 2’40-0(2) :o.{q%é’m

4 x ‘?.lOg )(U’\}
o p-2 . —
- il T 09468

FRFA T ey ( Samu &3 Gl 1)

:Olg-f’ g
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- _ CALCULATION WORK SHEET
Subject AQVP/ 20 - (Cell 2 l : Pag-:)zgl
Prepared by Checked by
Hp -] =028 [ Jame &1 Coll 1)
FRFA =R =l.o
Hp-p = Ao
-
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(;;) CALCULATION WORK SHEET
Subject Leve] eo - (ColMs 4 -5 Pege 32,
Prepared by Checked by )

éeFA -Z

totza/ area

Vi 2 a
F R (0.310-037) = ook 004808 M
flow area
2 x (0.268 -0.2%) = p o203 M™
(Ig]z,of -2 = (0 #32
&
W yp-2
em——,
Fivetted = 3,14 x 0.25¢ = O frern  pr
4 X 002008
Hp -2 = m = 0 (030 Mm
FRFA _ F
p——— 0.,0
HD- 12
0.0
(.
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s . CALCULATION WORK SHEET

Subject Lewl 20 , C Q// s 4 -4 Page 240

Prepared by Checked by

Cells G- are cleaticol

FRLel

emnr—

fu"’("a«/ uc’lum{

—%’ X ( 0.312%-0.2%) x( £.764 -g.aug.é)

-2 3
= /.35’/ 4 le) m

Flevid Voteim®@ .

~
(. o
| “?f ¢ (0 25§°~0.2%) x (87516 76616 )
_’f- % * /0/?!21f0~ 75‘5’1) x( & L“/y\ ~f46h + [3.61e-3)
= 589 xw0” mP
Frvol =0.60b
(
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I~
S (N " CALCULATION WORK SHEET
Subject Level 20 - Cells 4 -6 : Page 22
Prepared by Checked by
FRFA -T
total cnrea
F X (0:212 =02) x (8.7516~ 841 h)
= 6@ vlom* m*©
Flow Area .:
" (0-258 -0.20) x5 x (8.751} - &£.451b)
(.
. , .
+ (0-312-0.268) x 2 X(§45€-¢. 874 +T73.61€-2)
=) 086 x1pm2 m?
FEFA -7 = Oéff—g
Hp -7 o
; M‘ Pueted = 5"73/5-—&-(&5‘15—73.61(?-?
T 0, 22 537 m
4o =T = 00119
¢
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¢ .
; : /\. CALCULATION WORK SHEET
.
| Subject level 20 - (Cells 7 -9 ) Fage 2 2Y
Prepared by o Checked by :

(’o/?e;c/er/‘/lyt' el

() the anctadar by pass (olume (s reloCaredd (h R

G ;5 cenot
(2) V7 /s Token into accocrv 1 ,Q.‘,‘ay 2

Then  for Celfs 7-9 we Aave

Fﬂ(xb& Zo.0
FIQ-FA-? =¢.o
/’\
‘q') Hp - & =0 .0 :HQ_E :-/‘/D"-/_

FRFA -7 = FRFA-R =o

o
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-~

b~ | CALCULATION WORK SHEET
Subject Level 20 Cells 10 -12 ' Page %27
Prepared by : Checked by
Ceils 10-72 are cdentical,
Appre A -
PPIELImM at)on : Sxtend The cneler Space o EL 8 ¢51b wa
FRvoL
{ota! Uvluml :
A £ {0 g 2 2 -
7 %(0.398%. 0.3¢3%) x (£ 751b~5 4870 )
_ = 9. 6o X 10“3 mg
O
-~ Fleced Volume -
2.((0.%432— 0.272?-) x(cf-ﬂ“/(‘f‘“‘lé)
= 7.4837 x 10" m?
fRvel = o.7g0|
feFAz -
— FRFA-Z = 0.782] = FRVOL
AD-2 - < 2 >
— FA-7 = 7 XK (63437 -0.298) =0.02494 3 m
(,;_, Prvewed =34 ¢ (0:3¢2+0.2§3) =1-F 91 m

HD -2 = g.0¢6 M
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i
]

SR g
L | | CALCULATION WORK SHEET
Subject Locel 20 - Colls 10 -2 Pag: }%‘/
Prepared by Checked by
| FEFA "ﬁ 0.0
HD-P oo
FRFA =T
| fotal ama =
_-?-f X {0-?95-—0.;(/_5) )‘/5’-7575;» § a4y
_ | = 8.5 M
-
O oty st s S g

cnd 1t Inper dramerer Al =X With e 75/44'4{ Vel
, ) st L

/ﬁ’f‘esgrue;{ . | e fpoave

Z )
2‘210'375 2__,{/ ) x’/op-.zj‘,&_({"yg‘(é) 27\43«775((0)3?}’12

{ = 02588
. ¢.398 -0.355¢ 0.0¢22
FRFA-T - ——————— .
0.395 -0 3¢ 3 0,05t
= 0.7673
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e CALCULATION WORK SHEET

Subject Lecvel 20 - Cells jo-142 Page 23

Prepared by Checked by

HD~T

Jroer—nr————

HAD-T = 0‘279_0‘;5-5.& = 0.0422 n_



- AdSTM

A-dvanced Systems Technology snd Management, Inc.

H‘/ﬁt : CALCULATION WORK SHEET
Subject ,Lﬂ/f/ﬂ/ 2 - Coly +2 Page 236/
Prepared by Checked by ‘
Coltr 1 22 are Celentyead.
FrRVO.
total Volameé /
g’ x 21¢ xa.z?’x(‘?mé%-(}’.?ﬂé):B‘ZS"{ xi0”? m?
Vo [ cetre oc[u,{ozled &g one RCC
%‘ C(0038)" k (9.063-8.15¢6 ) = 3.€298 x10 ¥ m?
Volume occapred ty five Zhimble Lubes
/M" ' 7 Y |
v bv g vle02) v (§.0d3-8.9506) =/ Tbo x10™% m?
}:L(Al‘d VU[LLM'? - »
| 2.73xw0 > m? \/ '
FrVo | - 0-F374 /
FeF4-2 |
FEF/-] -2 = Fevel —0.927(
Hp ~2
FA~Z- = 08274 v L & 2. |
2 [f-‘(O‘Z :5’745? K’Orgm?
(. | ,
Q—) FWet/ed = 3 x0.2 x’leL + 3./;4 xo'ogf'{'fXS-’?xO.o/a

= 0.7 Mm
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7 CALCULATION WORK SHEET

Subject ZQ/V'?/ 2] - Cell l x V¥ Page 23]

Prepared by _ _ Checked by

4 Koo'jéé‘} X1~

Hp-2 = - 0.05783
0~S‘I7
FRFA -T
FA-T#tal = 00 x (4063-3756) =31¢% vt m?

%}ssiurz/‘qj ore 2CC at B = 20

FA-T (Rce) = 0.0238 x (%042 —?.7576_)

u’ ' : :
FRFA -7 = 0.62
Hp ~T
Puwenesd = 2x. (9063~ 9.9564) +o.026

2 0.7198 m

Ho-T = EFRCNRINEFD X(‘}"’é'?-?ﬂhgf

6.71 98

| z 0.]073
-
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k“u*" ’ CALCULATION WORK SHEET _
Subject Level 2t - Cell {1 v Pége 2%
.Prepared by. Checked by _
Fera -2
- 1 | |
FA -2 = B X304 X0.2 ¢ [?,oé‘g_g‘-?s-,é "U-O?—d‘)
Fa-p (tea)) = é X3l yo 2 1(7'059-8-73’(6)
FRFA - ;2 - 0.9 7 7
HD-R
T Prtied = 3 %344 ko2
Hp -2 =

4% (90¢3- 875 ~0.02%)

= [ 14
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e A CALCULATION WORK SHEET

Leve] 21 - Cell3 Page 237/

Subject
Checked by

Prepared by
Fruel .

Volume eoccepred é(b/ He Guve A imbl Ltupes.
. _ . | |
A ¢ 7%_— X (0-012)* x(f}.oég— F18516 ) = 704805003

Flaid Vetume

-2 .
3. 269 xuo - 3.6298 x (o “ -7,04/((4"(

- 2~536 ,(\0'g h’l3

/.;
./
FRUOL :Olg70

FIZIFA—i‘ =FRVEL =0.870
F4_2 =0.970 x;;' X ,%/_a ¥ (onz)” —;9./05 xio”? m?
Puwetted = 5 <314 ¥ 0.2 43,04 x (0038 + 2 vo0/m)
= 0.4og
Ho-2 . '
— | HO?2 = 00Go(b M
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- CALCULATION WORK SHEET
Subject Levwel/ 2) - Cell 2 Pag;:z?d/
Prepared by Checked by
FRF4 -T =062
HDo - T = o-/e73 7he same o thosk
Ferd -R = 09197
Hp - = (456
'
ot/
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1

o CALCULATION WORK SHEET
Subject___Level 21 - Collc 4-4 Page 2/
Prepared by Checked by
Cells 4-6 are cdent, cal,
FRIDL
{otal UVolume
“ 2 o
«4: X (6312 -0.20 )X (9.66% "67-7f/é}
= | gold x16™F M3
. ?
’l[/w'd velum e Seo F'ﬁ oh PaﬂQ.
r -~
A
s T ¥ (0.2687-0.27) X (Geodi= pasiby + U7
= absyin? m5
FRUsL = 0.48]
Fer4 -2 0.6
Hp -2 5.6
Hp -Rr 0..0
FRFA-E. -
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k,,') | CALCULATION WORK SHEET
) |

Page 24¢L1

Subject___ Level/ 2] ~ Cells 7-9
Prepared by : ' Checked by

,Ze/or-tv tor Abtes for Cells 7-9 of leref 20,

fFRVo; =o.0
FRFA-Z2 = FRFA-R =FRFA ~7 =ov.c
HI-2 = pp-RA =HD -T =00
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p .
L‘ ::3 CALCULATION WORK SHEET
Subject tese[ 2l - Olls 4-6 Pege 243
Prepared by Checked by

FRFA -T
otal oiea -
(0.71%-0.2) T X (5.062-8.7506) = )47 gt ko’
jf[aw for X o o =~ T

!
(0.258-0.2) X7 x(9.009/ ~8.7516 ) (7.0 39-7.009, )/,

= ]'ce&('s(ro-g m*

s
\w
Hp -T
Fwetted = (9.039 ~8.7556) + (z «( 7030 -9004 ) ~ (9639 -G.coq1)
= 0-298¢ nL
~3
Up -1 . 1-885xw0 x4
- ——— z oflof
02934 olof7 m
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e CALCULATION WORK SHEET

Subject Level 21 - Cells 10 -12 Page 2447
Prepared by Checked by ] ’

Cells o -IZ are cctentical.

FRUDL

3.14
total velume = —— ¥ (03982 0.343 ) « (9.0(3 ~3.1576)

= 92962 )((a*-én,/L'5

Flw'd Vf[b(—M R :

3.1¢

L5 . > 2 . e . .
Cy Z f<(o 430" -0.2437) w024 73_'_;;((0/3443 —0.295™)
x (9.062-8.7500)
- ~3 ?
= 99432 Xio e
Lol = 0.9 ,27
{’ -
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R CALCULATION WORK SHEET

Subject Level 2| - (elle (012 . Page 24/
Prepared by Checked by

FRFA -2

Twnction 245 et ElL 9043 (Seo Jigust on page 229 / e

an orifice. ca/zfaf/u‘/z; §x B b2 MM holes . Thisorfice

Can M [ﬁanged and 1'ts Maxmum (/@(,_é(,(,ﬁ ) OQX¢/2,2_ mm
T
tota] area = T X (0398%03¢3%) = 3,199 vio 2,

o w A L A 2 =
flow drea = § 0 Z X[ 4aty(0)® 2245 xia¥ m

(J Fefa-¢ - 2%xn™"
3099 %1072

= 7668 xi07°
/
Hotvoever , Ly n;, the abouve /—/&FA 2 lalue w A (eacls

_2_._0' a Very Jocvw ﬁypdas fZaw L the /n/bu-,v‘ elee (¢

FRFA -2 20,7802 TS v | LA s e Cons .ca Phecte for

Lve | 20

,\ 6.2 xp? g

[ diamefeu o brfic Ades)

(;;:559 -2 K= 1f (fge dT/es | 1285/ 5097)
' Y

‘I[I“I\C - /-279 xio ™t /u/)' -y

67&‘(4\"” on /)‘0(7? 5? )
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P

L ’7“-‘“‘1 CALCULATION WORK SHEET
Subject Low| 2{ - Cells o -42% Pzge 2Ud /
)
Prepared by Checked by
rera 1
o (irrg? = o o .
o (V. 298-0202) 05 ¥ 9052 _8 9016
= §.662% w0 m°
“leg vd Rree
- /o&‘)o-(),g }’)X’ xa.p?_( 4 O,bu;-o_zﬂ_?.)xl
’l > 2
- v Fog3- 67500
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@ CALCULATION WORK SHEET
Subject Level 21 = Celle [0-(2 Page 24]
Prepared by Checked by '
HD-T 4
/D&Veﬂe’q’ = 2X (9063-87616) 4+ 2x(0.43 ~0.398) />
S 08548 m
ﬁD—T = 8-’5’55’)«’/0";)(%
Z2d2 X0 kL
06505 = 0.08 7.

(*«.
\eur’
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L :\ CALCULATION WORK SHEET
Subject: - Page W/S’ /
Prepared by Checked by

LEVELs 22-24

As showr: in the figure below, three levels (L22-24) are used to model the upper head section, extending

from EL9.063-10.421 m. /

10.421
380 k]
v21 L24
]
P ____J\”
[V~ 9.9665
210
-1
o 2P
I 123
V23
[}
9.5163
V19 |
[ ]
‘L22
430 .
] E 9.063
[ ]
AN LS

R1 2= 100 mm
R2 =156 mm
R3=171.5mm
R4 =199 mm
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NP
T ~

CALCULATION WORK SHEET

Subject l evel 21 Cells /-2 Page 2449,

Prepared by

Checked by

,éssa/m'aj,)g RCC Tubes are at @<= 0,720 2 ¢o¢

(Vo . of  (ong Lhinble “feedhas n each cell .

Cell 1 - L
Cell 2 - 5-

Cell 3 - 2

V&/(/L/ne o/ each Le.// <

. /
I
/( —

! 2
727 x (0.2) X(7'5’7£3'7-°é3) = 4794 5x107 m 3

Voltwme ol[ 1 RCC T b ;

A ' 2 |

g X (0038)° x (?.9:5-3—9-065):E‘./B&’SXIO’Q m3
Vo[umo 0][ / Hmble mé/( : /

Z\ : 2 )% - .S'

g X (124 '-)) X 0-4833 =524 X160 g3

7
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P CALCULATION WORK SHEET

subject ____Level 22— (elle | t2 Pags X7
Prepared by : Checked by :

Colls twnd 2 ove cdentical .

Flul\A U& (/%h’l/?- S

.
2,744 8 x (0 3 - 51383 s(lo'(/ »5X$./2d/ Xm—.(’ d
= 3.9744% x107% m>
Fevel - 5. 9277 = 2974l ri0”
%7448 xi07¢
CJ FRFA'I‘-_ = FRVo L = 0.8377
Ho -2 :
_ |
Flow Aree. = 0.8377 Xz X(o.z)&x—}— = 5’-7(;8)(10"§mz
Pwette A =3y x((3§e-3) 4 5x (126 -3)]) t 2 X304 x .2
= 0.5 /
4 x87¢p s 1n”°
Hp - 2 S T = 004
: O—j‘/7 T 7EE m
HZ -p
= 0.0
FEFA-R
—_ = 6.0



CALCULATION WORK SHEET
Subject Level z2 - Cells 1+2 Page 25l
Prepared by Checked by '
FRFA -T
Fo =od < (48163~ G.of3) = 4533 5107 m”
2 \ 2
FA-T = 4.633 x10°° -0.03% x0.432 =0,028105 m
- Z. 81085 x 19"t
FEFA—[ - = 0' I{Z
% £33 xpo 2
HD -T

FWeHeal = 0.4822 + 2XO"4‘-€_33 =/ gsqq

Hp -7 = gxo.028l0{
Puwet-eef

= 008268 n1
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!

=)
| """N"N CALCULATION WORK SHEET
Subject Levell 22 Ce! / 3 Page K21
Prepared by Checked by
Fruol.

Fluid Volum ¢ -

472493 x107% - £,1383 10 2x5 240 x10™

3

=4 1282 xi0 o3

2728 2x<o‘3

FrVolL = 0‘870[ -
. % 7U4YSyi1p3

 FeF4-
Lmv/—_f—é

FRFA-2 = FRIoL = 0.870|

H) -2
/Dwmed = < X0.2 ¥ 3,14 314 x (38 -
. 3 ¢ #3109 x (38 e-2 4 sy120-3) =0-604 ma
FA -7 -o o‘ L 3%
| -&)7/ X 3 ¥ (}_GnZ)Z-X I :9./05 5(/0 ’3”’-2
Hp-2 . 4390 x o™ 2
— = 0.0 - )
o 2oa = .04 ¢y .
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,‘\
)
L"‘ CALCULATION WORK SHEET
Subject Sowe /22 - Cefld Page %'5
Prepared by Checked by
FeFd -2 =o-0
dD-R <=0.0 o~
F’E’F:A T | = 0*62
? the same ab frr Gl en 2
o- T < oog265s m 9
o
W/
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L,;t} CALCULATION WORK SHEET
Subject /jl/ﬁ/ 22 - (olls 4-4 Page ”» L}/
Prepared by Checked by

Celk ¢-€ are rdent:cal

/-'é{/o
total Ve lwme
V4 2 =
7z (032°D.20%) x (9.4416 -7 063) =1 7493.4007%
Flese velume -
] |
4# (0212 ~0.2(%) x (74814 -9063) = o mb2gs
""") o.ot62¢2
Fevol = — - . =
0007473 0.9245
FRFA- 2
FRFA-Z = FRLL = 0.924¢
- 1 S
FA -2 = FRFA-Z - - x (0212 -0.20%) 0O4IPo mP
9 -2
fivetied = 204 x0.2 = 04594

C
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(.,D " CALCULATION WORK SHEET
-
Subject Level 22 - Ceils = i Paze 28§/
Prepared by ' Checked by
FRFA -E
o
HD ~&
—_—

FA-R = 204 x0.312 x ( 9.4€16 - 9-063)

= 03807
Avetted/ = 3.14 x0.312 = 09797 m
VRS .
W/ . HD-R =fy(9. 4506 - 9.063) = 155Hk w
g
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.

Subject Lovel 22~ Cells 4-6
Prepared by

CALCULATION WORK SHEET

Paze 254/

Checked by

FAFR -T

“otaf Grea :

(0.22-002 ) :
5 X (7-456-9663) = 2./762x10"F M=

f/oLp Ceren -

[ o.312-~0. 27)

n T X (94516 -9.e63) = (;g‘pzAxlc,’"‘
e |
o/

FRAA ~T = 0.9107

I

<
)

~

U

Pueted = | (0.212 ~0.20)4

-—

oo

Ho~-T = % X(%.4¢/6 - 9.062) - 15544 m
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L’B CALCULATION WORK SHEET |
Subject ___Lewef 22 -~ Cells 7-9 ' Page 25 [i
Prepared by . Checked by

Cells -9 are ‘ldent cal . [here 7s no rfuternal £ftrcctzcrl € rhside

theze celils.
frueL
— (o
ERFA <. o
HDp -2 7o
a8 ‘_‘*\—\F‘ZFA '{?-; e
\w’
HD - R _
CPRFA -R= 304 xo343x (9.456 - 9.063)
Pwettedd = 344 x0.343
HD-R = 4 x (9454 - 9.063)
T LEYuge m
FREA -T |
fvo
HP -T ' :
—m— }
FA~T = = ¥ (0.343 -0:312) x (9456 ~g.¢ £32)
P v -
wetteo = 5 (0.243 —o 22 )
Q
e’
Hp- 7 -

4% (9454 - dogz) = {,5844' -
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\:D CALCULATION WORK SHEET
Subject____Lecel z2 - Cells fo-12 Page 288
Prepared by Checked by
FrvoL

toral lelupre -

\

(

X (0.398%-0.3¢:3") (924516 -9.063) =0.0/2492 m?

+

-F[u)d Voleenre -

q.4scbguts 244

Vay + V23 ¢ P - 7 x (034320217 ) v (9. 4614-9.043)
9.9665-9. 2 '
C;:
= Loty Xﬁfr-oa'—;zfli/’—— + /.‘[o2xl°l-0022-f+a-
-
V23

2,

3]

J,025s] m

0-0’23‘0
fevor, - 2gEERL l-00§Yq |
0012 g3 2

Friol >|  becawsk  periion of Vot in /‘-}z; 5 1S Tatea :Pt—/‘é acevien
‘n '/‘:'n; &
Sin Felol 2y v.efy (’(uﬁ( tp [ oo, Zn trp /)W&ﬁe/, we assume

FP—[/DL ={(0

W



!
l

AdSTM

Advanced S;stems Technology and Management, Inc.

C? CALCULATION WORK SHEET
Subject tevpt 22 ~ CellS (0 - 12 Page K‘\'/
Prepared by Checked by

FrFA -1
. e
total azrrea z "(0'?‘3’6’2—0.948) = 0.020993 m
A 2
f/owowec« - # x (0.390 -0.393’-) = do2 | fV)z'
- - 002 ¢t
FRFA -2 = “_"'*‘0‘03 e © 0.6562854
Hr»-2
o va?f/#"‘( = Bt x038 = (.1932m
\./
4d-xo0.02).
Up-=2 = T . 0704 m

1 ({932
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|

{

LY - CALCULATION WORK SHEET
Subject Level 22 ~ Colls (o- 12 Page %0 /
Prepared by Checked by

%zg_ -
0.e
HD ~2

|

FRFA -T A
In cCopgisten ¢ with +hy assempPrion that FRUoL =(o,
7 i's agswumee! Frod |
FRFA-T = (.o
W ‘
\ e !
W AT = 7 X (e399-0.243) X (quci 6 - 9.063)
" -2 2
= [0687xt0" " m
H) ~T ' '
- Poetted = iL K (0.298-¢.343) + (9.4%76 -G.062)
Z 0441 m
Hp-7 — 4,4.0;97)“0—2 :
oy = o.loez2)d s

Cellsl3 -8 arl pot paocd (or Lot'cd )

S

W
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CALCULATION WORK SHEET

Subject __ Level! 23
Prepared by

Page 26 I/
Checked by

As shown m the frgure on page R

v

, Cevel 23 extenols
- G 9465 m .

From. £C Q5765

Cells 1, 2 and 3 hrve Fhe Jence pareanedcrx ol Chese

7[vr ClS 1., 2aned 3 a_/ leve/ 22 2ex a,p% 741‘)/ F/ZFA =2 anod UD-7

Cells /12
FRVOT = 0.8377
FRFA-2 = o
HP -2 =zs.0
FEFRA-T =o0.62
Ho -7 =oc.0862t
FETA - =o.0
Ay - R = 0.0
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Advaacec Systems Technology snd Management, Inc.

1 VAR
N CALCULATION WORK SHEET
Subject Level 23 - Cellsi, 2 and 2 Page LoV
Prepared by ____ ' Checked by :
FrRFA-T <o.62
HD =T = o0.026(
o
./
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—

W

W/

CALCULATION WORK SHEET
Subject__Level23 - Cells 4-6 Page 2h3 /
Prepared by Checked by
Cells 4 -6 are lelentical.
Fevs
0.928S ° ( Same as theet of‘ Cetl 4 of level 22)
2F4 -2
0.92 45
HD -2
0.2838 M (Sane as thar of Cel & of tbvel 22)
feFA-R
_—= [0
HD -7 + o
E2E,
0.9 0'7 ( Sapv as thaAt d/ Ce(l ¢ 8f Zu/e_/ 2&)
HD -7 | "
—_— FA "T < -L N | ‘ iy t/
7 R (032 ~0.20 ) x (9.904¢-9.57635) .
PWe-ﬁed = 7.966$ 9. .5143 /
Hp -7 - 4L XFA "/-
,Dwe{.ﬁcd = 2 ([0.3(2*43. 2/)

Z0.26¢ p

>
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_ ‘»::7 CALCULATION WORK SHEET
Subject Levels 22-  Cells 7-9 . Page 254
Prepared by Checked by

Celis 7-9 Cepe celewt el .
FrUoL /o
FR7A Z. Iz
AD- = o
FA -£ /.0
HD -~ po
Hp -~ T 0o
’/“n
\Ww/ Feeg-T (-0

.
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Adivancnd Systens Technology snd Man sgeament, Loc.

' CALCULATION WORK SHEET
Subject ___Lewver 23 - Cfic (0 -2 Page 265/
Prepared by Checked by
Ceils 10 .72 are ccenvrcal .
Favet
“otetal volumg .
%X(O-?'}&Z-o.aégz) sc(q_qg,g,r_q.grga)
* AT 2067 m3
{44
Vs (47,74 0/ f‘u:c[ :
7L 2 2
W gz ¥ (0.380-0343% ) x (1.966(-9.5163)
> .
= /'-/&(«\"lo'2 m?
2945
” UE‘L - : 4 F 4 .
Fe = o.(),,{ (;zwcr vt % et nvbcc?s#ﬂ poratf — LA
0. £558 auF oz Vi -
. A VLYY
FerA :_? ¢@ /«A« olinttin )
total viie .
21t
7T < (0.378%-0.342%) T20993 k16 py %
’ﬁou; Oy,
EAL . .
7 X (0.380¢ - 0.3¢3 D=2 Coay o 2

L
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L’) Ad mncrd Sysicaw Technobogy and Manageaent, bnc.
CALCULATION WORK SHEET
Subject Level 22 - Colls 1o ~12 Page 25,
Prepared by Checked by
Ho -2
Piveyot = 2.6 x 038 = 1952 0L
H -2 = 4xooz/iyq2 = 0.0%4 M
ERFA -
9.0
"—_!P_::ﬁ- C.o
T
total corba . '
T X (0390 -0343) x (99645~ 9.5 4 3
y g )
o = 4 a_}mo’z m”
[.238 A 07
FI"“J Orec. - J
7 (038 ~2:943) x (7-‘70’6_!"-9_ 5143
= 9.526 x5 P m2
£.34g x jo3
Cerd -7 . . ,
T 06727 v 3/2?/:;
7313 .
/Dwe-dpc( o 0.#5‘62(
T 99 ~6.¢0C - ‘
5990 2 0005
Ho -1 00052 x¢
ooy T ORTE M
O hied 0.085 (enw £ varcld’ ué[[;

. '@ w?"nl.zfmf N7 Aetl /Zqz A‘/J
pemied ff /.zs,;, eLa MN/
Lz 3/23 e

\ol/
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CALCULATION WORK SHEET

W/
Subject Level 23 ~ Cell¢ (o -12 __Page 45
- Prepared by Checked by :
Cetly 10 -2 are ceatrecal,
coV
Fevee ) 47
Yo total volurmy . T v
%x(o.?%{o.%z‘) ¥ ( 9.9665 95143 ) . '0 Rels
= ,_64‘7)({0—2013 < "S\,\M (ﬁu O’S\L"E]
| 19
o 0 w
VOWL( of f&x//c( K - "L}L‘. 7(‘ .
- <7L. 2 - 2 . - s /
w gz x(0.380 038" ) « (7.9664-9.5163)
| -1
= Lol x0Tt m? ():O‘l‘fg*“) W
Freel = 2 0.656 ¢
{—:ZFA’Z
total oveo .
316G '
"Z X (0,3’7’32_ O.?q-gz') - ‘9'/79&\’1‘0‘& /}17"

’f(ow Oreo
’ 3.1

X X ¢ _o. 2
Z (o0.380 0-30»5):0_02_,”?1

FeE4 - 2 S 0. 6%

W
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W

CALCULATION WORK SHEET
Subject Leve/ 2z ~ Colls (0 <12 : Page 266
Prepared by Checked by
Pueyawt = 244 x 038 = 10932 0L
_ Hy -2 = 4xeo2| /192 = ¢ 0.0704 m
FRFA P | "
= oo
ﬁ@__;:-:/?;- C.o
B2rA T /
- to Ha 4
Tolal arta = X (0398 -0.24.3) x (‘/.?64:‘—-«7,5-,;5 ;’)
T S ARAR %
F{ob‘-’ Oven = _L l/
e (038 0903) < (905659 57, 4 3)
274 T
HD -1
}Dwe—b‘-pd = 2966 - 9.;:,06 - O.S/ZZ? m
Ho -7

000 pg
O.574 9 =0Ooyz M
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' )
s CALCULATION WORK SHEET
Subject Leve] 24 Page 2-6J/
Prepared by Checked by
As shown in The figure on page W __ Jouel 24 /s bt top of
the vessel and extends front £ §.G665 to £ r0-42) . The botEsm
o f lovel 24 ( Callst, 2, 3) prevides three 1nternal connections
for the RCC “wpes 4
Source Carel .
2 .
2 f -2 420446
; { '
24 ~2 420 447
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C.P CALCULATION WORK SHEET
Subject Level 24 . (Co(s 1-3 , Page 268/
Prepared by Checked by

Cells (-3 are fdteatical. Thete 7 no (nterna( Shuctine (e tlane Cadl,

Fegol
[-@a
FrEA -2
—_— 0,0
HD -2 X
FRFA -2
- e {-o
A/
HD —F&
Auvemed = 3.1 X0.2 X2 = [ 266 m
FA - = 30¢x0.2 x (to.c2 -9.4665) =o0.295Y m*
Ho-2 = p. 909 m
. FRFA -7
(-0
HD - T " .
Fa-T = £ d -
z X0:2 x (0. 42/ - 9.9665)
Q7 = 0045y s+ m*
W
Pwedted = Lo 0 o m
Ho -7

= L8y m
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Q CALCULATION WORK SHEET
Subject Lowel 24 - Clls 4 -6 ’ Page&bql
Prepared by Checked by

Colls & -6 are cdewtical and +htre ¢ po nttrnal Shucfiae ‘vs fole

r
FRWL
[.O
FerA-2
0.0
Hp-2 0,0
FQFA’T (o . .
WY HD —T v v
FA-T = & x(0-302-6.2) x ((0.42] - 9.9 665-)
T 254xi0" % !
Pweﬂed = % X (6312-6.2) = oS4 m
HD~T = [:81dm
FRFA-2
_= l\o
HD - P - e -
F4-2 » 0212 ¥4 x (#o.42] -9.5 665 )
= 04453 m
W Pwetted = 3.14 xo.312 - 9.9797 m

HDP-R = 4 g({o.4a,—7.7665‘) =i $p m
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CALCULATION WORK SHEET

b
b
Subject Leyel 24 - (Cells 7-9 Page 279 /
Prepared by Checked by
Cells 7-8  are identical .
fova
— o
FeFA -2
6o
Ho -2 .0
— .0
wi ,A
| HD-_2 o o
FA B = 314 % 0.3¢3 x ((0.42( - 9.9 445
Poeded = 3114 xo0.3¢3
. t//'
Hp-F = 4((/0.42/——9&454;)
= )81éd m
FPFA-T
-0
2 | -
FA-T = ELX (0-34'5‘—0.‘5/2) X [(D.fﬂz/,q.qééf)
- PWeﬂ;z( = ; % (0343 - 0.312)
‘mav A B :

. / -
Hy-7 = « x(l°~¢zl~?~?éz/f) A [ F1Em
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3 4‘..,') : CALCULATION WORK SHEET
Subject Leve |24 - Collsio- (2 Page 2711/
Prepared by Checked by
Cells 10 =12 oare Fctend el .
FRUEL
_— ’ .
= 0.6S¢ ¢ ( Jame ay that o/(e{/ (o o/‘ Lol ( 23)
Frra -2
0.0
HD -2 0.6
—
‘\“Vf Ferfi ’-E
' 0.0
HD -7
— 0.0
ForA-T |
_— 0.6727 ( Sarvw as Yhao of Gl o of Lerel 23)
HD -T , B
e (/

FA-T = —Z/- X (0.380 -0.3%3) x ((0.42) -9.9H5)
- -3 2
Z fGos x0Tm0

/Dwe#ea’ =~ —Z'— (0.38¢ -0.2¢2) 4 //°'¢&/~9.7o’o/f) =0.4i73

kuy /‘(0’7‘ = 0.57// Ve g
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CALCULATION WORK SHEET

Page 2[#/

Subject:
Prepared by Checked by

RCC Guide Tubes
As discussed in the notes related to Level {T and L.2Y, three identical PIPE componeﬁts are used to represent
the one largze RCC tube at the vessel centerline, The PIPE components are connected to the upper boundary
of L16 and 123, providing a flow path between the upper plenum and upper head. The PIPE components are
based on the 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 Z
| oL & (4 9665-70.189) /2 = 1388715 m. (Fig |, Fege 28)
|
L/
volume Vi Ve = 4/7(;( (25e-3) x 1288 75 = (325 k1073 py3
fa fa, - 45 Y (353 = @42 )(ufé‘mz :723

X123 xp0”3 = 40287 xw 4 p*

Lo Fa(T200) - P21J2E5) £7-8

faz =

Wi~

bsscnr ing He orifrce jhside He tube al
o rEy
te micde “Yof w4 bl
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5 (u(:.:“ v CALCULATION WORK SHEET

Subject: : Fage 273/
Prepared by Checked by
hd 0.035 0.02 3324 0.-034

»Ine 0.0

& = 2467 FHC - k. az?;y/z/.gy(y;; 22 021
0.0
r"‘\
G



AdSTM

Advanced Systems Technology and Mansgement, Inc.
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) CALCULATION WORK SHEET
'Sﬁbject Page 2 7¢;
Prepared by Checked by ..
HEATER Rods



AdSTM

Advanced Systems Technology and Management, Inc.

k:) CALCULATION WORK SHEET
Subject Page 27(7
- Prepared by ; Checked by

./

-

The BETHSY corev}s/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 3
little more than 10% of the nominal power on the BETHSY scale. o

The heater rods consist of three wires spirally wound to a varieble
pitch s0 as to get a step-wise cosine axial power distribution with
an axial peaking factor of 1.6. The insulation material is boromn
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. J//’

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;

Cell 3 - 56 heater rods;

Cell 4 - 87 heater rods; L////f/
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 leveals (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. v////
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Q CALCULATION WORK SHEET
Subject Page 274/
Prepared by Checked by

.

10421 h — o ot
124
{
as1RY ini
22
2083 ’| m—
12
87518 }
austs L0
L1gl
7 793 ]
Lm"
7489 —14
L1
6 670 X
: L1s!
8170 |
S 1
5427 L12
agos 11
L10|
4383
1 II
3.861
L8
Aaig :
L7
2817
Le
2,164
2054 L5
L
A.8%4 H
|
L3
1.000 :
L2/
0.400 |
0000 Lt
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w». CALCULATION WORK SHEET
-~ Subject ' Page 2,2,7/
Prepared by Checked by .

Heater Rod Axial Nodalization

ELEVATION VESSEL NODE
M) NODES LEVEL DHSTRZ (M) DETAZ (M) PEAKING PEAKING
. 2.164 -
2.817 1 - s © 0.653 0.528 0.53 0.561
iy 0.125 0.69
3.339 2 7 0.522 0.135 0.69 0.956
0.26 0.96
0.127 1.23
3.861 3 8 0.522 0.133 1.23 1.446
0.26 1.48
0.129 1.6
1.383 4 9 0.522 0.391 1.6 1.570
0.131 1.48
1.905 5 10 0.522 0.129 1.48 1.223
0.26 1.23
, 0.133 0.96
(. 5.427 6 11 0.522 0.127 0.96 0.714
0.26 0.69
0.135 0.53
~ 5.82 7 12 0.393 0.393 0.53 0.530 .
<" 6.052 8 13 0.232 0.232 0 0.000

Radial Nodalization of a Heater Rod

R1 = 0.0 e
R2 = 1.0375x1073

R3 = 2.075x1073

R4 = 3.1125x1073

R5 = 4.15x107°

R6 = 4.35x1073

R7 = 4.55x107

R8 = 4.75x107

—
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L.:‘ CALCULATION WORK SHEET
Subject Page 27 ¢/
Prepared by Checked by '

POWER Component

Axial - power distribution:

ZPWZT and ZPWTBi are baéed on the HTSTR 925 nodalization and axial power
distribution given on Page 40/85 - NOTE SETh/LES/87-28.

ELEVATION VESSEL
(M) NODES LEVEL DHSTRZ (M) NODE PEAKING ZPWZT
2.164 .
2.817 ° 1 6 0.653 0.561 0.763
3.339 2 7 0.522 0.956 1.285
3.861 - 3 8 0.522 1.446 1.807 )
4.383 4 9 0.522 1.570 2.329 L///
4.905 5 10 0.522 1.223 2.851
5.427 6 11 0.522 0.714 3.373
5.820 7 12 0.393 0.530 3.766
. 6.052 8 13 0.232 0.000 3.998
Power ciecay curve
w+02 TIME w+02 TIME
(kW) {s) (kW) (»)
2864 30 SCRAM SIGNAL 964 123,
2064 17.0 906 153.
: 2720 17.6 854 - 198,
' 2578 19.0 812 273.
; 2434 21.5 750 373.
E 2290 24.0 726 423,
; 2148 26.8 706 523,
: 2005 29.7 680 623.
g 1862 32.6 662 723.
‘ 1750 36.0 647 823,
1550 4.0 - 629 923,
] 1385 52.0 510 1923,
‘ 1265 63.0 439 3123. .
; 1170 74.0 380 5123. v
f 1110 84.0 340 7123,
* 1050 94.0 324 9123,
990 104.0 27 18123,

(Source: page 11/149 - ISP27 Final Report)
(o |
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(e CALCULATION WORK SHEET |
Subject Pzge 279,
Prepared by Checked by

List of POWER component input cards

dh koK gk ok type _num
power 999
* numpwr chanpow
6 0
* htnum * 950 951 952 s
* htnum * 953 954 955 e
* irpwty ndgx
7 0
* irpwtr irpwsv
-440 1
* izpwtr ‘izpwsv
0 1
* ipwrad ipwdep
0 0
* NZpwz nzpwi
8 -1
* react tneut
0.0 0.0
* rpowri zpwin
2.864000E6 0.0
* extsou pldr
0.0 0.0
* rdpwr * 0.0 1.746746
* rdpwr * 0.0 0.0
* cpowr * f 1.0e
* zpwzt * 0.000 0.653
* zpwzt * 2.219 2.741
* zpwtbl* 0.00 0.561
* zpwtbl* 1.223 0.714
* rpwtbr* 0.0 2.864000E6
* rpwtbr* 2.720000E6 19.0
* rpwtbr* 24.0 2.290000E6
* rpwtbr* 2.005000E6 32.6
* rpwtbr* 44.0 1.550000Eé6
* rpwtbr* 1.265000E6 74.0
* rpwtbr* 94.0 1.050000E6-
* rpwtbr* 9.640000ES5 153.0
* rpwtbr* 273.0 8.120000ES
* rpwthr* 7.260000ES 523.0
* rpwtbr* 723.0 6.620000ES
* rpwtbr* 6.290000ES 1923.0
* rpwtbr* 5123.0 3.800000E5
* rpwtbr* 3.240000E5 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
0.0e

1.175
3.263
0.956
0.530
17.0
2.578000E6
26.8
1.862000E6
52.0
1.170000E6
104.0
9.060000ES
373.0
7.060000ES
823.0
5.100000ES
7123.0
2.710000E5e

component name
Power decay curve.

nrts

10

nrpwsv

0

nzpwsv

0

decaheat

0.0

nrpwr

1

rrpwmx

000000E20

rzpwmx

000000E20

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
9.900000ES
198.0
7.500000E5
623.0
6.470000ES
3123.0
3.400000ES

nhist
nrpwrf
nzpwrf
wtbypass
0.0

nrpwi

rpwscl
1.0

1.570 s

17.6s
2.434000E6s
29.7s
1.750000E6s
63.0s
1.110000E6s
123.0s
8.540000E5s
423.0s
6.800000ESs
923.0s
4.390000ES5s
9123.0s
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- CALCULATION WORK SHEET
Subject Page 760/ |
Prepared by ' Checked by '

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 nodaizatiop: axial nodes correspond to their coupling levels as follows

ELEVATION DHTSTRZ

) NODES (M)  LEVEL dhtstrz
2.054 '

2.164 1 0.11 5 0.11

2.817 2 0.653 6 0.653

3.339 3 0.522 7 0.522

3.861 4 0.522 8 0.522

4.383 5 0.522 9 0.522

4.905 6 0.522 10 0.522

5.427 7 0.522 11 0.522

ge? 5.82 8 0.393 12 0.393
: 6.052 9 0.232 13 0.232
6.17 10 0.118 14 0.118

Heat transfer length:

total area of the baffle: 9.858nﬁ, EL2164-5280 (p.30/85-/LES/87-28)
volume: 6.186e-3m?>, EL2164-5280 (p.30/85-/LES/87-28)
thickness: 1.255e-3m’

.88
vidth: 3901 ! — 0.530m

2 35.280-2.164

List of HTSTR 928 cards

koo e ok type num userid component name
htstr 928 0 Core Baffle - Cellsds7
* nzhstr ittc “hscyl ichf
) 10 0 0 1
* I.OpOwWr plane liglev . iaxcnd
1 1 0 0
* nmwrx nfci nfcil hdri hdro
0 - 0 .0 0.0113 0.01435
* widtk. :
0.53
* nhot - nodes irftr nzmax irftr2
0 _ 4 0 48 0
km*; * dtxht (1) : dtxht (2) . dznht hgapo
- 1.0 10.0 1.000000E-3 0.0
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*
* jdbcin * f 2e
* jdbcon * f 2e )
* hcomor.l * 420 2 1 5e
* hcomor.l * 420 2 1 6e
* hcomorl * 420 2 1 Te
* hcomornl * 420 2 1 8e
* hcomonl * 420 2 1 9e
* hcomonl * 420 2 1 10e
* hcomonl * 420 2 1 1lle
* hcomonl * 420 2 1 12e
* hcomonl * 420 2 1 13e
* hcomonl * 420 2 1 14e
* hcomon2 * 420 2 1 Se
* hcomon2 * 420 3 1 6e
* hcomon2 * 420 3 1 7e
* hcomon2 * 420 3 1 Be
* hcomon2 * 420 3 1 9e
* hcomon2 * 420 3 1 10e
* hcomon2 * 420 3 1 lle
* hcomon2 * 420 3 1 12e
* hcomon2 * 420 3 1 13e

t . * hcomon2 * 420 3 1 l4e

w + dhtstrz * 0.11 0.653 0.522  0.522s
* dhtstrz * 0.522 0.522 0.522 0.393s
* dghtstrz * 0.232 0.118 e '
* rdx * 1.0e _
* radrd * 0.0 4.18e-4 8.37e-4 1.255e-3e
* matrd * 150001 150001 150001e
* nfax * f 3e
* rftn * £ 560.8e
*

\ee’
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HTSTRs for Vessel Wall
\e
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External Vessel Structures and Vessel Levels
MOTA SETH/LES/47.28 847 WLy
2063
External
part V, = 4501 2 107 W 5" * $3.3% x 1077 w?
w Intecual . 3
art t V= 1,45 ¢ 107 im) 3060107
87518 _;;5‘3 . ' r Ss:::-:: . lb.DZ-IJ":'
- s VoowR3BE R 1070 et B, e 10,87 « 1077 w3
44516
V,* 3780107 Y 8, e 13 0107
LasL1y .
i
7307
' Ve 10,50 & 1070 a0 5, = W.4] o 107F 0t
AT I, '
g-eue _fro7s
8670 L
V, = 136,29 ¢ 1077 a? 5, = 5'6.05 5 ICT n?
2817 ngo‘
2164
. IR ST ST N O S L Y
o~ 2084 _BOS‘
k 'J Beternal
™ pert 3 " ¥, ® 809421070 At 5, ® 1380« 20°T 3
1.854
Inteznal
past 3 ¥, @ 5.76 4 107 a? S tin) @ 113,610
S lont) = 116.913"7 n
1000 _LQOO
Y, = 0.% « 107 ? g, = 36.85 4 1072 nt?
Jm
LS L G I T A . U T
0 400

o7

Vy® #0.50 » 107
A0

S, * 29,19, 1077 ¢
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HTSTRs - EL0.0-1.000m (HTSTk 920, 7590k

o

Three non-powered HTSTRs are used, coup]ed w1th each sector. The three HTSTRs have the same
parameters. 1€ Me o Ld wWhe Bued s SVRC ae 1naef M el v

\
total volurne:

$.64 x4 33 4oxi0o®y b4o-Qx16™> = §.284 x10°Z m >

total area:
6.8 % )(fo'z + 8 (1 xw""’,«z?,z? xto'z = [§Y2¢ ryl,L
thickness:
§.246 x10°%
2 0,083
1S4z ¢ ’m
width;
7.542¢ ;
X 3 = O, $‘/4z 27
(/- coo —o.c)
axial nodes:
Noges dbESTrZ (wm)
r : 040
2‘ 0.6e
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List of HTSTR 920 Cards

ek ke Kk ke type num userid component name
htstr 920 0 PV wall 0:1.0m SEC1
* nzhstr ittc hscyl ichf
2 0 0 1
* Nopowr plane liglev iaxend
1 1 0 0
* nmwrx nfci nfcil hdri hdro
0 0 : 0 0.045 0.045
* width
0.5142 . .
* nhot nodes irfer nzmax irftr2
0 4 0] 3 0
* cltxht (1) dtxht (2) dznht hgapo
1.0 10.0 1.000000E-3 0.0
*
* idbcin * f 2e
* idbcon * f 4de
* hcomcnl * 420 5 1 le
- * hcomcnl * 420 5 1 2e
\./ * numbco2 * 2 le
* numbco2 * 2 le
* dhtstrz * 0.4 0.6e
* rdx * 1.0e
* radrd * 0.0 0.0146 0.0292 0.0537e
* matrd * 150001 150001 150001e
* nfax * f 3e
* rftn * £ 560.8e
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TR - -2.054
(922,962 ard 963)
Three non-powered HTSTRs are used coupled with each sector. The three HTSTRs have the same
parameters. ) S L TCanepe wrer ke
total volums:
5244 x ro "3 3
total area:
/127. & g J(/o'-z' m*
téthickness:
- 539 « XlD-?
' - = %o xipntm
13/. 64 Xip™ %
width:
/9,_6’Ia Y/&—Z. _ .
i
3T 0.%/63 m
Z.08% 4( - 1\ O0o
axial nodes:
Nodles - dftstrz (m)
! 0.d 54 ( L3)
2 0.200  ( Lg)
Ly
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List of HTSTR 922 cards

*okk ok kkk type ' num userid component name
htstxr 922 0 RVWall-1.0:2,054-SEC1
* nzhstr itte hscyl ichf
2 0 0 1
* nopowr plane liqglev iaxend
1 1 0 0
* . nmwrx . nfci nfcil hdri hdro .
0 0 0 - 0.045 0.045
T ox width :
0.4163
* nhot nodes irftr nzmax irftr2
0 4 0 3 0
* dtxht (1) dtxht (2) dznht . hgapo
1.0 10.0 1.000000E-3 0.0
*
* idbein * f 2e
* idbcon * f de
* hcomonl * 420 4 -1 3e
. * hcomonl * 420 . 4 1 de
(‘( * numbco2 * 2 le
© * numbco2 * 2 le
* dhtstrz * .854 .200e
* rdx * 1.0e
* radrd * 0.0 0.0137 0.0273 0.041e
* matrd * 150001 150001 150001e
* nfax * £ 3e '
* rftn * £ 560.8e
*

i\ié;
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HTSTRs - E1.2.054-2.164 -
HISTRs-EL20242.10m (964,965 and 466

Three non-powered HTSTRs are used, coupled with each sector. The three HTSTRs'have the same
parameters. BRRY '

total volume:

. - 7\ 2 !
212§ xw0 3 - 7 % (03997-0-343") x (2204 -2.\64) = an1 1366

total area:
3.l x 0343 X (264 -2.054)= 0.0847 m*
thickness:
. 0.0/ 7366 /
Q” 0. 11867 = e l&fl m
width: _
ender Lo 0359 m

2.6 -2.0t 1

axial nodes:

NeDES AdheEstrezm)

1 | 0.t (L5)
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List of HTSTR 964 cards:

Fok oKk ok k type num userid . component name
htstr 964 0 : RVWall-2.054:2.164-SEC1
* nzhstr itte hscyl ichf
. 1 0 0 1
* Nnopowr plane liglev iaxcnd
1 1 0 0
* nmwrx nfci nfcil hdri hdro
0 : 0 ' 0 0.045 0.045
* width :
0.359
* nhot nodes . irftr nzmax irftr2
0 4 0 3 0
* dtxht (1) dtxht (2) dznht hgapo
1.0 10.0 1.000000E-3 0.0
*
*  idbain * f 2e
*  idbcon * f de
* hcomonl * 420 3 1 Se
. * numbc¢o2 * 2 le .
LE? * dhtstrz * .110e
. * rdx * 1.0e
* raclrd * 0.0 0.04886 0.09772 0.l1466e
* matrd * 150001 150001 150001e
* nfax * 3e
* rftn * £ 560.8e
*

W/
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HTSTRs - EL.2.164-6.170m
- (a31,468 and q69)

Three nor-powered HTSTRs are used, coupled with each sector. The three HTSTRs have the same
parameters. : ‘ o :

total volume:

-‘% x (0.399%-0.343%) x (£.(70 -2u64) = 0./13067 nz3

total area:
304 x 0343 % (6uT0-2.164) = £2:145 m?*
| thickness:
‘»-—’ 072 '
- -__._—0—6—7— = 0.03286 o1
&3, 4.6
width:

{
> > = 0.257T m
Evr] —2.064

axial nodes:

ELEVATION (M) LEVELS NODES  DHTSTRZ (M)

2.164
2.817 6 1 0.653
3.339 7 2 0.522
3.861 8 3 0.5622
4.383 9 4 0.522
4.905 10 5 0.522
5.427 1 6 0.522
5.82 12 7 0.393
6.052 13 8 0.232
6.17 14 9 0.118

G“ii .
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List of HTSTR 931 cards:

* ok ke ok kok type num userid component name

htstr 931 0 RVWall-2.164:6.170SEC1
* nzhstr itte . hscyl ichf
9 0 0 1
* nopowr plane liglev iaxend
1 1 0 0
* nmwrx nfci nfcil hdri hdro
0 0 ) 0.0247 0.0247
* width
0.359
* .nhot nodes irftr nzmax irftr2
0 . 4 0 42 o]
* dtxht (1) dtxht (2) dznht hgapo
1.0 10.0 1.000000E-3 0.0
*
* idbcin * f 2e
* idbcoa * f 4e
* hcomonl * 420 3 1 6e
~ * hcomonl * 420 3 1 7e
Li * hcomonl * 420 3 1 8e
* hcomonl * 420 3 1 9e
* hcomonl * 420 3 1 10e
* hcomonl * 420 3 1 lle
* hcomonl * 420 3 1 12e
* hcomonl * 420 3 1 13e
* hcomonl * 420 3 1 lde
* numbco? * 2 le
* numbco2 * 2 le
* numbco2 * 2 le
* numbcol *. 2 le
* numbcol * 2 le
* numbco * 2 le
* numbcos * 2 le
* numbco? * 2 le
* numbcozl * 2 le
* dhtstrz * 0.653 0.522 0.522 0.522 0.522s
* dhtstrz * 0.522 0.393 0.232 0.118e
* rdx * 1.0e
* radrd * 0.0 0.010097 0.020193 0.0302%e
* matrd * 150001 150001 150001e
* nfax * £ 3e
* rftn * £ 560.8e
*
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HTSTRs - EL6.170-7,189m
(435,971 and 972)

Three non-powered HTSTRs are used coupled w1th each sector. The three HTSTRs have the same
parameters. . . i N T T

total volumne:

-3 718717 3

x 2 2 . -
.(_}.K (0.399*-0.3437) x (7.07?«6.170) + (0,50 X 10 P TR 0.03293¢ m

total area:

204 x 0343 % (78] - ¢.1T0) = [0g75 m¥

thickness:.
- 0.03292 &
(‘.{’ T oo~ = 6.03 m
10975
width:
/. 097§ / _
T Y3 o eiim

7"«97 - éd?c

axial nodes:;

ELEVATION (M) LEVELS NODES  DHTSTRZ (M)

6.170
6.670 15 1 0.5

7.189 16 2 ' 0.519

W'
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HTSTRs - EL7.189-7. . m

(o

(936.974, 915)
Three non-powered HTSTRs are used, coup]ed W1th each sector The three HTSTRs have the same
parameters. ” .. . L g Capen an-

total volume:

/o\ﬁxm';x _oMd '3-3'4‘1//0'2 ?

6350 - m
total area:
-2 a~l'§’
3¢.42x10" " x S 0. 115778 m?
thickness:
3. v 0
- = 0.03057
onnsS77¢ ° / ~
width;
6. .115727¢ '
- X =
o 1 (g z o, 327 ~”

axial nodes:

ELEVATION (M) LEVELS NODES  DHTSTRZ (M)
7.189
7.307 17 1 0.118
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HTSTRs - EL.7.307-8.4516 m
(937. 97¢ ond 971)
Three non-powered HTSTRs are used, coupled with each sector. The three HTSTRs have the same

parameters . ) ~-J- |6AL._....;.A:2'n_r_‘--l .
total volume: (- ¢ 23 ~7.3¢7) x ;ﬁ X{O.l/aqz-o,azfgz) ~(E 451 - 743))/ x( 03990, 344

= 0.0387| (m 1’)

totalarea: (7,423 _ 7.307) x4 x04og # (£.4C14 - 7.423) X3t %029 g

* (84506 - 7.37) x0343 < 2.58245m" )

thickness:

_ 0.93807 1 o
25924./2 0.029488 m
— 2.5824 /2
width: 'ng - 0-376 -
L4816 -7.307 .
axial nodes:

ELEVATION(M) LEVELS NODES  DHTSTRZ (M)

7.3070
7.8793 18 . 1 0.5723 [
8.4516 19 2 0.5723 j 7 Coupled

Tv /&’4'/:_5 5’
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HTSTRs - E1.8.4516-9.063m
(932,979 and qo“)
Three non-powered HTSTRs are used, coupled with each sector. The three HTSTRs have the same
parameters. - "o Lol Lt ey

2 7 -
total volume: 450/ x (077 ?l‘X(O.(C];?—O_/fS VK(T147- 7063 ) +2.26¢4 x o>

A 2
Y X (03997-03¢42%) x (§.4¢8- 8451 €

= 0.02800] 13

‘total area:

6335 xt0™ %31y X (0669408)(9./tT - 8.43)

+ ¢b.o2 x107% L ~2 - l
(0. &7 X107 430U v (6249 +0:5¢43)(2.6¢S8-¢ ¢ /)

= /.5.0?7/)12’
thickness:
0.02840/ i
/. 097 - 0.037624 2
2
width: /. $097
= 0.41/158 m

9.062-8-¢876

axial nodes:

ELEVATION (M) LEVELS NQDES DHTSTRZ (M)

8.4516
8.7516 20 3 0.3
9.0630 21 4 0.3114
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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.

10736
a¥ | £
o ?l_ W[ Ve s 1536041070 ' 5, & 164321077 W7
2¢ Z 3 Jloza3
* 2436 2380 '
9.9665 B
v, = 38.004¢107 w8, = 117.30110°0 a?
Q
2 B |
»
£.5163 . | . 3
1 \ | 496855
-~ @
( . 122 h* [ V, » 21.376a1077 m® S, = 20.34141070 n?
. §Jl ) 9!59
430 [
006 3.“. - L.- -1 . 4 z 63754107 w?  S_ = 1.377510°7 o2
s T |

RV Head HTSTRs E1.9.063-9.5163m
‘ (439,982 and 943)
Three non- powered HTSTRs are used coupled with each sector. The three HTSTRs have the sarae

parameters.
9.5163 - 93535 (£147-3.0¢3)

987 ¢
3

total volume: 24.09¢ x (1075 X + 27376 x (0% & 2.6375x 10 -3

2. 2
t7 (0610437 )%

= 5’.5‘// ,(/D’Lm

. . §7 -9 s
total area: 9.5 -2 P 57637 2354 F21391 %107 L 23774002
0.957 ¢ + 3377x10 4 3,:(/.x()j{3;(73/¢7’7.053

« T 0852926 m*
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thickness:
£,51xi0°¢
= 0,104 st
0.52926
width
0. 2 9 2 é ,
X é‘ = 0.3892 M
9.5t62-9.043
axial nodes
(..QJ; ELEVATION (M) LEVELS NODES = DHTSTRZ (M)
9.0630
9.5163 22 4 0.4533



AdSTM

Advanoced Sysiems Technology and Management, Inc.

) | CALCULATION WORK SHEET
Subject _____ QY bead [ §.5163-10-42)m) Paze2q
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RV Head HT§TR§{§L2!§16;-152.421m)
(940, apr . 9%

Three non-powered HTSTRs are used, coupled with each sector. The three HTSTRs have the same
parameters. = R SR A e R

total volume: 2,04
(o 2 >
7 - (0.436%-0.380") % (fo.42] ~25163) = 0028763 m>

total area:
3:IU'X 01)80 X ({O-42/—9,$?£3) :/.07?! /)’La’

L.!j thickness:

©.0287(3 _
' T 00286645
I~ef ¢
“width
d.o79 ¢ / .
x = = 0.3977 M

(10.%2) -9 5743)

axial nodes

—

ELEVATION(M) LEVELS NODES  DHTSTRZ (M)

9.5163
9.9665 23 4 0.4502
10.421 24 4 0.4545
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RV Top

A total of 12 non-powered HTSTRs are used to represent the RV top structure, coupling with Cells 1-12 of
Level 24. In 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 (4 TSTR 487, 988 and 989)

thickness: 0.064 pt
. / 214 2
area. »3— x ;- x 0.2 :/.o%é]xlo—z m*%
width:
o./ m
) /0487 xt0"?
dhtstrz: > = ro#kE7 xr0~ m

HTSTRs coupled with Cells4-6 ( HTSTR 940, 49/ and 992)

thickness:

o.0685 n¢

. 216 ‘
area: ) é— X z % (o.g,zz—o.zl) = c’,o/_{‘/yld
width:
(0.2/2 -0.2)
Z = o $f m

dhtstrz: :

0.0(¢

0.054 9267747
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HTSTRs coupled with Cells 7-9 ¢ 4¢3, 994 .04 995)
thickness: 005 m
area:

2 2 2
FX T % (0363203127 ) = £302 15 m?

width:
0.343 -0.21/2
. =~ oc.0¢St m
2
dhtstrz: £203 xy0-3
=0.74
O0.01 8§ 278 €«

() HISTRs coupled with Cells 1012 { 47STR 496, 497 and 99§ )

thickness:
- 0‘06..3h m
area: A 2
' i X (0.380 -—»o.?‘/—?}) = 6,007
width:
0.280 -0.3¢3
A = 0.0/ M
dhtstrz:
.o 7 2
= 0.27
c.ot@ 4 737 m

\w

~—
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Prepared by
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Non-Powered HTSTRs for Tie Rods

| The 8x$14mm tie rods are lumped into three non-power HTSTRs with each located in each of relative
cells 7,8 and 9. ’

HTSTR

' jo, /¢, and

12

volume:

area:

thickness:

width:

(ww

axial nodes:

0.4926 ¥ 10 3 + 2.037 xto”

!

/g eli x (0 -2 + o.Sé’/? 7

2.6294 x10°?
—_ e T
O. 7 227
o0.7227 /
P x —
2.054¢ S
ELEVATION (M)
0.400
1.000
1.854
2.054

3

2.52q6 x 10" m? (/72‘7/&4'//_25/97—23)

= 0.7227 m”

= 6.0028 png

LEVEL NODES DHTSTRZ (M)

-

H W N

fe—y

HoWN

0.400
0.600
0.854
0.200



L
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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 HTSTRs
with each located in relative Cell 1, Cell 2 and Cell 3 respectively.

HTSTR /> , ¥ and 1§

volume
/. 7667 x10"% m?3 (P29/85, [serh/ies/57-22)
area
/060 m”*
thickness
/767 xw0™?
"‘/‘06\ S . E67x 0”3 Y2
width
/06 o
— X 3‘ = 0.33¢°2
2.0y -J.000
axial nodes
ELEVATION (M) LEVEL NODES DHTSTRZ (M)
0.400 '
1.000 2 1 0.600
1.854 3 2 0.854
2.054 4 3 0.200
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'\w

Non-Powered HTSTRs for Thimbles (E1.2.054-5.820m)

Since most of thimbles are in Ring 1, the thimbles are lumped into three identical non-powered HTSTRs
with each located in relative Cell 1, Cell 2 and Cell 3 respectively.

HTSTR 16, 17 and 1§ :

volume
. - -3 -3 27 .
0. 20041072 + 6:61T x107" =2 £.81T4x10" m> (P 25/54 - [scTh/Lesfer28
area
00293 + 3.997 = 13 m*
thickness
6.807% xw? ~3
- = 1656 xl0 ° m
& 173
width
@173 st = 0.-36443 m
s 82-2.08¢
axial nodes
ELEVATION (M) NODES DHTSTRZ (M) LEVEL
2.054
2.164 1 0.11 5
2.817 2 0.653 6
3.339 3 0.522 7
3.861 4 0.522 8
4,383 5 0.522 9
4,905 6 0.522 10
5.427 7 0.522 11
5.82 8 0.393 12
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HTSTRs for Internals between EL5.820-6,170m

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. / SeTh/LES / &7-2f)

14
HTSTR _ )¢ , 2| and__ _ _

4

volume = 775?7)(10'5 - 428 ’(Z,.E X (9.5€ —3)1 x(£.c52 -3.820)

= 7.2§ x 0" % m3

area 2 3610 - 428 X314 ¥ (9.5€-3) X (£.052-5.820)

= 0648 m?
thickness o
725 x /0 : -3
= //rf xi0 e
0.6428
width 0. Lo ,
Xz o= 0.6/7
.70 - 5820 ‘
axial nodes
ELEVATION (M) NODES DHTSTRZ (M) LEVEL
5.820
6.052 1 0.232 13
6.170 2 0.118 14



AdSTM

Advanced Systems Technology and Management, Inc.

"CALCULATION WORK SHEET
Subject __H i5T8e for ﬁ/M/QS/eCC rube / &7 -9 46 65 '") Page 3°,¢/
Prepared by Checked by

The guide thimbles, RCC, and RCC support structure between EL6.170-9.9665 are lumped into three identical
non-powerzd HTSTRs located in relative cells 1, 2 and 3 respectively.

HTSTR 2,2, 27, aa 2% .

| fege
volume ' (08ofco 48-429

0.3656 xto™3 3 3.28Txw0™> 4 0462 x10 2 :%50.0’(0-;3713
Update of [LEs/8T3,

)

arca

O.213¢ +2320 +0.589 - 31224 m? ;e ) _
thickness 3
G-G6e5x |0
———— = w25
3.122 4
width .
3.'27—4 L
9'765!.’6.!70)<3: 027&/1,‘_!_ 17%8

axial nodes

ELEVATION (M) NODES DHTSTRZ (M) LEVEL

6.17 _
6.67 1 0.5 15
7.189 2 0.519 16
7.307 3 0.118 17
7.8793 4 0.5723 18
8.4516 5 0.5723 19
8.7516 6 0.3 20
9.063 7 0.3114 21
9.5163 8. 0.4533 22
9.9665 9 0.4502 23
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HTSTRs for Separation between er Plenum and er Head

The figure below shows the separation structure between the upper plenum and the upper head. HTSTRs are
designed ta model the top (1), the shell (2) and the bottom (3). -

w 10.721410% 50t

. | ) .
" [ - B .t
¥, = 15.7455410" % .
99688 hd ugf_gﬁl 9969.5 ¥ , Sy~ 3.31hi072a2

0 : 200 -
L2 OO:aol v e 27051077y B T 3833801077
side 2 ! “ Sy = 37.265110" 797
2.5183 » ]§ 2
idel |
2 QQETOL! I Ve &.818a0% p? S 2-199037IA
] . - [Ra - 88410 n?
9.063 0, SI J_SOGB S, = 18.788:1077
@ -—@429

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 2§ ., 2b ., and 7] :
thickness: 0.070 2
area: A 2 2

2 XF X092 = jo047x16*m
width:

0./ nmL
dhtstrz: v

S (0487 x16 ¢
= 0./24¢7 pr-
O‘/ .
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HTSTRs for Separation Shell

There non-powered HTSTRs are used to represent the separation shell, coupling ring 1 and ring 2 of Level
22 and Level 23.

HTSTR _z§ . 24 ,and_%° :

thickness: 4
O.008 nt

area.

width: :
Y%-‘Q—x o.2 = 02043 m

Wi

Axial nodes:

- Nodes - dhtstrz (m)
2 0.4¢Co 2 (£23)
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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 3! , %% ,and__ %7

volume:

4.6:1¢ X107 m?

arca:

18.70 x16™% m?

L,,/ ickness:

~——

4515 % 104

= 0.048289 m
1870 ¥ 10°°/2

-2
Lo 19.70 x20°2 /2
width Xé‘ = 0061 m
0.5l wm

dhtstrz: N q,¢v65~9‘.05g =o.Cim ( Plane=()
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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.

part Vy = 45.01 x 107? m? S' = 63.135 x 1072 u?

Internal y 3 _—r
part : e B.451 10 » Sytiat) = 40.6321073a
3258 lases (v Sytext) = 46.02¢107?n?

V.= 2.38¢ £ 107 n? S, = 10.57 « 107 n?
i8458

109 3879 85

HISTR 24 , 3% ,and__ 326

~2
N/E @4g.02 )Xo
area (20.63 + ) e og2225 mt
2
-3
545 x to
thickness _— T = 0.0/195 m
0.43325%5
wid.th 043323 - 0232 m
h{w’ q. 963 -8¢516
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axial nodes

ELEVATION (M) NODES DHTSTRZ (M) LEVEL

8.4516
8.7516 1 0.3 20
9.0630 2 0.3114 21



[T SN

@ AdSTM

Advanoed Systems Technology and Management, Inc,

‘::; CALCULATION WORK SHEET
Subject Page 3
Prepared by Checked by
BETHSY SG Model Development
i r‘\‘:
(W4
-



AdSTM

Advanced Systems Technology and Management, Inc.

iy

~
L.

Subject Page 3!/

CALCULATION WORK SHEET

2458

Prepared by Checked by

The BETHSY facility consists three identical $§Gs. The SG will be modeled with an assembly
of PIPE 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

(SG1):

PIPE 105 - U-tube

PIPE 150 - Boiler

TEE 151 -~ riser/steam separator/steam dome
TEE 155 - downcomer

TEE 152 - “*feedwater piping”

FILL 170 - main feedwater

PILL 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
7" “TSTR 653 ~ PIPE 150
L JHTSTR 654 - PIPE 150

HTSTR 652/ - TEE 151.

HTSTR 655 - TEE 151/155

HTSTR 656/ - TEE 151

HTSTR 6574 - TEE 151

HTSTR 658/ - TEE 151

HTSTR 659 - TEE 151/155

HTSTR 660 - TEE 155

HTSTR 661 - TEE 155

The SG1 decks will be obtained from modifying the SG1 decks of an ISL declr' According to
the SG nodallzation, the TH components and the HTSTRs/SV definitions associated with the
TH componenti need to be modified are listed below:

PIPE 150
PIPE 155
FILL 170
FILL 180
HTSTR 652
HTSTR 655
HTSTR 656
HTSTR €57
HTSTR 658
HTSTR 659
HTSTR 660
HTSTR 661
{ 710
"wl“',153
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sV137 R
sviig
8SV139
SvVi140
sSVi4l

In the following discussion, a quoted component refers to a component in the ISL
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.

__________ 11968 ! k1.
1
d |_h2e125
12348.18
& O 2 e
3 1
ORI - -1 B 4 ALy
[ : r 1060287 |
Lﬂ J a
7 -
{ oo, ]| jr:_T s
e 7880.5 ‘
el7 10
- - e748.6_ |
r
8
V
3’5 s "
- x
I 45045 __ o3
32
E
4 s 12 B
7
R 22805 _,
3 4 19
8
830
25 2| 3 14
— V4 - N
1 16

(k 4 - BETHSY SG Nodalization Diagram
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PIPE 150 -~ SG BOILER

‘The boiler section of SG1 is represented with PIPE 150 as shown in the nodalization
diagram. PIPE 150 corresponds to CELLs 1 - 7 of “PIPE 150”. The leakage path at CELL 1 of
“PIPE 150” is repaced with a junction.

Tk kk kK type num userid component name

pipe 150 1 tubebun
* ncells - nodes junlw// jun2 epsw
7 .0 155150 150151 4.570000E-5
(junl connected to downcomer TEE 155;jun2 connected to riser/separator/steam dome - TEE
151)
* nsides
0o~
{eliminating sjuns of “PIPE 150”) .
* ichf iconc iacce ipow npipes
0 0 0 0 ‘ 1 -
/~¢ raclin th houtl houtv toutl
h ) ¢.0 0.0 0.0 , 0.0 0.0
s touttv powin powoff rpowmx powscl
0.0 0.0 0.0 0.0 0.0

(data arrays below taken from those for CELLs 1-7 of “PIPE 150”)

* dx * 0.025 0.505 -1.7305 2.244s
* dx * 2.244 1.132 2.922e )

* vol * 1.43900E-3 0.02907 0.099614 0.129173s
* vol * 0.129173 0.065162 0.168201e

* fa * 2;5761E-% 0.055277 0.011291 0.0214s

(fal - area of J8, p51/85 of Note SETh/LES/87-28)_

* fa * 0.0214 0.0214 0.0214 0.065778e
* friec * 4 .,00000E-3 0.0 1.71201E-5 9.62939E-6s
* fric * €.52763E-6 1.13365E-5 9.44055E-6 0.0e
* rfric * 4.00000E-3 0.0 1.71201E-5 9.62939E-6s
* rfric * 8.52763E-6 1,13365E-5 9.44055E-6 0.0e
* grav * 0.0 1.0 1.0 1.0s

(gravl=0, horizon .al flow at S1)

* grav ¥ 1.0 ‘1.0 1.0 1.0e
* hd * 0.02 0.038272 0.038272 0.038272s

.thdl - hd of J8, p51/85 of Note SETh/LES/87-28)

P
(
‘¥ ha * 0.038272 0.038272 0.038272 0.328e "
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* nff * 1 1 1 1s -
* nff * 1 1 1 le
* alp * 0.0 0.0 0.022237 0.156485s
* alp * 0.276991 0.3145 0.300332e
* vl * 0.0 0.310822 1.526117 0.826293s
* vl * 0.946871 1.091659 . 1.144042 0.360952e
* vv * 0.0 0.31416 2.093682 1.564165s
* vy * 1.395357 1.464617 1.608429 0.72111e
* tl * 555.84342 556.854557 ©558.780398 558.696394s
* tl * 558.567617 558.480269 558.353771e
* tv * 558.836225 558.816709 558.734072 558.604862s
* tv * 558.474942 558.38403 558.278491e
* p * 6.982057E6 6.980045E6 6.971593E6 6.958258Eé6s
* p * 6.944952E6 6.935728E6 6.924833E6e
* pa * 0.0 0.0 0.0 0.0s
* pa * 0.0 0.0 0.0e
*

7N
L
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TEE 151 - SG RISER/SEPARATOR/STEAM DOME

The riser/sieparator/steam dome section of SGl1 is represented with TEE 151. The main tube
of TEE 151 corresponds CELLs 8-12 of “PIPE 150~ and its branch tube corxesponds CELL1 of
“PIPE 155”. The input cards for TEE 151 are listed below along some notes.

FRok ok ok k type num userid component name

tee 151 ' 1 SG riser

* jecell nodes ichf cost epsw
4 0 0 ~1.0 4.570000E-5

(the branch tube of TEE 151 is connected to CELL 4 and parralel to its main tube - cost
=-1,0)

* iconcl ncelll junl jun2 ipowl
0 5 150151 160 0
* radinl ’ thl houtll houtvl toutll
0.0 0.0 0.0 0.0 0.0
P toutvl pwinl pwoffl rpwmxl pwscll
(‘&/ 0.0 0.0 0.0 0.0 0.0
* iconc2 ncell2 jun3 ipow2
0 1 151155 0

(jUn3'connects the downcomer TEE 155, eliminating the sjun between "PIPE 150" ancd "PIPE
155~.) :

* radin2 th2 houtl2 houtv2 toutl2
0.0 0.0 0.0 0.0 0.0

* toutwv2 pwin2 pwoff2 rpwmx2 pwscl2
0.0 0.0 0.0 0.0 0.0

* ient:rn

0

(data arrays for the main tube taken from those for CELL 8-12 of “PIPE 150*)

* dx1 * 0.158 1.38625 1.38625 1.08s

* dxl * 0.4e ) _ ) L

* yoll * ¢.010393 0.06754 0.06754 0.54287s

* yvoll * €.13404e

* fal * 0.065778 0.048695 0.048695 0.048695s

* fal * 0.502655 1.14000E-3e

* fricl * 0.0 0.0 8.98106E-5 1.00963E-4s

* fricl * 0.0 5.01316E-3e

* rfricl* 0.0 0.0 8.98106E-5 1.00963E-4s

* rfricl* 0.0 5.01316E-3e

* gravl * 1.0 1.0 1.0 1.0s

_* gravl * 1.0 1.0e

[ nar 0.328 0.249 0.249 0.249s
\w hdl =+ 0.8 0.0381le
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* nffl * 1 1 1 1 1s
*nffl * le
* alpl > 0.307636s
* alpl * 0.307983 0.306043 0.856605 - 1.0e
* vll * 0.360952s .

* vll * 0.492428 0.492493 0.490948 -0.269534s
* vll * 12.669283e

* yvl * 0.72111s

* yvl * 0.959652 0.962023 0.971902 0.033683s
* yvl * 12.709974e

* tl1 * 558.25639s

* tl1 * 558.175574 558.105506 558.055534 558.042375e
* tvl * 558.188664s

* tvl * 558.160611 558.090166 558.050044 558.042304e
* pl * 6.916838E6s

* pl * 6.912828E6 6.905675E6 6.901367E6 6.900570E6e
* pal * 0.0s

* pal * 0.0 0.0 0.0 0.0e

(data arrays for the branch tube taken from those for CELL 1 of “PIPE 155%)

* dx2 * : 0.3375e
7 wol2 * 0.14922e
we fa2 * 0.44915 0.09648e
* fric2 * 0.0 6.35264E-5e
* rfric2 * 0.0 6.35264E-5e
* grave * -1.0 ~-1.0e
* hd2  * 0.539 0.176e
* nff2 * 1 le
* alp2 * 0.890228e
* vl12 * 0.257453 ~ 1.570779%e
* vv2 * -9.02931E-7 -1.79623e
* £12 * 358.057141e
* tv2 * 558.079787e
* p2 * 5.902283E6e
* pa2 * 0.0e
*
[

ot
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TEE 155 - SG DOWNCOMER
ko okok kK type num userid component name
tee : 155 1 : fwdinlet
* jcell nodes ichf cost epsw

2 0 ] 0.0 4.570000E-5
(Cell 2 - feedwater in, eliminating the two sjuns of “PIPE 155")

* icoacl ncelll junl jun2 ipowl
0 9 151155 155150 0

(the main tube of TEE 155 corresponds to Cell 2 - 9 of "PIPE 155”. CELL 2 of “PIPE 155~
is spilt in*o two cells - CELL 1 and CELL 2 of TEE 155}

* radinl thl houtll houtvl toutll
0.0 0.0 : 0.0 0.0 0.0
* toutvl pwinl pwoffl rpwmxl pwscll
0.0 0.0 0.0 0.0 0.0
* icoric2 ncell? jun3 ipow2
0 1 152155 0

/PfjunB connects feedwater line)

W

* radin2 "~ th2 houtl2 houtv2 toutl2
0.0 0.0 0.0 ' 0.0 0.0
* toutv2 pwin2 pwoff2 rowmx2 pwscl2
0.0 0.0 0.0 0.0 0.0
* ientrn
0 .
(data arrays for the main tube are taken from those for CELLs 2-9 of “PIPE1557*)
* dxl * 0.778 1.655s
* dxl * 1.9815 1.7912s
* dxl * 1.7912 1.7912 1.7912 1.7912s
* dxl * 0.025e
* yoll * 0.07683 0.16345s
* yoll * 0.06336 0.010453s
* yoll * 0.010453 0.010453 0.010453 0.010453s
* yvoll * %.03500E-3e
* fal * 0.09648 0.09648s
* fal * 0.030415 5.83600E-3s
* fal * £.83600E-3 5.83600E-3 5.83600E-3 5.83600E-3s
* fal * .E.83600E-3 2.5761E-2e
* fricl * 6.35264E-5 0.0s
* fricl * 1.35531E-5 1.14242E-5s ]
* fricl * 0.0 0.0 0.0 0.0s
* fricl * 2.37309E-5 4.00000E-3e
* rfricl* 6.35264E-5 0.0s

\

rfricl* 1.35531E-5 1.14242E-5s
t”wirfricl* 0.0 0.0 0.0 0.0s
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555.801926e
558.125203 558.125203s
558.287872 558.368069s

558.472885 558.577287 558.681345

558.837641le
6.909074E6 6.909074E6s
5.925691E6 6.933912E6s

558.785134s

5.944669E6 6.955396E6 6.966100E6 6.976790E6s

$.982203E6e

0.0s

0.0s

P
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* rfricl* 2.37309E~-5 4.00000E-3e
* gravl * -1.0 -1.0 -1.0s
* gravl * -1.0 -1.0 -1.0 ~1.0s
* gravl * ~1.0 -1.0 0.0e
* hdl * 0.176 0.176s
* hdl * 0.05983 0.0431s
* hdl * 0.0431 0.0431 0.0431 0.0431s
* hdl * 0.0431 0.02e
* nffl * 1 1 1ls
* nffl * 1 1 1 1s
* nffl * 1 ) 1 le
* alpl * 4.54714E-4 4.54714E-4s
* alpl * 0.0 0.0s
* alpl * 0.0 0.0 0.0 0.0s
* alpl * 0.0e
* v1l * 1.570779 1.570779%9s
* vll * 0.564434 2.942785s
* v1l * 2.943122 2.,943366 2.943538 2.943641s
* vil ¢ 2.943677 0.0e
* vvl * ~1.79623 0.495005s
* yvvl * 0.495005  2,940261s
* gyl * 2.940151  2.940401  2.940578  2.940684s
N B 2.940724 0.0e
(' t11 * 555.770973 555.770973s
tll * 555.782226 555.785093s
tll * 555.788842 555.792581 555.796313  555.80004s
*
*
*
*
*
*
%*
*
*
*
*
*

»

dx2
vol2 *

* % F ok X F * * A % %k ¥ % * ¥ ¥ *
kej
=

vol2=0.5x-
4

0.0 0.0
0.0 0.0
0.0 0.0e
0.5 e

2 .6533E-4e

3.14

(feedwater inlet diameter = 0.026m)

* fa2 *

( a2=
kwaz

3.14

f 5.3066E-4e

x0.026* =0.000531m?

x0.026%=0.000265m"

0.0
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* 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 0.0e
" * hd2 * 0.026 0.026e

feedwater line inner diameter = (0.026m

* nff2 * ' 1 le
* alp2 * 0.0e

* v12 * 1.16065e

oo = massflowrate _ 5.21028% -1

- density. flowarea  8.459¢ +02-5.3066¢ - 4

* yv2 * 0.0 0.0e
* t£12 -k 493.15e
('z tv2 *  493.15e
m
»
feedwater temperature = 493.15F

* p2 * 6.930E6e
* pa?2 * 0.0Qe

*

=1.160653

10
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~IEE 152 -~ FWD PIPING

TEE 152 is created to provide connections to feedwater in (FILL 170 and PILL 180). The
cell geomet.xry data of TEE 152 are taken from the side tube of TEE 155 and TH initial
paramenters are taken from those for “FILL 1707. The input cards are listed belcw:

%k ok ok vk ke type num
tee 152
* jcell nodes
2 0
* iconcl ncelll
0 : 3
* radinl -thl
D.o 0.0
* toutvl pwinl
J.0 0.0
* iconc2 ncell2
0 1
* radin2 th2
0.0 0.0
* toutv2 pwin2
/n3 0.0 0.0
W ientrn
0
* dxl * { 0.5 0.5e
* voll * { 2.6533E-de
* fal * f 5.3066E-4e
* fricl * £ 0.0e
* rfricl* £ 0.0e
* gravl * £ 0.0e
* hdl * £ 0.026e
* nffl * £ le
* alpl * £ 0.0e
*vll * £ 1.16065e
* vvl * £ 0.0e.
* 11 * £ 493.15e
* tvl * £ 493.15e
* pl * £ 6.930e6e
* pal * £ 0.0e
*
* dx2 * 0.5e )
* vol2 * 2.6533E-4e
* fa2 * f 5.3066E-4e
* fric2 * 6.35264E-5 0.0e
* rfric2* 6.35264E-5 0.0e
* grav2 * i 0.0e
* hd2 * f 0.026e
_* nff2 * f le
( ,alp2  * f 0.0e
Wl vi2 - * £ 0.0e

userid
1
ichf
0
junl
152155
houtll
0.0
pwoffl
0.0
jun3
185
houtl2
0.0
pwoff2
© 0.0

cost
0.0
jun2
175
houtvl
0.0
rpwmxl
0.0
ipow2
0
houtv2
0.0
rpwmx2
0.0

component name
fwdline
epsw
4.570000E-5
ipowl
0
toutll
0.0
pwscll
0.0

toutl2

0.0

pwscl2
0.0
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* vv2 * £ 0.0e
* t12 * 493.15e
* tv2 * 493.15e
* p2 * 6.930ebe
* pa2 *' 0.0e

7

W

()

b
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FILL 170 and FILL 180

DXIN and VCLIN of “FILL 170” and “FILL 1807 are modified to be consistant with TEE 152.

ok ek ok ok ok type num userid component name
£ill 170 170 main feedwater
* junl ifty ioff
175 ' 8 0
* iftr ifsv nftb . nfsv nfrf
-450 1 -2 0 0
* twtold rifmxv concin felv
0.0 10.0e8 0.0 0.0
* dxin volin alpin vlin tlin
0.53-6 2.6533E-40-098755 0.0 0.0 493.15
* 2in pain flowin vvin tvin
6.93)e6 0.0 5.210289%e-~1 0.0 493.15
* vmscl vvscl
1.0 1.0
* vmtbm
* time mass flow rate
R 0.0 5.210289%9e-1 s
Q_M* 5.0 0.0 e
dodkok ok ok ok type num userid component name
£ill 180 1l aux feedwater
* junl ifty ioff
185 10 0
* iftr ifsv nftb nfsv nfrf
0 0 0 0 0
* twteold rimx concin felv
c.0 1.000000E9 0.0 0.0
* dxin ~volin alpin vlin tlin
.546 0-0887552.6533E-4 0.0 0.0 307.150
* pin pain flowin vvin tvin
6.930000E6 0.0 0.0 0.0 0.0
* ifmlsv ifmvsv iftlsv iftvsv . ifasv
-126 180 181 182 183
* ifpsv ifpasv ifcnsv
184 185 186
*
*
P
v

B T
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* SG1 steam flow rate
10

* SGl1 pressures
153

* SG1 mass inventory
137
%38
.39
240
t41

W

69

21

76
76
76
76
76

Update SV definitions

1516

1516

1561
1518
1561
1516
1516

613
412

81
82
1063
114
25
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HTSTRs of SG1

The nodalization 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.

userid
0
hscyl
1
liqlev
0
nfcil
0
irftr
-0
dznht

1.000000E-3

1

le

.181857
150001

.279839

0.199714

150001e

558.292165

userid
0

hscyl
1
liqlev
0
nfcil
0

component name

SG1 Boiler upper flang

ichf ’

1

iaxcnd

0

hdri

0.027515 0.027515

nzmax irftr2

4 0
hgapo
0.0

hdro

Oe

0.217571e

558.296375e

component name

SG1 upper cylinder she
ichf .

1

iaxcnd

0

hdri

0.249

hdro
0.261

HTSTR 652
hhkkkkhh type num
htstr 652
* nzhstr ittc
_ 1 0
* nopowr plane
1 1
* nmyrx nfci
0 0
* nhot nodes
0 4
* dtxht (1) dtxht(2)
2.0 10.0
/\‘
tmvl idbcin * 2e
* idbcon * 4e
* hcomonl * 151
* numbco2 * 2
* dhtstrz * 0.158e
* rdx * 1.0e
* radrd * 0.164 0
* matrd * 150001
* nfax * 3e
* rftn * 558.261163 558
*
HTSTR 655
& ok ko ok ok K type num
htstr 655
* nzhsir ittce
-4 0
* nopowr plane
1 1
* nmwix nfci
0 0
* nhot nodes
0 4
* dtxht (1) dtxht (2)
1.0 10.0
/.
k@y’ idbcin * f 2e

irftr

0

dznht
1.000000E-3

nzmax
12
hgapo
0.0

irftr2
0

15
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* idbcon * f 2e
* hcomonl * 151 2 0 Oe
* hcomonl * 151 3 0 Oe
* hcomonl * 151 3 0 Oe
* hcomonl * 151 3 -0 Oe
* hcomon2 * 155 2 0 Oe
* hcomon2 * 155 2 0 Oe
* hcomon2 * 155 1, 0 Oe
* hcomon2 * 151 6 0 Oe
* dhtstrz * 1.38425 0.27075 0.778 0.3375e
* rdx * 1.0e
*  radrd * 0.1245 0.1265 0.1285 0.1305e
* matrd * 150001 150001 150001e
* nfax * f 3e
* rftn * £ 557.076832e
*
¥
HTSTR 656
dokokokok ok type num userid . component name
htstr 656 0 SG1 Separator region
* nzhstr itte | hscyl ichf
i 1 0 L !
* nopcwr plane liglev iaxcnd
1 1 0 0
* » nmwrx nfci nfcil hdri hdro
0 0 0 0.8 0.85
* nhot nodes irftr nzmax irftr2
0 4 0 4 0
* dtxht (1) dtxht (2) dznht hgapo
1.0 10.0 1.000000E-3 0.0
*
* idbcin * 2e
*  jdbcon * de
* hcomonl * 151 _ 4 0 Oe
* numbco2 * 2 le
* dhtstrz * 1.08e
* rdx * 1.0e
* radrd * 0.4 0.408333 0.416667 0.425e
* matrd * 150001 150001 150001e
* nfax * 3e
* rftn * 558.05587 558.056039 558.056148 558.056186e
* .
HTSTR 657
* kA k ok ke ok tyre num userid component name
htstr : 657 0 - SG1 Dome
* nzhstr ittce hscyl ichf
/ 1 0 1 1

\«W' nopowr ' plane liglev iaxcnd
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1 1 0 . 0
* nmurx nfci nfcil hdri hdro
0 0 0 0.799754 0.839754
* nhot nodes irftr nzmax irftr2
0 4 0 4 0
* dtxht 1) dtxht (2) dznht hgapo
1.0 . 10.0 1.000000E-3 0.0
*
* idbein * 2e
* idbcon * de
* hcomonl * 151 5 0 Oe
* numbco2 * 2 le .
* dhtstrz * 0.4e
* rdx * 1.0e 4
* radrd * 0.399877 0.406543 0.41321 0.419877e
* matrd * 150001 150001 150001e
* nfax * 3e
* rftn * 558.042799 558.042958 558.043058 558.043092e
*
HTSTR 658
PN
ku******* type num ' userid _ component name
htstr 658 0 SG1 DC top outer shell
* nzhstr ittc hscyl ichf
1 0 1 1
* nopowr plane liqglev iaxend
1 1 0 0
* nmwrx nfci nfcil hdri hdro
0 0 0 0.8 0.8
* nhot nodes irftr nzmax irftr2
0 . 4 . 0 4 i 0
* dtxht (1) dtxht (2) dznht hgapo
" 1.0 10.0 1.000000E-3 0.0
*
* idbcin * 2e
* idbcon * de
* hcomonl * 151 6 0 Oe
* numbco2 * 2 - le
* dhtstrz * 0.3375e
* rdx * 1l.0e
* radrd * 0.527499 0.545101 0.562703 0.580305e
* matrd * 150001 150001 150001e
* nfax * e
* rftn * 558.083407 558.115357 ©558.136606 558.143992e
*
HTSTR 659

&
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*kkk Kk kk type num ~ userid component name
htstr 659 0 SG1 DC upper sleeve
* nzhstr itte hscyl ichf
2 0 1l 1
* nopowr plane liqlev iaxcnd
1 1 0 0
* NMarx nfci nfcil hdri hdro
: 0 0 0 0.424517 0.473577
* nhot nodes irftr nzmax irftr2
0 4 0 4 0
* dtxht (1) dtxht (2) dznht hgapo
- 1.0 10.0 1.000000E-3 0.0
*
* idbcin * £f 2e
* idbcon * f 1le
* hcomonl * 155 1 4] Qe
* hcomonl * 151 6 0 Oe
*gflxbco2 * 3.1 300.0e
*gflxbco2 * 3.1 300.0e
* dhtstrz * 1.655 0.778e
* rdx * 1.0e :
* radrd * 0.212258 0.220436 0.228614 0.236792e
"V matrd * 150001 150001 150001e
(¢  nfak * £ 3e
* rftn * £ 555.772014e
*
HTSTR 660
* ok kok ok k% type num userid component name
htstr 660 0 SG1 DC multitube and r
* nzhstr ittce hscyl ichf .
1 0 1 1
* nopowr plane liglev iaxcnd
1 1 0 0
* nmwrx nfci nfcil hdri hdro
0 0 -0 0.0689 0.0833
* nhot nodes irftr nzmax irfrr2
0 4 0 12 0
* dtxht (1) dtxht (2) dznht hgapo
1.0 10.0 1.000000E-3 0.0
*
* idbcin * 2e
* idbcon * le
* hcomonl * 155 3 0 Oe -
*gflxbco2 * 3.1 300.0e
* dhtstrz * 1.9815e
* rdx * 1l.0e : :
Ve radrd * 0.300188 0.30158 0.302973 0.304365e
matrd * 150001 150001 150001e

Nt
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* nfax * f 3e
* rftn * 555.782909 555.782923 555.782929 555.782931e
*
HTSTR 661
*kkok kK ok type num userid component name
htstr 661 0 SG1 DC lower multitube
* nzhstr ittce hscyl ichf
5 0 1 1
* Nnopowr plane liqlev jaxend
1 1l 0 0
* . nnwrx nfci nfcil hdri hdro
' 0 0 0 0.0431 0.0483
* nhot nodes irftr nzmax irftr2
0 4 0 20 0
* dtxht (1) dtxht (2) dznht hgapo
) - 1,0 10.0 1.000000E-3 0.0
*
* idbcin * 2 2 2 2s
* idbcin * 2e
/¢ idbcon * 1 1 1 1s
' idbcon * le
\ws* hcomonl * 155 4 0 Oe
* hcomonl * 155 5 0 Oe
* hcomonl * 155 6 0 Oe
* hcomonl * 155 7 0 Oe
* hcomonl * 155 8 0 Oe
*qflxbco2 * 3.1 300.0e '
*qflxbco2 * 3.1 300.0e
*gflxbco2 * 3.1 300.0e
*gflxbco2 * 3.1 300.0e
*qgflxbco2 * 3.1 300.0e
* dhtstrz * 1.7912 1.7912 1.7912 1.7912s
* dhtstrz * 1.7912e
* rdx * 1.0e
* radrd * 0.085497 0.086416 0.087335 0.088254e
* matrd * 150001 150001 - 150001e
* nfax * 3 3 3 3s
* nfax * 3e
* rftn * 555.785622 555.785638 555.785638 555.785639s
* rftn * 555.789253 555.789265 555.789265 555.789266s
* rftn * 555,792883 555.792892 555.792893 555.792894s
* rftn * 555.796512 555.79652 555.796521 555.796522s
* rftn * 555.800142 555.800148 555.80015 555.800151e
*
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£

W

UPDATE SG2&SG3 USING THE NEW SG1 MODEL

The three SGs in the BETHSY facility are identical. SG2 and SG3 are updated with the new SG1 model. Correspondence between
SG1 and SG2, £G1 and SG3 are listed in the table below.

SG3 (old model)

SGI (NEW MODEL) SG2 (old model)

TVPE D TYPE D TYPE D
PIPE 150 PIPE 250 PIPE 350
TEE 151 PIPE 250 PIPE 350
PIPE 155 PIPE 255 PIPE 358
HTSTR 652 (151) HTSTR 752(250) HTSTR 852(330)
HTSTR 655 (151/155) HTSTR 755(250/255) HTSTR 855(350/355)
HTSTR 656 (151) HTSTR 756 (250) HTSTR 856 (350)
HTSTR 657 (151) HTSTR 757 (250) HTSTR 857 (350)
HTSTR 658 (151) HTSTR 758 (255-1) HTSTR 858 (355-1)
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 (250-513) SV 30 (350-S13)
sV 153 (151-C4) sV 253(250-C11) sV 353(350-C11)
SV 137(151-C1) SV 237(250-C8) SV 337(350-C8)
SV 138(151-C2) SV 238(250-C9) SV 238(250-CY)
SV 139(151-C3) sV 239(250-C10) SV 239(250-C10)
SV 140(151-C4) SV 240(250-C11) SV 240(250-C11)
SV 141(151-C5) SV 241(250-C12) 3% 241(250-C12)




