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1 Introduction

This report is one of a series of reports documenting accident scenario simulations for
the Accelerator Production of Tritium (APT) blanket heat removal systems [1-7]. The
simulations were performed in support of the Preliminary Safety Analysis Report (PSAR)
for the APT. This report contains the results of steady-state simulations of normal
operation of the primary heat removal systems. The results for normal operation
documented in this report serve as the initial conditions for the additional accident
scenario simulations that are documented in the remaining reports of this series.

The accident simulations were performed, using TRAC to model transient behavior of
the heat removal system, and FLOWTRAN-TF, a computer code developed at the
Savannah River Technology Center, to model detailed transient behavior in a blanket
module.

2 TRAC 1-D System Model )

The TRAC model of the blanket heat removal systems is described in detail in Ref. [8].
It is an integrated one-dimensional system model that contains all necessary
components, systems, and heat structures for simulation of transient system behavior
for a wide range of accident conditions.

2.1 Scenario Description

To simulate steady-state normal operation conditions, the system model was run with
the two primary heat removal system (HR) pumps operating at full speed and with full
deposited beam power of 56.5 MW. A transient was run for 400 model seconds, during
which steady-state conditions were achieved.

2.2 Initial Conditions

Reasonable estimates of steady-state values for the flow and state variables were used
as initial conditions. The heat structure component initial temperatures were set at 100
C.

2.3 Transient Boundary Conditions’
Since steady-state conditions were desired, there were no time dependent boundary
conditions.

2.4 Trips and Controls

The primary HR pumps and check valves, deposited power in the heat structures, and
secondary flow through the heat exchangers were enabled at the start of the false
transient. The RHR check valve was ailso enabled, but it was never actuated since an
adverse pressure gradient kept the check valve closed.
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2.5 TRAC Version

TRAC-PF1/MOD2 Version 5.28 was used for the simulations [14]. Light water
properties were used. The TRAC normal operation model input file is listed in Appendix
C and the graphics input file is listed in Appendix D. Minor modifications were made to
the TRAC source code to assist in the creation of graphical output files. Detailed
discussions of the modifications to the TRAC source code are included in Ref. [9].

3 TRAC Results

The TRAC system model was run with time independent boundary conditions for a
sufficiently long period of time for steady-state conditions to be realized. Key results are
presented both graphically and in tabular form. Figures A-1 through A-6 illustrate the
TRAC model component layouts of the several sub-systems associated with the blanket
heat removal system. Table A-1 provides a list of the component type, the number of
cells in each component, and a brief description of each component in the TRAC model.
The figures and the table provided in Appendix A are used to interpret the graphical
results. The figures in Appendix B illustrate the transient results of the TRAC run that
was used to establish steady-state. The duration of the run was 400 seconds, and this
was clearly sufficient to reach steady-state. Table A-2 lists steady-state values for
various parameters.

The figures in Appendix B are divided into three groups: results-for the PLENUM
components (Figs. B-1a through B-7d); results for the PIPE, VALVE, and PUMP
components (Figs. B-8a through B-30e); and results for the HEAT STRUCTURE
components (Figs. B-31 through B-49b). The legend for each figure includes the
component and cell numbers for the results shown. The component numbers are the
same as the TRAC system model component numbers illustrated in the component
layout figures presented in Appendix A.

3.1 Modules

Figure A-1 illustrates the TRAC component layout for the six modules and the
associated piping network below the two fixed headers. Figures B-1a through B-1d
show the pressures, temperatures, liquid subcooling temperatures, and void fractions for
the two PLENUM components 380 and 340 which, respectively, represent the fixed inlet
and outlet headers. The inlet header temperature is 49.3 C and pressure is 106.3 psia.
The-outlet header temperature is 57.9 C and the pressure is 66.0 psia. Therefore, the
temperature rise is approximately 9 C and the pressure drop is approximately 40 psid in
the flow through the modules.

Figures B-2a through B-2d show the pressures, temperatures, liquid subcooling
temperatures, and void fractions for the three PLENUM components that represent the
entrance (component 370), intermediate (component 350), and discharge (component
370) headers for module #1. There is a 16.4 psid pressure drop between the entrance
and discharge headers. There is downflow between the entrance and intermediate
headers, and upflow between the intermediate and discharge headers. The hydrostatic

pressure difference consequently opposes the irreversible pressure drop between the
entrance and intermediate headers, and is additive to the irreversible pressure drop
between the intermediate and discharge headers. There is a 10.4 C temperature rise in
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fluid temperature across the module. The liquid is highly subcooled and the void
fraction is zero. .

Figures B-18a through B-18e show pressures, fluid temperatures, subcooling
temperatures, mass flowrates, and void fractions in the first, middle, and last cells of the
upflow region of module #1 (component 300). Most of the temperature rise, 4 C out of
4.5 C, occurs in the lower half of the component, and this is consistent with the
deposited power axial profile [8] that is skewed towards the bottom of the module. Note
that as shown in Fig. B-18d, the mass flowrate in cell #1 of component 300 is less than
that in the other two cells. This is due to a property donor problem in the graphics
package for the first pipe cell downstream of a plenum component [8]. This problem is
repeated in the mass flowrate plots for the remaining five modules.

Figures B-31 and B-37 show the maximum and surface temperatures of the HEAT
STRUCTURE (component 951) associated with the upflow region of module #1, at the
bottom, middle, and top cells. Figure B-43 shows the wall and fluid temperatures at the
horizontal mid-plane of the upflow region of the module. The peak metal temperature
occurs near the axial mid-point, and is approximately 152 C in module #1. The related
surface and fluid temperatures are 93 C and 59 C, respectively. Module #1 is the
highest power module in the blanket. Similar sets of plots are provided for the
remaining five modules.

3.2 HR Loop and Pressurizer -

Figure A-4 shows the TRAC component layout for the section of the primary heat
removal loop that is between the fixed headers and external to the cavity vessel. Figure
A-6 is the component layout for the pressurizer and its surge line. The pressure drop in
the flow through the modules, going from the inlet to outlet header, is approximately 40
psid, and the temperature rise is approximately 9 C. There is a corresponding pressure
increase and temperature drop in the external portion of the loop, between the fixed
headers. -

Figures B-8a through B-8e show pressures, fluid temperatures, subcooling
temperatures, mass flowrates, and void fractions at several locations in the HR piping
between the outlet header and the dividing Tee that splits the flow for the two pumps.

Figures B-8a through B-9e show the flow variables on the suction and discharge sides

of pump #1. Figures B-10a through B-10e show the flow variables on the suction and
discharge sides of pump #2. Pumps #1 and #2 have mass flowrates of 762 and 805
kg/s, respectively. The difference is primarily due to form losses across the pump
suction asymmetric dividing Tee [8]. There are similar sets of plots for the pump
discharge check valves, the heat exchanger supply and exhaust piping, and the piping
between the heat exchanger discharge combining Tee and the inlet header. The mass
flowrates through heat exchangers #1 and #2 are 811.7 and 755.0 kg/s, respectively.
The exit temperatures are 49.4 C and 49.2 C, respectively.

Figures B-15a through B-15e show pressures, fluid temperatures, subcooling
temperatures, mass flowrates, and void fractions in the bottom cell of the pressurizer
and in the surge line, close to the inlet header. During normal operation, the fluid in the
pressurizer remains stagnant. External to the cavity vessel, the pressurizer, and its
surge line, the fluid temperatures are set to 40 C. This temperature is assumed to be
the maximum expected building temperature during normal operation.
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3.3 RHR Loop

Figure A-5 shows the TRAC component layout for the residual heat removal system.
This pipe network goes from the fixed outlet header to the fixed inlet header, in parallel
with the part of the primary HR system that is external to the cavity. The RHR pump is
inoperative during normal operation; a check valve on the discharge side of the pump
prevents back flow through the system. Figures B-16a through B-16e show the flow
variables on the suction and discharge sides of the pump. Figures B-17a through B-17e
show the flow variables at the heat exchanger inlet and outlet. The two pump pressures
reflect the fixed outlet header pressure, with hydrostatic corrections for the elevation
differences, and the heat exchanger pressures reflect the fixed inlet header pressure,
again with a hydrostatic correction.

3.4 Cavity Vessel and Flood System

Figure A-5 shows a TRAC layout of the heat transfer connections between the cavity
vessel and the module heat structures. Figure A-6 shows the TRAC layout of the cavity
vessel and the cavity flood system. Figures B-26a through B-26e show the flow
variables for the cavity flood system pool, and Figs. B-27a through B-27e show the flow
variables in the region of the cavity vessel that is below the top shield. The cavity flood
system pool is stagnant, with a temperature of 40 C. The cavity vessel has a pressure
of approximately 5 psia, with no liquid present. When the void fraction is one, TRAC
returns the stagnation temperature as the fluid temperature of the missing liquid phase.
These are the fluid temperatures shown in Fig. B-27b.

4 FLOWTRAN-TF Detailed Bin Model

The FLOWTRAN-TF model of a bin contained within a plate-type module (i.e., the
reference 1 lateral Row 1 module [13]) is described in detail in Ref. [10]. FLOWTRAN-
TF is a transient two-fluid code that solves a conjugate heat transfer problem. The
conduction solution is 3-D and the fluid dynamics in parallel passages is 1-D. The plate
assembly model simulates the thermal/hydraulic behavior of a single plate assembly and
the associated coolant flow channels. The TRAC system model provides transient
boundary conditions, and the FLOWTRAN-TF model simulates the fluid behavior of the
discrete coolant flow channels and the conduction behavior of the lead/aluminum
composite heat structure. The areal mesh of the bin model is shown in Figure 4-1 along
with the location and indexing used for the 12 discrete flow channels.

4.1 Model Upgrades

The model used in the normal operation simulation, and in subsequent accident
simulations, has 20 axial cells for both the solid structure and the flow channels. The
Dittus-Boelter correlation was used to calculate surface heat transfer coefficients under
single-phase flow conditions. This correlation was found to give slightly more
conservative results (metal temperatures about 2 C greater) than were obtained using
the possibly more accurate Sieder-Tate correlation. Figure 4.1-1 shows the axial power
shape used in all of the calculations and its relationship to the axial mesh levels. As
shown in this figure, in FLOWTRAN-TF, axial position is measured with reference to the
top of the blanket module.
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4.2 Initial Conditions

To provide a starting point for all of the accident calculations, FLOWTRAN-TF was run
until steady-state conditions were reached with normal operating boundary conditions.
From the TRAC system analysis, the following pre-incident flow conditions were applied:

1. Inlet water temperature of 53.05 C.
2. Inlet pressure of 0.6860 Mpa (99.5 psia).
3. Outlet pressure of 0.5841 Mpa (48.7 psia).

Based on information supplied by LANL personnel, the nominal pre-incident deposited
power in a single lateral Row 1 blanket plate was 61.5 kW (average power density 13.15
Wr/cc) and the total nominal pre-incident coolant flow to the 12 half channels around the
plate was 1.488 kg/s.

4.3 Transient Boundary Conditions

Since normal operations represent steady-state conditions no transient boundary
conditions are used in the calculations.
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5 FLOWTRAN-TF Bin Model Results
5.1 Solid Results

Figure 5.1-1 shows the FLOWTRAN-TF calculated temperature distribution on the
surface of the mesh at normal operating conditions. The maximum surface temperature
(also the maximum aluminum temperature) is 100.0 C on the decoupler face of the plate
at the axial location where deposited power is highest. The maximum temperature in
the lead is 112.8 C at the same axial location. Figure 5.1-2 shows the solid heat
conduction mesh and temperature distribution with the upper 11 cells removed. The
top horizontal plane in the cut-away view is close to the axial location where the
maximum metal temperatures occur.

Note that the areal dimensions shown in Figs. 5.1-1 and 5.1-2 have been greatly
expanded to facilitate viewing. The actual overall dimensions of the model section
shown are: AX =10 cm, AY = 2.5 cm, and AZ = 278 cm.

5.2 Fluid Results

Figures 5.2-1 through 5.2-6 show temperatures and heat fluxes along the axial direction
for each flow channel under normal operating conditions. The first plot for each channel
shows the fluid temperature (Tyug), maximum wall temperature along the surface at each
axial level (T,y), and the local saturation temperature (Tsy). The second plot for each
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channel shows the operating heat flux (qo) along with calculated values for the critical
heat flux (qen), heat flux at the onset of subcooled nucleate boiling (gom), and heat flux
at the onset of significant void formation (qosy). All of the temperatures and heat fluxes
are plotted on the same scale for easy comparison. At the exit of channels 4, 8, 9, 11,
and 12, the operating heat flux becomes negative as heat is transferred from the liquid
back into the solid. This reversal in the direction of heat transfer is a direct result of the
long trailing edge of the axial power distribution curve shown in Fig. 4.1-1.
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Figure 5.1-1 Normal operating surface temperatures.
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100

Figure 5.1-2 Normal operating metal temperatures, cut-away view.
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Figure 5.2-1 Normal operating temperatures and heat ﬂuxe§ in channels 1 - 2.



WESTINGHOUSE SAVANNAH RIVER COMPANY

Report: WSRC-TR-98-0057
Section: 1
Date: 07/13/98
BLANKET SYSTEM NORMAL OPERATION Page: 10 of 20
Channel 3 Channel 3
170
160 10 - qosv
Tsat u
150 - gchf
140 - /\/
130 i
. E . gonb
g120 e
= < -
2;1 10 é -
gmo % 5
90 gohf
80 102k
Twall -
70 -
60 /¥ |
: Tﬂlwd i
505 1 2 0 1 2
_Axial Position Up Channel, m Axial Position Up Channel, m
Channel 4 Channel 4
170
10°k
-_— -
160 Teat : qosv
150 - \‘
140 - - qehf
130 i
$) €. . gonb
9’1 20 § 107
2 ~ F
110 x [
a g [
51 00 5 |
90 Tt qohf
80 Twall 102
70 E
60 Tfluid |
FEEETI N U SN S SAUEE SN T SENN SRS S N gl
505

1 2
Axial Position Up Channel, m

1 2
Axial Position Up Channel, m

Figure 5.2-2 Normal operating temperatures and heat fluxes in channels 3 - 4.
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Figure 5.2-3 Normal operating temperatures and heat fluxes in channels 5 - 6.
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Figure 5.2-4 Normal operating temperatures and heat fluxes in channels 7 - 8.
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Figure 5.2-5 Normal operating temperatures and heat fluxes in channels 9 - 10.
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Figure 5.2-6 Normal operating temperatures and heat fluxes in channels 11 - 12.
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6 Conclusions

The detailed bin simulations performed using the TRAC system and FLOWTRAN-TF
show that the primary HR system effectively cools the blanket materials during normal
operation. Fiuid pressures are well above the local stagnation pressures throughout the
loop. There is sufficient safety margin in the design with respect to local cavitation or
flashing concerns.

6.1 Comparison to Thermal/Hydraulic Design Criteria

The thermal/hydraulic (T/H) design criteria, along with the basis for their development, is
discussed in Refs. [11-12]. For normal operation (NO) the T/H onset criteria are based
on meeting very strict phenomenological limits with a high degree of confidence, as
follows:

— for local heated surfaces within the module components, the onset-of-significant-
voids [OSV]) at a three sigma confidence level; and

— for the remaining unheated piping sections of the blanket system, the onset-of-bulk-
boiling [OBB]) at a three sigma confidence level.

Additional (steady-state derived) material design criteria are imposed on the maximum
lead and aluminum (Series 6061 - Type T6) metal temperatures acceptable for the
module components. The limiting values for these parameters are 327.5 C and 115 C,
respectively. These material design criteria ensure that a coolable geometry can be
maintained throughout the expected lifetime of each module unit.

On a module-by-module basis, the above steady-state material and thermal onset
criteria for NO are compared to the FLOWTRAN-TF detailed bin model results. The bin
model results for the reference 1 plate-type module are tabulated in Table 6.1-1 (note
that only module 1 results are currently available since the design specifications for
modules 2 through 6 do not presently exist). However, module 1 should be close to the
most limiting module. Additional thermal onset criteria, which are typically considered,
are also provided in Table 6.1-1. Note that these are generally more stringent than the
impQsed design criteria chosen.

The definitions of the parameters in Table 6.1-1 are listed below, as follows:

Ry, = ma_x( T’ = J , liquid subcooling

sat in

T,-T

Ryyp = max( "~ 1|, wall superheating
L.-1T,

in

Ry = max(q%ﬂ) , ONB heat flux

Rygy = max(g"—’ﬁ] , OSV heat flux
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Royr = max(@i) , CHF heat flux
dcur
where: Gogp venceenernes operating heat flux
GONB +evrnneeeesnes heat flux at onset of subcooled nucleate boiling
G o5y weevnreeeeneens heat flux at onset of significant void formation
7 (P critical heat flux
Y fluid temperature
/R fluid temperature at inlet to flow channels, (53.05 C)
Tpy woenennnnnnnencns local fluid saturation temperature
/A wall temperature

and where the maximum value corresponds to its limit spatially, as well as over the time
period of the event sequence. The ratio of OHF-to-CHF is sometimes referred to as the
departure from nucleate boiling ratio (DNBR). Predicted thermal onset ratios should not
exceed unity. Confidence bounds are required to establish the acceptable level of the
probability of exceeding these criteria.

The results presented in Table 6.1-1 represent best estimate values (i.e., all input
parameters were set to their best estimate values). Quantification of overall
uncertainties and then their corresponding confidence levels (i.e., operating and
modeling uncertainties) have not yet been performed. Future efforts to perform a
response surface analysis are planned. At that time quantification of safety margins will
be determined.

The peak blanket metal temperature occurs in module #1, and it is 112.8 C, as
predicted by the FLOWTRAN-TF model. This occurs in the lead plate, and it is well
below the lead melting point, 327.5 C. The peak aluminum temperature also occurs in
module #1, and it is 100 C, below the long term temperature limit of 115 C.

Table 6.1-2 shows the deposited powers, mass flowrates through, fluid temperatures
across, and the exit fluid temperatures for the six modules, as predicted by the TRAC
system model. The module exit temperatures vary from a low of 52.7 C for module #6
to 72.4 C for module #4. The outlet header temperature is 57.9 C. The flow splits
between the modules are not optimum with respect to having similar temperature rises
across all of the parallel flow channels. Table 6.1-3 lists the peak lead and aluminum
temperatures in the six modules. The mean peak lead and aluminum temperatures for
the six modules are 99.9 C and 72.9 C respectively. Module #4, which has the highest
fluid temperature rise, has peak metal temperatures close to the mean. Module #6,
which has the smallest temperature rise, has a peak lead temperature larger than the
mean. Module #1, which has the highest power and the highest peak metal
temperatures, has a fluid temperature rise only slightly higher than the mean.
Optimizing the flow distribution to the modules must take metal temperatures under

consideration. For normal operation, the present design is adequate.

Using the deposited power and the flow channel AT values for the six modules in Table
6.1-2, a mixed mean exit temperature of 57.9 C was calculated using an inlet
temperature of 49.4 C. This agrees with the TRAC system model fixed outlet header
temperature of 57.9 C. This agreement globally verifies energy conservation.
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Under NO conditions neither HR pump cavitation nor local flashing within the coolant
piping network occurred (j.e., no OBB observed). The net positive suction head (NPSH)
for both HR primary pumps is listed in Table 6.1-4.

6.2 Design Issues

The TRAC system model predicts a peak lead temperature in module #1 of 152 C and
the detailed FLOWTRAN-TF bin model predicts a peak lead temperature of 112.8 C.
The cruciform design was used in the TRAC system model while the plate-type design
was used in the FLOWTRAN-TF model. This points out the need for consistency
between the two models. For future computations, the TRAC model will be upgraded to
model the plate-type blanket module in order to provide this consistency.

6.3 Predicted Impact

Normal operation is well within all specified thermal/hydraulic design criteria. No
adverse affects beyond normal wear-and-tear of the systems and components is
expected. As such, negligible onsite and offsite impact on people or the environment
occur as a result of normal APT operations.

Table 6.1-1 FLOWTRAN-TF model results under normal operating conditions for
comparison to design criteria.

"Module | Max | Max | ] x [-Max [ Max_
Go# | Po| Al ONB: |- OSV | GHR
-, :| Temp | Temp| tio | Ratio | Ratio
PRRPI N O (o e Bl (% 25 N RN BTN
1 112.8 . 0.032 | 0.150

2 TBD TBD | TBD

3 TBD TBD | TBD

4 TBD TBD | TBD

5 TBD TBD | TBD

6 TBD TBD | TBD

Table 6.1-2 TRAC fluid temperature rises across the module flow channels.

_Module #.

.| Power (MW).

AT o) -

1 23.990 59.8
2 10.720 7.2 56.6
3 3.556 16.3 64.7
4 9.336 23.0 72.4
5 3.167 6.6 56.0
6 5.712 3.3 52.7
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Table 6.1-3 TRAC peak metal temperatures in the modules.

* Module #

Deposited Power

Maximun Lead”

Table 6.1-4 Primary HR pump NPSH conditions under normal operating conditions.

P R LT I S L
. LSS L S T 0

23.9 (78.4)

6.8 (22.3)

26.0 (85.3)

7.1 (23.3)

WSRC-TR-98-0057
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Appendix A: TRAC Model Component Nomenclature
Table A-1 Blanket System Component Descnptlons in TRAC Model.

’ Sysfem Component Type COmp Noof | Descnpt:ons
L > #: | Cells | , A
HR leed Header (FH) 380 1 coolant Supply FH
340 1 coolant Return FH
Pressurizer (Pzr) 760 1 Pzr surge line 1 connected to Supply FH 380
761 2 Pzr surge line 2
762 1 Pzr surge line 3
763 1 Pzr surge line 4
764 1. Pzr surge line 5
765 13 Pzr surge line 6
766 9 primary Pzr
Hot Leg Loop 20 1 pipe connected to Return FH340
21 1 plenum for potential break loc.
22 7 pipe connection to external loop
23 1 pipe connect. for potential break
24 13 connection pipe
25 1 connection pipe
26 2 pipe connected to two pumps
27 1 plenum for two pump connection
28 2 pump#1 suction pipe
29 7 pump#2 suction pipe
30 2 pump located at cell face 2
31 2 pump located at cell face 2
32 3 check valve located at pump#1 discharge
33 3 check valve located at pump#2 discharge
34 1 pump outlet plenum
36 1 connect. pipe between pump and pipe
. 37 1 HX connect. pipe for potential break
38 1 pipe connect. to two HX’s inlet plenum
40 1 plenum
HX 48 3 HX #1 lnlet pipe
50 4 HX #1 1% pass
52 3 HX #1 middle header
54 4 HX #1 2" pass
49 3 HX #2 inlet pipe
51 4 HX #2 1% pass
53 3 HX #2 middle header
55 4 HX #2 2™ pass
710 1 HX #1 secondary side fill
711 4 HX #1 2™ pass secondary side
712 3 HX #1 middle header secondary side
713 4 HX #1 1% p: pass secondary side
714 1 HX #1 secondary side break BC
730 1 HX #2 secondary side fill BC
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Table A-1 Blanket System Component Descriptions in TRAC Model (continued).

2, 7 - SV e e Ca

“System-| Compone mp: [ NG
731 4 HX #2 2™ pass secondary side
732 3 HX #2 middle header secondary side
733 4 HX #2 1* pass secondary side
734 1 HX #2 secondary side break BC
HR Cold Leg Loop 56 3 HX #1 outlet pipe
57 6 HX #2 outlet pipe
60 3 HX outlet plenum merged after two HX's
62 1 cold leg pipe
63 1 cold leg pipe
64 13 cold leg pipe located outside cavity wall
65 1 pipe for cold leg pipe break
66 1 horizontal cold leg pipe penetration
67 1 plenum for internal break on HR loop
854 2 HR isolation valve for internal break
69 1 plenum for internal LOCA simulation
68 5 pipe connect. to FH 340 inside cavity
Cavity Cold Leg Loop 850 2 valve located bet. cavity vessel and HR
Vessel B
852 2 valve located bet. cavity vessel and HR
1 plenum for cavity vessel connection
828 3 cavity vent valve
802 1 break component for cavity vent pressure BC
823 11 pipe for cavity lower section simulation
824 1 plenum for cavity connection
840 2 valve to connect cavity line to Module 1
825 4 pipe for cavity middle section simulation
Cavity Cavity Flood Line 820 13 pipe for cavity pool connection to cavity
Pool vessel
821 2 cavity flood line vaive
822 1 flood fine pipe inside cavity vessel
Cavity Flood Pool 801 1 break component for cavity pool BC
810 10 pipe for top cavity pool section
811 1 plenum for middle cavity pool section
812 7 pipe for lower cavity pool section
813 1 plenum for cavity pool bottom
RHR RHR Loop 621 1 pipe located fo return FH
623 10 pipe located inside the cavity vessel
624 1 pipe located outside the cavity vessel
625 18 pipe bet. RHR pump and pipe comp. #624
630 2 RHR pump located at face 2
640 3 check valve located at pump discharge
652 4 HX tubes
660 16 pipe at the cold leg side
661 1 pipe located before cavity vessel
662 8 cold leg pipe inside cavity vessel
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Table A-1 Blanket System Component Descnptlons in TRAC Model (contmued)
System ComponentType Comp 1 No ’ Descnptxons
) 4 “of: L :
< Nt Ce“S s T e Fre T o LT e T
663 1 cold leg pipe connected to supply FH
672 1 fill for HX secondary side BC
671 4 HX secondary shell side
673 1 break comp. for HX secondary side:BC
Module Module 1 Flow 454 7 pipe connected to supply FH
80 1 plenum for potential internal break simulation
at Module 1
375 5 pipe connection bet. Suuply FH and Module
1 upper plenum
370 1 upper plenum for Module 1 downcomer
360 5 Module 1 downflow region
350 1 middle plenum bet. Module 1 downflow and
upflow regions
300 5 Module 1 upflow region
330 1 upper plenum for module 1 upflow region
335 5 connection pipe after Module 1 upper
plenum
429 4 pipe connected to return FH
Module 2 Flow 173 7 pipe coonected to supply FH
81 1 plenum for potential internal break simulation
at Module 2
82 3 pipe connection
172 1 upper plenum for Module 2 downcomer
158 6 Module 2 downflow region
147 1 middle plenum bet. Module 2 downflow and
upflow regions
102 6 Module 2 upflow region
133 1 upper plenum for module 2 upflow region
) 136 7 pipe connected to return FH
Module 3 Flow 415 7 pipe connected to supply FH
85 1 plenum for potential internal break simulation
at Module 3
86 3 pipe connection
479 1 upper plenum for Module 3 downcomer
478 5 Module 3 downflow region
418 1 middle plenum bet. Module 3 downflow and
upflow regions
409 5 Module 3 upflow region
423 1 upper plenum for module 3 upflow region
417 7 pipe connected to return FH
Module 4 Flow 485 7 pipe connected to supply FH
87 1 plenum for potential internal break simulation
at Module 4
88 3 pipe connection
489 1 upper plenum for Module 4 downcomer
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Table A-1 Blanket S
e,!!‘ “Componen
480 6 Module 4 downflow region
419 1 middle plenum bet. Module 4 downflow and
upflow regions
412 6 Module 4 upflow region
483 1 upper plenum for module 4 upflow region
484 7 pipe connected to return FH
Module Module 5 Flow 513 7 pipe connected to supply FH
89 1 plenum for potential internal break
simulation at Module 5
90 3 pipe connection
510 1 upper plenum for Module 5 downcomer
507 6 Module 5 downflow region
503 1 middle plenum bet. Module 4 downflow and
upflow regions
500 6 Module 5 upflow region
508 1 upper plenum for Module 5 upflow region
511 7 pipe connected to return FH
Module 6 Flow 541 7 pipe connected to supply FH
83 1 plenum for potential'internal break
simulation at Module 6
84 1 pipe connection
538 1 upper plenum for Module 6 decoupler
535 5 Module 6 downcomer region
531 1 middle plenum bet. Module 6 decoupler and
main heated regions
528 5 . Module 6 main heated region
536 1 upper plenum for module 6 main heated
region
539 12 pipe connected to return FH
" Module 1 Heater 901 5 Al tube structure in Row 1
Structure
951 5 Lead zone with Al cladding in Row 1
984 5 Al tube structure in decoupler
Module 2 Heater 905 6 Al tube structure in Row 2
Structure
955 6 Lead zone with Al cladding in Row 2
916 6 Al tube structure in Row 3
966 6 Lead zone with Al cladding in Row 3
Module 3 Heater 911 5 Al tube structure in Row 1
Structure
961 5 Lead zone with Al cladding in Row 1
988 5 Al tube structure in decoupler
Module 4 Heater 912 6 Al tube structure in Row 1
Structure
962 6 Lead zone with Al cladding in Row 1
931 6 Al tube structure in Row 2
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Table A-1 Blanket System Component Descnptlons in TRAC Model (continued).

System Component Type ; Descnpttons

978 6 Lead zone with Al cladding in Row 2
Module 5 Heater 913 6 Al tube structure in Row 2
Structure
963 Lead zone with Al cladding in Row 2

6

932 6 Al tube structure in Row 2

979 6 Lead zone with Al cladding in Row 2
5

Module 6 Heater 915 Al tube structure in Row 2
Structure .

965 5 Lead zone with Al cladding in Row 2

Table A-2 Steady State Conditions.

. Calctilated> .~
S e e B A e T e Values 7 .
Total power deposited in blanket modules MW 56.5
Total flow rate kg/sec 1569
gpm 25252
Pressure in cold-leg fixed header MPa 0.7325
psia 10624
Pressure in hot-leg fixed header MPa 0.4563
psia 66.180
Pressurizer (cell #1) pressure MPa 0.7311
- psia 106.03
Pump #1 suction pressure MPa 0.2751
psia 39.90
i Pump #1 discharge pressure MPa 1.0356
psia 150.20
Pump #2 suction pressure MPa 0.2958
psia 42.91
Pump #2 discharge pressure MPa 1.0409
psia 150.97
Temperature in cold-leg fixed header C 49.43
F 121.0
Temperature in hot-leg fixed header C 58.03
F 136.5
Max. fluid temperature of the hottest C 71.95
module F 161.5
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Figure A-5 TRAC component layout for blanket primary RHR coolant loop.
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Appendix B Normal Operation TRAC Results

Appendix B1 Normal Operation TRAC Plenum Component Figures

The following figures are from a TRAC simulation for normal operation:
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Figure B-1a Fixed header fluid pressures for NO (False transient to establish steady-
state).
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Fluid temperature (C)

Figure B-1b
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Fixed header fluid temperatures for NO (False transient to establish
steady-state).
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Figure B-1c Fixed header fluid subcoolings for NO (False transient to establish steady-

state).
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Figure B-2b Module 1 plenum fluid temperatures for NO (False transient to establish
steady-state).

114
112 Comp=370; Cell=01
—+— Comp=350; Cell=01
110 X . ’
108
—~ 106
e
o 104
2
S 102
[«
8 100
S
5z 9
=R TN SR S e e e e e e e e ey
i 96
94
92
90
88 : '
0 100 200 300 200

Time after break (s)

Figure B-2¢c Module 1 plenum fiuid subcoolings for NO (False transient to establish
steady-state).
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Figure B-2d Module 1 plenum void fractions for NO (False transient to establish steady-
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Figure B-3a Module 2 plenum fluid pressures for NO (False transient to establish
steady-state).



WESTINGHOUSE SAVANNAH RIVER COMPANY Report: WSRC-TR-98-0057

Section: Appendix B
Date: 07/13/98
BLANKET SYSTEM NORMAL OPERATION Page: ) 6 of 84

Fluid temperature (C)

66

—e— Comp=172; Cell=01

—s—— Comp=147; Cell=01
——+—— Comp=133; Cell=01

100 200 300 200
Time after break (s)

Figure B-3b Module 2 plenum fluid temperatures for NO (False transient to establish

Fluid subcooling (C)

[

114
112
110
108
1086
104
102
100

98

96

92
S0

steady-state).

—e&—— Comp=172; Cell=01

——  Compz147:Cell=01, 4
—4&— Comp=133; Cell=01

.......
............

: ! ]
100 200 300 400
Time after break (s)

Figure B-3c Module 2 plenum fluid subcoolings for NO (False transient to establish

steady-state).



WESTINGHOUSE SAVANNAH RIVER COMPANY Report: WSRC-TR-98-0057

Section: Appendix B
Date: 07/13/98
BLANKET SYSTEM NORMAL OPERATION Page: . - 70f 84

o
12

—— Comp=172; Cell=01
—=s—— Comp=147; Cel=01
——4——  Comp=133; Cell=01

o
FY

hed
(X)

0.2

0.1

0-0-0-0-0—-0-0-0-0-0-00-0-0-0-0-0-0-8-0-0-0-00-800-=20080000000a02a00
0000000000000 0000000000000 00000

Gas void (-)
o

-0.1

S
XY

(=4 LIRS NLALOLIL N L BLALIE LOLI KA RO LI UL 0 LN IR 00 00 OO B B

-0.3

s
o
[4;]

100 200 300 400
Time after break (s)

Figure B-3d Module 2 plenum void fractions for NO (False trafisient to establish steady-
state).
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Figure B-4a Module 3 plenum fluid pressures for NO (False transient to establish
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Figure B-5a Module 4 plenum fluid pressures for NO (False transient to establish
steady-state).
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Figure B-5b Module 4 plenum fluid temperatures for NO (False transient to establish
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Figure B-5¢ Module 4 plenum fluid subcoolings for NO (False transient to establish
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Figure B-5d Module 4 plenum void fractions for NO (False trafisient to establish steady-
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Figure B-6a Module 5 plenum fluid pressures for NO (False transient to establish
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Figure B-6b Module 5 plenum fluid temperatures for NO (False transient to establish
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Figure B-6¢c Module 5 plenum fluid subcoolings for NO (False transient to establish
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Figure B-7d Module 6 plenum void fractions for NO (False transient to establish steady-
state).
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Appendix B2 Normal Operation TRAC Pipe, Pump, and Valve Component
Figures

The following figures are from a TRAC simulation for normal operation:
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Figure B-8a Primary HR hot-leg piping fluid pressures for NO (False transient to
establish steady-state).
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Figure B-9a Primary HR pump 1 fluid pressures for NO (False transient to establish
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Figure B-9b Primary HR pump 1 fluid temperatures for NO (False transient to establish
steady-state).
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Figure B-10b Primary HR pump 2 fluid temperatures for NO (False transient to
establish steady-state).

120

110

100

[[i

90

Fluid subcooling (C)

80

——eo— Comp=031; Cell=01
—a—— Comp=031; Cell=02

[ L1
0 100 200

Time after break (s)

Figure B-10c Primary HR pump 2 fluid subcoolings for NO (False transient to establish

steady-state).



WESTINGHOUSE SAVANNAH RIVER COMPANY Report: WSRC-TR-988-0057

Section: Appendix B
Date: 07/13/98
BLANKET SYSTEM NORMAL OPERATION Page: . 23 of 84
T —e— Comp=031; Cel=01
805.5 |- ——s—— Comp=031; Cell=02
805"— o0 2-0-0-0—0-0-0-0-0-0-0-0-0-0
o i
2 ¥
< goss
2 s
g B
g soaf
g eo3sf
T N
£ sosf
8025 |-
802 1 ! I 3 1 1 1 . ! 1 L 1 . I 1 ;.
0 100 200 300 400

Time after break (s)
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Figure B-11b Primary HR pump discharge piping fluid temperatures for NO (Faise
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Figure B-11d Primary HR pump discharge piping liquid mass flowrates for NO (False
transient to establish steady-state).
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Figure B-12a Primary HR heat exchanger inlet piping fluid pressures for NO (False
transient to establish steady-state).
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Figure B-12b Primary HR heat exchanger inlet piping fluid temperatures for NO (False

transient to establish steady-state).
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Figure B-12c Primary HR heat exchanger inlet piping fluid subcoolings for NO (False

transient to establish steady-state).
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Figure B-13a Primary HR heat exchanger outlet piping fluid pressures for NO (False
transient to establish steady-state).
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Figure B-13b Primary HR heat exchanger outlet piping fluid temperatures for NO (False
transient to establish steady-state).
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(False transient to establish steady-state).
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Figure B-13e Primary HR heat exchanger outlet piping void fractions for NO (False
transient to establish steady-state).
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Figure B-14a Primary HR cold-leg piping fluid pressures for NO (False transient to
establish steady-state).
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Figure B-14c Primary HR cold-leg piping fluid subcoolings for NO (False transient to

establish steady-state).
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Figure B-14d Primary HR cold-leg piping liquid mass flowrates for NO (False transient
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Figure B-15b Primary HR pressurizer and surge line fluid temperatures for NO (False

transient to establish steady-state).
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Figure B-15e Primary HR pressurizer and surge line void fractions for NO (False
transient to establish steady-state).
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Figure B-16b Primary RHR pump fluid temperatures for NO (False transient to establish
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Figure B-16d Primary RHR pump liquid mass flowrates for NO (False transient to
establish steady-state).
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Figure B-16e Primary RHR pump void fractions for NO (False transient to establish
steady-state).
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Figure B-20b Module 3 channel Module 3 channel fluid temperatures for NO (False
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Figure B-21a Module 4 channel fluid pressures for NO (False transient to establish
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Figure B-21d Module 4 channel liquid mass flowrates for NO (False transient to

establish steady-state).



WESTINGHOUSE SAVANNAH RIVER COMPANY Report: WSRC-TR-98-0057

Section: Appendix B
Date: 07/13/98
BLANKET SYSTEM NORMAL OPERATION Page: . 51 of 84

o
n

——.Comp=412; Cell=01

—+— Comp=412; Cell=03
—v— Comp=412; Cell=06

o o o
N W

‘e
=

0000008080080 -60 -8 000000088 06-0806-O00 80O -8 & O->o-0
0000000000000 0 000000000000 000000000000

Gas void (-)
o o o
w N - o
(=] |I|l|lllilllll|lllilllll l|ll]||lll‘lllllllllllll

o
n

: : : ! 1 : : L 1 : 1 I : ! : 1 . :

[
100 200 300 400
Time after break (s)

o
v

. Figure B-21e Module 4 channel void fractions for NO (False transient to establish
steady-state).

95 ——&—— Comp=500; Celi=01
94 —4+— Comp=>500; Cell=03
a3 —*— Comp=500; Cell=06
92
N
920
I VN
88
87
86
85

Fluid pressure (Psia)

83
82

81 N T vyvrvuy e ) NSRSy NP P

0 100 200 300 400
Time after break (s)

Figure B-22a Module 5 channel fluid pressures for NO (False transient to establish
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Figure B-22b Module 5 channel fluid temperatures for NO (False transient to establish
steady-state).
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Figure B-23a Module 6 channel fluid pressures for NO (False transient to establish
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Figure B-23b Module 6 channel fluid temperatures for NO (False transient to establish
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Figure B-24b Mid-plane module fluid temperatures for NO (False transient to establish
steady-state).
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Figure B-25a Module inlet fluid pressures for NO (False transient to establish steady-
state).
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Figure B-25b Module inlet fluid temperatures for NO (False transient to establish steady-
state).
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Figure B-25¢ Module inlet fluid subcoolings for NO (False transient to establish steady-

state).
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Figure B-25d Module inlet liquid mass flowrates for NO (False transient to establish
steady-state).
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Figure B-25e Module inlet void fractions for NO (False transient to establish steady-
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Figure B-26a Cavity pool fluid pressures for NO (False transient to establish steady-

state).
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Figure B-26b Cavity pool fluid temperatures for NO (False transient to establish steady-
state).
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Figure B-26¢ Cavity pool fluid subcoolings for NO (False transient to establish steady-
state).
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Figure B-26d Cavity pool liquid mass flowrates for NO (False transient to establish
steady-state).
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Figure B-26e Cavity pool void fractions for NO (False transient to establish steady-
state).



WESTINGHOUSE SAVANNAH RIVER COMPANY Report: WSRC-TR-98-0057

Section: Appendix B
Date: 07/13/98
BLANKET SYSTEM NORMAL OPERATION Page: 64 of 84

4.966 ¢

—e— Comp=823; Cell=01
——— Comp=823; Cell=02
—v—— Comp=823; Cell=03
——— Comp=823; Cell=04
4.964 —<— Comp=823; Cell=06
—— Comp=823; Cell=08

4.965

4.963

Fluid pressure (Psia)

4.961

4.96

> | § > Db 0od

1 !
100 T 2000 300 400
Time after break (s)

Figure B-27a Below top shield cavity vessel fluid pressures for NO (False transient to
establish steady-state).
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Figure B-27b Below top shield cavity vessel fluid temperatures for NO (False transient to
establish steady-state).
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Figure B-27e Below top shield cavity vessel Below top shield cavity vessel void fractions
for NO (False transient to establish steady-state).
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Figure B-28a HR heat exchanger 1 secondary side fluid pressures for NO (False
transient to establish steady-state).
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Figure B-28b HR heat exchanger 1 secondary side fluid temperatures for NO (False
transient to establish steady-state).
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Figure B-28c HR heat exchanger 1 secondary side fluid subcoolings for NO (False
transient to establish steady-state).
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Figure B-28d HR heat exchanger 1 secondary side liquid mass flowrates for NO (False
transient to establish steady-state).
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Figure B-28e HR heat exchanger 1 secondary side HR heat exchanger 1 secondary
side Below top shield cavity vessel void fractions for NO (False transient to establish
steady-state).
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Figure B-29b HR heat exchanger 2 secondary side fluid temperatures for NO (False

transient to establish steady-state).
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Figure B-29c HR heat exchanger 2 secondary side fluid subcoolings for NO (False
transient to establish steady-state).
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Figure B-29d HR heat exchanger 2 secondary side liquid mass flowrates for NO (False
transient to establish steady-state).
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Figure B-29e HR heat exchanger 2 secondary side HR heat-exchanger 1 secondary
side Below top shield cavity vessel void fractions for NO (False transient to establish

steady-state).
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Figure B-30a RHR heat exchanger secondary side fluid pressures for NO (False
transient to establish steady-state).
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Figure B-30c RHR heat exchanger secondary side fluid subcoolings for NO (False

transient to establish steady-state).



WESTINGHOUSE SAVANNAH RIVER COMPANY Report: WSRC-TR-98-0057

Section: Appendix B
Date: 07/13/98
BLANKET SYSTEM NORMAL OPERATION Page: 73 of 84

25.22 O-0—0—0—0—0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0—0-0-0-0—0-¢
° —e—— Comp=671; Cell=04
—a—- Comp=672; Cell=01

25.2175 1

LEE N I 4R 2 e

25215 F

g, (kg/s)

5.2125

25.21

5.2075

Fluid ass flowrat

25.205

25.2025

1 2 ! 1 1 L : 1 1 L 1 ! : 1 : I 2 :

1
100 200 300 400
Time after break (s)

25.2

o L3I0 I I 0 I LML A 0 o e

Figure B-30d RHR heat exchanger secondary side liquid mass flowrates for NO (False
transient to establish steady-state).
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Below top shield cavity vessel void fractions for NO (False transient to establish steady-
state).
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Appendix B3 Normal Operation TRAC Heat Structure Component Figures

The following figures are from a TRAC simulation for normal operation:
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Figure B-31 Module 1 upflow section bottom, mid-plane, and top maximum lead metal
temperatures for NO (False transient to establish steady-state).
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Figure B-32 Module 2 upflow section bottom, mid-plane, and-top maximum lead metal
temperatures for NO (False transient to establish steady-state).
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Figure B-33 Module 3 upflow section bottom, mid-plane, and top maximum lead metal
temperatures for NO (False transient to establish steady-state).
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Figure B-34 Module 4 upflow section bottom, mid-plane, and top maximum lead metal
temperatures for NO (False transient to establish steady-state).
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Figure B-35 Module 5 upflow section bottom, mid-plane, and top maximum lead metal
temperatures for NO (False transient to establish steady-state).
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Figure B-36 Module 6 down-stream section bottom, mid-plane, and top maximum lead
metal temperatures for NO (False transient to establish steady-state).
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Figure B-37 Module 1 upflow section bottom, mid-plane, and top maximum aluminum
metal temperatures for NO (False transient to establish steady-state).
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Figure B-38 Module 2 upflow section bottom, mid-plane, and top maximum aluminum
metal temperatures for NO (False transient to establish steady-state).
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Figure B-39 Module 3 upflow section bottom, mid-plane, and top maximum aluminum
metal temperatures for NO (False transient to establish steady-state).
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Figure B-40 Module 4 upflow section bottom, mid-plane, and-top maximum aluminum
metal temperatures for NO (False transient to establish steady-state).
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Figure B-41 Module 5 upflow section bottom, mid-plane, and top maximum aluminum
metal temperatures for NO (False transient to establish steady-state).
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Figure B-42 Module 6 down-stream section bottom, mid-plane, and top maximum
aluminum metal temperatures for NO (False transient to establish steady-state).
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Figure B-43 Module 1 upflow section mid-plane surface and fluid temperatures for NO
(False transient to establish steady-state).
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Figure B-44 Module 2 upflow section mid-plane surface and fluid temperatures for NO
(False transient to establish steady-state).
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Figure B-45 Module 3 upflow section mid-plane surface and fluid temperatures for NO
(False transient to establish steady-state).
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Figure B-46 Module 4 upflow section mid-plane surface and fluid temperatures for NO
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Figure B-47 Module 5 upflow section mid-plane surface and fluid temperatures for NO
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(False transient to establish steady-state).
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(False transient to establish steady-state).
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Figure B-48 Module 6 upflow section mid-plane surface and fluid temperatures for NO
(False transient to establish steady-state).
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Figure B-49a Metal temperatures for various module outer aluminum surfaces at their
mid-plane for NO (False transient to establish steady-state).
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Figure B-49b Metal temperatures for various module outer aluminum surfaces at their
mid-plane for NO (False transient to establish steady-state).
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Appendix C: TRAC - Standard Input File for Normal
Operation Case

The file listed below represents the entire TRAC code “tracin” file that corresponds to
the normal operation case for the blanket system, all of its primary heat removal (HR)
and residual heat removal (RHR) piping components, its six lumped modules, the cavity
vessel, and the cavity flood system. This input deck provides the nominal design basis
case for normal operation (NO) and the TRAC restart file (“trcrst”) for all design basis
accidents (DBAs) considered.

Input file tracin:

-~ See Ref. [1] for complete listing of input deck ..
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Appendix D: TRAC Graphics Input File for Normal

Operation Case

The file listed below represents the TRAC code “graphin” file that contains the various
graphics points selected for output to the “tecsum.grf” file. Modifications were made to
the TRAC code standard output routines in order to generate an ASCII output file called
“tecsum.grf”. This output file contains results at each requested graphic point (i.e.,
TRAC component and specified cell number) written out at a specified time frequency.

input file graphin:

.. See Ref. [1] for complete listing of input deck ..
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Appendix E: FLOWTRAN-TF Standard Input File for
Normal Operation Case

The file listed below represents an annotated FLOWTRAN-TF code input file that
corresponds to the normal operation case for the module 1 plate-type bin (i.e., reference
1 lateral Row 1 module). The solid and fiuid geometric input has been deleted and can
be seen in Ref. [10].

Input file apt.in:

/*** 12-channel APT input deck for flowtran-apt code ***/
! pre~incident conditions

'
! Input Deck Description:
1

! General Comments:

! *The solid input units are: [T] = C

! *The fluid input units are determined by iunits as described below

! *The working units in the fluid modules are: s, m, kg, X, Pa, J, W, ...
! *The working units in the solid modules are: s, m, kg, C, Pa, J, W,
/RUN TIME, TIME STEP LIMITS, AND PRINT TIMES/

! total minimum maximum minimum maximum
Iruntime f£luid time step £fluid time step s0lid time step so0lid time step

! runsec, dtmin, dtmax, dtsmin, -.dtsmax
60.0 1.0e-3 0.10 0.1 0.5 1>

1
! printing intervals in seconds
1
1

! fluid solid powex plot criteria
1 dtpfld, dtpsld, dtppwr, dtpplt, dtpert
60.0 60.0 60.0 60.0 60.0 >

BOUNDARY CONDITION, UNITS, RESTART, AND PRINT FLAGS/

! ibond: 1 = P (fluid and gas momentum balances at plenum)
2 = Qf (prescribed Qf replaces fluid mom. bal. at plenum)
3 = Qg (prescribed Qg replaces gas mom. bal. at plenum)
4 = Qf,Qqg (prescribed Qf, Qg replace both mom. bal. at plenum)
- -2 = Qf (prescribed Qf replaces fluid mom. bal. at tank bottom)
-3 = Qg (prescribed Qg replaces gas mom. bal. at tank bottom)

-4

1
/
]
]
]
!
!
!
! Qf,0g (prescribed Qf, Qg replace both mom. bal. at tank bottom)
! iunits applies to the fluid input only

! junits: 1 =8I (m, m*2 , m*3 , Pa , m*3/s, C)

]

]

]

|

I

]

1

1

]

]

1

]

]

1

)

1

SRS (in, in~2, in”~3, psia, gpm , C)

new

restart (time runsec)

restart (time zero)

restart (time = tcrit0)

no restart file saved

restart file saved and tsec set to runsec
restart file saved and tsec set to zero
restart file saved and tsec set to tcrit0
short print

long print

no printing of criteria messages

print criteria messages

no screen print

long screen print

short screen print

! istart:

! isave:

! iprint:
! icrit:

1 iscrn:

NP ORONRKRWNRMPOWNEON

L | (S Y | SN Y | N O | A 1
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! istdy: -1 = grid generation only
1 0 = transient from tsec to runsec
t 1 = steady state from tsec
' 2 = steady state at tsec
! 3 = steady state at tsec followed by a transient to runsec
! igpsk: 0 = no node renumbering
t 1 = optimum node renumbering using Gibbs-Poole-Stockmeyer-King
! 2 = optimum node renumbering using Gibbs-Poole-Stockmeyer-Cuthill-Mckee
! inorm: 0 = use unnormalized axial power shapes
! 1 = normalize the axial power shape
D o o o o o o o e = = . = 4 aa = - ————_—— = - — = — = ——————
! ibond, iunits, istart, isave, 1iprint
-2 1 0 2 2 i>
! icrit, iscrn, istdy, ippu, ibpu
0 2 0 0 0 1>
! igpsk inorm
1 0 1>
L b T ittt ettt
'
/REFERENCE PRESSURE, COMPRESSIBILITY FACTOR, .../
! ilg: liquid identification, 1=H20, 2=D20
! pref: reference pressure used in subroutine inner to compute
! relative changes in the dp's
! factor: multiplier to drho, £luid/dP to increase fluid compressibility
! vminz: minimum absolute velocity for full donoring in z direction
! tol: accchk parameter
!  tolss: steady state tolerance on dhmix/dt, (J/m"3-s)
! tolts: relative tolerance on solid temperature -
! ttol: relative tolerance on solid time step change
t  dtsup: wall superheat reduction, C
! htdamp: solid-fluid heat transfer damping factor
! cidamp: interfacial drag damping factor
! xal: source/sink air mass fraction
! dtf: perturbation to liquid temperature for derivative estimation
! dtg: perturbation to gas temperature for derivative estimation
! nstdy: maximum iterations for steady-state (istdy > 0)
! nmat: maximum number of solid materials
1 delox: surface oxide layer thickness (m)
! tkox: oxide thermal conductivity (W/m-K)
| o o o o e o v e o o v e e Ak A S - kA A — —
! ilq, pref, factor, vminz
1 5.0e+5 1.0 0.05 I>
]
! tol, tolss, tolts, ttol
1.0 10.0 0.1 0.1 1>
]
! dtsup, htdamp, cidamp, xa0
0.0 1.0 0.1 0.0 1>
i
! dtt, dtg, nstdy, nmat
1.0 1.0 3000 9 1>
1
! delox, tkox
5.08e-5 2.16 1>

/BOILING CURVE
! iboil:

0
1
! 2
3
4

]

AND INTERPHASE TRANSPORT OPTIONS/

use specified heat transfer coefficient
forced convection (SRL)

forced convection (Dittus-Boelter)
forced convection (Sieder-Tate)

Mikic-Rohsenow interpolation
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! 5 = Chen correlation

! ichf: 1 = SRS correlation

! 2 = Biasi

! matgas: 1 = helium dissolved in water

! 2 = air dissolved in water

! persat: percent of saturation (0-100)

! igami: O = bulk interfacial mass transport off

! 1 = bulk interfacial mass transport on

! igamw: 0 = wall interfacial mass transport off

! 1 = wall interfacial mass transport on

[ o an o o e o o o o e o S o e e o T = = s T " Y = = . — o= = - - ———

! iboil, ichf, matgas, persat, igami, igamw

2 2 2 0.0 0 0 >

/SOLID PARAMETERS/

isolid:

tsolid:
beta:
iheat:

gsurf:
hfix:
iaxcon:

0 = no solid calculations
1 = solid calculations with matrix decomposition every time step
2 = solid calculations with matrix decomposition first time step

initial solid temperature
implicitness parameter in solid calculations

0 = no wall heat transfer calculation
1 = wall heat transfer calculations
specified surface heat flux (used when iheat = 0)
specified heat transfer coefficient (used when iboil = 0)
0 = no axial conduction
1 = explicit axial conduction calculation
tsolid, beta, iheat, gsurf, hfix, iaxcon
53.05 1.0 1 0.0 1.0e4 1 1>

/INNER ITERATION OPTIONS & NEWTON ITERATION PARAMETERS/

T T e

-

irebal:

nemr:
epsin:
initmx:
epsp:
epsalp:
epstg:
epstf:
epsxa:
nitmax:

0 = no coarse mesh rebalance

1 coarse mesh rebalance on first pass

2 = coarse mesh rebalance on each pass

number of coarse mesh rebalances when irebal = 1 or 2

inner iteration convergence criterion for relative dp error

max. number of inner iterations allowed

newton iteration convergence criterion for absolute p error in Pa
newton iteration convergence criterion for absolute alp error
newton iteration convergence criterion for absolute tg error in K
newton iteration convergence criterion for absolute tf error in K
newton iteration convergence criterion for absolute xa error
|nitmax| = max. number of newton iterations allowed

If nitmax is positive and |nitmax| iterations are reached, then
then computations continue using the mth iterate values from the
|nitmax| iteration.

If nitmax is negative and |nitmax| iterations are reached, then
a new time step with a time step reduction is requested.

nemr, epsin, initmx

1 1.0e-5 200 1>
epsy, epsf, nitysi
1.0e-5 0.01 50 1>
epsp, epsalp, epstg, epstf, epsxa, nitmax
50.0 0.0005 0.05 0.05 0.005 -100 1>

/NUMBER OF SPLINE PROFILES AND DATA POINTS/
ndata: number of data groups
1 itime: number of time snapshots for axial power profiles
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b e e e
! ndata, itime
4 2 !>
! _______________________________________________________________________________
! npdat: number of data points per data set
t nset: number of data sets in data group
! _______________________________________________________________________________
! npdat nset
3 1 1>
4 1 1>
29 1 1>
3 1 1>
! _______________________________________________________________________________
!
/GEOMETRIC DIMENSIONS:/
! nchn: number of flow channels
! nzt: number of top section axial cells (>=2)
! nz: number of middle section axial cell layers {(>=3)
! nzb: number of bottom section axial cells (>=2)
e ——,—,——,——— ————————————————
! nchn, nzt, nz, nzb
12 2 20 2 >
e e e e e e e e e e e e e e e v o o = 2 o o o o o o o e e - ——
!
/POWER ITERATION INPUT/
! power: initial power in kW
! maxpi: maximum number of power iterations
! tolpow: tolerance on power limit e
! ncrit: number of criteria used to check for power limit
] e e e ——————————————— 2t s 20 = = o o v o v e o
! power, maxpi, tolpow, nerit
61.5 1 0.005 8 ! nominal operating power >
e e e e e e o o o v o o o e ke e e e o = e = e . - Y = = ———————
!
! SENSITIVITY VARIABLES INPUT SECTION
]
/SENSITIVITY PARAMETERS/
t cizfac: axial interfacial drag multiplying factor
) e e e e e e e e e e e o e e o e e e e e et o e = ———————n o
! xcofh, xreh, xcofl, xrel, xkmet, xcvmet
1.0 1.0 1.0 1.0 1.0 1.0 1>
1
! xhfi, xhgi, xkgi, xphi
1.0 1.0 1.0 1.0 >
]
! cizfac xfric, plnht, cipln, formhs, alphs
1.0 1.0 8.75 1.0 5.382 0.05 >
]
! alb2, als2, alaz, expbs, expsa
0.25 0.52 0.75 4.0 4.0 >

INPUT FOR SOLID FINITE ELEMENT CALCULATIONS

Solid mesh input for finite element regions, nodes and side boundary conditions is
identical to that shown in Ref. [10]
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! FLUID GEOMETRY AND MOMENTUM CLOSURE INPUT SECTION

Fluid geometry input is identical to that shown in Ref. [10]

/BOUNDARY CONDITION INPUT SECTION/

/OUTLET PLENUM (TOP)/

! ppl0: multiplier to P transient profile

! ippl: P transient identifier

! alppl0O: multiplier to alpha transient profile
i ialpl: alpha transient identifier

! tfpl0: multiplier to Tf transient profile

! itfpl: Tf transient identifier

! tgpl0: multiplier to Tg transient profile

! itgpl: Tg transient identifier

!t xapl0: multiplier to Xa transient profile

! ixapl: Xa transient identifier -

! pplo, ippl
583697.4 1 1>
! alpploO, ialpl
1.0 4 1>
t t££010, itfpl
59.85 1 1>
! tgplo, itgpl
59.85 1 i>
! xapl0, ixapl
0.9 1 1>

/INLET PLENUM (BOTTOM)/

! ptb0: multiplier to P transient profile

! iptb: P transient identifier

! alptb0: multiplier to alpha transient profile
! ialtb: alpha transient identifier

I tftb0: multiplier to Tf transient profile

! itftb: Tf transient identifier

! tgtb0: multiplier to Tg transient profile

! itgtb: Tg transient identifier

1 xatb0: multiplier to Xa transient profile

1

ixatb: Xa transient identifier
I o e e o o o e e 0 i = = = P o T & o —————— — ——

! ptbo, iptb
685560.4 1 1>
! alptbO, ialtb
1.0 4 >
1 tftbo, itftb
53.05 1 1>
! tgtbo0, itgtb
53.05 1 1>

! xatb0, ixatb
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0.9 1 i>
! _______________________________________________________________________________
!
/INLET FLOW DATA/
! The following inlet flow data is always used to initialize
! axial velocities and will also be used to define the
! appropriate prescribed flowrate for £t > 0 if ibond = 2, 3, or 4.
! gfin0: multiplier to Qf transient profile
! igfin: Qf transient identifier
! qgin0: multiplier to Qg transient profile
! iggin: Qg transient identifier
! qfin0 = Nominal APT total flow 12 half channels, transient
1 e o e e e et o o e o e e e e e e e e e = = . . - . e . -
't gfin0, igfin
-1.508e-3 1 !>
! ggin0, iggin
0.0 1 1>
! _______________________________________________________________________________
!
/INITIAL CONDITION INPUT SECTION/
t If iset0 > 0 then initial conditions are
t input for fluid parameters at each axial level
t iset0
0
] e e e e e e e e e e e e e e e e et e et e ot 7 o o ot e et e e e . e e e e
1
/CRITERIA CHECKING FLAGS AND PEAKING FACTORS/
! checking flags for criteria #1 #2 #3 #4 #5 #6 #7 - #8
o] 0 0 4] 0 0 0 0 1>
‘peaking factors for criteria #1 #2 #3 #4 #5 #6 #7 #8
1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1>

/CRITERIA CHECKING TIME/
! time to begin criteria checking, sec

! teritl
0.0 >
!
!
! POWER INPUT
1
/POWER PROFILE SPLINE POINTERS/
! DECAY HEAT TRANSIENT
2 >
!
/AXIAL SPLINE POINTERS AND TIMES/
3 0.0 3 300.00
!
/TRANSIENT DATA SET INPUT SECTION/
/DATA SET NUMBER 1/
! enter data set label below

! itype: 1 = linear spline
! 0 = cubic spline
! x, y: data pairs

! itype
1 >
! x(ipt), y(ipt) ipt=1,npts
0.0 1.0 >

5.0 1.0 >
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100.0 1.0 1>
B e o e o o o o e o o S = " -~ ——————————— o . e o T e - A — o =
!
/DATA SET NUMBER 2/
| o e e s e o o e o e R A = = ot e e = ————
data set 2 - DECAY POWER SHAPE
! itype
1 >
! x(ipt), y(ipt) ipt=1,npts
0.0 1.0 >
1.0 1.0 >
10.0 1.0 1>
100.0 1.0 1>
] e o o o e o o = o - 7 = —————— " - = ——————————————— = 5 T~ ———————————
!
/DATA SET NUMBER 3/
B o o o o s e o o o o o o ———— - - T . 7 "= o oy b o Ml . o
data set 3 - NON-UNIFORM AXTAL POWER PROFILE
! itype
1 1>
! x(ipt), y(ipt) ipt=1,npts
0.00 0.032 1>
0.10 0.043 1>
0.20 0.049 1>
0.30 0.074 >
0.40 0.093 >
0.50 0.124 >
0.60 0.165 i> -
0.70 0.217 1>
0.80 0.317 1>
0.90 0.508 1>
1.00 0.943 1>
1.10 1.446 1>
1.20 1.658 >
1.30 1.754 >
1.40 1.783 1>
1.50 1.827 1>
1.60 1.870 >
1.70 1.881 1>
1.80 1.915 1>
1.90 1.915 1>
2.00 1.887 1>
2.10 1.864 >
2.20 1.790 1>
2.30 1.660 >
2.40 1.423 >
2.50 0.932 1>
2.60 0.506 1>
2.70 0.313 1>
2.80 0.229 1>
B o e e e e o o o o o o R o o e o S T . = — — ——— 2 " - S " T o 22 o
/DATA SET NUMBER 4/
! entexr data set label below
T o e o o = . . . & - ———— — ——— — ——————— v o & o

{ itype: 1 linear spline
! 0 cubic spline
1 x, y: data pairs

non
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! x(ipt), y(ipt) ipt=1,npts
0.0 0.0 t>
5.0 0.0 1>
100.0 0.0 1>

/END OF INPUT FILE/




