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Abstract:  The thermal analysis examined transient thermal and chemical behavior of
the Multi-Canister Overpack (MCO) container for a broad range of cases
that represent the Cold Vacuum Drying (CVD) processes. The cases were
defined to consider both normal and off-normal operations at the CVD
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THERMAL ANALYSIS OF COLD YACUUM DRYING
OF SPENT NUCLEAR FUEL

EXECUTIVE SUMMARY

This report documents analysis of the thermal behavior of the multi-canister overpack
(MCO) and the chemical behavior of the fuel inside the MCO at the Cold Vacuum Drying Facility
for a broad range of conditions postulated to occur during cold vacuum drying. The HANSF
computer code' and its previous input® were updated to perform this analysis. New models were
developed for off-normal and accident conditions during the cold vacuum drying process to
determine the effectiveness of the MCO’s thermal design for safety basis parameter values under

off-normal and accident conditions.
The following conclusions have been drawn from the thermal analysis.

1. The bounding MCQ is thermally stable during vacuum drying except when the

vacuum is degraded or there is excess residual water following draining of the MCO.

2. The bounding MCQO is thermally stable during the 8-4-4 vacuum-helium purge cycle
for all conditions including the loss of annulus water (drying is completed if the

normal vacuum cycle is performed).

'SNF-3650, 1999, HANSF 1.3.2 User's Manual, Rev. 2, Fluor Daniel Hanford,
Incorporated, Richland, Washington.

*HNF-SD-SNF-CN-023, 1998, Thermal Analysis of Cold Vacuum Drying of Spent
Nuclear Fuel, Rev. 1, Fluor Daniel Hanford, Incorporated, Richland, Washington.
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The bounding MCO under positive pressure is thermally stable with only helium

purge unless the annulus water is lost.

Open bounding MCOs are thermally stable under most conditions except loss of

annulus water.

Under bounding conditions, closed MCOs take 36 hours to reach a pressure of

150 Ib/in* gauge and 96 hours to reach 345 Ib/in® gauge.

Open MCOs with nominal parameter values are stable under all conditions.

Refilling the annulus within 11 hours of a loss of annulus water prevents a thermal

runaway in the bounding MCO.

In summary, the results of this analysis show that the safety basis MCO has stable

temperatures for all cold vacuum drying processes after draining if the annulus is filled with water.

CN-023.R2
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THERMAL ANALYSIS OF COLD VACUUM DRYING
OF SPENT NUCLEAR FUEL

1.0 INTRODUCTION

This report documents the analysis of thermal behavior of the multi-canister overpack
(MCO} and the chemical behavior of the fuel, and supports the safety analyses documented in
SNF-2770, Cold Vacuum Drying Facility Design Basis Accident Analysis Documentation, and
HNF-3553, Spent Nuclear Fuel Project Final Safety Analysis Report, Annex B, “Cold Vacuum
Drying Facility Final Safety Analysis Report.” The analysis was performed using the HANSF
computer code, version 1.3.2, which is documented in SNF-3650, HANSF {.3.2: User’s Manual.

The cold vacuum drying processes and the HANSF computer code (SNF-3650) are
described in Chapter 2.0. The key input parameters are presented in Chapter 3.0, The cases are
presented in Chapter 4.0, and the conclusions are discussed in Chapter 5.0. Appendix A provides
detailed plots from HANSF version 1.3.2 for the 20 cases analyzed. Appendix B provides a
representative mput file and a list of the differences between the representative input file and the
other input files is provided. The key input parameter values used in this analysis along with brief
explanations are contained in Appendix C. The sofiware quality assurance and verification and
validation for the HANSF code are described in SNF-5226, Comparison Cases Simulated with
HANSF 1.3.2 to Supplement Thermal Analyses Documented in HNF-SD-SNI-CN-023.

CN-023.R2 I-1 March 2000




HNF-SD-SNF-CN-023 REV 2

This page intentionally left blank.

CN-023.R2 1-2 March 2000




HNF-SD-SNF-CN-023 REV 2
2.0 COLD YACUUM DRYING PROCESSES AND MODELS

2.1 COLD YACUUM DRYING PROCESSES

The basic cold vacuum drying process involves receipt of a fuel-loaded, water-flooded
MCO confined within a shipping cask. The MCO is drained of most of the free water it contains
and then dried under vacuum, with and without helium purge cycles and with some helium-purge-
only cycles (HNF-3553, Annex B). During the multistep drying process, the temperature of the
MCO and the fuel is controlled by the tempered water (annulus) system (TWS), which circulates
tempered water in the annulus between the MCO and the shipping cask, and by the helium purge
system, which pushes helium into the bottom of the MCO (via the long process tube) and out
through the high-efficiency particulate air filter at the top of the MCO.

2.2 CONCEPTUAL AND NUMERICAL MODELS

The thermal conceptual model of the MCO at the Cold Vacuum Drying Facility (CVDF)
consists of the processes and physical phenomena that need to be modeled numerically. The
numerical model, which is a computer code, incorporates the conceptual model and calculates the
numerical results. The conceptual model for the cold vacuum drying process needs to incorporate
heat and mass transfer mechanisms that include (1) thermal conduction in solids, liquids, and gas
mixtures, (2) radiative heat transfer from solid to sold, (3) convection of gases, (4) water
evaporation and condensation, (5) dynamic gas—solid chemical reactions in confined spaces, and
(6) thermal decomposition of hydrates.

The primary heat sources for the MCO at the CVDF are the decay heat of the spent fuel
and the chemical heat from the following:

e  The uranium—water reaction
U + 2H,0 »UO, + 2H, + heat
e  The uranium hydride—water reaction
UH, + 2H,0 — UOQ, + 3.5H, + heat
o  The thermal decomposition of uranium hydrates

UO,2H,0 + heat, - UQ,-1H,0 + H,0 + heat, - UO,-0.5H,0 + 1.5H,0 + heat,
» UO, + 2H,0 |

The fuel-water chemical reactions, not the fuel-oxygen reactions, are the primary reactions

during cold vacuum drying, All of the fuel reaction rates depend on the fuel surface temperature,
water vapor pressure, and the exposed reaction surface area. The evaporation, condensation, and

CN-023.R2 2-1 March 2000




HNF-SD-SNF-CN-023 REV 2

hydrate decomposition rates depend not only on the fuel surface temperature and reaction area of
the fuel, but also on the composition and temperature of the gas around the fuel and the area of
the other surfaces.

Radiolysis, which is a very slow reaction, is considered unimportant on the relatively short
time scales of interest (less than 1 week) at the CVDF and therefore is not included in any of the
cases. Free water in the particulate-filled cracks in the fuel is not included in the model; free
water in particulate-filled cracks will evaporate more slowly than free water on a surface. The
hydrogen gettering by fuel reaction — U + 1.5H, —+ UH, + heat — also is not included in the
conceptual model because, as discussed in Uranium Computability Studies Part 6: The Products
and Mechanisms of the Uranium-Water and Uranium Hydride—Water Reaction (Baker et al.
1996), oxygen will react with the fuel first and inhibit the fuel-hydrogen reaction.

Air ingress into the MCO, an accident condition, and the fuel-oxygen reaction are included
in the HANSF code. If air contacts the fuel in the MCO because of some accident event, the
MCO will gain heat from the primary fuel-oxygen reaction — U + O, - UO, + heat — and from
the main hydride-oxygen reaction — 2UH, + 3.50, —» 2UQ, + 3H,0 + heat.

HANSF version 1.3.2 (SNF-3650) numerically solves the mathematical equations used to
model the physical processes in the conceptual model described above. The code has gone
through verification and validation (SNF-3650; SNF-5226). The thermal decomposition of
aluminum hydroxide is not explicitly included in the HANSF code (SNF-3650). Hence, to
simulate the effects of aluminum hydroxide decomposition, water vapor is added as a source to
cases in which the fuel temperatures get hot enough to cause decomposition. Several other
secondary reactions are not included in the model because they are not expected to be important
to the results of interest (temperature, pressure, and uranium oxide and hydrogen generation).
The details of these reactions, such as the numerical values of heat liberated or generated, can be
found in SNF-3650,

2.3 DIFFERENCES BETWEEN THIS REPORT AND EARLIER REVISION
The primary differences between this analysis and the analysis documented in Revision 1 of

this document are listed in this section. The current analysis uses version 1.3.2 of the HANSF
code (SNF-3650), whereas the earlier revision used version 1.2 of the HANSF code, documented
in FA1/98-40, Hanford Spent Nuclear Fuel Safety Analysis Model HANSF 1.2: User’s Manual.
The main improvements to the HANSF code include the following:

*  Axial dependence of properties and heat transfer in fuel and scrap baskets

e  Temperature-dependent cladding emissivity

e  Center post and long process tube, with the long process tube transferring heat to

the shield plug and to the bottom of the process tube (i.e., along all the baskets and
the shield plug)
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e  Scrap basket innermost copper fin modeled with a higher temperature than the
outermost copper fin

e  Ability to decrease or increase gas and scrap basket thermal conductivity and scrap
basket radiation heat transfer rate

e  Oxidation rate option for rates provided in HNF-SD-SNF-TI1-015, Spent Nuclear
Fuel Project Technical Databook

e  Uranium hydride—water reaction rate multiplier option, which maintains a constant
reaction rate independent of hydride mass consumption, and a rate muitiplier value
of 12 from HNF-SD-SNF-TI-015.

The complete list of changes made to the HANSF code for version 1.3.2 is documented in
EDT-627109, Software Change Specification for HANSF 1.3.2; HANSF 1.3.2 Verification of
Coding and Associated Documentation; Test Plan for Verification and Validation of
HANSF 1.3.2 — Revised; Test Documentation of HANSE 1.3.2. The new features, with
verification and validation results, are described in SNF-3650. Selected thermal results from the
HANSF code, version 1.3.2, were benchmarked against the thermal results from the GOTH-SNF
code, version 5.0, documented in JMI-980306-3, Technical Manual for GOTH _SNF Version 5.0,
The benchmarking of the two codes, documented in SNF-5226, showed that the HANSF code,
version 1.3.2, produces more conservative results than the GOTH-SNF code, version 5.0, in
regards to thermal runaways. Software quality assurance for HANSF version 1.3.2 1s also
described in SNF-5226.

[n addition to the changes in the code, some of the parameter values have changed.
Revision 1 of this document used parameter values based on Revision 4 of the Technical
Databook (HNF-SD-SNF-TI-015); this revision uses parameter values based on the Revision 6 of
the Technical Databook (HNF-SD-SNF-TI-015). The following key parameter values have
changed.

e  The scrap basket reaction surface area decreased from 6 m” to 4.5 m*.
) The fuel basket reaction surface area decreased from 1.75 m? to 0,79 m?,

e  The safety basis MCO contains two scrap baskets, instead of just one, with one
scrap basket at the top and the other at the bottom of the MCO.

e  The safety basis uranium hydride reaction rate enhancement factor for all of the
spent nuclear fuel in an MCO is fixed at 12 for all times (HNF-SD-SNF-T1-015).
The safety basis fuel reaction rate enhancement factors (10 for uranium reactions, 12
for uranium hydride reactions) have been shown to include the effects of potential
fuel crumbling. Fuel crumbling is discussed in SNF-5647, Fuel Crumbling during
Fuel Retrieval and Drying Issue Closure Package, SNF-5488, Fuel Fracture
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(Crumbling) Safety Impact (OCRWM), and SNF-5698, Comparison of
Calculational Results from Different Spent Nuclear Fuel Crumbling Approaches.

e  The thermal conductivity of the scrap fuel in the scrap basket is decreased by a
factor of two for vacuum and vacuum with helium purge cases. This reduction of
the thermal conductivity for these types of cases is intended to simulate the effects of
gas stratification in the scrap basket on thermal conductivity (SNF-5226). This
change increases the conservatism for vacuum drying cases, with or without helium.

2.4 HANSF MODEL AND CODE LIMITATIONS

Since all models are simpler than the real physical and chemical processes they model, there
must be limitaticns on all models. Some of limitations of HANSF version 1.3.2 are described in
this section.

In the HANSF code, the heat capacity and thermal conductivity of some of the stainless
steel structures inside the MCO (e.g., basket bottom plates and support posts) are excluded from
the model, which promotes more rapid temperature increases and is conservative. The heat-
capacity (or specific heat) of the inner MCO stainless steel structures is relatively small compared
with the heat capacity of the fuel, shield plug, MCQ wall and bottom, and the cask wall. The
basket bottom plates could be added to the model for increased accuracy, but the results are more
conservative when they are not included because the bottom plates act like a cooling fin and heat
sink.

In the HANSF model, the solid material properties are independent of temperature during
the simulation. Most of the matenal property values were chosen at a reference temperature of
100 °C. The thermal conductivity of uranium and stainless steel increases with temperature,
therefore it is conservative to use the lower temperature values. All fluid properties are
temperature-dependent in the HANSF model.

The effects of fuel damage (e.g., melting) are not considered in the model. Most of the
off-normal conditions do not result in temperatures high enough to cause fuel damage. The
accident cases, which result in very high temperatures, are prevented by safety equipment
(HNF-3553, Annex B). As mentioned above, the thermal conductivities of uranium and stainless
steel are held to their lower values at 100 °C even though their conductivity increases with
increasing temperature, which makes the HANSF version 1.3 .2 calculations at high temperatures
more conservative.

Gaseous diffusion 1s not explicitly included in the HANSF model; the gases are uniform
over each basket volume in the MCO model and are assumed to instantaneously mix all incoming
and outgoing sources or flows in each volume. In effect, each basket volume has instantaneous
diffusion, but there is no diffusion between baskets. For vacuum and helium purge cases, this
makes no difference because gases flow through all of the baskets in these cases. For cases with
no forced flow between baskets, this assumption is not conservative for the top scrap basket
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temperature but is conservative for the bottom scrap basket temperature. The water vapor
transfer rate into the top scrap basket from below by diffusion is zero in HANSF version 1.3.2,
which means the top scrap basket receives less water for chemical reactions if there is no gas
flow. However, the bottom scrap basket will have more water for chemical reactions. For
no-forced-flow cases such as the CVDF high temperature design basis accident (DBA)
(HNF-3553, Annex B), the bottom scrap basket is the one with the highest temperatures.
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3.0 KEY INPUT PARAMETERS

The cases analyzed in this document are based upon key input parameters and specific
process and equipment designs. The CVDF DBA cases (HNF-3553, Annex B) exclude any
operator intervention in order to estimate the behavior of an unmitigated accident based on just
the physics and chemistry of the MCO under accident conditions.

The most important input parameters affecting the thermal analysis of the MCO during
CVDF processing are the following:

Uranium-water and hydride-water reaction areas and rate enhancement factors
Thermal conductivity of the scrap fuel

Heat transfer rate through the annulus

Decay heat rate of fuel.

Except for one case with nominal parameter values, all of the cases use safety basis {(or
bounding) values for an MCO with two scrap baskets for chemical reaction rates and areas and
for the decay heat rate. Therefore, the results presented here should be bounding for all MCOs.
The effects of uranium hydride were included in all but one of the cases. All of the cases use a
constant hydride—water reaction rate multiplier of 12 from HNF-SD-SNF-TT-015.

Except for one sensitivity case with Mark LA fuel, the thermal analysis considered only
Mark IV fuel because the Mark IV fuel bounds the Mark 1A fuel from a thermal perspective, The
Mark IV fuel element mass per MCO is 25% larger than the Mark 1A fuel element mass per
MCO. According to HNF-SD-SNF-CSER-010, Criticality Safety Fvaluation Report for Storage
and Removal of Spent Nuclear Fuel from K Basin, the Mark 1V scrap basket has a maximum load
of 980 kg, whereas the Mark IA has a maximum load of 575 kg. There are also fewer Mark 1A
tuel elements (and mass) per basket, therefore there is less decay heat per basket, a smaller
reaction area per basket, and a shorter conduction distance from the inner to the outer regions, all
of which make the Mark 1A fuel more favorable in regards to thermal behavior in the MCO.

The key input parameters used in the analysis for the bounding (safety basis) MCO, with
two scrap baskets and three Mark IV fuel baskets, are shown in Table 3-1 and in Appendix C.
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Table 3-1. Key Input Parameters for Safety Basis (Bounding)
Multi-Canister Overpack. (2 sheets)

Parameter

Vulue

Reference

HEAT GENERATIONPAR.AMETERS pqwf:rg,:reaic.tion ared, reaction rate -

Satety basis decay power (776 W for five
fuel baskets, 120 W per scrap basket)

741 W (4 tuel baskets, | scrap busket)

706 W (3 fitel baskets, 2 scrap
buskets)

HNF-SD-SNF-TI-015*
Appendix C, Note 1

Safety basis scrap basket fuel reaction
surface area

45m’
Fine scrap; 2 m?
Coarse scrap: 2.3 m?

HNF-S13-SNF-TI-015°
Appendix C, Note 2

Safety basis fuel basket reaction area

0.79 m?

HNF-SD-SNF-TI-015°

Safety basis reaction rate multiplier
for uranium—water reaction

10

HNF-SD-SNF-TT-015*

Safety basts rate multiplier for
uramum hydride—water reaction

Fuel basket: 12
Scrap basket: 12

HNF-8D-SNF-TT-013°

RADIATION HEAT TRANSFER PARAMETERS: emissivity, view factors |

Scrap fuel emssivity

0.7

HNF-SD-SNF-TI-015°

Cladding ermissivily

Function of temperature:

HNE-81-SNEF-T[-015*

0.4t007
Inner shield plug emissivity 0.3 HNF-SD-SNF-11-015°
Appendix C, Note 3
MCO wall emissivity 03 HNF-SD-SNF-TI-015"
Cask, MCO bottom, and outer shield plug 025 SNF-3650°

emissivity

Appendix C, Note 4

View factors between {uel rods and MCO
wall

9-by-9 matrix

SNF-3650"
Appendix C, Note 5

CONDUCTION HEAT TRANSFER PARAMETERS: mass, conductivity, specific heat

Effective fuel-cladding mass density

18,573.3 kg/m®

Appendix C, Note 6

Uraniwm (scrap) mass density at 100 °C 19,000 kg/m’ Holden 1958°
Appendix C, Note 7

Stainless steel mass density at 100 °C 8,000 kg/m’ ORNL 1987°
Appendix C, Note 8

Maximum fuel mass load
(Mark 1V fuel)

Scrap basket: 980 kg
Fuel basket: 1,268 kg

HNF-SD-SNE-T1-015*

Elfective fuel—cladding thermal 24.2 Wim/K Appendix C, Note 9
conductivity
Stainless steel thermal conductivity 16.0 Wim/K ORNL 1987¢

Effective fuel-cladding and uranium
specific heat

122.67 Ikg/K

Kuaufmun 1962°
Appendix C, Note 10

Stainless steel specitic heat

500.0 Jkg/K

ORNL 1987¢
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Table 3-1. Key Input Parameters for Safety Basis (Bounding)
Multi-Canister Overpack. (2 sheets)

Parameter Value Reference

Free residual water after draining (1.5 kg 26.5 kg per MCO IMI-980305-10
per top scrap basket, 6.0 kg per fuel
basket, 6.0 kg per bottom scrap basket,
and 1.0 kg per MCO bottom}

Water in uranium hydrates, UO;-2H,0 1.19ke HNF-8D-SNF-T1-015*
Normal process bay temperature 26.7 °C HNF-3553, Annex B*
(80 °F)
Bounding annulus water temperature 50 °C FINF-3553, Annex B#®
| CONVECTIVE HEAT AND MASS TRANSEER PARAMETERS: gas volume, flow ares, flow rate
Minimum top scrap basket and shield ¢.(18 m' HNF-2169"
plug gas volume (<0.136 m") Appendix C, Note 11
Fuel basket gas volume : ¢ m TINF-2169"
Appendix C, Note 12
' Minimum bottom scrap basket gas 0.10m* HNF-2169"
volunie (<0.119 m" Appendix C, Note 13
Fine scrap porosity 040 Appendix C, Note 14
Course scrap porosity 0.723 Appendix C, Note 15
Flow area in [uel busket bottom 0.025 m? Appendix C, Note 16
Flow area in scrap basket bottom 0.0078 m? Appendix C, Note 17
Vacuum pumping rate 0.01416 m¥s HNF-35353, Annex Bf
(30 ['/min)
Base hehum mass purge rate 0.526 B-04 kg/s HNF-3553, Annex B?

(0.7 standard 1%/min)

*HNT-SD-SNF-T1-015, 1998, Spent Nuclear Fuel Project Technical Databook, Rev. 6, Fluor Daniel
Hanford, Incorporated, Richland, Washington.

"SNF-3630, 1999, HANSF 1.3.2: User's Manual, Rev. 2, Fluor Daniel Hanford, Incorporated, Richland,
Washington.

‘Holden, A. N., 1958, Physical Metallurgy of Uranium, Addison-Wesley Publishing Company, Reading,
Massachusetts.

S0RNL, 1987, Nuclear Systems Material Handbook, Volume 1, “Design Data,” TID 26666, Ouk Ridge
National Laboratory, Ouk Ridge, Tennessee.

*Kaufiman, A. R., 1962, Nuclear Reactor Fuel Elements, Interscience Publication, New York, New York,

FIMI-980305-10, 1999, GOTH SNF Simulations of Selected CVDF Yacwum Pumping and Design Basis
Accident Cases, John Marvin, Incorporate, Richland, Washington.

PHINF-3553, 1999, Spent Nuclear Fuel Project Final Safety Anatysis Report, Annex B, “Cold Vacuum
Drying Facility Final Safety Analysis Report,” Rev. 0, Fluor Daniel Hantord, Incorporated, Richland,
Washington.

RHINF-2169, 1998, MCO Loading and Cask Loadout Technical Manual, Rev. O, Fluor Daniel Hanford,
Incorporated, Richland, Washington.

MCQ = multi-canister overpack.
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4.0 COLD VACUUM DRYING CASES ANALYZED

This chapter provides the description and results of 20 cases analyzed for the MCO in
various processing states at the CVDF. The cases were selected based on their importance to
safety at the CVDF and are classified into four groups:

Vacuum processing

Open vented MCOs with different TWS states
Closed MCOs with overpressurization
Cooling after vacuum drying.

B Wb —

The 20 cases are listed in Table 4-1 along with their names, identifiers, descriptions, and
the rationale for selection. The 20 cases cover the important issues at the CVDF and simulate the
thermal and pressure behavior in the MCO under off-normal and accident conditions. 1n each
case, unless noted otherwise, the total residual free water remaining after draining is 26.5 kg —
1.5 kg in the top scrap basket, 6 kg in each of the other four baskets, and 1 kg in the heel of the
MCO at the bottom. Detailed results for all 20 cases are shown graphically in Appendix A.

4.1 RESULTS OF VACUUM DRYING CASES

Five vacuum drying cases have been analyzed -— four cases with a degraded vacuum rate
and normal annulus water, and one case with normal vacuum and an air ingress with loss of
annulus water. These are the only cases in the report that have degraded thermal conductivity
the scrap fuel basket because of gas stratification (see Section 2.4},

Case 1. VXDG — Degraded Vacnum Pumping with No Helium Purge. Thermal
behavior in case VXDG depends on (1) the evaporation rate of water from fuel and MCO
structures (e.g., wall), (2) the thermal effects of evaporation (initial cooling of fuel followed by
temperature increases from decay heat and uranium—water and uranium hydride—water chemical
reactions), (3) the removal rate of the water vapor from MCO, and (4) heat transfer from the
inner fuel to the outer fuel to the MCO boundaries (wall, shield plug, and MCO bottom}. During
normal operation, the vacuum rate is at least 30 ft*/min. The degraded vacuum condition
(13 ft*/min) is used to show a large thermal stress on the scrap fuel in the MCO. The degraded
vacuum case has a thermal excursion. The maximum fine scrap temperature (the key variable for
this case) i1s shown Appendix A, Figure A-1 (sheet 2). The HANSF code calculated a thermal
runaway in this case starting after 15.5 hours of degraded vacuum pumping with a peak
temperature of 740 °C occurring at 17.8 hours.
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For a vacuum degraded to a rate of 2 or 3 ft*/min, the thermal behavior of the MCO is
better than the case analyzed here because with a very low vacuum rate, the hydrogen
concentration and the thermal conductivity in the scrap basket increases. Thus a normal or very
low vacuum pumping rate is thermally acceptable, but if the vacuum rate is degraded to around
13 ft*/min, a thermal excursion is possible.

Thermal conductivity was numerically degraded in the HANSF model for vacuum cases in
order to model the conductivity degradation caused by gas stratification. Heavier gases like water
vapor and lighter gases like hydrogen and helium are not uniformly distributed throughout the
MCO, especially with more hydrogen being generated by hotter fuel in the radial center of the
MCO. Therefore the thermal conductivity is reduced in those regions where the water vapor
dominates. Since the HANSF code does not calculate this phenomenon, the thermal conductivity
of the entire scrap basket was degraded (by a factor of two) in the HANSF model to
conservatively model conductivity degradation caused by gas stratification.

Case 2. VPXDGP7 — Degraded Vacaum Pumping with Helium Purge. This case
models degraded vacuum pumping (13 ft*/min) with helium purge (0.7 standard ft*/min). The
results show the MCO to be thermally stable with a peak fuel temperature of 90 °C. The helium
purge during degraded vacuum pumping adds about 0.06 atm of pressure to MCO. During
normal vacuum pumping (approximately 30 ft*/min), the helium purge will add less pressure
(SNF-5226). The dryout time for this case is calculated to be about 18.5 hours (see Appendix A,
Figure A-2).

"~ Case 3. VPXDGPTW — Degraded Vacuum Pumping with Helium Purge and
120 kilograms of Undrained Water. This case includes the effects of a large pool of undrained
water with degraded vacuum processing (13 ft*/min), helium purge (0.7 standard ft*/min), and
annulus water flowing at 50 °C. The 120 kg of undrained water modeled in this case are not
possible to achieve unless there is a reflood of water back into the MCO after draining. However,
the 120 kg of water are representative of an undrained MCO or of a reflooded MCO. The
maximum scrap fuel temperature occurs in the fine scrap in the top basket with a thermal
excursion starting after about 17 hours. Peak fuel temperatures of about 850 °C are reached in
about 18.5 hours.

This case demonstrates that a thermal excursion in the top scrap basket is possible if a large
quantity of water remains in the MCO before vacuuming at a degraded rate even if the helium
purge is present and the annulus water is flowing at 50 °C. Even though 120 kg of water was
used for this case, a thermal excursion can result with as little as 35 kg of water in the MCO with
15 kg of water pooled on the bottom of MCO.

Case 4. VPDGSE-4-4W — Degraded Vacuum Pumping with Helium Purge,
120 kilograms of Undrained Water, and Normal Vacuum-Purge Cyele, This case is the
same as case 3 (VPXDGP7W) except that an 8-hour inttial vacuum cycle, 4-hour subsequent
vacuum cycles, and 4-hour return to pressure between vacuum cycles (8-4-4) is employed instead
of a continuous vacuum. This case demonstrates that the 8-4-4 vacuum-helium purge cycle
results in stable temperatures even with degraded vacuum and incomplete drain. Unlike the
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case 3 (VPXDGP7W), where there is a thermal excursion, fuel temperatures in this case remain
stable if the vacuum pumping is turned off after 8 hours while heiium keeps flowing, started again
after the 4-hour helium purge, continued for another 4 hours, and then continues to alternate
4-hour cycles until the fuel is dry.

This case simulates the 8-4-4 cycle for just 24 hours, resulting in 16 hours of vacuum
pumping with helium purge, and 8 hours of helium-only purge. During this 24-hour time period,
30 kg of the initial 120 kg of undrained or reflooded water in the MCO is removed from the
MCO. At this rate, about 4 days of vacuum processing with the 8-4-4 cycle are needed to remove
all of the water. During this time, fuel temperatures remain stable even if the vacuum pumping is
degraded. 1f the vacuum pumping rate is normal, the water vapor pressures will be lower causing
lower reaction rates and temperatures. For normal residual water after draining, the 8-4-4
vacuum-—helium purge cycle provides an additional safety margin when compared with continuous
vacuum processing.

Case S. VAIRIL.OC — Normal Vacuum Pumping with Air Ingress and Loss of
Annulus Water. In this case, the vacuum pumping rate is normal (30 fi*/min), but there is a loss
of annulus water, no helium flow, and air ingress through a pin-hole leak. This case is an
unmitigated scenario that bounds the source term for a thermal runaway because of the unlimited
amount of oxidant available. However, the calculations show that fuel temperatures are stable for
at least 4 days (the length of the run) even with air entering through a pin hole with an area of
0.1 cm®. The hole is small enough that the pressure in the MCO is not significantly different from
normal vacuum pressure at the start of drying when the vapor pressure is highest. Air 1s pulled
through the pin hole at a rate of almost 2.3 g/s, which is equivalent to a pressure of less than
120 torr in the MCO. The maximum fuel temperature occurs in the fuel basket and not in the
scrap basket because the scrap fuel basket with copper fins has better heat removal capability.

4.2 RESULTS OF CASES FOR OPEN VENTED MULTI-CANISTER OVERPACKS
WITH DIFFERENT TEMPERED WATER CONDITIONS

Nine open or vented MCO cases have been analyzed with different annulus water
conditions — annulus water flowing at 50 °C, stationary annulus water at SO °C and 99 °C, and
loss of annulus water. All of these cases involve an open or vented MCO at atmospheric
pressure. To eliminate the benefits of oxygen poisoning, no oxygen is included in the MCO
atmosphere. With the resistance in the piping and shield plug, a significant countercurrent flow of
air into the vented MCO is not expected.

6. OVLOCXAL — Open Muliti-Canister Overpack with Loss of Annulus Water.
This case models the unmitigated high-temperature DBA used in the CVDF Final Safety Analysis
Report (FSAR) (HNF-3553, Annex B). The scenario assumes the annulus water is lost and air
replaces the water in the annulus. Air has a thermal conductivity about 25 times smaller than that
of water. The gap between the MCO and cask severely degrades the main mechanism for
removing heat from the MCO. The MCO is simulated with the fuel at 50 °C and drained but still
containing 26.5 kg of residual water. Based on engineering judgement, the amount of free water
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required to cause a thermal runaway is at least 5 kg. About 1.19 kg of uranium hydrate water is
present for the bounding MCO, with about 0.67 kg of it is released during thermal decomposition
of the hydrate. About 3.3 kg of aluminum hydroxide water is present for the bounding case
(HNF-SD-SNF-TI-015), but only about 0.74 kg of water is freed during the partial thermal
decomposition of the aluminum hydroxide. Most of this is freed in the hot bottom scrap basket.
Using a value of 0.74 kg for the freed water is conservative since HNF-3035, MCOQ Gas
Composition of Low Reactive Surface Areas, has shown fuel with aluminum hydroxide to have
less than 528 W of decay power for five fuel baskets, and this case uses 706 W for two scrap and
three fuel baskets (see Table 3-1), which is equivalent to 776 W for five fuel baskets.

Calculations for these conditions show a thermal excursion for the MCO fuel. The
maximum scrap basket temperature occurs in the fine scrap in the bottom scrap basket. The drain
feature in the HANSF code was turned on to make a more conservative case by maximizing the
amount of water available in the bottom scrap basket for fuel-water reactions. With the drain
feature on, the HANSF code models the water on the fuel evaporating, cooling the wet fuel, and
the water vapor condensing on the MCO wall and running down to the bottom scrap basket. The
HANSF code has a uniform gas distribution in each basket and no diffusion between baskets (see
Section 2.4).

The results show a maximum fuel temperature of about 1,010 °C after approximately
11.5 hours. The HANSF code indicates that about 700 kg of fuel (all in the bottom scrap basket)
will reach a temperature in excess of 700 °C, with the maximum center post temperature less than
1,000 °C. The maximum MCO wall temperature is about 500 °C. The HANSF code models a
uniform vapor concentration in each basket, which allows water vapor to reach the hottest fuel.
However, the temperature increase calculated by the HANSF code 1s limited by the overall
evaporation rate of water from the cooler MCO wall and the countercurrent flow of vapor from
the baskets above the bottom scrap basket. Countercurrent flow of water vapor downward
occurs because the water vapor has a higher mass density than hydrogen. Countercurrent flow is
always present but can be very small if hydrogen flow upward is large enough, as is the case
before 12 hours. Also, the bottom basket starts to cool after 12 hours, which draws more water
vapor down. The temperature effects of this countercurrent flow of vapor from higher baskets
are shown in Appendix A, Figure A-6. The first temperature peak occurs as all of the existing
water vapor in the bottom scrap basket is consumed and the newly generated vapor is not
produced fast enough to maintain the high fuel temperature. As a result, the fuel starts to cool
while the MCO wall temperature is increasing from the continuing heatup of the upper baskets.
With the MCO wall and bottom temperatures increasing, the water on the bottom of MCO
evaporates faster, causing the fuel temperature to increase again. Some additional vapor is
flowing down from the higher baskets. In Appendix A, Figure A-6, sheet 2, this effect is shown in
the second peak temperature, which declines as the higher baskets dry out after 13.5 hours.

7. OVLOCRHE — Open Multi-Canister Overpack with Loss of Annulus Water but
with Helium Flow. This case simulates the effects of heltum flow as a cooling mechanism should
the annulus water be lost and not replaced. In this case, helium is flowing at 0.7 standard ft*/min
and the pressure in the MCO is 10 Ib/in* gauge. This scenario is very similar to a safe shutdown
scenario except that the annulus water is missing and replaced with air, which has a lower thermal
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conductivity than water, This case is very similar to the high-temperature DBA in case 6
(OVLOCXAL), except that heliom is flowing and the MCO is pressurized above atmospheric
pressure.

The calculations show that helium flow is not sufficient to prevent a thermal runaway if the
annulus water is lost. Helium flow does, however, delay the onset of the thermal runaway and
keeps the fuel temperatures lower than the temperatures in the high-temperature DBA (case 6,
OVLOCXAL). The maximum fuel temperature is about 850 °C at 18 hours after the loss of
annulus water, which is a lower temperature at a later time than the maximum fuel temperature
reached in the high-temperature DBA. The helium flow delays and mitigates the thermal runaway
caused by loss of annulus water, but does not prevent it.

8. OVLOCREC — Open Multi-Canister Overpack with Loss of Annulus Water and
Recovery of Annulus Water. This case examines the effect of refilling the annulus with water
foltowing the loss of annulus water event. Since helium flow does not cool the fuel enough to
completely recover from a loss of annulus water (case 7, OVLOCRHE), refilling the annulus with
water is the recommended recovery mode. This case starts with the high-temperature DBA
(case 6, OVLOCXAL) and replaces the air in the annulus with water at 26.7 °C (80 °F) at
11 hours after the loss of annulus water. In case 6 (OVLOCXAL), the thermal runaway is shown
to be just starting at 11 hours {see Appendix A, Figure A-6).

This case shows that replacing the lost annulus water is very effective in cooling the MCO
as it begins a thermal runaway. As shown in Appendix A, Figure A-8, the new annulus water
cools the hot MCO wall very quickly, which causes the high water vapor concentrations to
condense rapidly on the cooling wall. This decrease in water vapor pressure lowers the
fuel-water reaction rate immediately, which eventually causes fuel temperatures to decrease. The
maximum fuel temperature occurs at about 11.5 hours, one-half hour after refilling the annufus
with water, However, the maximum fuel temperature is only 170 °C, which is not hot enough to
cause a thermal runaway. Therefore, refilling the annulus with water at 11 hours after the initial
loss of annulus water prevents the thermal runaway.

9. OVLOF — Open Multi-Canister Overpack with Stationary Annulus Water. This
case is a conservative model of the MCO isolation and purge condition. This case is conservative
in that the helium flow is not included, and helium flow would result in cooler fuel temperatures,
The process bay, which provides the heat sink when annulus water is not flowing, s at a
temperature of 26.7 °C (80 °F). The annulus water is initially at S0 °C and cools over time as
heat is transferred to the process bay.

The fuel temperatures remain below 75 °C for at least the 4-day simulation. This case
demonstrates that the MCO isolation and purge state is safe and sufficient for controlling fuel
temperatures.

10. OV50C — Open Multi-Canister Overpack with Flowing Annulus Water. This

case is the same as case 9 (OVLOF) except that the annulus water is flowing instead of stationary.
As previously mentioned, the temperature of the annulus water in the stationary annulus water
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case (case 9, OVLOF) decreases over time and is below 50 °C after initiation. The flowing
annulus water at a constant temperature of 50 °C ig, therefore, hotter than the water in the
stationary annulus water case and will add more heat to the MCO.

The fuel temperatures in this case remain stable with maximum temperatures below 81 °C,
which is about 6 °C higher than the maximum fuel temperature in the stationary annulus case
(case 9, OVLOF). This case demonstrates that the MCO isolation and purge condition is safe and
sufficient for controlling fuel temperatures.

11. OVLOF99C — Open Multi-Canister Overpack with Very Hot Stationary
Annulus Water. This case is the same as case 9 (OVLOF) except that the annulus water is
initially very hot at 99 °C. This case represents overheating of the TWS that results in water
hotter than 50 °C being placed into the annulus while the TWS is being shut down. The initial
annulus water temperature is chosen to be just below the boiling point (99 °C), which is not ever
expected even with a TWS failure. The process bay, which is the heat sink for the MCQO in this
case, is at a temperature of 26.7 °C (80 °F).

The fuel temperatures remain stable for this case and are below 66 °C. This case
demonstrates that the MCO isolation and purge state is safe and sufficient for controlling fuel
temperatures even if the TWS fails and heats the annulus water up to 99 °C.

12. OVLOCNOH — Loss of Annulus Water with No Uranium Hydride. This case is
identical to the high-temperature DBA case (case 6, OVLOCXAL) except that no uranium
hydride is present in the fuel. This means that the reaction rate enhancement factor is only 10 for
the uraniump—water reaction and zero for the hydride—water reaction.

With no uranium hydride present in the fuel, the thermal runaway is delayed by about
13 hours, with the peak temperature occurring around 24 .5 hours after the loss of annulus water
instead of 11.5 hours as in case 6 (OVLOCXAL). Even though the peak temperature occurs
much later than it does in the high-temperature DBA, the temperatures are higher. With more
time to heat up, the MCO wall gets much hotter, and the water evaporates faster from this hotter
wall and provides more oxidant to the fuel, resulting in higher temperatures. Even though this
case results in higher fuel temperatures than case 6 (OVLOCXAL), it takes longer to reach high
temperatures, permitting a longer time to refill the annulus. The amount of particulate generated
is smaller.

13. OVLOCNOM — Loss of Annulus Water with Nominal Reaction Area and
Rates. This case is identical to the high-temperature DBA case (case 6, OVLOCXAL) except
that nominal (design basis) values for the fuel surface reaction area, the fuel reaction rate

enhancement factors, and the decay heat rate are used. The design basis values are provided in
HNF-SD-SNF-TI-015:

e  Fuel surface reaction area — 1.7 m® per scrap basket and 0.425 m? per fuel basket
for a total of 3.53 m? for an MCO with three fuel baskets and two scrap baskets
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) Reaction rate enhancement factor — factors of 3 for the uranium—water reaction and
12 for the uranium hydride—water reaction

e  Decay heat rate — 403 W for five fuel baskets, and 366 W for two scrap baskets
and three fuel baskets.

Using these nominal vaiues for the key heat generation parameters, there is no thermal
runaway. The fuel temperatures for this nominal case are low and stable. The heat generation
rate is low enough that air in the annulus provides enough heat transfer capability to promote low
and stable temperatures. The particulate generated during the 4 day simulation is only 12.7 kg
Uo,.

14. OVLOC1AX — Loss of Annulus Water with Mark IA Fuel in Multi-Canister
Overpack. This case simulates the high-temperature DBA with an MCO containing Mark [A fuel
instead of Mark TV fuel. An MCO with Mark IA fuel has lower decay heat and lower reaction
surface areas than an MCO with Mark IV fuel. As discussed in Section 3.0, the MCOs containing
Mark 1A fuel should always be cooler than the MCOs containing Mark IV fuel. This case
examines an MCQ containing Mark TA fuel under the same accident conditions as those used for
the high-temperature DBA (case 6, OVLOCXAL). Even the same amount of aluminum
hydroxide water (0.74 kg) was added to the fuel in this case, which is conservative because the
Mark 1A MCO contains less fuel and will therefore have less hydroxide.

The thermal runaway in an MCO containing Mark 1A fuel starts at a later time (after
approximately 22 hours), peaks at a later time {approximately 29 hours), and has a peak scrap fuel
temperature of 745 °C, which is lower than the peak fuel temperature of about 1,010 °C for the
Mark IV fuel {case 6, OVLOCXAL). The maximum center post temperature is about 670 °C,
and maximum MCO wall temperature is less than 540 °C.

4.3 RESULTS OF CASES FOR CLOSED OVERPRESSURIZED
MULTI-CANISTER OVERPACKS

Four overpressurization cases have been analyzed with three of them focused on releases at
various pressure levels and different release points.

15. DS32C2HZ — Closed Multi-Canister Overpack with Drain Stopped, Stationary
Annulus Water, and Warm Process Bay. This case models the overpressurization DBA used
in the CVDF FSAR (HNF-3553, Annex B). The MCO 1s isolated (i.e., closed), and the tlowing
annulus water stops. lnitially, the MCO is drained but still contains 26.5 kg of residual water and
the fuel is at 50 °C. The process bay temperature is set at 32.2 °C (90 °F). The process bay is
the heat sink for MCOs with stationary annulus water; hence, a warmer process bay will result in
an MCO with higher fuel temperatures, which will cause a more rapid rate of hydrogen
generation, particulate generation, and pressurization.
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This case is thermally stable. For this case, the “drain” option in the HANSF code' was
turned off so that water would not be modeled as draining down the side of the MCO wall and be
removed from the upper baskets, which would have kept the water from reacting with the large
reaction surface area in the top scrap basket. By turning the MCO wall drain option off in the
HANSF code, water vapor that condenses on the wall adjacent to each basket stays in place and
evaporates to feed the fuel in the adjacent basket. Note that this is just the opposite of what was
done for case 6 (OVLOCXAL). Turning on the MCO wall drain option in case 6 (OVLOCXAL)
caused the hottest basket (bottom scrap basket) to be hotter because water originating in the
upper baskets was added to the bottom basket after running down the wall. Turning off the MCO
wall drain option in this overpressurization case causes higher pressures by providing more water
for the top scrap basket.

The pressure increase in this case slows down after 50 hours because the top scrap basket
dries out (top basket has only 1.5 kg of water initially), stopping the fuel-water chemical reaction
in the top scrap basket, and hence, stopping hydrogen production.

16. B32C2HZ — Blowdown Release of Overpressurized Multi-Canister Overpack.
This case calculates the release from the overpressurization DBA in case 15 (DS32C2HZ). The
release occurs at 345 Ib/in® gauge about 96 hours after the MCO is closed. A large orifice size
(5 x 10 m® [equivalent to a 1-in.-diameter hole]) is assumed in order to cause a very rapid
release of gas. The blowdown release lasts about 10 seconds. To be conservative, the process
bay temperature 1s set at 32.2 °C (90 °F). The process bay is the heat sink for MCOs with
stationary annulus water, hence, a warmer process bay will result in an MCO with higher fuel
temperatures, which will cause a more rapid rate of hydrogen and particulate (UQ,) generation.

The fuel temperatures in this case are stable, and about 9 kg of particulate are generated
over the 24 hours following the blowdown. Very little air enters the orifice, so the hydrogen
generation rate is not significantly reduced, but without oxygen no flammability condition exists
(oxygen content is less than 3% at all times). Most of the air that enters the MCO is primarily
consumed 1n the top scrap basket. As a resuit, the lower four baskets keep generating hydrogen
and particulate, which also hinders the air counter-flowing down into the lower baskets.

17. B32C2HZ2 — Blowdown Release at Design Pressure for Mechanically Sealed
Multi-Canister Overpack. This case also calculates the release from an overpressurized MCO.
The release occurs at 150 Ib/in* gauge through the rupture disk about 36 hours after the MCO is
closed. The orifice of the rupture disk has a 1-in. diameter (an area of about 5 x 10 m*). The
blowdown release takes about 8 seconds to fimish. The process bay temperature is kept at
32.2 °C (90 °F) as in cases 15 (DS32C2HZ) and 16 (B32C2HZ).

! Note that in the HANSF code, this drain option has nothing to do with the draining of
the MCO but rather with the liquid that condenses on the MCO wall and runs down to the bottom
of the MCO.
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The fuel temperatures are stable and very little particulate is generated for 24 hours after
the blowdown release. This is primarily because the air enters the rupture disk after the
blowdown release, and air has a lower reaction rate with the fuel than water vapor. Hence, the
chemical heat is not as high and the particulate generation is slower. With air entering the MCQ
and hydrogen already present in the MCO, flammable conditions are reached within a few hours
{oxygen content is greater than 8% at 3 hours after the biowdown).

This case results in flammable conditions whereas case 16 (B32C2HZ) does not. The key
difference between case 17 and case 16 is that the blowdown at 345 1b/in* gauge happens after
96 hours, and the blowdown at 150 Ib/in® gauge happens after 36 hours. As a result, the warmer
bottom scrap basket in case 16 generates more hydrogen from fuel-water reactions. This extra
hydrogen flows up and causes less oxygen to counter-flow into the MCO. The countercurrent
flow of air into the MCO is very sensitive to the amount of hydrogen being generated and flowing
out of the MCO.

18. CV32C2HX — Blowdown Releases through Vent Path Check Valve. This case
calculates the release from an overpressurized MCO through the 30 Ib/in® gauge vent path. This
vent path has a check valve that opens and closes based upon the pressure. In this case, the check
valve opens when the pressure reaches 35 Ib/in® gauge and closes when the pressure reaches
20 Ib/in* gauge. The first release happens about 8.5 hours after the MCO is closed, with
additional releases occurring over the following 24 hours. These pressure reliefs can be easily
seen in Appendix A, Figure A-18 (4 sheets). If the check valve’s open and close points were
modeled with different values than 35 1b/in® gauge and 20 Ib/in” gauge, there would be more (or
fewer) releases, but each release would be smaller {or larger) than the currently calculated one, so
the total release would be approximately the same.

4.4 RESULTS FOR MULTI-CANISTER OVERPACK COOLING CASES

Two cases have been analyzed that simulate the cooling period that follows the completion
of the proof-of-dryness test.

19. COOL1HXH - Cooling of Bounding Multi-Canister Overpack after Vacuum
Drying. This case simulates the cooling period after the proof-of-dryness test is completed.
After the rebound test, no more than 200 g of water are left in the MCO. The MCO is
pressurized with helium to a pressure of 4 Ib/in® gauge. This case determines the maximum gas
temperature after 5 hours of cooling. To maximize the gas temperature, an MCO with four fuel
baskets and one scrap basket was simulated, and the scrap basket was given the same decay
power as a fuel basket, causing the MCO to have a bounding decay power of 776 W. Since the
MCO is dry, except for the 200 g of free water in cracks and crevices and the chemically bound
water in uranium hydrates, very little chemical heat is generated, leaving fuel decay heat the major
source of heat. The helium is also assumed to contain 0.5% water, thus allowing some fuel-water
reactions to take place. The heat capacity of the fuel basket plates and support posts s included
in the center of the MCO causing this simulation to promote a slower cooling rate. The bounding
heat capacities of all of the major components of a dry MCO with one scrap basket are shown in
Table 4-2.
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Table 4-2. Heat Capacity of Major Components of the
Cask—Multi-Canister Overpack.

o ety
Cask wall and cask floor 7.78 E+06
Fuel and cladding 9.03 E+05
Shield plug and MCO floor 3.95 E+05
MCO wall 3.30 E+05
Center post, long access tube, support 2.92 E+05
posts, basket plates
copper scrap basket fins 2.56 E+04

Total for MCO and cask 9.73 E+006

MCO = multi-canister overpack,

As shown in Table 4-2, the cask dominates the heat capacity of the MCO and cask
combination, which is cooled in the stmulation. The temperature of the cooling water is 17 °C at
the entrance into the cask—-MCO annulus, and the flow rate is 15 gal/min. Unlike all of the other
cases, the annulus in this case is modeled as five reservairs of water containing a total of 125 kg
of water. Multiple reservoirs of the annulus water were modeled so that the axial temperature
effects of the annulus could be included. The top fuel basket has warmer annulus water than the
lower fuel baskets, because the annulus water heats up as it travels upward.

The initial temperatures of the MCO and fuel are determined from a vacuum drying
simulation of the 20-hour proof-of-dryness test that consists of a vacuum with no helium purge.
After 5 hours of cooling, the maximum gas temperature is less than 50 °C, with the gas in the
scrap basket being cooler. This case shows the maximum gas temperature in an MCO after
cooling will be less than 50 °C. This case also demonstrates that the gas and fuel in a scrap
basket is cooler, indicating the enhanced cooling effects of the copper fins. The ambient bay
temperature 1s not important for the cooling cases because the cool flowing water dominates heat
removal from the MCO.

20. COOL1HXM — Cooling of Nominal Multi-Canister Overpack after Vacuum
Drying. This case is same as case 19 (COOLIHXH) except that the decay power is lowered to
403 W instead of 776 W, and the cooling water is set to 10 °C instead of 17 °C. The purpose of
this case is to show that the gas temperature in the MCO will be much cooler than in the bounding
cooling case (case 19, COOLIHXH). The maximum gas temperature for this case is about 35 °C
after 5 hours of cooling. The two most important parameters in governing the final gas
temperature are the temperature of the cooling water and the decay power of the fuel.
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5.0 CONCLUSIONS

The following conclusions have been drawn from the thermal analysis.

1.

CN-023.R2

The bounding MCO is thermally stable during vacuum drying except when the
vacuum 18 degraded or there is excess residual water following draining of the MCO.

Vacuum drying with or without helium purge is thermally stable for most conditions
with bounding residual water (26.5 kg) and normal annulus water temperature
(£50°C). However, vacuum drying with no helium purge or degraded vacuum
drying with helium purge and more than 35 kg of residual water is not thermally
stable with the normal annulus water condition (flowing at <50 °C).

The bounding MCO is thermally stable during the 8-4-4 vacuum-helium purge cycle
for all conditions including loss of annulus water (drying is completed if the normal
vacuum cycle is performed).

The 8-4-4 vacuum-—helium purge cycle results in stable temperatures with degraded
vacuum, very high residual water (=35 kg), and loss of annulus water. For air
ingress scenarios, the fuel temperatures are stable under vacuum processing without
helium purge even if the annulus water is lost.

The bounding MCO under positive pressure is thermally stable with only helium
purge unless the annulus water is lost.

The helium purge only process (i.e., no vacuum cycle) has stable temperatures for
the normal (50 °C and flowing) annulus water and the stationary annulus water flow
cases, but it is not stable if the annulus water is lost. Helium flow 1s not a substitute
for water in the annulus in preventing thermal runaway reactions, but helium will
delay the thermal runaway reaction and reduce the fuel temperatures caused by the
loss of annulus water.

Open bounding MCOs are thermally stable under most conditions except loss of
annulus water.

An open MCQ with no vacuum and no helium purge has stable fuel temperatures for
more than 4 days (the length of time used in the analysis) for the normal (50 °C and
flowing) annulus water and the stationary annulus water cases but is unstable (fuel
temperature > 1,000 °C) if annulus water is lost for more than 11 hours and enough
residual water (>5 kg) is available.
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Under bounding conditions, closed MCQOs take 36 hours to reach a pressure of
150 Ib/in* gauge and 96 hours to reach 345 Ib/in’ gauge.

A closed (isolated) MCO will pressurize and eventually reach the rupture disk burst
pressure of 150 tb/in® gauge for all annulus water conditions, but reaching the
rupture disk pressure takes 36 hours in the stationary annulus water case. Reaching
345 1b/in® gauge takes about 96 hours.

Open MCOs with nominal parameter values are stable under all conditions.

An open MCO with nominal parameter values for fuel-water reaction rate,
enhancement factors, reaction surface area, and decay heat rate has stable fuel
temperatures under all conditions including the loss of annulus water condition.

Refilling the annulus within 11 hours of a loss of annulus water prevents a thermal
runaway in the bounding MCO.,

For the safety basis MCO with the loss of annulus water condition, the MCO vapor
pressure can be reduced very quickly (<60 seconds) by introducing 26.7 °C (80 °F)
water into the annulus. The water injected into the annulus cools the stainless steel
MCO wall and MCO bottom very quickly, and the water vapor inside the MCO
starts to condense on the cooler MCO wall and bottom immediately. The
condensation of water vapor lowers the gas and vapor pressure, which lowers the
fuel-water reaction rates and reduces generated chemical heat. The maximum scrap
fuel temperature at 11 hours after the loss of annulus water is less than 150 °C. The
temperature continues rising to a peak that is less than 170 °C at about 11.5 hours
and then begins decreasing. The MCO wall temperature is about 80 °C at 11 hours
after the loss of the annulus water; hence, there is no danger of the water flashing or
boiling when it is introduced into annulus during recovery at or before 11 hours,

The results of this analysis are summarized in Table 5-1. They show that the bounding
MCO has stable temperatures for all cold vacuum drying processes after draining if the annulus 1s
filled with water. The temperature of the stationary annulus water may be up to 99 °C initially,
and the temperature of the flowing annulus water may be up to 50 °C.
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Figure A-3. Case VPXDGP7W. (4 sheets)
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Figure A-3. Case VPXDGP7W. (4 sheets)
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HNF-SD-SNF-CN-023 REV 2
Figure A-4.1. Case VPDG8-4-4W: Run VPXDGWO for 0 to 8 Hours. (2 sheets)
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HNF-SD-SNF-CN-023 REV 2

Figure A-4.1. Case VPDG8-4-4W: Run VPXDGWO for O to 8 Hours. (2 sheets)
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Figure A-4.2. Case VPDG8-4-4W: Run HEP7W1 for 8 to 12 Hours. (2 sheets)

(Syuy Bwl]

6 82 +¢ ZZ 0z 81 91 ! ¢l 0ot 8 38 Y Z Q@

______“_____HJ\_‘H"M_, ,__“_____
ELJWWN.\.& EOW;W dmm
WLJHMNL& EUﬂam Pil
Adnssaay woeyg do)

..__ _wp_..ﬁ......mt.,“(ﬁ__.ﬂ_

\\>m1||
.||Q - -

(s-yy swy)
97 ¥Z Z7 0Z Bl 91 b1 2L 01 8 9 & 2

™
o

,q___,m__ﬁ—__.m“ﬂ_________-_____v,wu—m,ﬁu__u._g__,___n_
i . 1

—&—  [I°M 02

— D — dosag J so0g
—_— 85J4D27

— Bul

;1 dousg noh

I

/

i
I\I‘II_LI

Trll'!lll|iTll!lllI

Ll ___¥.MH7_.__m,k___ﬂ________n_l—l_lurr__m______—_n_ﬁ__vﬂ

0l

0l
(ssJeydsowyy )] eunsesady

fe)l

|4

1-

_I.

O

o

N

(7
®
3
o)
©
D]

v o

© £
5
]
.
O

-]

C-_C

Qo

o

£ 9z

\
(Suy) swiy

vC 24 0¢ 81 81 »I Zi €1 8 9 % 2 0

Wllfl [l

uafoupdy pebBune
wosls padarc ;

||l°-llr

|®|l

(Suuy awy

82 9Z g &£ 0Z Bl gl #i Z1 01 & 9 ¥ Z &

!____:;_:n_‘_;________*__,__:._.___M:Aj_:.m“.__:rﬁu

S - =N

3 Pl ! ]

. R il .
-+ : i e

[~ n H 1 =

N : : : 1 ]

_ : ; : H I ]

5 : : : !

- oL : S

K : : : ) : ! h

[~ —_—i usBaoupAy \ ]

HEEE woels SN 1.

— _——— vebdxa : B e

- —— wnay | : : : : T

B 180 [douog nornm : : ; : ]

s NP P R AR PR P P N P S e

Y4 70-8 By 071=0ZH ZI=£HN 0l=N

Wi2s  /0=8H W9 OzUA AML & dH

o)

£-
[e3yo ]

,01

01

i

Ngd sso|| 809

g

!

!

(83) peb.

DOt

WO DL IUBOUOT) sag

March 2000

A-17

CN-023.APA




Figure A-4.2.

8-12 hr
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Case VPD@G8-4-4W: Run HEP7W1 for 8 to 12 Hours. (2 sheets)
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HNF-SD-SNF-CN-023 REV 2
Figure A-4.3. Case VPDG8-4-4W: Run VPXDGW?2 for 12 to 16 Hours. (2 sheets)
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Figure A-4.3. Case VPDG8-4-4W: Run VPXDGW?2 for 12 to 16 Hours. (2 sheets)

[aFe

12-16

12 H20=120 Kg.

—
< =
-

10 LH

U=

scim,

—He=0.7

VEXDCW2: VAC=13 ofm,

CN-023.APA

————

in:
Hect Ir

1 heat out:

haat
Totai

——3— —

"']Tctcl Heet Out

e K

R TR

(M) ®ounjog £Bueuy

o)

0l

{°9°[5

18 20 22 24 26 28

g2 10 12 14 16
Time Chrs)

E

—
@
EERANAMINS saa mucit I oo ushinne B A
...... i qe - : 1o
4~ E : ™
4 . :
s Ko [ : ,_ﬁ
s FOLL L .
a g™ - N
o - :
: i :
£ = b [ i
o . - : . B
............... = __._‘E [ 3 __E
— - o :
[ ] ~ il : ]
3§ Ho & Ei 1 = [
L = ¢ < -
17 £ kil : =
b o T : N
945" Foligeo = B2
] w ki |e : ]
- - . = N N
F i TR Y S s i FoN
17 - L : =
] [ |« : n
Je Bqifd =E
i : .
] R : )
ST AL RS IR N S qAm T : [
EEE RN R S = L : e
[ ] = : E
.......... = S jv el 'S
—~ - . —
Liig ff b il ] [ : .
Lo o Lol 1 | 1 1 o
.
o ol o 01,0 .0l
O3W i 880 apx() Wncyl) [Byo|  (5/3Wou83 810y uUoIjDJBUS] usBGIRAN

A-20

krs>

-
-

Time

March 2000



HNF-SD-SNF-CN-023 REV 2
Figure A-4.4. Case VPDG8-4-4W: Run HEP7WS3 for 16 to 20 Hours. (2 sheets)
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HNF-SD-SNF-CN-023 REV 2

Figure A-4.4. Case VPDG8-4-4W: Run HEP7W3 for 16 to 20 Hours. (2 sheets)

16-20 hr

10 UH3=12 H20=120 Kg,

=

sclim,

He=0.7

clim,

VAC=0

P73

H=

CN-023. APA

—_— —

in
i =eat In

tal Hent Dut

Py T
heat in®
Total
teot out
o

Tc

IV PRI

Shlen i)

! lIHHI ! !'

4 26 28

p

18 20 22

10 12 14
Time Chrs3

B8

l'll!llillllll||ll[llll|'
5

i ln_nn;i i

o
Ol Kol ol ol
- (M) eouojog ABuely [ogojg
o
BT N | LEAR ) e S A I | ]
: A L : ]
‘ b ,Lgv* = ; ;
= I :
e - : =
N L - : =
.......... do - 3 3
4™ - B =
S de B = A
- - | : .
: :tof?n A : 7
S N N s B
...... s ROV N o : ]
— ™ Si : ]
g [ : .
........... i PO B - : =
1= F |7 : ]
...... e .8 ]
1 S ‘- E
- - t L H
...... i P E... D i N
.......... e o ; .
r : ]
Py s -
ol A~ L -
STRINRIAY ORI IR F T WY II0: PR 0 W N i 3
r T
01 01 ol 01,0 0

A-22

76 28

4

18 20 22 ¥

12 14 1§
Time

0

B

O3 ! s$80) 8pIX() whiuodry [eyoe| (5/s5uwedB) ejny vaodaudar uafig:;pAH

Thrsl

-

March 2000




HNF-SD-SNF-CN-023 REV 2

Figure A-4.5. Case VPDG8-4-4W: Run VPXDGW4 for 20 to 24 Hours. (2 sheets)
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Figure A-4.5. Case VPDG8-4-4W: Run VPXDGW4 for 20 to 24 Hours. (2 sheets)
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Figure A-5. Case VAIRILOC. (4 sheets)
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Figure A-5. Case

VAIRILOC. (4 sheets)
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Figure A-5. Case VAIRILOC. (4 sheets)
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Figure A-5. Case VAIRILOC. (4 sheets)
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Figure A-6. Case OVLOCXAL. (4 sheets)
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Figure A-6. Case OVLOCXAL. (4 sheets)
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Figure A-6. Case OVLOCXAL. (4 sheets)
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Figure A-6. Case OVLOCXAL. (4 sheets)
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Figure A-7. Case OVLOCRHE. (4 sheets)
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Figure A-7. Case OVLOCRHE. (4 sheets)
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(S Bwlj

CTEGYy B

ey

809 21975 Pk [

el f

[1”"! Ll |

L J
9t [43 82 7L [o14 91 4! 8 0. 9E ZE 8¢ =7 07 g1 Zl B 4 O
T ueGeapiq| L B B A _ T _ T ] O S r.mmo&_ux:._ T 4 L B L B LI LA O,
|||||||| Loels | - 1 = S oe---  woays . E e
—— — — vefdxo ! —_———— wBfdxn

Wi ey

— o weficupiy
........ woays

— — — —  webixo
wnijsy

;509 [18h 4 do}

;804 zdoJsg woiyeg ’

01

\JD!}O.J}LJEDLJOD SUS

4

o]

c=MUl B ©97-074 Zl=£HN OT=0

= 1=
(say) euwi)
O 3£ [42) =14 |24 [%]4 Sl cl g |4 0
O T T T L ™1 | T (@]
] _ 1 I * _ _ i !
L . : “al
—G—— ueboupdy
........ woaies
an —_—— wabBdAxc Md
— ——— whiTey —
;sug (douag do |- (@)
o — s
S G e it
m _m/_ N M
= L a
~2 —~2
_WY - O_ Mf
—c : -0
2 = =}
— E
=, OD

Aeg 406

BAIDA %034 ] Bisdnz-gg

March 2000

A-77

CN-023.APA




HNF-SD-SNF-CN-023 REV 2

Figure A-18. Case CV32C2HX. (4 sheets)
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Figure A-18. Case CV32C2HX. (4 sheets)
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Figure A-19. Case COOLIHXH. (3 sheets)
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Figure A-19. Case COOLIHXH. (3 sheets)
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Figure A-19. Case COOLIHXH. (3 sheets)

R

[ T

LI M M | 1

l!l_l_l_il\lll

-]

AT 1 .
oM M — : -
vt i) -1 | -1

EAﬁM‘E ) AR—

xg 30| 1 : E
ol T 1 7 . y

D e 38 ] & : .

— @ ] - o
5537800 17 . Co

LT ABES - E : ]

A T 4 ~ : -

I i ]
C_. i f {

- = -

- ] : R

T R e 1 O I — [ —

Tn!llullllu{'lnl ol .—O .

GHo0IOB 0B 0L Q9 Q5 0k OF 0Z OF @ Of LO
(0] :).Jrnoqadmal (®Jd8ydeowio] BJNSEaU )

T”l!ﬂl(llllr[f”l!l(”!lle[[ll[([llll![I[m fat] :ll[[iﬂll!l“[!l”l!fijl!li”[”l”[llll!llﬂmu

—— . ; ] S R L B R R
......... S _" . s ]

........ - wm_mM;_m“imgg

L ] 7 n B

a2 ] : -

Tl S N (RN SEEESE FEPL TRURY RRRCESUPOR SEREE N —k ~T ]

i Ju\-—'u*{-‘a n — mga?j |,\ ]

2o 1 £ Js o4 ;]

EEEE R 1. © [i33e =
PP A [l S
1585200 1 £ f.s25 : -
| <£S8s 1 = P38 ]
= ,,jm L—faux S -
_L ............... . P L___ ,,,,,,,,,,, ;1

1] o Illllllll}lll_iillllllﬂ !IlllH I‘ILlLIIIlH‘T
DTIO0TO6 0B 04 09 05 0y CE 0Z C1 C ODLID0I06 0B 04 08 QS 0% 08 0Z 01 O

() eenjoseduwe )

A-83

(D) eJnjyouadwe |

i

0

(L

lime .mr

-

Tire Chel

March 2000



HNF-SD-SNF-CN-023 REV 2

Figure A-20. Case COOLIHXM. (3 sheets)
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Figure A-20. Case COOLIHXM. (3 sheets)
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Figure A-20. Case COOLTHXM. (3 sheets)
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APPENDIX B

INPUT FILE AND INPUT DIFFERENCES

This section provides a listing of the HANSF version 1.3.2 input file for case 1, VXDG.

The input files for cases 2 through 6 are compared with the VXDG file with only the differences
indicated {ignoring format, comment, and nonessential input differences). The differences
indicated in case 6, OVLOCXAL, are compared with the input files from cases 7 through 18.
Lastly, the entire input file for case 19, COOL1HXH, is listed, and the input file from case 20 is
compared with the COOL1HXH input file.

CASE 1, VXDG, INPUT FILE

Ak I KA AR AT AR AR A A A TR RN ARk R KAk kA Ak kAT T T kb AT Ak d A bk Ak Rk kR hhkhhhkhdkhdk

CASE VXDG:

TWO SCRAP BASKETS (SFFFS)

REACTION AREA = 4.5 M"2 PER SCRAP BASKET

0.790 M~2 PER FUEL BASKET

UNLESS OTHERWISE NOTED, MKS UNITS

GENERAL INPUTS:

FIVE TIERS OF FUEL PLUS SCRAP EXPLICITLY MCDELED

VACUUM FLOW RATE IS 13 CFM

HE INJECTION IS 0.7 SCFM

1.5 Kg HZO IN TOP SCRAP BASKET,

6.0 Kg PER FUEL BASKET,

1.0 Kg WATER HEEL

SCRAP BASKET DIVIDED INTO FINE AND COARSE SECTIONS, WITH

RADIAL CONDUCTICN TC TRE COPPER DIVIDER "FIN"

AMBIENT TEMPERATURE (CASK EXTERIOR) Is 80 F (26.7 C}

CASK/MCO GAP IS 0.61 INCH (0.0155 M)

BOTH SIDES OF THE CASK AND OUTER SURFACE OF MCO WALL TEMPERATURES
ARE FIXED USING NEW 'IMPCSED HEAT SINK SURFACE TEMPERATURE' FOR
WATER FILLED ANNULUS

THE CASK HAS INNER DIAMETER OF 25.19" AND CUTER DIAMETER CF 39.81"
I.E. 7.31" (0.1857 M) THICK

'WATER' GAS IN THE MCO/CASK GAP

RADIATION HEAT TRANSFER FROM FUEL/SCRAP TO LID/FLOCR.

R R R R R R RS RSP e AT R RIS R R R R R EEEREEEREE LR R R

ok % % h o 4 % F @ F F F ¥ K ¥ ok & F * 4 @ % % ¥ O f O F %
|

TITLE

! Keyword; next line is title, title can be any length

CASE VXDG: vac= 13 c¢fm, INDEFINIT VACUUM CYCLE,

degraded vacuum

UH3=12, U=10, H20=26.5 kg, SFFFS, TWO SCRAP BASKETS (SFFFS)

CN-023.APB B-3
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END TITLE ! Anything after END is a comment

TIMING !' Keyword
TSTART 0.0 ! START TIME, >0 FOR RESTART RUN
C RESTART FILE NOHEAXRR.REW ! RESTART FILE NAME FOR RESTART RUN

! IF NOT SPECIFIED, READ FROM
' ‘'input deck name'.RER
TLAST 86400, ' END TIME (Seconds)

* for next six parameters (DTMIN, DTMAX, DTPRIN, PLTMAX, PLTMIN, DTRST),
¢ the user can specify either a fixed value or time dependent value, For
¢ example:
¢ DTMIN 0.01 will cause the code to use minimum time step of 0.01
* second all the time
*
* DTMIN
* 0. 0.01
¢ 100. 1.0
*  500. 2.0 will cause the code to use mimium time step of 0.01
* for the first 100 =zeconds, 1.0 second for hext 400
. seconds, and then 2.0 second for the the rest of the run
DTMIN 0.0001 ! MIN TIMESTEP {Seconds)
DTMAX ' MpX TIMESTEP (Secocnds)
0. g.1
5. .5
30. 1.0
53400. 0.5
DTPRIN 36Q00. ! PRINT INTERVAL {Seconds)
PLTMIN 100. ! MIN PLOT INTERVAL (Seconds)
PLTMAX 1000. ' MAX INTERVAL WITHOUT PLOT (Seconds)
DTRST 3600. !  RESTART INTERVAL (Seconds)
FTPCH 0.005 ! FRACTIONAL CHANGE IN T AND P
FAECH 0.005 ! FRACTICNAL CHANGE IN AEROSOL MASS
FPPLCH 0.03 ! FRACTIONAL CHANGE FOR PLOTTING
STARVTD 0.15

END TIMING ! TIMING i1s a comment.
*

.

PRINT ! Keyword for printing sectiocn
*
* Printing syntax:

®* H3 1n hlist - Heat Sink Temperatures, C
*
* HS 10 1 2 3 4 5 e 7 8 9 10

* H3 10 11 12 13 14 15 1¢ 17 18 19 2¢

* HS 10 21 22 23 24 25 26 27 28 29 30

* HS 10 31 32 33 34 35 38 37 38 38 40

* HS 10 41 42 43 44

END PRINT ! PRINT is a comment
*

»

PLCT ! Keyword for plotting section

* Plotting syntax:
H

* PRESSURE n rlist - Pressure, Pa

® GAS-T n rlist - Gas Temperature, K

* HE-TT n hlist - Heat Sink Temperature - Inner Surface, K
* HS-TO n hlist - Heat Sink Temperature - Outer Surface, K
* HE-TA 1n hlist - Heat 3ink Temperature - Average, K
* AEROSCL n rlist - Rerosol Mass (Total), kg

* GAS-W n jlist - Mass Flowrate, kg/s

* GAS-WX n jlist - CounterCurrent Mass Flowrate, kg/s
* GA3S-X GASNAME n rlist - Gas Mele Fraction

CN-023.APB B-4 March 2000
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GAS-RH GASNAME
GAS-MASS GASNAME

rlist - Gas Relative Humidity

rlist - Gas Mass (Species), kg
AER-MASS GASNAME rlist - Aercosol Mass (Species), kg
MASS GASNAME rlist - Total Mass (Species), kg
LIQ-MASS - GASNAME n rlist - Deposited Mass (Species), kg

j=e e Bl

Pressure, Gas Temperature, and total aerosol mass regquire a region
list

Heat Sink Temperatures need a heat sink number list

Flowrates need a junction number list

Gas concentration, relative humidity, individual species gas mass,
individual species aerosol mass, total {gas+taeroscl) individual
species mass, and individual species deposited liguid mass require

a region and gas name

Note: plot routine can only accept 99 items; can't plot all things.
Sc plot all scrap T's but only 5 fuel (plus MCO)

¥ 4 o ok & @ A F * F F X A % * X @& * % A

PRESSURE 1 1 I Pressure in MCO

GAS-T 5 1 2 3 4 5 ! Temperature in MCO
HS-TA 6 387 389 46 394 390 399 ! Insert,sScrap 1, fin,MCOC
HS-TA 6 439 441 56 446 442 451 | Insert,Scrap 2,fin,MCO
HS-TI 3 68 69 70 I cask, MCO bott & 1lig
HS-TO 3 68 6% 70 ! task, MCO bott & lid
HS-TA 7 1 168 4 710 14 15 !' Fuel 1

HS-TA & 16 270 22 25 29 30 I Fuel 2

H3-TA 2 31 372 37 40 44 45 ! Fuel 3

GAS-¥X NITROGEN 5 1 2 3 4 5 ! N2 %

GAS-¥X OXYGEN 5 1 2 3 4 5 o2 %

GAS-X STEAM 5 1 2 3 4 5 I HZO %

GAS-X HYDROGEN 5 1 2 3 4 5 Y R2 %

GAS-¥X HELIUM 5 1 2 3 4 5 ! He %

GAS-W 5 1 2 3 4 5 ! Junc. flow

GAS-WX 5 1 2 3 4 5 I Junc. cc flow

GAS-MASS HYDROGEN 1 7 ! HZ release

GAS-MASS STEAM 1 7 ! H20 release
END PLOT ! PLOT is a comment

*
*

ACTIVE MCDELS Keyword; MODELS is a comment; 1 = on, 0 = off

|
IJUNC 1 I Junction flow model
ICCFLW 1 ! Counter-current flow model
ITHSINK 1 ! Heat sinks
ICNDS 0 ! Condensation
IASED 0 | Aercosol Sedimentation
IALEAK O ! herosel Leakage
IFOG 0 ! Fog formation
ISRC 0 ! User-defined scurces
IMCO 1 I MCO models
I3SENS 0 ! Sensitivity runs

* multipliers for region gas conductivities

* gsyntax:

* FKGAS fkgasl fkgasZ fkgas3 .

END ACTIVE MODELS ! ACTIVE MCDELE is a comment

* ok

SOURCE GRCOUP: GRCUES REPEATED FOR INPUT # OF REGIONS
END OF GROUP DESIGNATED BY 'REGICN' OR 'END' KEYWORDS
ENTER: TIME, TEMP, FLOWRATES, PCWER

a0
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SYNTAX EXAMPLE:

1.6 FT*"3/MIN ¢ 1
2.5 FT~3/MIN * 1
He density @ stp
He density @ stp

MIN/60 SEC * 0.02832 M~3/1 FT*3 = 0.000755 M*3/SEC
MIN/60 SEC * 0.02832 M*3/1 FT*3 = 0,00118 M~3/8EC
is 0.16 kg/m"3, hence 1.88e-4 about 1.2e-4 kg/s
is 0.16 kg/m~3, hence 1.88e-4 about 1.9%e-4 kg/s

CSOQURCES 1 ! -- KEYWORD AND # SOURCE GROUPS
C REGION 2 GASES 1 I-- REGION #, # GASES

C HELIUM !-- GAS NAMES MUST BE ON NEXT LINE
c 0 26.85 1.2E~-4 O0.EC

c 1.E6 26.85 1.2E-4 0.EC

C END REGION !~- ENDS A REGION SOURCEL

C END SOURCE !-- ENDS ALL SOURCE INPUT

*

*

END CONTRCL ! End of CONTROL keyword group

[ 4

*

* total MCO gas volume is about 0.52 m"3,

Units:
VOLUME m™3,

REGIONS

VOLUME
SED_AREA

ELEVATICON
TEMP_GAS
PRESSURE

END REGIONS

*
*

REGIONS
VOLUME,
SED_AREA
ELEVATION
TEMP_GAS
PRESSURE

END REGICNS
L

SED_AREA m~2,

Regi
scra
1

c.11
0.17

2.85
50.0
1.01

gap
6
0.12
0.C
0.0
50.0
1.01
i REG

ELEVATION m, TEMP GAS C, PRESSURE Pa

ons 1 to 5 each contain a basket, top to bottem
rl scrap?Z fuell fuel2 fuell
2 3 4 5
8 0.100 0.100 0.1 0.1
2 0.172 0.172 0.172 0.172
0.0 2.15 1.45 0.75
50.0 50.0 50.0 50.0
3ES 1.013E5 1.013E5 1.013E5 1.013E5
environment
7
1.E8
0.0
0.0
50.0
3E5 1.013E5
IONS is a comment

* Gas composition of each region; specify mole fraction of each gas
* No more than five columns at a time

*

GASES
HELIUM
STEAM
OXYGEN
NITROGEN
WATER

END GASES

*

® If there are
*
GASES
HELIUM
STEAM
OXYGEN
NITROGEN

CN-023.APB

1

oo Oo oo
oo O ®©
= W

more

OO0
[ B B do)}

2 3 4 5
0.89 0.89 0.85% 0.89
0.11 0.11 0.11 0.11
0.0 g.0 0.0 Q.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0

than five regions, continue here.

oo 00O

— o000
< O

B-6
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WATER 1.0 0.0
END GASES | GASES is a comment

Aerosol concentraticn of each region (kg/m"3)
No more than five columns at a time

AEROSQLS3 1 2 3 4 5
STEAM 0.0001 0.0 0.0 0.0 C.0
END AEROSCLS ! AEROSOLS is a comment

No more than five columns at a time, so continue with 6 & 7

AEROSCLS & 7
STERM 0.0 0.0
END AEROSOLS ! AEROSOLS is a comment

OPTIONAL TEMPERATURE AND PRESSURE CONTRCL
CONTRCL MCO HEATUP GASES AND MCO INLET GAS TEMPERATURE
IMPOSE TEMPERATURE LOOK-UP TABLE
SYNTAX:
OFFSET_TIMETG
EXTRAPOLATION TIMETG
TIMETG IREG TIMEl, TIMEZ...TIMELAST
TGFIX IREG TEMPl, TEMP2... TEMPLAST TEMPS ARE IN K!!!
LINEAR INTERPOLATION BETWEEN VALUES

SIMILAR SYNTAX FOR PRESSURE:

OFFSET_TIMETG

EXTRAPOLATION TIMEPG

TIMEF IREG TIMEl, TIMEZ...

PRFIX IREG PRES1l, PRESZ...PRESSURES ARE IN PA!!!

OFFSET_TIMETG= OFFSET TIME; ENTER LOOKUP TABLE WITH
TIME+QFFSET_TIMETG

EXTRAPOLATION TIMETG= LAST TO USE LAST VALUE IN THE TABLE,

EXTRAP TO EXTRAPOLATE FROM LAST TWO POINTS,

PERIOD TO WRAP AROCUND.

OFFSET _TIMETG 50.
EXTRAPOLATION TIMETG LAST
TIMETG 1 0.0 100. 200.
TGFIX 1 20.0 100, 200.
CONTROL MCO BOUNDARY P,
OFFSET_TIMEPG 30.
EXTRAPOLATION TIMEPG EXTRAP
TIME? 1 0.¢ 100. 200.
PRFIX 1 1.ES 1.2ES5 1.4E5

£ 0+ @ * + * A o ok X o ok A 3k F X % % @ X * F A A4 F X X X * O + * O * € @ X * *+ O % * A+ * ¥

END VOLUMES ! VOLUMES is a comment
E

*

® Major keyword--—--—-—-—-~--——-mm e e
HEAT_STINKS 80 ! Total number of heat sinks

No more than 5 columns at a time,

Repeat the following structure,
3INKS

END

@ F ko * o+ F O *

Syntax:

CN-023.APR B-7
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IGEOM
IMATHS
RHO
KHES
CPHS
o
EH3T

EHSC
ARI
XRO
AHS
XZHS
TIINIT
TOINIT
IMSLAR
IREGI

TIHS
IREGC

TOHS
XLHS

INKS

O %+ F % % % F % * % ¥ & F @ F F A F Hk B ¥ F ¥ o ¥ F ¥ X ¥ F

IGECM
IMATHS
ZRT
XRO
AHS
XZls
TIINIT
TOINIT
IMELAR
IREGT
TIHS
IREGO
TOHS
XLHS
END

*

SINKS

.
IGEOM
IMATHS
XRT
XRO
AHS
XZHS
TIINIT
TOINIT
IMSLAR
IREGI
TIHS
IREGO
TOHS
XLHS

CN-023.APB

HNFE-SD-SNF-CN-023 REV 2

1 for plane, 0 or 2 for cylinder
material type
Density (kg/m"3), if different from material type

Thermal Conductivity (W/m/K), if different from material type

Specific Heat (J/kg/K), if different from material type

Volumetric Heat Geperation (W/m*3), if different from material type

Emissivity of inner surface, if different from material type

User has an option to input a temperature dependent emissivity by
inputting a negative integer for the emissivity and supplying the

corresponding temperature versus emissivity loock-up table.
TTABLE & ETABLE keywords.

Emissivity of outer surface, if different from material type

Inner Radius {(m)

Outer Radius (m); for plane wall, thickneszs = XRO-XRI
One-sided heat sink area (m"2)

Bxial length feor canduction { m)

Initial inside surface Temperature (C]

Initial ocutside surface temperature (C)

Number of =laks; 3 is minimum

Region index for inner surface or © {insulated)
or -1 for constant temperature

Region surface temperature when IREGI = -1 (O}
Region index for outer surface or (0 (insulated)
or -1 for constant temperature

Regicn surface temperature when IREGC = -1 (C]
Characteristic length for natural convection (m)

Fuel Basket #1 heat sinks I through 15

1 2 3 4 5
a o 0 0 Q
1 1 1 1 1
0.006610 0.021e0 0.00810 0.021860 0.00610
J.01625 0.03075 0.01625 6.03075 0.01&25
0.278 4.655 0.278 g.6535 0.278
0.6861 D.663 0.661 0.663 G.661
50.C0 50.00 50.00 50.08 50.00
50.00 50.400 S0.00 50.00 50.00
3 3 3 3 3
3 3 3 3 3
0.0 G.0 0.0 0.0 0.0
3 3 3 3 3
8.0 0.0 0.0 0.0 0.9
D.661 0.683 0.661 0.663 0.661
6 7 8 9 10
0 0 G 0 3
1 1 1 1 1
0.02160 0.00¢10 0.02180 G.00é10 0D.02160
0.03075 0.01625 0.03075 0,01625 0.03075
0.655 0,587 1.310 0.278 0.655
0.663 G.661 0.663 .66l 0.663
50.00 50.00 50.00 50.00 50.40¢0
50.00 50.00 50.00 50.00 -50.00
3 3 3 3 3
3 3 3 3 3
0.0 0.0 a.d 0.0 0.0
3 3 3 3 3
0.0C 0.0 0.0 a.0 0.0
£.663 0.661 0.663 0.661 0.663
B-8
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END

*

SINKS

*
IGEOM
IMATHS
XRIL
XRO
AHS
XZH3
TIINIT
TOINIT
IMSLAB
IREGI
TIHS
IREGC
TOHS
XLHS

END

*

11

.00610
.018625

o
oo oo oo

HNF-SD-SNF-CN-023 REV 2

12

.021860
.03075
. 655
. 663
.00
.00

oCcooOoo

0.00610
0.01&25
0.557
0.661
.00
¢.0o0

* Fuel Basket #2 heat sinks 16 through 30

*

SINKS

*
IGEOM
IMATHS
XRI
XRO
AHS
XZHS
TIINIT
TOINIT
IMSLAB
IREGT
TIHS
IREGC
TOHS
XLHS

END

*

SINKS

*
IGECM
IMATHS
XRI
XRO
AHS
XZHS
TIINIT
TOINIT
IMSLABR
IREGI
TIHS
TREGOC
TOHS
XLHS

END

*

STINKS

e
IGEOM
IMATHS
XRI

CN-023 APB

16

0

1
.00elcC
.01625
.278

661

oSO 0o

= O

0.0Z1e0
0.03075
0,655
0.663
50.00
50.00
3
4
0.0
4
0.0
0.663

26
0

1
0.C0810

17

0

1
0.021e0
0.03075
0.655
0.663
50.00
50.00

0.0
0.663

22

0
1
0.008610
0.01625
0.557
0.661
50.00
50.00
3
4
6.0
4
0.0
0.66l

27
G

1
0.02160

18

0,66l

23

0
1
0.02160
0.03075
1.310
0.663
50.00
50.00
3
4
0.0
4
0.0
0.663

28
0

1
0.00el10

.021e60
.03075

0

0
1.310
0.663
0.00
.00

19

02160
.03075
. 655
. 663
50.00
50.00

ol &N ool

0.663

24

0
1
0.00610
0.01e25
0.278
0.661
50.00
50.00
3
4
0.0
4
0.0
0.e6l1

29
0

i
0.02160

MCO WALL
15

0
2
L3050
L3177

.80
.00
.00

[Sa ) ]

20

0
1
0.00610
0.01625
0.278
0.661
50.00
50.00
3
4
0.0
4
0.0
0.661

25

0
1
0.02160
0.,03075
0.655
0.663
50.00
50.00
3
4
0.0
4
0.0
0.663

MCO WALL
30

0
2
0.3050

March 2000



ARO
AHS
KZHS
TIINIT
TOINIT
IMSLAB
IREGI
TIHS
IREGC
TCHS
XLH3
END

0.01625
0.278
0.e8l
50.00
50.00

HNF-SD-SNF-CN-023 REV 2

0.03C75
0.655
0.663
50.00
50.00

0,01e25
0.557
0.861
50.00
50.00

* Fuel Basket #3 heat sinks 31 through 45

SINKS

*
IGEOM
IMATHS
XRI
XRO
AHS
XZHS
TIINIT
TOINIT
IMSLAB
IREGIL
TIHS
IREGO
TOHS
XLHS

END

*

SINKS

*
IGECOM
IMATHS
XRI
XRO
AHS
XZ2HS
TIINIT
TOINIT
IMSLAB
IREGI
TIHS
IREGO
TOHS
XLHS

END

*

SINKS

*
IGEOM
IMATHS
XRI
XRO
AHS
RZHS
TIINIT
TOINIT
IMSLAR
IREGI

CN-023.APB

31

0
1
0.00610
0.01625
0.278
0.661
50.00
5¢.00
3
5
0.0
5
0.0
0.661

36

G

1
0.02160
0.03075
0.650
0.663
50.00
50.00

1
0.00610
0.01e625
0.278
0.661
50.00
50.00

3

5

32

1
0.00610
0.01625
0.557
0.661
50.00
50.00

1
0.021e0
0.03075
0.655
0.663
50.00
50.00

3

5

33

0
1
0.00610
0.01625
0.278
0.661
50.00
50.00
3
5
.0
5
0.0
0.661

3B

0

1
0.02160
0.03075
1.310
0.663
50.00C
50.00

1
0.00610
0.01e25
0.557
0.661
50.00
50.00

0.03075
1.310
0.663
50.00
50.00

34

0
1
0.021e0
0.03075
0.655
0.663
50.00
50.00
3
5
0.0
5
0.0
0.663

38

0

i
0.00610
0.02825
0.z78
0.661
50.00
50.00

1
0.021¢0
0.03075
1.310
0.663
50.00
50.00

3

3

35

0
1
0.006l10
0.01625
0.278
C.e6l
50.00
50.00
3
5
0.0
5
0.0
0.661

40

0

1
0.02160
0.03075
0.655
0.663
50.00
50.00

MCO WALL
45

0

2
0.3050
0.3177
1.3
0.70
50.00
50.00

March 2000



HNF-SD-SNF-CN-023 REV 2

TIHS 0.0 0.0 0.0 0.0 C.o
IREGO ) 5 5 5 &
TOHS 0.0 0.0 0.0 0.0 0
XLHS 0.661 0.663 0.661 C.563 0.70
END

*

* scrap basket # 1 heat sinks 46 through 55 (MCO later)

* R1-1 R2-2 R2-3 R3-4 R4-5
SINKS 46 55 48 49 50
*
IGECM 0 0 0 0 0
IMATHS 4 4 4 4 4
ART 0.03493 0.055 G.075 0.09654 0.130
XRO 0.055 0.075 0.08336 0.130 0.160
AHS 0.191 0.276 0.358 G.481 0.616
XZHS 0.876 0.8676 0.676 0.676 0.87¢
TIINIT 50.00 50.00 50.00 50.00 50.0
TOINIT 50.00 50.00 50.00 50.00 50.0
IMSLAB 7 7 7 5 5
IREGI 1 1 1 1 1
TIHS G.0 0.0 0.0 0.0 0.0
IREGO 1 1 1 1 1
TOHS 0.0 0.0 0.0 0.0 0.0
XLHS 0.676 0.e76 0.676 0.&76 0.676
END
* R5-6 RE-7 R7-8 RB-9 FIN
SINKS 51 52 53 54 47
*
IGEOM 0 G 0 0 0
IMATHS 4 4 4 4 3
XRI 0.160 0.190 0.220 0.250 0.2842
XRO 0.190 0.220 €.250 0.284z2 0.28738
AHS 0.743 0.871 0.998 1.134 1.2
XZHS 0.e76 0.€76 0.%676 0.676 D,876
TIINIT 50.00 50.00 50.00 50.00 50.0
TOINIT 50.00 50.00 50.00 50.00 50.0
IMSLAB 5 5 5 5 3
IREGI 1 1 1 1 1
TIHS 0.0 g.0 0.0 0.0 0.0
IREGO 1 1 1 1 1
TOHS 0.0 0.0 0.0 0.0 0.0
XLHS 0.676 0.67¢6 0.676 C.676 0.676
END

*
* gcrap basket # 2 heat sinks 56 through 65 (MCO later)

* R1-1 R2-2 R2-3 R3-4 R4-5
SINKS 56 65 58 59 60
* .
IGECM O 0 v 8] a
IMATHS 4 4 4 4 4
XRI 0.03493 0.055 0.075 0.0%654 0.130
XRO C.055 ¢.075 0.09336 G.130 0.160
AHS 0.181 0.276 0.358 0.481 0.6l
RZHS 0.676 0.676 0.87¢ 0.676 0.076
TIINIT 50.00 50.00 50.00 50.00 50.0
TOINIT 50.00 50.00 50.00 50.00 50.0
IMSLABR 7 7 7 5 5
IREGI 2 2 2 2 2
TIHS 0.0 0.0 0.0 0.0 .0
IREGO 2 2 2 2 2
TCHS 0.0 0.0 0.0 0.0 0.0
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XLHS
END

*

SINKS

*
IGECM
IMATHS
XRI
XRO
AHS
XZHS
TIINIT
TOINIT
IMSLAB
IREGT
TIHS
TREGO
TOHS
XLHS

END

*

SINKS

*
IGEOM
IMATHS
XRT
ARO
AHS
XEZHS
TIINIT
TOINIT
IMSLAB
IREGI
TIHS
IREGO
TOHS
XLHS

END
*

HNF-SD-SNF-CN-023 REV 2

0.676 0.676
R&-6 R&6-7
61 62
0 0
4 4
0.160 0.190
0.190 0.220
0.743 0.871
0.676 0.676
50.00 50.00
50.00 50.00
5 5
2 2
0.0 0.0
2 2
c.0 0.0
0.876 0.676
MCO SCRAPL MCO SCRAPZ
66 67
0 0
2 2
0.30%0 0.3050
0.3177 0.3177
1.3 1.3
0.75 G.75
50,00 50.00
50.00 50.00
3 3
1 2
0.0 0.0
& 6
0.0 0.0
0.75 6.75

. 250
L2842
.134
876
.00

* MCC lid emissivity increased te account for convection to scrap

*

SINKS

*
IGEOM
IMATHS
XRI
XRO
AHS
XZHS
TIINIT
TOINIT
IMSLAB
IREGT
TIHS
IREGO
TOHS
XLHS
EHST
EHSO

END

*

SINKS
*

CN-023 .APB

CASK WALL

DT

68

0
2
0.3199
0.5056
10.24
3.95
50.00
50.00
10

3.95
0.25
0.25

FUEL#1
72

MCO BOT

69

1
2
0.0
0.051
0.29
0.51
50.00
50.00

D oo o
8]

INS FUEL#2

73

MCQ LID

70

1
2
.0
6.29
0.29
0.3
50.00
50.00
20
i
C.o
)

oo o
Nww o

DT FUEL#2

B-12

INS FUEL#1L

7L

0
2
0.022225
0.034925
0.1281
0.71309
50.00
50.00

INS FUEL#3

75

DT FUEL#3

76
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IGEOM 0 ¢ 0 0 0
IMATHS 2 2 2 2 2

XRI 0.0076075 0.022225 0.0076075 0.022225 0.0076C75
XRO 0.0167005 0.034825 0.0167005 0.034925 0.01€7005
AHS 0.05063 0.1281 0.05063 ¢.1281 0.05063
XZHS 0.7130% 0.713209 0.7130¢ 0.71308 0.71308
TIINIT 50.00 50.00 50.00 50.00 50.00
TOINIT 50.00 s5C.00 50.00 50.00 50.00
IMSLAB 3 3 3 3 3
IREGI 0 0 0 o] 0
TIHS 0.0 0.0 0.0 0.0 0.0
IREGO 0 0 0 0 0
TOHS 0.0 0.0 0.0 0.0 0.0
XLHS 0.71309 0.7130% 0.71309 0.71309 0.71309

END ‘

* INS SCRAP#1L DT SCRAP#1 INS SCRAPH#Z DT SCRAP#2

SINKS 77 78 79 80

L d

IGECM ¢ 0 0 0
IMATHS 2 2 2 2

XRI 0.022225 0.0076075 0.022225 .0076075

XRO 0.034925 ¢.0167005 0.034925 0.0167005

AHS 0.1281 0.05063 0.1281 0.050863

XZHS 0.71309 0.713209 0.71309 0.71309

TIINIT 50.00 50.00 50.00 5C.C0
TOINIT 50.00 50.00 50.00 50.00
IMSLAB 3 3 3 3
IREGI 0 0 0 0
TIHS 0.0 0.0 0.0 ¢.c
IREGO a Q o Q
TOHS 0.0 0.0 0.0 0.0

XLHS 0.71309 0.71309 0.71309 0.71309

END

*

MATERIAL LIBRAY

*

* MATERIAL LIBRRARY - SPECIFY MATERIAL PROPERTIES FOR MATERIAL 'imaths'

* UPTO 20 (INMAT) MATERIALS CAN BE SPECIFIED

* SYNTAX:

*  name imaths rho khs cp qv ehsi ehso
URANTUM 1 18573.3 24.2 122.67 1955.2 -1 -1
STAINLESS-STEEL 2 8000. 16.0 500, 0. 0.30 0.3
COPPER 3 8954, 398.0 384, 0. 0.3 0.3
SCRAP-URANIUM 4 19000. 26.9 122.67 2326.53 0.70 0.7

END

L]

* SANDWICH HEAT SINKS - STRING TOGETHER NUMER OF CONSECUTIVE HEAT SINKS

* TO MIMIC A SANDWICH WALL. UPTC 100 SANDWICH WALLS CAN BE SPECIFIED, WITH

* UPTO 10 LAYERS IN EACH WALL. THE SANDWICH HEAT SINK SERIES SHOULD BE

* ARRANGED SUCH THAT THE OUTER FACE OF THE FIRST HEAT SINK AND THE INNER FACE

* OF THE LAST HEAT SINK IN THE SERIES FACE THE GAS REGIONS (OR INSULATED) .

* SYNTAX:

* SENDWICH hsl hgapl hs2 hgapZ2 hs3 hgap3 hsn

* WHERE 'hgap' is the gap conductance (W/m~2/C) between the lavers

* BETWEEN THE INSERT AND THE DIP TUBE, THERE IS A AIR GAP OF THICKNESS3

* (0.00076 M. THEREFORE, THE GAP CONDUCTANCE IS 0.03/0.00076=40 W/m~2/C
SANDWICH 71 5.4 72
SANDWICH 73 5.4 74
SANDWICH 75 5.4 76
SANDWICH 77 5.4 78
SANDWICH 7% 5.4 &80

*

* Represent the thermal resistance in the spokes in the scrap basket
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* 12 spokes, 1/8"{0.,003175m) thick, 0.676 m high, and 0.191 m long
® Therefore, the gap conductance 1is:
* 398/0.131*(12*0.003175/(2*%3.14*0.2842))=44.48 W/m"~2/C
SANDWICH 47 44.48 48
SANDWICH 390 44.48 391
SANDWICH 403 44.48 404
SANDWICH 416 44.48 417
SANDWICH 57 44.48 58
SANDWICH 429 44.48 430
SANDWICH 442 44.48 443
SANDWICH 455 44.48 456

*
* TEMPERATURE DEPENDENT EMISSIVITY:
® USER CAN INPUT A TEMPERATURE DEPENDENT EMISSIVITY BY INPUTTING A
* NEGATIVE INTEGER FOR THE EMISSIVITY AND PROVIDING THE CORRESPONDING
* TEMPERATURE VERSUS EMISSIVITY LOOK-UP TABLE.
* SYNTAX:
* TTABLE n temperature-entry(C)
* ETABLE n emissivity-entry n is the table designator
*
TTABLE 1 1. 50. 7006. 1100. 1500,
ETABLE 1 0.7 0.7 0.4 0.4 0.5
*
* USER CAN DEFINE CONDUCTION NETWORKS
* SYNTAX:
* COND_NETWORK ihsl ihs2 ihs3 .... ihsn upto 100 heat sinks
hd COND NETWORK ihsl ihs2 ihs3 .... ihsn upto 100 heat sinks
*
* -
* upto 5 networks
*
* MUST BE ORDERED TCP TO BCTTCM 70 BE CONSISTENT WITH AXIAL NCDALIZATION
*

MODEL CONTIGUOUS DIP TUBE CONNECTED TO THE SHIELD PLUG{HS #74)
COND NETWORK 70 78 72 74 7¢ B8O

* MODEL CONTIGUQUS INSERT CONNECTED TO THE SHIELD PLUG({HS #74)
COND NETWORK 77 71 13 75 79

MODEL CONTIGUOUS MCO WALL CONNECTED TO THE SHIELD PLUG(HS #74)
COND NETWORK 70 66 15 30 45 &7

*

*
* USER CAN CONTROL HEAT SINK BOUNDARY TEMPERATURE
* SYNTAX:
* OFFSET_TIMEHS
* EXTRAPOLATION TIMEHS
* TIMTHS THS ISD TIMELl, TIMEZ...
* THSFIX IHS IsSD TEMP1l, TEMEZ..
* THS = HEAT SINK NC.; ISD = SIDE NO. {1 OR 2) FOR IHS
* CONTRCL HEAT SINK BOUNDARY T
OFFSET_TIMEHS 0.
EXTRAPOLATICN_ TIMEHS EXTRAP
TIMTHS 15 2 0.0 1.E6
THSFI¥X 15 2 50.0 50.0
TIMTHS 30 2 0.0 1.E6
THSFIX 30 2 30.0 50.0
TIMTHS 45 2 0.0 1.E®
THSFIX 45 2 50.0 50.0
TIMTHS 66 2 0.0 1.E6
THSFIX 66 2 50.0 50.0
TIMTHS €7 2 0.0 1.Eé6
THSFIX 67 2 50.0 50.0
TIMTHS 68 1 0.0 1.E6
THSFIX 68 1 50.0 50.0
TIMTHS 6% 2 0.0 1.E6
THSFIX €9 2 50.0 50.0
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H
*

END HEAT SINKS ! HEAT SINKS is a comment

Volume 2 placed on bottom with scrap basket 2

1) MCO scrap 2 teo fuel 3 2->5

2) MCO fuel 3 to fuel 2 5->4

3) MCO fuel 2 to fuel 1 4->3

4}y MCC fuel 1 to scrap 1 3->1

5) MCO top to Outlet volume, 1->7 (deactivated)
Syntax:

IJTYP Junction Type: 1 = Normal, 2 = HEPA, 3 = Cover, 4 = Failure,

5 = Check valve

DP1l for faiure junction, it is the pressure differential required
to fail from the upstream compartment to the downstream compt.
for check valve junction, it is the differential pressure

DP2 for faiure junctiocn, it is the pressure differential required
to fail Irom the downstream compartment to the uptream compt.
for check valve junction, it is the differential pressure

TFAN Fan type: 1 = constant volumetric flow fan
2 = constant delt P fan
WVFAN volumetric flow rate of the fan. for constant delt P fan,
the volumetric flow rate is converted to the corresponding
delt P at time=0

ok ok ok k@ A E @ ok k@ @ A F o+ o F @ % o H o+ %k b F * % F o+ A @ A £ o * F * % & *

IR1 Upstream Region

IR2 Downstream Region

AJN Area (m"2)

ABYP Bypass area for HEPA junction (m"2)

PHEPA HEPA Filter Pajilure Pressure (Pa)

ACOV Cover Area (m"Z2)

MCOV Cover Weilght (kg)

Z1JIN Elevation wrt floor of IR1 opening (m)

ZZJN 1t n n " IR2 " n

CJIN Loss coefficient multiplies 0.5*rho*v"2

IHORIZ Orientation: 1 = horizental, 0 = vertical

XWIN Characteristic width, m

XHJIN Characteristic height, m

XLJIN Characteristic length, m

DFJN Decontamination Factor

NSG No. of 90 bends

PATHS 1 2 3 4 5
L J
IJTYP 1 1 1 1 1
IR1l 2 5 4 3 1
IR?2 5 4 3 1 7
IHOR1Z 1 1 1 1 1
KWJIN 0.61 0.6l 0.61 0.61 2.54E-2
XHIN 0.61 0.61 0.61 0.61 2.54E-2
XLJIN 0.03 0.03 0.03 0.03 0.03
AJN 0.025 0.025 0.025 0.0078 0.0
Z1JIN 0.72 0.67 .87 0.67 0.80
Z2TN 0.0 0.0 0.0 0.0 3.68
CJIN 1.0 1.0 1.0 1.0 4.0
DEJN 1.0 1.0 1.0 1.0 1.0
NSO 0 0 o 0 3
CN-023.APB B-15
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END PATHS ! PATHS is a comment.
*
END JUNCTIONS ! JUNCTIONS is a comment.
K e e e
MCO ! MCC Major Keyword
B e e e e e e e e e o et S e Tt e 2 o e o o A = e m e it e
GENERAL ! Keyword for general inputs
IOXDTN 2 I =0, disable cxidation of fuel/scrap
I =1, do oxidation of fuel/scrap
| =2, oxidation of covered surface uses water prop for rate
IHYD 0 ! =1, do hydriding/dehydriding calculaticn
! =0, disable hydriding/dehydriding calculation
IDIVRT 3 ' =1, divert heat transfer to gas
! =0, do not divert heat transfer te gas
IEVAP 1 ! =1, do evaporation/condensation of water
I =0, do not do evaporation/condensation
ILAW 3 ! oxidation rate law, 0 -~ MaGillivrary/Ritchie
! 1 - Pearce
IDEENT © I =1,de-entrainment of aercscl due to scrap basket
! =0, disable de-entrainment calculatiocn
IENTR 0 !' =1, de entrainment of sludge particle calculation
! =0, disabkle entrainment calculation
IHYDRA 1 ! =1, do deccmposition of fuel oxide hydrate
! =0, disable hydrate decompesition calculation
INITRI O I =1, do nitriding calculatiocn
I =0, disable nitriding calculation
IRADIC O ! =1, do radieclysis calculation
! =0, disable radiolysis calculaticn
IHYDKP 1 ! =0, normal depletion of hydride (rate decreases with mass)
! =1, disable depletion of hydride (but the phantem
! calculation of hydride mass depletion will be shown)
I =2, use constant rate but the rate goes to zero when
! all the mass is depleted
FO2HYHZ 0. ! the fraction of the oxygen, reacting with uranium
! hydride, which produces hydrocgen instead of water wvapor
¥DHYD 4.28B-5 4.28E-5 4.28E-5 4.28E-5 4.28E-5 ! average diameter of
hydride
overriden by basket specific parameters, XDHYFL & XDHYSC
IHSCSK 68 define the cask heat sink

radiative/convective h.t. between the MCO wall and
'the cask is computed and some of the heat is diverted
! to gas for stability )
! gap distance between the MCO wall and the cask
!' =0, turn off the raditive heat transfer between the
! fuel/scrap and the lid/floor
1
!
|
|

!
|
IRGAP 6 ! define the gap node (between MCO wall and the cask)
!
!

AGPCSK 0.0155
FHTLID 1.0

=1, fully account for the radiatiwve heat transfer
sludge particle density (kg/m”~3)

sludge specific area (m~2/m"3)

sludge particle diameter (m)

RHOSL 5000.
SASL 1000,
XDsL 1.E-6

Hydrate Model: twec-step decomposition,
input curves for ln P and 1ln K
first step for x > XHYD2, second step for x < XHYD2

Bounding case: 42 kg particulate, 0.8 kg h2o0 = 1.9%
of sludge being hydrated with 2 moles of
water per mcle of uranium oxide

F % % F % ok o % *

FHYSL 0.535 ' fraction of sludge that is hydrated

KHYSL 2.0 ! stoichiometry number of hydrate: no. of moles of
! water per mole of uranium oxide (UC3.HZ2C)
AHYD2 1.0 ! H2C/U ratio (stoich. number) te switch
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! from first to second correlation
XHYD3 0.5 I H20/U ratio (stoich. number) to switch
! from second te third correlation

BHYEQL 15.912 ! 'A' IN LN P = A + B/T FOR X > XHYD2
BHYEQL -6131.E0 ! 'B' IN LN P = A + B/T FOR X > XHYDZ
BHYEQ2 18.382 { 'R'" IN LN P = A + B/T FOR X < XHYDZ
BHYEQ2 -7766.E0 ! 'B' IN LN P = A + B/T FOR X < XHYD2
BHYEQ3 18.408 | 'A'" IN IN P = A + B/T FOR X < XHYD3
BEHYEQ3 -8488.E0 ! 'B' IN LN P = A + B/T FOR X < XHYD3
L J
ADEHY1 2.793E0 ! 'A' IN IN K = A + B/T FOR X > XHYD2
BDEHY1 -5111.E0 ! 'B' IN IN K = A + B/T FOR X > XHYD2
ADEHY2? 6.348E0 ! 'A' IN LN K = A + B/T FOR X < XHYD2
BDEHY2 -7241.E0 ! 'B' IN LN K = A + B/T FOR X < XHYD2
ADEHYZ 4.632E0 ! 'R’ IN LN K = A + B/T FOR X < KHYD3
BDEHY3 -7548.E0 ! 'B' IN LN K = A + B/T FOR X < XHYD3

DHHY1 2.86E6 ! Decomposition enthalpy J/kg HZ0: lst step
DHHY?2 3.70E86 ! Deccmpesition enthalpy J/kg H20: Znd step
DHHY 3 3.70E6 ! Deccmposition enthalpy J/kg H20: 3rd step
FPROHY 1.0 I hydride production rate law multiplier
FCONHY 1.0 ! hydride consumption rate law multiplier
FNITRI 1.0 ! nitriding rate law multiplier

PUMP, FEED, AND CONDEMSER MODELS
Syntax:
PUMP IRIPUM IROPUM ICONPM ITFEED WVPUMP WVFEED TGFEED TCONPM

Definitions:

IRIPUM - Pump inlet region

IROPUM - Pump outlet region

ICONPM - Node to which the coendensed steam is dumped for book-keeping

ITFEED - If non-zerc, overldes TGFEED with the designated regicn
temperature. Used to specify time-varying feed temperature

WYPUMP - Pump volumetric flowrate {(m”3/s)

WVFEED - Feed veolumetric flowrate (m~3/s)

TGFEED - Feed temperature (C}

TCONPM - Condenser cooling coil temperature (C}

35 FT~3/MIN * 1 MIN/60 SEC * 0.02832 M"3/1 FT~3 0.01652 M~3/SEC
30 FT~3/MIN * 1 MIN/6&0 SEC * 0.02832 M~3/1 FT"3 0.01416 M~3/8EC
PUMP IRIPUM TIROPUM ICONFM ITFEED WVPUMP WVFEED TGFEED TCONPM
PUMP 1 7 0 0 0.814E-2 0.0 0.0 0.0

.

+ 4 £ @ *F F A+ X * O F F * * F A 0 X

* %

Radiolysis parameters

FRAD 1.0 ! multiplier for radiolysis

FALPHA 0.187 ! alpha fractional heat lecad

FBETA 0.48¢ ! beta fracticnal heat load

FGAMMA 0.317 ! gamma fractional heat load

QPHOTO Z2.4E-6 ! heat deposition rate in MCO free water per gram
!

' per MTU of fuel lcading
* Water film drain on MCO wall
DRAIN 66 15 30 45 &7
END GENERAL ! GENERAL is a comment
*
PLOT ! Keyword for MCO-specific plotting section
! A plot file with the name 'input deck name'.PLl1l is generated
Plotting syntax:

* @ %

PUMPHZ - Hydrogen flow rate into the wvacuum pump, kg/s
GAS-WHZ n Jjlist - Hydrogen flow rate through junctions, kg/s
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* CORRODH2Z2
* HS-H20 n hlist
* HS-HYH20 n hlist-
* WHZ2F1 n flist
*
* WHZSC n slist
* WH2TT
*
* MH2TT
*
* QDECFL n flist
* QDECSC n slist
* QDECTT
* UDECTT
*
* QOXOFL, QOXQSC,
* QOXWEL, QOXWSC,
* QNTRFL, QNTRSC,
* QHYDFL, QHYDSC,
* OINFL, QINSC,
*
* QMCOFL, (QMCOSC,
* QLIDFL, QLIDSC,
®* OGASFL, QGASSC,
* OEVPFL, QEVPSC,
* QCNDFL, QCNDSC,
* QOUTFL, QOUTSC,
*
* UMCO
® UINTGT
® TUERR
* TOTUOZ
*
*
* So plot
®* jlist -
* hlist -
* flist -
* slist -
*
CORRODHZ2
WH2TT
MHZ2TT
QDECFL 1 1
QDECSC 2 1 2
QDECTT
UDECTT
QOXOFL 1 1
Qoxosc 2 1 2
QOXOTT
UOXOTT
QOXWFL 1 1
QOXWSC 2 1 2
QOXWTT
UOXWTT
QINTT
UINTT
QOMCOFT, 1 1
QMCOSC 2 1 2
OMCOTT
UMCOTT
QLIDFL 1 1
QLIDSC 2 1 2
CN-023.APB

HNF-SD-SNF-CN-023 REV 2

Hydrogen genration rate by fuel/scrap corrosion
Water mass on heat sink surfaces, kg
Water mass in sludge on heat sink surfaces, kg
Hydreogen generation rate by corrosion/dehydriding/
radielysis in fuel baskets, kg/s

" in scrap baskets, kyg/s
total hydrogen generation by corrosion/dehydriding/
radielysis in MCO, kg/s
cumulative hydrogen generated in MCO, kg

decay heat in fuel baskets, W
decay heat in scrap baskets, W
total decay heat in MCO, W
cumulative decay heat in MCO, J

QOXOTT, UCXOTT fuel corrosion by 02 heat
QOXWTT, UOXWTT fuel corrosion by H20 heat
QNTRTT, UNTRTT nitriding heat

QHYDTT, UHYDTT hydriding/dehydriding heat
QINTT, UINT?T total energy in

QOMCOTT, UMCOTT heat loss to MCO wall

QLIDTT, ULIDTT heat loss to lid/floor/insert
QGASTT, UGABTT heat leoss to gas

QEVPTT, UEVPTT heat loss due to evaporation
QCNDTT, UCNDTT heat loss by axial conduction
QouTTT, UQUTTT total energy out

total energy in fuel

initial energy in fuel + integrated{source-sink)
relative energy imbalance

total UOZ in MCC

Note: plot routine can only accept 99 items; can’'t plet all things.

all scrap T's but only 5 fuel {plus MCO)
junction list

heat sink list

fuel basket list

scrap basket list

March 2000




HNF-SD-SNF-CN-023 REV 2

QLIDTT
ULIDTT
OGASFL 1 1
QGASSC 2 1 2
QGASTT
UGRSTT
QEVPFL 1 1
QEVESC 2 1 2
QEVPTT
UEVPTT
QCNDFL 1 1
QCNDSC 2 1 2
QCNDT'T
UCNDTT
QOUTTT
UOUTTT
UINTGT
UMCO
FUERR
TOTUOZ

END PLOT

SOLAR_RAD

peointers to heat sinks representing the cask wall and the top
solar radiation impinges on these

® % * *

IHCASK 68

IHTOP 70
L 4
* look-up takle for sclar radiation throughout a day (sec .vs, W/m~2)
*
CFFSET TTMDAY 21600. ! offset by six hours
EXTRAPOLATION_ TIMDAY PERIOD ! repeat the diurnal cycle
TIMDAY 0.0 3600.0 7200.0 10800.0 14400.0 18000.0 21600.0
25200.0 28800.0 32400.0 3€000.0 39600.0 43200.0 46800.0
50400.0 54000.0 57600.0 61200.0 648C0.0 €8400.0 72000.0
75600.0 79200.0 82800.0 86400.C
RADSUN 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 ¢.o 0.0 0.0
0.0 0.0 0.0 0.0 c.o 0.0 0.0
g.0 0.0 0.0 0.0
END SOLAR _RAD
[ ]
FUEL_BSKT 3 ! Tetal numpber of fuel baskets

lst Fuel Basket

heat sink pairs for fuel basket #1

+ 4 A 4 X

IHSFL 12 3 4 5 6 7 8 9 10 11 12 13 14

IFLINS 71 ! define the adjacent center insert heat sink,
! ¢ for no insert

IFLMCO 15 ! define the adjacent MCC wall heat sink

IFLLID Q ! define the 1lid or floor heat sink tc which the fuel
I radiate to

]

AFLFL 0.131 flow area in the basket,

*
* fraction of gecmetric area exposed for oxidation
* 3.5 m2 / (4*16.8 m"2) = 0.0521
FAOXFL 0.00 0.067C2 0.00 0.06702 0.00 0.06702 0.00
0.06702 0.006 0.06702 0.00 0.06702 0.00 0.06702
FOX 10 0 ! multiplier for FAOXFL
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XDHYFL 5.05E-5 ! average diameter of hydride particle {(m}
*

* Nominal hydride: 4% of exposed surface with multiplier of 300
* XFLOXO*FXHDO = Fx * Fa * XDHYD / 6, where Fx is multiplier
* and Fa 1s area fraction
* = 0.04 ® 300 * 2.E-5 / &

* = 4.0E-5

*

* XFLOX0: initial oxide (oxide+hydride) thickness

* (to be applied to exXposed area)

* FXHYDU: fraction of initial oxide which 1s hydride

*

XFLOX0 10.21E-5 10.21EBE-5 10.21E-5 10.21E-5 10.21E-5 10.21E-5 10.21E-5
10.21E-5 10.21E-5 10.2Z1E-5> 10.21E-5> 10.21E-5 10.21E-5 10.21E-5
FXHYDOD 1.0 1.0 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0 1.0 1.0
*

* initial amount (kg} of water per geometric surface area (m"2) of fuel

* 0.1 kg / 16.8 m~2 = 0.0060
CEWFLO 0.0060 O0.0060 0.0060 0.0060 0.0060 0.0060 0.0060
C 0.0060 0.0060 0.0060 0.006C 0,0060 10,0060 0.0060
FWELO 0.3571 0.3571 0.3571 0.3571 0.3571 0.3571 0.3571
0.35%5%1 ©0.3571 0.3571 0.35%71 0.3571 ©0.3571 0.3571
FWELIO ©C.0 ! on the outer surface of the insert
FWFLMO O.C ! on the Iinner surface of the MCO wall
FAWFL 0.1 ! wetted fraction of fuel surface
FAWEFLM 1.0 | wetted fraction of MCO wall
MSLFEL 1l.1s ! mass of sludge particles (kg}) in the fuel basket
' 4.64toctal fuel & 4 baskets, soc 1.16 per basket
*
* yiew factor matrix between the insert,
* outer surface of outer fuel elements,
* and the MCC wall. Therefore, the dimension cof the square matrix is
* l+number of fuel rods+l. If there is no insert, number of fuel rods+l.
*
FVIEW 0.000 0.926¢ 0.074 0,000 0.000 0.000 0.000 0.000 0.000
0.175 0.31e 0.306 0.181 0.028 0.000 0.000 0.000 0.000
0.014 0.306 0.028 0.306 0.306 0.028 0,014 0.000 0.000
0.000 ©.181 0.306 0.000 0.334 (0.153 0.000 0.028 0.000
0.000 0.014 0.153 0.167 0.167 0.153 0.153 0.167 0.028
0,000 0.000 0,028 0.153 0.306 0.00C 0,028 0.306 0.181
0.000 0.000 0.014 0.000 0.306 (0.028 0.000 0.306 0.348
0.00C 0.000 0.000 0.014 0.167 0.153 0.153 0.049 0.4¢6¢
0.000 0.000 0.000 0.000 0.035 0.115 0.220 0.53%0 0.040
*
* gap distance for micro-convection calculatien
*
XGAP 0.000 0.018 0.000 0.000 0.000 ©€.0CC 0.000 0.000 0,000
¢.018 0,000 0.021 0.021 0.073 ¢.000 0.000 0.000 0.000
0.000 0,021 0.000 0.021 0.021 0.073 0.073 0G.000 0.000
0.000 0.021 0.021 0.000 0.021 0.021 0©.000 0.073 ©0.000
0.000 0.073 0.021 0.021 0.000 ©.021 ©0.021 0.021 0.083
0.000 0.00C ©0.073 0.0621 0.021 0.000 0.0732 0.021 0.058
0.000 0.00C 0.C73 0.000 ©0.021 0.073 0.000 06.021 0.026
0.000 0.000 0.000 0.073 0.021 0.021 06.021 0,000 ©.0le
0.000 ©0.0CO D.00OOD ©.000 0.0B3 ©0.058 0.026 0.016 0.000
*
* axial conduction tracked in the fuel elements
*
*

top to bottom axial partitions of the basket

AXIAL 0.0521 0.0425 0.0648 0.0995 0.152 0.2Z34 0.3551

* multiplier to FAOXFL|fraction of geometric area exposed for

* oxidation) for each axial basket. c¢lad damage confined to the tip.
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* 1, /0.0521=19.19%

C FOXAY 19.1% 0.0 0.0 0.0 0.0 0.0 0.0

FOXaX 1.00 1.0 1.0 1.0C 1.0 1.0 1.0

® multiplier to FWFLO, FWFLIO, and FWFMO (initial amecunt of water per
* geometric surface area of fuel, insert, and MCO wall) for each axial
* basket. water on the tip of fuel. 1./0.0521=19.19

C FWax 19.19 0.0 0.0 0.0 ¢.0 0.0 0.0

FWAX 1.00 1.0 1.0 1.0 1.0 1.0 1.0

* multiplier to XFLOX0 (initial oxide/hydride thickness) for each axial basket
FUH3AX 1.0 1.0 1.0 1.0 1.0 1.0 1.0

* partition of MSLFL(mass of sludge particles) for each axial bkasket. uniform.
FSLaX 0.0521 0.0425 0.0648 0.0585 0.152 0.234 ©0,3551

END IHSFL for 1st fuel basket
*

¢ 2nd Fuel Basket
*
* Y"gapME AS FUEL BASKET n" - duplicates the fuel basket data
SAME AS FUEL BASKET 1
* any overiding parameters cah ke followed
* define the heat sinks comprising the first fuel basket (must be
* in pairs, fer inner and cuter elements)

IHSFL 16 17 18 19 20 21 22 23 24 25 26 27 28 29
*

IFLINS 73 ! define the adjacent center insert heat sgink,
* 0 for no insert
IFLMCO 30 ! define the adjacent MCO wall heat sink

*

* initial amount (kg! <f water per geometric surface area (m"2) of fuel
* & kg / (16.8 m~2) = 0,3571
FWFLO 0.3571 0.3571 0.3571 0.3571 0.3571 ©0.3571 0.3571
0.3571 0.3571 ©.3571 ©.3571 0.3%71 ©.3571 {©.3571
END THSFL for 2nd fuel basket

*

* 3rd Fuel Basket

*
SAME AS FUEL BASKET 2
IHSFL 31 32 33 34 325 36 37 38 39 40 41 42 43 44
IFLINS 75 ! define the adjacent center insert heat sink
IFLMCC 45 ! define the adjacent MCO wall heat sink
END IHSFL for 3rd fuel basket
END FUEL_BSKT

*

SCRAP BSKT 2 ! Total number of scrap baskets

First scrap basket

IHSSC 46 bB55 48 49 50 51 52 53 54 I radial outward

ISCINS 77 I define the adjacent center insert heat sink,
!t 0 for ne insert

ISCFIN 47 I define copper fin heat sink

ISCMCO 66 ! define the adjacent MCO wall heat sink

IscLID 70 ! define the lid or flcor heat sink to which the scrap

' radiate to

mulitiplier for effective conductivity in scrap basket in the order read in
{only conduction part)

FKsC 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
mulitiplier for effective conductivity in scrap basket in the order read in
(only radiation part)

FR3C 0.71 0.71 0.71 0.29% 0.28 0.22 0.2%8 0.29 0.29
* porosity of the scrap for each heat sink in the order read in

FPOROS 0.40 0.40 0©.40
0.723 0.723 0.723 06.723 0.723 0.723

L

¢ *
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characteristic size for each scrap heat sink in the order read in {(m)
XDSCRP (0,00635 0.00635 0.00635
0.0254 0.0254 0.02%4 0.0254 0.0254 0.0254
XRSCBK 0.2842 ! radius of scrap basket (m)
XHSCBK 0.676 ! height of scrap basket (m)

eXposed surface area available for oxidation
per unit velume of scrap (1/m} for
each scrap basket heat sink in the order read in
Fine: Area= 2.0 m*2 Volume= 1.,58e~2 m"3 B/V=125.63
Coarse: Area= 2.5 m~2 Volume= 1.517e-1 m™~3 A/V=16.48
AVOX3C 125.63 125.63 125.63
16.48 16.48 16.48 16.48 16.48 16.48

FOX3C 10 © ! multiplier for AVOXSC
XDHYSC 4.2BE-5 ! average diameter of hydride particle (m}
*
¢ Ncminal hydride: 4% of exposed surface with multiplier of 300
* XECOXO*FSCHD = Fx ¢ Fa * KDHYD / 6, where Fx is multiplier
* and Fa 1s area fraction
* = (0.04 * 300 ® 2.E-5 / &
* = 4, 0E-5
* XSCOX0 initial cox¥ide thickness on the exposed surface (m)
* FSCHYD fraction of oxide which is hydride
* see fuel basket
¥{SCOX0 B.56E-5 8.56E~-5 8.56E-B 8.56E-5 8.56E-5 B.56E-5
8.56E-5 8.56E-5 8.56E~5
FSCHYD 1.0 1.0 1.0 i.0 1.0 1.0
1.0 1.0 1.0

-
*

P I

3 4+ + %

*

1.5 kg of water total for scrap basket; 1.5/0.1676 = 8.350 kg/m"3
MVWSCC 8.850 ! initial amount (kg) of water per unit bulk volume
' (m"3) of scrap
FWSCIO 0.0 ! on the outer surface of the insert
! (per unit area, m"~2)
FWsCcMD 0.0 ! on the inner surface of the MCO wall
|
)
!

(per unit area, m"2)

FAWSC 0.1 wetted fraction of surface area

FAWSCM 1.0 wetted fraction of MCO wall

XSCINS 0,001 ! gap distance between the insert and scrap basket
! 1/4" gap for scrap basket and mco wall

XSCMCC  0.00635 ! gap distance between scrap basket and MCO wall

MSLSC 8.25 ! mass of sludge particles (kg) in the scrap basket

axial conducticon tracked in the scrap basket

top to bottom axial partition
AXIRL C.1 0.4 0.4 0.1
multiplier for FPOROS{porosity of scrap) for each axial basket
FFPOR 1.0 1.0 1.0 1.0
multiplier for FOXSC(multiplier for oxidaticn area} for each axial basket
FFOXSC 1.0 1.0 1.0 1.0
multiplier for MVWsSCO(initial amount of water per unit volume) for each
axial basket. 1 kg on the bottom node, remaining 0.5 kg uniformly
distributed to top three nodes.
FMVWSC 0.3704 0.3704 0.3704 6.667
FMVWSC 0.333 0.333 0.333 7.00
multiplier for XDSCR({characteristic scrap size) for each axial basket
FXDSC 1.0 1.0 1.0 1.0
multiplier for FKSC{multiplier for effective conductivity in scrap)
FFKSC 1.0 1.0 1.0 1.0
END IHSSC for lst scrap basket

Second scrap basket
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SAME AS SCRAP
*
IHSSC 56 6
* .
ISCINS 789
ISCFIN 57
IsCMCo 67
ISCLID -6%
MVWSCO0 35.80
FWsCI0 0.0
FWsSCMO 0.73
FAWSC G.1
FAWSCM 1.0

top to bottom
AXIAL (C.25
multiplier for
FFPCR 1.C
multiplier for
FFOXSC 1.0
multiplier for
axial basket.
distributed to
FMVWSC 0.3704
FMVWSC 1.00
multiplier for
FXDSC 1.0
multiplier for
FFKsC 1.0
END IHSSC for

END SCRAP BSKT
*

2 8 ® ¥

*

HNF-SD-SNF-CN-023 REV 2

BASKET 1

5 58 5% 60 61 62 63 &4 ! radial cutward

define the adjacent center insert heat sink,
0 for no insert

define copper fin heat sink

define the adjacent MCO wall heat sink

! define the lid or floor heat sink to which the scrap
radiate to

initial amount {
(m*3) of scrap
on

(per unit area,

{per unit area,
wetted fraction
wetted fraction
axial partition
0.25 0.25 G.
FPCRCS (porosity of
1.0 1.0 1.0

kg) of water per unit bulk volume

the outer surface of the insert

m"~2)

on the inner surface of the MCO wall

o2
of surface area
of MCO wall

25

scrap) for each axial basket

FO¥XsCinmultiplier for oxidation area)

for each axial basket

1.0 1.0 1.0

MVWSCO{initial amount of water per unit volume)
1 kg on the bottom node,
top three nodes.

0.3704 0.3704 &.667

for each
remaining 0.3 kg uniformly

1.00 1.00 1.00

ADSCRicharacteristic scrap size) for each axial basket
1.0 1.0 1.0

FKSC{multiplier for effective conductivity in scrap)
1.0 1.0 1.0

2st scrap basket

END MCO

CASE 2, VPXDGP7

< VXDG.DAT

> VPXDGP7.DAT

< CASE VXDG: vac= 13 cfm, INDEFINIT VACUUM CYCLE,

< degraded vacuum

> CASE VPXDGP7: wvac= 30 cfm, He=0.7 scfm

< I3RC 0 ! User-defined sources

> TI8RC 1 I User-defined sources

> SOURCES 1 ! —— KEYWCRD AND # SOURCE GROUPS
> REGION 2 GASES 1 -~ REGION #, # GASES

> HELIUM l-- GAS NAMES MUST BE ON NEXT LINE
> 0 50.00 0.528E-4 O0.EOQ

> 1.8B6 50.00 0.528E-4 O0.EQ

> END REGICN l-— ENDS A REGICN SOURCEL

> END SOURCE !-— ENDS ALL SOURCE INPUT

CASE 3, VPXDGPTW

< VXEDG.DAT

> VPXDGETW.DAT

CN-023.APB
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CASE VXDG:
CASE VPXDGPIW:
ISRC 0 ! User-defined sources
ISRC 1 ! User-defined sources
FKGAS 1.0 3.0
SOURCES 1 ! —— KEYWORD AND # SOURCE GRCUPS
REGION 2 GASES 1 !-— REGION #, # GASES
HELIUM l-— GAS NAMES MUST BE CN NEXT LINE
0 50.00 0.528E-4 O0.EC
1.6 50.00 0.528E-4 0.E0
END REGION l—— ENDS A REGICN SOQURCEL

END S0URCE
MVWSCO 35.80
MVWSCC 300.00
FW3CMO 0.79
FWSCMO 39.50

CASE 4, VPDGB-4-4W

VANV ANVVYVVVVYVVYVYVVYAYAYVYA

VVVVVVY ALY ANYNYANYANVA

l-— ENDS ALL SQURCE INPUT
I initial amount (kg) of water per unit bulk volume
! initial amount (kg) of water per unit bulk wvolume
! on the inner surface of the MCO wall
! on the inner surface of the MCO wall

RUN 4A, VPXDGWO

VADG.DAT
VPXDGWO . DAT

*
*

CASE VXDG:
CASE VPXDGWO:
I3RC 0 !
ISRC 1 !
MODEL
FKGAS 1.0
END MODEL
SOURCES 1
REGION 2 GASE
HELIUM

0 50.00 0.
1.E6 50.00 0.

END REGION

END SOURCE
MVWSCO 35.80
MVWSCO 300.00
FWsCTMO 0.79
FWSCMC 39.50

RUN 4B, HEP7W1

VXDG.DAT
HEP7W]1 .DAT

*
*

CASE VXDG:
CASE HEPTWL:
TSTART
TSTART
RESTART_FILE
TLAST
TLAST 4
ISRC 0 !
ISRC 1 !
MODEL
FKGARS 1.0
END MODEL

REGION 2 GASES 1

HELIUM
0 50.00 Q

CN-023.APB

User-defined sources
User-defined sources

3.0

Y -— KEYWORD AND # SCUURCE GROUPS

51 I-- REGION #, # GASES

|-~ GAS NAMES MUST BE ON NEXT LINE
528E-4 ©0.E0
528E-4 O0O.EC

!-— ENDS A REGION SOURCEI

t—— ENDS ALL SOURCE INPUT
! initial amount (kg) of water per unit bulk volume
t initial amount (kg) of water per unit bulk volume
' on the inner surface of the MCO wall

I on the inner surface ¢f the MCO wall

0.0 ! START TIME, >0 FOR RESTART RUN

28805.0 !  START TIME, >0 FOR RESTRART RUN
VEXDGPTW.REW ' RESTART FILE NAMFE FOR RESTART RUN
86400, ! END TIME ({(Seconds)

3200. ! END TIME {(Seccnds)

User-defined scurces
User-defined sources

3.0
!'--~ REGICN #, # GASES

Y- GAS NBMES MUST BE ON NEXT LINE
.528E-4 O0.EQC
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> 1.E6 50.00 0.528E-4 O0.FK0

> END REGION !-— ENDS A REGION SOURCE1L

> END SOQURCE !~— ENDS ALL SOURCE INPUT

< AJIN 0.025 0.025 Q.025% 0.0078 0.0

> AJN 0.025 0.025 0.025 2.0078 5.06E-4

< PUMP 1 7 0 0 0.614E-2 0.0 0.0 0.0

< MVWSCO 35.80 ! initial ameount (kg) of water per unit bulk volume
> MVWSCO 300.00 ! initial amount {(kg) of water per unit bulk volume
< FWSCMO 0.79 ! on the inner surface of the MCO wall

> FWSCMO 39.50 I on The inner surface of the MCC wall

RUN 4C, VPXDGW2

< VXDG.DAT

> VPXDGW2 .DAT

< * CASE VXDG:

> ok CASE VPXDGW2Z:

< TETART 0.0 ! START TIME, >0 FOR RESTART RUN

> TSTART 43205.0 ! START TIME, >0 FOR RESTART RUN

> RESTART_FILE HEPTWL.REW ! RESTART FILE NAME FOR RESTART RUN
< TLAST 86400. ! END TIME (Seconds)

> TLAST 57600. ! END TIME |[Seconds)

< ISRC 0 ! User-defined sources

> ISRC 1 | User~defined sources

> MODEL

> FKGAS 1.0 3.0

> END MODEIL

> SOURCES 1 ! —— KEYWORD AND # SCURCE GRCUPS

> REGION 2 GASES 1 !-— REGION #, # GASES

> HELIUM '-— GAS NAMES MUST BE ON NEXT LINE
> 0 50.00 0.528E-4 0.EO

> 1.E6 50.00 0.528E-4 O0.EQ

> END REGICH !'-— ENDS A REGION SCURCEL

> END SQURCE -~ ENDRS ALL SOURCE INPUT

< MVWSCO 35.80 ! initial amount (kg) of water per unit bulk volume
> MVWSCO 300.00 ! initial amount {(kg) of water per unit bulk volume
< FWsCMD D.79 I on the inner surface of the MCO wall

> FWSCMO 39.50 ! on the inner surface of the MCO wall

RUN 4D, HEP7W3

< VXDG.DAT

> HEP7W3.DAT

< * CASE VXDG:

> CASE HEPTW3:

< TSTART 0.0 ! START TIME, >0 FOR RESTART RUN

el TSTART 57605.0 ! START TIME, >0 FOR RESTART RUN
> RESTART FILE VPXDGWZ2 .REW ! RESTART FILE NAME FOR RESTART RUN
< TLAST 86400C. I END TIME (Seconds)

> TLAST 72000, ! END TIME |[Seconds)

< ISRC 0 ! User-defined sources

> ISRC 1 | User-defined sources

> MODEL

> FKGAS 1.0 3.0

> END MODEL

> REGION 2 GASES 1 !-— REGION #, # GASES

> HELIUM |-~ GAS NAMES MUST BE ON NEXT LINE
> 6} 50.00 0.528E-4 0.EO0

> 1.Ee 50.00 0.5288-4 O0.EQ

> END REGTION -~ ENDS A REGION SOURCEL

> END SCURCE | -— ENDS ALL SOURCE INPUT
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< AJN ¢.025 0.025 0.025 0.0078 0.0

> AJN 0.025 0.025 0,025 0.0078 5,06E-4

< PUMP 1 7 0 0 0.614E-2 0.0 0.0 0.0

< MVWSCO 35.80 ! initial amount (kg) of water per unit bulk volume
> MVWSCO 300.00 ! initial amount (kyg) of water per unit bulk volume
< FWSCMO 0.78 ! on the inner surface of the MCO wall

> FWsCcMO 39,50 ! on the inner surface of the MCO wall

RUN 4E, VPXDGW4

< VXDG.DAT

> VPXDGW4 .DAT

< . CASE VXDG:

> @ CASE VPXDGEW2:

< TSTART c.c ! START TIME, >0 FCR RESTART RUN

> TSTART 72005.0 ! START TIME, >0 FOR RESTART RUN

> RESTART FILE HEP7W3.REW ! RESTART FILE NAMFE FOR RESTART RUN
< TLAST 86400. ! END TIME (Seconds)

> TLAST 86400. ! END TIME (Seconds)

< ISRC 0 ! User-defined sources

> ISRC 1 ! User-defined sources

> MODEL

> FKGAS 1.0 3.0

> END MODEL

> S8SOURCES 1 ! —— KEYWCRD AND # SOURCE GROUES

> REGION 2 GASES 1 !+~ REGION #, # GASES

> HELIUM !-— GAS NAMES MUST BE ON NEXT LINE
> 9] 50.00 0.528E-4 0.E0

> 1.E6 50.00 0,528E-4 0.E0

> END REGION - ENDS A REGION SOURCE1L

> END SQOURCE !-— ENDS ALL SOURCE INPUT

< MVWSCO 35.80 ! initial amount {kg) of water per unit bulk volume
> MVWSCO 300.00 ! initial amcunt (kg) of water per unit bulk volume
< FWSCMO 0.79 ! on the inner surface of the MCO wall

> FWSCMO 39.50 ! on the inner surface of the MCO wall

CASE 5, VAIRILOC

< VZDG.DAT

> VAIRILOC,DAT

< CASE VXDG: vac= 13 c¢fm, INDEFINIT VACUUM CYCLE,

< degraded vacuum

< UH3=12, U=10, H20=26.5 kg, SFFFS, TWO SCRAP BASKETS (SFFFS)
> CASE VAIRILOC: vac= 30 cfm, He=0 scfm INDEFINIT VACUUM CYCLE,
> UH3=12, U=10, H20= .5 kg, SFFFS, TWCO SCRAP BASKETS (SFFFS)
< OXYGEN 0.0 0.00

< NITRCGEN 0.0 1.00

< WATER 1.0 0.0

> OXYGEN 0.21 0.21

> NITROGEN 0.79 0.79

> WATER 0.0 0.0

< EXTRAPOCLATION TIMEHS EXTRAP

< TIMIHS 15 2 0.0 1.E86

< THSFIX 15 2 50.0 50.0

< TIMTHS 30 2 0.0 1.E6

< THSEIX 30 2 50.0 50.0

< TIMTHS 45 2 0.0 1.E6

< THSFIX 45 2z 50.0 50.0

< TIMTHS &6 2 0.0 1.E6

< THSFIX 66 2 50.0 50.0

< TIMTHS €7 2 0.0 1.E6

< THSFIX &7 2 50.0 50.0
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< TIMTHS 68 1 0.0 1.Eo

< THSFIX 68 1 50.C 50.0

< TIMTHS 69 2 0.C 1.E6

< THSFIX €9 2 50.0 50.0

< JUNCTIONS 5 ' # of Junctions

> JUNCTIONS 6 ' # of Junctions

> BATHS [

> IJTYP 1

> IR1 7

> IR2 2

> THORIZ 1

> XWIN 0.61

> ¥HJIN 0.61

> XLJIN 0.03

> AJN 0.00001

> 21JIN 0.00

> Z2JIN 0.00

> CJIN 1.0

> DEJN 1.0

> NSO 4]

o END PATHS ! PATHS is a comment.
< PUMP 1 7 0 0 0.0l4E-2 0.0 0.0
> PUMP 1 7 0 8] 1.416E-2 0.0 0.0
CASE 6, OVLOCXAL

< VXDG.DAT

> OVLOCKXAL.DAT

< CASE VXDG: wvac= 13 c¢fm, INDEFINIT VACUUM CYCLE,

< degraded vacuum

< UH3=12, U=10, H20=26.5 kg, SFFFS, TWO SCRAP BASKETS
> CRASE OVLOCY¥AL: OPEN MCO w 1 hele, U=10,UH3=12, H20=26.5

> AL{(OH)3 water in 3 regions,

< ISRC 0 I User-defined socurces

> TSRC 1 | User-defined scurces

> SOURCES 3 ! —— KEYWORD AND # SOURCE GROUPS
> REGION 2 GASES 1 !'-— REGION #, # GASES

> STEAM !——~ GAS NAMES MUST BE ON NEXT LINE
> 0. 150.00 0.0 0.E0

> 41400, 150.00 0.0 0.EQ

> 41410, 150.00 5.4E-5 0.EO

> 51400, 150.00 5.4E-5 O0.EO

> 51410. 150.00 0.0 0.E0

> 1.E6 150.00 ¢.0 0.EC

> END REGION |-- ENDS A REGION SOQURCE

> REGION 1 GASES 1 !~— REGION #, # GASES

> STEAM -~ GAS NAMES MUST BE ON NEXT L INE
> 0. 150.00 0.0 0.B0

> 63000, 150.00 0.0 O.EQ

> 630106, 150.00 8.1lE-6 0O.EC

> 73000, 150.00 B.lE-6 O0.EO

> 73010. 150.00 0.0 0.EQO

> 1.E6 150.00 0.0 0.E0

> END REGION |—-- ENDS A REGION SOURCE

> REGION 5 GASES 1 '-— REGION #, # GASKES

> STEAM l—-— GAS NAMES MUST BE ON NEXT LINE
> 0. 150.00 0.0 0.EO0

> 63000. 150.00 0.0 0.EO

> 63010. 150.00 0.9E~-5 O0.EO

> 83000. 150.00 0.8E-5 O.EC

> 23010, 150.00 0.0 0.E0

> 1.E6 150.00 0.0 G.EQ
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END RE
END sS0OU
OXYGE
NITRO
WATER
OXYGE
NITRO
WATER

TIMTHS
THSFIX
TIMTHS
THSFIX
TIMTHS
THSFIX
TIMTHS
THSFIX
TTMTHS
THSFIX
TIMTHS
THSFIX
TIMTHS
THSFIX

PUMP
FAWFLM
FAWFLM

FKSC

FKSC

ABCIN

FAWSC

XSCIN

FAWSC

FAWSC

XSCIN

VVANVY AV AVAAVANVVYAAANAANAANANAANAANAANANAANAAAANVYVYVANAYVYY

CASE 7, OVLOCRHE

< OVLOCXAL,DAT

> OVLOCRHE.DAT

< CASE OVLOCXAL: OPEN MCO w 1 hole,
<

> CASE OVLOCRHE:

< SOURCES 3 !
> SOURCES 1 !
< STEAM

< 0. 150.00 0.0 0.E0

< 41400, 150.00 0.0 0.E0

< 41410. 150.00 5.4E-5 UG.EQ
< 51400. 150.00 5.4E-5 0.EO
< 51410, 150.00 0.0 C.ED

< 1.E% 150.00 0.0 0.E0

> HELIUM

> 0 50.00 0.528E-4 0.E0

> 1.E6 50.00 C.528E-4 C0.EQO

< REGION 1 GASEs 1

< STEAM

CN-023 APB

GION
RCE
N
GEN

N
GEN

EXTRAPOLATIO

15
15
30
30
45
45
66
66
67
o7
68
68
69
69
XWJIN
KHJIN
XWIN
YHJIN
AJN
AJN

N =N=SN

s
M
)
M
M
s

SO OO Oo0OWnE O
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oD O D O D
e} (@] [ =) (= )

oMo OO oummoOno S
o o
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O .

!

1
0.5
1.0
.001
.1
L0001
.0
.1
.0001

LoD OoODO0OO0O0O

OO
s

.78

0

.0
.0

HNF-SD-SNF-CN-023 REV 2

= o Ok O

0

IMEHS

1.E6
50.0
1.E6
50.0
1.E6
50.0
1.E6
50.0
1.E6
50.0
1.E6
50.0
1.E¢
50.0

25 0
25 0
0

!-- ENDS A REGION SCURCE
!'-— ENDS ALL SOQURCE INPUT

.00

.00

.0

.00

.00

.0

EXTRAP

0.61 0.6l

0.61 g.61

0.61 0.6l

0.61 0.6l

.025 0.025
.025 0.025

¢ G.614E-2

wetted fraction of MCO wall
wetted fraction of MCO wall

0

1
!

.5 0.5
.0 0.7

0.5
0.7

0.5 0.5 0.5
0.7 0.7 0.7

Sl ols B & e % e B 0 B o

.61 2.54E-2
.61 2.548-2
.61 0.64E-2
.6l 0.64E-2
.0078 0.0

.0078 3.17E-5

0 0.0 0.0
0.5

0.7

gap distance between the insert and scrap basket

wetted fraction of MCO
! gap distance between

wetted fractjion of MCO wall
wetted fraction of MCO wall

| gap distance between

{compared to OVLOCKAL}

wall
the insert and scrap basket

the insert and scrap basket

U=10,UH3=12, H20=26.5

AL(OH})3 water in 3 regilons, fksc=0.7, frsc=0.714&.29

SCHe on w 10 psig relief, U=10,UH3=12, H20=26.5
-~ KEYWORD AND # SOURCE GROUPS

-- KEYWORD AND # SOURCE GROUPS

'-- GAS NAMES MUST

BE ON NEXT LINE

!-- GAS NAMES MUST BE QN NEXT LINE

'~— REGION #, # GASES
|-~ GAS NAMES MUST BE ON NEXT LINE
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< 0. 150.00 ©.C 0.ECQ

< 63000. 150,00 0.0 0.80

< 63010. 150.00 8.1E-6 O0.EO

< T73000. 150.00 8.1E~6 0.EC

< 73010, 150.00 0.0 O.EQ

< 1.E6 150.00 0.0 0.E0

< END REGION I-- ENDS A REGILION SOURCE

< REGION 5 GASES 1 |-~ REGION #, # GASES

< STEAM 1—— GAS NAMES MUST BE ON NEXT LINE
< a. 150.00 0.0 0.E0

< 63000. 150.00 0.0 0.E0

< 63010, 150.00 0.98-5 0O.EO

< 93000. 150.00 0.9E-5 O0.RO

< 93010. 150.00 0.0 0.EO

< 1.E6 156.00 0.0 0.E0Q

< END REGION '-— ENDS A REGION SQURCE

< PRESSURE 1.013E5 L.013ES5 1.013E5 1.013E5 1.013ES
> PRESSURE 1.703E5 1.703E5 1.703E5 1.703E5 1.703E5
< PRESSURE 1.013E5 1.013E5

> PRESSURE 1.013E85 1.7C3E5

< XWIN 0.61 0.6l 0.61 0.61 0.64E-2
< XEIN 0.61 0.61 .61 0.6l 0.64E-2
> KWIN 0.61 0.61 0.6l 0.61 1.248-2
> XHIN 0.61 0.61 0.61 0.61 1.24E-2
< AJN 0.025 0.025 0.025 0.0078 3.17E-5
> AIN 0.025% 0.025 0.025 0.0078 1.27E-4
CASE 8B, OVLOCREC

< OVLOCXAL.DAT

> OVLOCREC.DAT

< CASE OVLOCXAL: CPEN MCC w 1 hole, U=10,URK3=12, H20=26.5

> CASE OVLOCREC: OPEN MCC w 1 hole, U=10,UH3=12, H20=26.5

< TSTART G. ! START TIME, >0 FOR RESTART RUN

> TSTART 39605, ! START TIME, >0 FOR RESTART RUN
> RESTART_FILE OVLOCKXAL.REW ! RESTART FILE NAME FOR RESTART RUN
< ISRC 1 ! User-defined sources

> ISRC 0 ! User-defined sources

< SQURCES 3 I -— KEYWORD AND # SOURCE GRQUPS

< REGION 2 GASES 1 !~- REGION #, # GASES

< STEAM -~ GAS NAMES MUST BE ON NEXT LINE
< Q. 150.00 Q.0 LEO

< 41400. 150.00 0.0 LEO0

< 41410, 150.00 5.48-5 O0.EO

< 51400. 150.00 5.4E-5 0.EO

< 51410. 150.00 0.0 ED

< 1.E6 150.00 0.0 .BO

< END REGION !1-— ENDS A REGION SOURCE

< REGION 1 GASES 1 l-- REGION #, # GASES

< STEAM !'-—- GAS NAMES MUST BE ON NEXT LINE
< Q. 150.00 0.0 .EO

< 63000, 150.00 0.0 .EO0

< 63010. 150.00 8.1E-6 Q.EQ

< 73000. 150.00 8.1E-6 O0.80C

< 73010. 150.00 0.0 .EO

< 1.E6 150.00 0.0 .EO

< END REGION t—— ENDS A REGION SOURCE

< REGION 5 GASES 1 !—— REGION #, # GASES

< STEAM t—— GAS NAMES MUST BE ON NEXT LINE
< 0. 150,00 0.0 0.EO

< &3000. 150.00 0.0 0,80

< £3010. 150.00 0.9E-5 0O.EQ

CN-023.APB
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< 93000. 150.00 0.9E-5 Q.E0

< 93010. 150.00 0.0 0.E0

< 1.E6 150.00 C.0. ©0.EO

< END REGION \-—- ENDS A REGION SCURCE

< END SOURCE !~- END& ALL SQURCE INPUT

< VOLUMES 7 I tetal number of control volumes

> VOLUMES 8 ! total number of control volumes

< * gap envirenment

< REGIONS & 7

< VOLUME 0.12 1.E9

<  SED_AREA 0.0 0.0

< ELEVATION 0.0 0.0

<  TEMP_GAS 50.0 26.7

< PRESSURE 1.013EL 1.013ES

> * gap environment cool annulus

> REGIONS 6 7 B

> VOLUME 0.12 1.E9 0.12

> SED AREA 0.0 0.0 0.0

>  ELEVATION a.0 0.0 0.0

>  TEMP_GAS 50.0 26.7 26.7

> PRESSURE 1.013E5 1.013E5 1.013E5

< GASES 6 7

< HELIUM 0.0 0.0

< STEAM 0.0 0.0

< OXYGEN 0.21 0.00

< NITROGEN 0.79 1.00

< WATER 0.0 0.0

> GASES [ 7 8

> HELIUM 0.0 0.0 0.0

> STEAM 0.0 0.0 0.0

> OXYGEN 0.21 0.00 0.0

> NITROGEN 0.79 1.00 0.0

> WATER 0.0 0.0 1.0

< IREGO 3 3 3 3 &
> IREGO 3 3 3 3 8
< IREGO 4 4 4 4 3
> IREGO 4 4 4 4 8
< IREGO 5 5 5 5 &
> IREGO 5 5 5 5 8
< TREGO 3} 3

> IREGO 2] 8

< IREGI 6 2 1 0

> IREGI 8 2 i 0

< IREGO 7 [ 7 0

> IREGO 7 g 7 0

< THSCSK 68 ' define the cask heat sink

< IRGAP <] ! define the gap node {(between MCC wall and the cask)
> IHSCSK O ! define the cask heat sink

> IRGAF 8] ! define the gap node (between MCO wall and the cask)

CASE 9, OVLOF

< OVLOCXAL.DAT
> OVLOF.DAT

< CASE OVLOCXAL: OPEN MCO w 1 hole, U=10,UH3=12, H20=26.5

< AL{OH)2 water in 3 regions,

S CASE OVLOF: OPEN MCO w 1 hcle, U=10,UH3=12, H20=26.5

< ISRC 1 | User-defined sources

> ISRC 0 ! User-defined sources

< SQURCES 3 ! -—— KEYWORD AND # SCURCE GRCOUES
< REGION 2 GASES 1 t-— REGION #, # GASES

< STEAM !-— GAS NAMES MUST BE ON NEXT LINE
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< 0. 150.00 0.0 0.E0

< 41400. 150.00 0.0 0.E0

< 41410. 150.00 5.4E~-5 O.EC

< 51400. 150.00 5.4E~5 0.EO0

< 51410. 150.00 0.0 0.E0

< 1.E6 150.00 0.0 0.R0

< END REGION -~ ENDS A REGION SOURCE
< REGION 1 GASES 1 !-- REGION #, # GASES

< STEAM 1-- GAS NAMES MUST BE ON NEXT LINE
< a. 150.00 0.0 0.EC

< 63000. 150.00 0.0 0.E0

< €3010. 150.00 B8.1E-6 O0.EO

< 73000. 150.00 8.1E-6 O.EC

< 73010, 150.00 0.0 0.80

< 1.E6 150.00 ¢.C G.EQ

< END REGION I-- ENDS A REGICN SOURCE
< REGION 5 GASES 1 1-— REGION #, # GASES

< STEAM !-- GAS NAMES MUST BE ON NEXT LINE
< 0. ‘ 150.00 0.0 0.E0

< 63000. 150G.00 0.0 G.EC

< 63010. 150.00 0.9E-5 0.80

< 93000. 150.00 0.9E-5 O0.E0D

< 93010. 150.00 0.0 0.80

< 1.E6 150.00 0.0 0.E0

< END REGION {-- ENDS A REGION SOURCE
< END SQURCE t—— ENDS ALL SOURCE INPUT
< OXYGEN 0.21 0.00

< NITROGEN 0.79 1.00C

< WATER 0.0 0.0

> CXYGEN 0.00 0.00

> NITROGEN 0.00 1.00

> WATER 1.0 0.0

CASE 10, 0OV50C

< OVLOCXAL.DAT

> OV50C.DAT

< CASE OVLOCXAL: OPEN MCC w 1 hole, U=10,UH3=12, H20=26.5

CN-023.APB

AL(OH)3 water in 3 regions
CASE QV50C: OPEN MCO w 1 hole, U=10,UH3=12, H20=26.5

<

>

< ISRC 1 1 User-defined sources

> I3RC o I User-defined sources

< SOURCES 23 ! ~— KEYWORD AND # SCOURCE GROUPS
< REGION 2 GASES 1 '-- REGION #, # GASES

< STEAM t—— GAS NAMES MUST BE ON NEXT LINE
< n. 150.00 0.0 0.E0

< 41400. 150.00 0.0 0.EC

< 41410, 150.00 5.4FE-5% 0.EO

< 51400. 150.00 5.48-5 O0.EO

< 51410. 150.00 0.0 0.EO0

< 1.E6 150.00 0.0 0.EQ

< END REGION t-—- ENDS A REGICN SOQOURCE

< REGION 1 GASES 1 '—— REGION #, # GASES

< STEAM l-— GAS NAMES MUST BE ON NEXT LINE
< 0. 150.00 0.0 0.EQ

< 63000. 150.00 0.0 0.ED

< 63010. 150.00 8.1E-6 0.0

< 73000. 150.00 B.1lE-6 O0.EQ

< 73010. 150.00 0.0 0.EO

< 1.E6 150.00 0.0 0.EQ

< END REGICON !-— ENDS A REGION SOURCE

< REGION 5 GASES 1 !-— REGION #, # GASES
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CASE 11, OVLOF99C

< QVLOCXAL.DAT

> OVLCF99C.DAT

CASE OVLOCXAL:
AL{OH)3 water in 3 regions,

CASE OVLOFSSC:

ISRC
ISRC
SCOURCES
REGION
STEAM
o.
41400.
41410,
51400.
51410.
1.E6

REGION
STEAM
a.
©3000.
6301¢0C.
73000.
73010,
1.E6

REGION
STERM

AAANAANNAANANANANANANNANAANANANANY ANV AN

CN-023.APB

1

0
3

2

END REGION
1

END REGION

5

!
!

GASES

150.
150,
150.
.00
.Go

150
150

150,

00
00
0o

aa

GASES

150.
150.
150.
150.
150.
150.

oo
00
00
00
oo
00

GASES

HNF-SD-SNF-CN-023 REV 2

<  STEAM l-- GAS NAMES MUST BE ON NEXT LINE
< 0. 150.00 0.0  ©.EO

< 63000.  150.00 0.0  O.EC

< 63010,  150.00 0.9E-5 0.EO

< 93000.  150.00 C.$E-5 O.EQ

< 93010. 150.00 0.0  0.EO -

< 1.E6 150.00 0.0  0.ED

<  END REGION !-- ENDS A REGION SOURCE
< END SOURCE !-- ENDS ALL SOURCE INPUT
< OXYGEN 0.21 0.00

< NITROGEN 0.79 1.00

< WATER 0.0 0.0

> OXYGEN 0.00 0.00

> NITROGEN 0.00 1.00

> WATER 1.0 Q.0

>  OFFSET TIMEHS 0.

>  EXTRAPOLATION_ TIMEHS EXTRAP
>  TIMTHS 15 2 0.0 1.E6

>  THSFIX 15 2 50.0 50.0

>  TIMTHS 30 2 0.0 1.E6

>  THSFIX 30 2 50.0 50.0

>  TIMTHS 45 2 0.0 1.E6

>  THSFIX 45 2 50.0 50.0

>  TIMTHS 66 2 0.0 1.E6

>  THSFIX 66 2 50.0 50.0

>  TIMTHES 67 2 0.0 1.E6

>  THSFIX €7 2 50.0 50.0

> TIMTHS 68 1 0.0 1.86

>  THSFIX 68 1 50.0 50.0

>  TIMTHS 69 2 0.0 1.E6

>  THSFIX 6% 2 50.0 50.0

OPEN MCO w 1 hole, U=10,UH3=12, H20=26.5

OPEN MCO w 1 hcle, U=10,UH3=12, H2Z20=26.5
User-defined sources
User-defined sources

.

o

(o NN N o)

CoOoO@@DMO O

! -~ KEYWORD AND # SOURCE GROUPS
|-— REGION #, # GASES
t—— GAS NAMES MUST BE ON NEXT LINE

.EO
.EO

0.EQ
0.E0

.EO
LEC

!-— ENDS A REGION SQURCE
|-— REGION #, # GASES
'-— GAS NAMES MUST BE ON NEXT LINE

.ED
.EO

0.E0
0.E0

.EQ
.EO

!~- ENDS A REGION SCURCE
l-- REGION #, # GASES
'-~ GLAS NAMES MUST BE ON NEXT LINE
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0.
63000,
63010.
93000.
93010.
1.E6

END SOURCE
TEME GAS
TEMP_GAS

OXYGEN
NITROGEN
WATER
CXYGEN
NITROGEN
WATER

TIINIT

TOINIT

TIINIT

TOINIT

TLIINIT

TOINIT

TIINIT

TOINIT

TIINIT

TOINIT

TIINIT

TOINIT

TIINIT

TOINIT

TIINIT

TOINIT

TIINIT

TOINIT

TIINIT

TOINIT

IHSCSK
IRGAP
THSCSK
IRGAP

VY AAVVAAVVYVAAVVYAAVVAAVYVVYAAVYVVVYAAAVYAANANANANARN

END REGION

6
6
0
0

150

150

150.

150

150.

50.
50.
50.
50,
50.
0.
50.
50.

8

CASE 12, OVLCCNOH

< OVLOCXAL.DAT
> OVLOCNOH.DAT

-Qo
150.
.00

0o

oo

.00

o0

User-defined

< CASE OVLOCKAL:
<

> CASE OVLOCNOH:
< I5RC 1 !

> I3RC 0 !

<  SQURCES 23

< REGICN 2 GASES
< STEAM

< 0. 150.00
< 41400. 150.00
< 41410. 150C.00
< 51400. 150.00
< 51410. 15G.00
< 1.E6 150.00
< END REGION

< REGION 1 GASES
< STEAM

CN-023.APB

.00
.00
.00
.00
.00
.00
.00
.00

HNF-SD-SNF-CN-023 REV 2

50.
50.
s¢.

50

50,
50.
50.

EO
EO
0.E0
0.EC
EO
EO '
t-- ENDS A REGION SOURCE
!-- ENDS ALL SOURCE INPUT
26.7
26.7
0.00
1.00
0.0
0.c0
1.00
0.0
50.00 50.00 50.00 50.
56.00 50.00 50.00 50
50.00 50.00 50.00 95.
50.00 50,00 50.00 85
00 50.00 50.00 50.00
00 50.00 50.00 50,00
0o 50.00 50.00 85.00
.00 50.00 50.00 35.00
.00 50.00 50,00 50.00
0o 50.00 50.00 50,00
0o 50.00 50.00 85.00
00 50.00 50.00 95.00
50.00
50.00
95.00
85.00
50.00 50.00 50.00
50.00 50.00 50.00
$5.00 50.00 50.00
95.00 50.00 50.00

define the cask heat sink
! define the gap ncde (between MCO wall and the cask}
define the cask heat sink

define the gap node (between MCC wall and the

OPEN MCO w 1 hole, U=10,UH3=12, H20=26.5

AL(CH)3 water in 3 regions,

OPEN MCO W 1 hole, U=10,UH3=0, H20=26.5
User-defined

1

[

OO WL oo

0 Q
0 0
4E-5
4F-5
g g
0 0

.EO
LEQ

sources

sources

! —— KEYWORD AND # SOURCE GROUPS
!'-— REGICN #, # GASES

!-- GA3 NAMES MUST BE ON NEXT LINE

C.EQ
0.EQ

LEG
.EQ

|-~ ENDS A REGION SOURCE
t-— REGION #, # GASES
!-— GAS NAMES MUST BE ON NEXT LINE

B-33
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< 0. 150.00 0.0 0.EOQ

< 63000. 150.00 0.0 0.E0

< €3010. 150.00 8.1lE-6 0.EO

< 73000. 150.00 8.1E-6 O0.EQ

< 73010. 150.00 0.0 0.E0

< 1.E6 150.00 0.0 C.EC

< END REGION '—-— ENDS A REGION SQURCE

< REGION 5 GASES 1 '!-— REGION #, # GASES

< STEAM l-— GAS NAMES MUST BE ON NEXT LINE
< 0. 150.00 0.0 0.EO

< 63000. 150.00 0.0 0.EQ

< 63010, 150.00 0.9E-5 0Q.EO

< 93000, 150.00 0.9E-5 0.EO

< 93010. i50.00 0.0 0.ED

< 1.E6 150.00 0.0 0.E0

< END REGION t--~ ENDS A REGION SOURCE

< END SOURCE |-- ENDS ALL SOURCE INPUT

< IHYDKP 1 ! =0, normal depletion of hydride (rate decreases with mass)
> THYRKP O I =0, normal depletion of hydride {(rate decreases with mass)
< FXHYDO 1.0 1.0 1.0 1.0 1.0 1.0 1.0

< 1.0 1.0 1.0 1.0 1.0 1.0 1.0

>  FXHYDC 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

< FSCHYD 1.0 1.0 1.0 1.0 1.0 1.0

< 1.0 1.0 1.0

> FSCHYD 0.0 0.0 0.0 0.0 0.0 0.0

> 0.0 0.0 0.0

CASE 13, OVILOCNOM

< OVLOCXAL.DAT

> QVLOCNOM, DAT

< * CASE OVLOCXAL:

> * CASE OVLOCNCM:

< ISRC 1 - ! User—-defined sources

> ISRC 0 I User-defined sources

< SOQURCES 3 | —-- KEYWORD AND # SQURCE GROUPS
< REGION 2 GASEs 1 '—— REGION #, # GASES

< STEAM l-- GAS NAMES MUST BE ON NEXT LINE
< O. 150.0C C.0 0.E0

< 41400. 150.00 ¢.0 0.EC

< 41410, 150.00 5.4E-5 O0.EQ

< 51400. 150.00 5.4E-5 0.EO

< 51410, 150.00 0.0 0.EC

< 1.E6 150.00 0.0 0.EO0

< END REGICN t—— ENDS A REGION SOURCE

< REGION 1 GASES 1 l-- REGION #, # GASES

< STEAM '—-— GAS NAMES MUST BE ON NEXT LINE
< 0. 150.00 0.0 0.EO0

< 63000. 150.00 0.0 0.E0

< 63010. 150.00 8.1E~-6 O0.EO

< 73000, 150.00 B8,1E-6 0.EO

< 73010, 150.00 C.0 0.EO0

< 1.E86 150.00 C.C 0.EQ

< END REGION !-- ENDS A REGION SCURCE

< REGION 5 GASES 1 !-- REGION #, # GASES

< STEAM l-- GAS NAMES MUST BE ON NEXT LINE
< 0. 150.00 0.0 0.E0

< 63000C. 150.00 0.0 0.EOD

< 63010. 150.00 0.9E-5 0.E0

< 43000, 150.00 0.9E-5 O0.EOD

< 93010. 150.00 0.0 0.0

CN-023.APB B-34




HNF-SD-SNF-CN-023 REV 2

< 1.E6 150.00 0.0 0.E0

< END REGION l-- ENDS A REGION SQURCE

< END SOURCE !-- ENDS ALL 3QURCE INPUT

< URANTUM 1 18573.3 24.2 r2z2.e7 1955.2 -1
> URANIUM 1 18573.3 24.z2 122.67 1015.4 -1
< SCRAP-URANIUM 4 18G0G, 26.89 1l22.67 2326.53 g.7¢
> SCRAP-URANIUM 4 18000, 26.9 122.87 1208.24 .70
< FACXFL 0.00 0.06702 0.00 0.08&702 0.00 0.08702 0.00

< 0.06702 0.00 0.06702 0.00 0.06702 0.00 0.06702

< FOX 10 © ! multiplier for FROXFL

> FAOXFL (©.00 0.00362 0.00 0.00362 0.00 0.00362 0.00

> 0.00362 0.00 0.00362 0.00 0.00362 0.00 0.00362

> FOX 3 0 I multiplier for FAROXFL

< AVO¥3C 125.63 125.83 125,63

< 16.48 16.48 16.48 16.48 16.48 16.48

< FOXSC 16 © ! multiplier for AVOXSC

> AVOXSC 47.46 47 .46 47.46

> 6.25 6.25 6.25 6.25 €.25 6.25

> FOXS3C 3 0 ! multipiier for AVOXSC

CASE 14, OVLOCIAX

< OVLOCXAL.DAT

> OVLOClAX.DAT

< CASE OVLOCXAL: OPEN MCO w 1 hole, U=10,UH3=12, H20=26.5

> " CASE OVLOCLlAZ: CPEN MCO w 1 hole, U=10,UH3=12, H20=26.5

< 41400. 150.00 0.0 0.E0

< 41410, 150.00 5.4E-5 0Q.ED

< 51400. 150.00 5.4E-5 O0.ED

< 51410. 150.00 0.0 0.E0

> §3400. 150.00 0.0 0.EO0

> 93410. 150.00 5.4E-5 0.E0

> 103400. 150.00 5.4E-5 0.E0

> 103410, 150.00 0.0 0.EQ

< 63000. 150.00 0.0 0.E0

< 63010. 150.00 8.1E-6 0.EQ

< 73000. 150.00 B.1E-6 0.E0O

< 73010. 150.00 0.0 0.50

> 79000, 150.00 0.0 0.E0

> 78010. 150.00 8.1E-6& O0.EQ

> 89000. 150.00 8.1E-& O0.EC

> 89010, 150.00 0.0 0.EO

< 63000. 150.00 4.0 0.E0

< 63010. 150.00 0.9E-5 O0.EO

< 93000. 150.00 0.9E-5 ©0.ED

< 93010, 150.00 0.0 0.E0

> 93000. 150.00 0.0 0.ED

> 83010. 150.00 0.9BE-5 0.EQ

> 123000. 150.00 C.2E-5 O©.EO

> 123010. 150.00 0.0 0.EO

< XRI 0.03493 0.055 0,075 0.09654

< XRC 0.055 0.075 0.09336 0.130

> XRI 0.0841 0.085 0.105 g.1183

> XRO 0.095 0.105 0.1182 0.155 0
< XRI 0.160 ¢.18¢C 0.220 0.250 0
< XRO 0.190 0.220 0.250 0.2842 o]
> XRI 0.180 0.205 0.230 0.255 Q
> XRO 0.205 0.23C 0.255 0.2824 4]
CN-023. APB B-35
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< XRI 0.03493 0.055 0.075 0.089654 0.130

< XRO 0.055 0.075 0.0933¢6 0.130 0.160

>  XRI 0.0841 0.095 0.105 0.1183 0.155

> XRO G.085 ¢.105 0.1183 0.155 0.180

< XRI 0.160 0.120 0.220 0.250 0.2842

< XRO 0.1%0 0.220 0.250 0.2842 0.28738

> RRI 0.180 0.205 0.230 0.255 0.2824

> XRO 0.205 0.230 0.255 0.2824 0.28557

< XRI 0.3050 0.3050

< XRO 0.3177 0.3177

> X%RI 0.,29191 0.29%1%1

> XRO 0,30461 0.30461

< XRO 0.5056 0.051 0.29 0.034925

< RHS 10.24 0.29 0.29 0.1281

> XRO 0.5056 0.051 0.29 0.08414

> AHS 10.24 0.29 Gg.238 0.23828

<  XKRO 0.0167005 0.034925 0.0167005 0.034925 0.016700%
< AHS 0.050863 0.1281 0.05063 0.1281 0.05063
> XRO 0.0167005 0.08414 0.0167005 0.08414 0.0167005
>  AHS 0.050863 0.23828 0.05063 0.23828 0.05063
< XRO 0.034825 0.0167005 0.034825 0.0167005

<  AHS 0.1281 0.05063 0.1281 0.050863

>  XRO 0.08414 0.0167005 0.08414 0.0167005

> AHS 0.23828 C.05063 0.23828 0.05063

< URANIUM 1 18573.3 24.2 122.67 1955.2 -1 -1
> URANIUM 1 14001.5 24.2 122.67 1474.0 -1 -1
< FAWFLM 0.1 ! wetted fraction of MCO wall

> FAWFLM 1.0 ! wetted fraction of MCO wall

< MVWSCO 8.950 ! initial amcunt (kg) of water per unit bulk volume

> MVWSCO 2.72 ! initial amount {(kg) of water per unit bulk volume

< FAWSCM O(C.1 ! wetted fraction of MCC wall

> FAWSCM 1.0 I wetted fraction of MCO wall

< 0.723 0.723 0.723 0.723 0.723 0.723

> 0.76 0.76 0.76 0.76 0.76 0.76

< FAWSCM (0.1 ! wetted fraction of MCO wall

> FAWSCM 1.0 I wetted fracticn of MCO wall

CASE 15, DS32C2HZ

< QOVLOCXAL.DAT

> DS32C2HZ.DAT

< CASE OVLOCXAL: CPEN MCO w 1 hole, U=10,UH3=12, H20=Z26.5

< AL{OH)3 water in 3 regions, fksc=0.7, frsc=0.71&.29

> CASE DS3I2C2HZ: Isolated MCC, U=10,UH3=12, H20=26.5

< ISRC 1 ! User-defined sources

> ISRC 0 ! User-defined sources

< SOURCES 3 I ——- KEYWORD AND # SOURCE GROUPS

< REGION 2 GASES 1 l-— REGION #, # GASES :

< STEAM l—— GAS NAMES MUST BE ON NEXT LINE

< 0. 150.00 0.0 0.ED

< 41400, 150.00 0.0 0.EO0

< 41410. 150.00 5.4E-5 O.EQ

< 51400. 150.00 5.4E-5 O0.EO

< 51410. 150.00 C.0 0.EQ

< 1.E6 150.00 0.0 0.EC

< END REGION '—— ENDS A REGION SOURCE
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< REGION 1 GASES 1 !-— REGICN #, # GASES

< STEAM l-— GAS NAMES MUST BE ON NEXT LINE
< 0. 150.00 0.0 0.ED

< 63000 . 150.00 0.C 0.E0

< 63010, 150.00 8.1E-6 O©.EO

< 73000, 150.00 8.1E-6 O0O.EC

< 73010, 150.00 0.0 0.EOC

< 1.E6 150.00 0.0 0.E0

< END REGION l-- ENDS A REGION SCURCE

< REGION 5 GASES 1 !-— REGION #, # GASES

< STEAM |-— GAS NAMES MUST BE ON NEXT LINE
< Q. 150.00 0.0 0.EQ

< 63000. 150.00 0.0 0.E0

< 63010, 150.00 ¢.8E~-5 O0.EQ

< 93000. 150.00 0.9E-5 O.EQ

< 93010, 150.00 G.0 G.EQ

< 1.E6 150.00 0.0 0.EQ

< END REGION |-—~ ENDS A REGION SCURCE

< END SOURCE t~— ENDS ALL SOURCE INFUT

< TEMP_GAS 50.0 26.7

> TEMP_GAS 50.0 32.2

< OXYGEN 0.21 0.00

< NITROGEN 0.79 1.00

< WATER 0.0 0.0

> CXYGEN 0.00 0.21

> NITROGEN .00 0.79

> WATER 1.0 0.0

< XWIN 0.61 0.61 0.861 0.61 0.64E-2
< XHJIN 0.61 0.61 0.61 0.61 0.64E-2
> XWIN 0.61 0.61 0.61 0.61 2.54E-2
> ¥HIN 0.61 0.61 0.61 0.61 2.54E-2
< AJIN 0.025 0.025 0.025 0.0078 3.17E-5
> AJN 0.025 0.025 0.025 0.0078 .0

< DRAIN 66 15 30 45 &7

> C DRAIN 66 15 30 45 &7

CASE 16, B32C2HZ

< D832C2HZ.DAT

> B32C2HZ.DAT

< CASE DS22C2HZ: Isolated MCO, U=10,UH3=12, H20=26.5

> CASE B32C2HZ: Isolated MCO, U=10,UH3=12, H20=26.5

< TSTART 0. | START TIME, >0 FOR RESTART RUN

> TSTART 345601.101 !  START TIME, >0 FCR RESTART RUN
< AJIN 0.025 0.025% 0.025 0.0078 0.0

> AJIN 0.025 0.025 0.025 0.0078 5.07E-4

CASE 17, B32CZHZ2

< DS32CZHZ.DAT
> B3Z2CZHZ2 .DAT

< CASE DS32C2HZ: Isolated MCO, U=10,UH3=12, H20=26.5

> CASE B32C2HZ2: blowdown (150 psig), U=10,UH3=12, H20=26.5

< TSTART 0. ! START TIME, >0 FOR RESTART RUN

> TSTART 129601.501 ! START TIME, >0 FOR RESTART RUN
> RESTART FILE DS32C2HZ.REW ! RESTART FILE NAME FOR RESTART RUN
< AJN 0.025 0.025 0.025 0.0078 0.0

> AJTN 0.025 0.025 0.025 0.0078 5.07E-4

CASE 18, CV32CZHX
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< OVLOCXAL.DAT
> CV32CZHX.DAT
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< CASE OVLOCXAL: OPEN MCO w 1 hole, U=10,UH3=12, H20=26.5

< AL (OH)3 water in 2 regions, fksc=0.7, frsc=0.71&.29

> CASE CV32C2H¥: Isolated MCO, U=1C,UH3=12Z, HZ0=26.5Kg

> 90F Bay, check valve @ 35 psig fksc=0.7, frsc=0.71&.29

> Loss of ANN. Flow, TWO SCRAP BASKETS (SFFFS)

< ISRC 1 | User-defined sources

> ISRC c ! User-defined sources

< SOURCES 3 ! —— KEYWORD AND # SOURCE GROUPS

< REGION 2 GASES 1 I-—- REGION #, # GASES

< STEAM l—— GAS NAMES MUST BE ON NEXT LINE
< O. 150.00 ©.0 0.E0

< 41400. 150.00 0.0 0.EC

< 41410. 150.00 5.4E-5 OC.EQ

< 51400. 150.00 5.4E-5 0.EOC

< 51410. 150.00 0.0 0.E0

< 1.E6 150.00 0.0 0.E0

< END REGION I—-— ENDS A REGION SCURCE

< REGION 1 GASES 1 t~~ REGION #, # GASES

< STEAM !'-- GAS NAMES MUST BE ON NEXT LINE
< 0. 150.00 0.0 0.EO

< 63000. 150.00 0.0 0.0

< 63010, 150.00 8.1E-¢ O0O.ED

< 73000. 150.00 8.1E-6 0O.EO

< 7301¢C. 150.00 0.0 0.E0O

< 1.E6 150.00 0.0 0.E0

< END REGION t—— ENDS A REGION SOURCE

< REGION 5 GASES 1 '!-— REGION #, # GARSES

< STEAM l-— GAS NAMES MUST BE ON NEXT LINE
< 0. 150.00 0.0 0.EC

< 62000. 150.00 0.0 0.EO

< 63010, 150,00 0.8E-5 (0.EQC

< 93000. 150.00 0.98~-5 O0O.EOQ

< 93010. 150,00 0.0 0.EO

< 1.E6 150.00 0.0 0.E0

< END REGICN -~ ENDS A REGION SOURCE

< END SOURCE |-~ ENDS ALL SOURCE INPUT

< TEMP_GAS 50.0 26.7

>  TEMP_GAS 50.0 32.2

< OXYGEN 0.21 0.00

< NITROGEN 0.79 1.00

< WATER 0.0 0.0

> OXYGEN 0.00 0.C0

> NITROGEN 0.00 1.00

> WATER 1.0 0.0

< IJTYP 1 1 1 1 1

> IJTYP 1 1 1 1 5

> DF1 0 0 0 0 2.412E5
> DE2 0 8] o o] 1.378E5
< XWIN 0.61 0.61 0.6l 0.61 0.64E-2
< XHIN 0.6l 0.61 0.61 0.61 0.64E-2
> XWJIN 0.6l 0.61 0.61 0.61 5.04E-3
> XKHIN 0.6l 0.6l 0.6l 0.61 5.048-3
< AJN 0.025 0.025 0.025 0.0078 3.17E-5
> AJN 0.025 0.025 0.025 0.0078 2.03E-5
< * Water film drain on MCO wall

< DRAIN 66 15 30 45 &7

> C DRAIN 66 15 30 15 67

CASE 19, COOLIHXH, entire input file
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P e s T TR SRR RS EEEEEFEREREENEEEE LR EEE R R R REEEE LSRRl STl s E T E

CRASE COOLLHXE: VACUUM CYCLE (30 cfm),UH3=12,U=10,H20=26.5 Ky
ONE SCRAP BASKET AT THE TOF(FFFFS)

REACTION AREA = 4.5 M"2 PER SCRAFP BASKET
0.7%0 M~2 PER FUEL BASKET

UNLESS OTHERWISE NCTED, MKS UNITS
GENERAL INFUTS:

-~ FIVE TIERS OF FUEL PLUS SCRAP EXPLICITLY MODELED

- 6.0 Kg PER FUEI BASKET

1.0 Kg WATER HEEL

- SCRAP BASKET DIVIDED INTC FINE AND COARSE SECTIONS, WITH

RADIAL CONDUCTION TO THE COPEPER DIVIDER "FIN"

ON THE TOP SCRAP FUEL BASKET

- AMBTIENT TEMPERATURE (CASK EXTERIOR) I8 BO F (26.7 C)

- CASK/MCO GAP IS 0.€1 INCH (0.0155 M)

- BOTH SIDES OF THE CASK AND OUTER SURFACE OF MCO WALL TEMPERATURES
ARE FIXED USING NEW 'IMPOSED HEAT SINK SURFACE TEMPERATURE' FOR
WATER FILLED ANNULUS

- THE CASK HAS INNER. DIZMETER OF 25.19%9" AND OUTER DIAMETER OF 39.81"
I.E. 7.31" (0.1857 M) THICK

- 'WATER' GAZ IN THE MCO/CASK GAP

- RADIATION HEAT TRANSFER FROM FUEL/SCRAP TO LID/FLOCR.

AhAKkE I Ik dhhk bk h kb hkrhhkhkh Tk rh kb bk kAT Rk h kT d Ak kb Tk kA hhkdkkhdh ok kokkkdkhkk

* % % ok F % F o @ F @ % * F F F X * * F A F F A o @ ¥ F
|

TITLE ! Keyword; next line is title, title can be any length
CASE COCLLIHXH: VACUUM CYCLE (30 cfm),UH3=12,U=10,H20=26.5 Kg

Annulus Temp Inlet=17 C, ONE SCRAP BASKET AT THFE TOP(FFFFS)
END TITLE ! Anything after END is a comment

#r
*

TIMING ! Keyword .

TSTART 144004 .01 !  START TIME, >0 FOR RESTART RUN

RESTART FILE VXIHXZ .REW ! RESTART FILE NAME FOR RESTART RUN

' IF NOT SPECIFIED, READ FROM
! 'input deck name'.RER

TLAST 172800, ! END TIME {Secocnds)
* for next six parameters (DTMIN, DTMAX, DTPRIN, PLTMAX, PLTMIN, DTRST},
* the user can specify either a fixed value or time dependent value. For
* example: '
*  DTMIN 0.01 will cause the code to use minimum time step of 0.01
* second all the time
*
*  DTMIN
* 0. 0.01
* 100, 1.0
* 500, 2.0 will cause the code to use mimium time step of 0.01
* for the first 100 seconds, 1.0 second for next 400
* seconds, and then 2,0 second for the the rest of the run

DTMIN 0.0001 ! _MIN TIMESTEP (Seconds)

DTMAX ' MaX TIMESTEP {(Seconds)

0. 0.01
144030. 0.1
144100, 2.5
CN-023 . APB B-39
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DTPRIN
0.0 120. ! PRINT INTERVAL (Seconds)
145750.0 . 1800, ! PRINT INTERVAL (Seconds)
PLTMIN 160, MIN PLOT INTERVAL (Seconds)
PLTMAX 1000, MAY TINTERVAL WITHOUT PLOT (Seconds)

!
!
DTRST 14400, I RESTART INTERVAL (Seccnds)
1
!
1

FTPCH 0.005 FRACTIONAL CHANGE IN T AND P
FAECH 0.005 FRACTIONAL CHANGE IN AEROSOL MASS
FPPLCH 0.03 FRACTIONAL CHANGE FOR PLOTTING

END TIMING ! TIMING is a comment.

[ ]
*

PRINT ! Keyword for printing section

*

* Printing syntax:

* HS 1n hlist - Heat Sink Temperatures, C

L]
* H3 10 1 2 2 4 5 6 7 8 8 10

®* HS 10C 11 12 13 14 15 16 17 18 1% 20
* HE 10 21 22 23 24 25 26 27 28 28 30
* HS 10 31 32 33 34 35 3 37 38 38 40
*

Hs 10 41 42 43 44
Hs 10 15 30 45 &0 71 72 73 74 85 Be
HE 2 87 B8

END PRINT ! PRINT is a comment

* %

PLOT ! Keyword for plotting section
Plotting syntax:

PRESSURE n rlist - Pressure, Pa

GAS-T n rlist -~ Gas Temperature, K

HS-TI n hlist -~ Heat Sink Temperature - Inner Surface, K
HS-TO 1 hlist - Heat Sink Temperature - Outer Surface, K
HS-TA n hlist - Heat 3Sink Temperature - Average, K
ABROSCL n rlist - Aerosol Mass (Total), kg

GRS~-W n jlist ~ Mass Flowrate, kg/s

GAS-WX n jlist ~ CounterCurrent Mass Flowrate, kg/s

GAS~X GASNAME n rlist - Gas Mecle Fraction

GAS~RH GASNAME n rlist - Gas Relative Humidity

GAS-MASS GASNAME n rlist - Gas Mass (Species), kg

AER~MASS GASNAME n rlist - Reroscl Mass (Species), kg

MASS GASNAME n rlist - Total Mass (Species), kg

LIQ-MASS - GASNAME n rlist - Deposited Mass (Species), kg

Pressure, Gas Temperature, and total aercsol mass require a region
list

Heat Sink Temperatures need a heat sink number list

Flcwrates need a junction numker list

Gas concentration, relative humidity, individual species gas mass,
individual species aerocscl mass, total {gastaeroscl) individual
species mass, and individual species deposited liquid mass reguire

a region and gas name

Note: plot routine can only accept 99 items; can't plet all things.
So plot all scrap T's but only 5 fuel (plus MCO)

% F %k @ F * % % * % % A A %k * 4 O F o o+ O F 4 8 F 4 4 * O % *

PRESSURE 1 1 ! Pressure in MCO
GAS-T 5 1 2 3 4 5 ! Temperature in MCO
HS-TI 5 6l 62 ©3 64 653 ! Scrap 1 + MCO
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HS~-TT [ 66 67 68
H5-T1 3 72 73 74
H3-TO 3 72 73 74
HS-TA & 1 4 7
HS~TA 3] 16 18 22
HS-TA [ 31 324 37
HS-TA & 46 49 52
GAS-X NITROGEN 5 1 2
GAS-X OXYGEN 5 1 2
GAS-X STEAM 5 1 2
GAS-¥X HYDROGEN 5 1 2
GAS-X HELIUM 5 1 2
GAS-W 5 1 2
GAS~WX 5 1 2
GAS-MASS HYDROGEN 1 7
GAS-MASS STEZM 1 7
END PLOT !' PLOT is a comment

*
*

ACTIVE MODELS

IJUNC
ICCFLW
ITHSINK
ICNDS
IASED
IALERK
TFOG
ISRC
IMCO
ISENS

END ACTIVE MODELS !

MODEL

R e o W

0

69

10
25
40

w
W W W Wwwwn

071
14 15
29 30
44 45
5% &0
4 5
4 5
4 5
4 5
4 5
4 5
4 5

Keyword; MODELS is a comment; 1 =

Juncticen flow model
Counter-current flow model

Heat sinks

Aercsol Sedimentation
Aerosol Leakage

Fog formation

User-defined sources

1
I
'
1
| Condensation
i
1
|
t
1

MCO models

! Sensitivity runs

ACTIVE MODELS

Cask, MCO
Cask, MCO
Fuel 2
Fuel 3
Fuel 4
Fuel 1

N2 %

o2 %

HZ20 %

H2 %

He %
Junc. flo
Junc. cc
HZ releas
H20 relea

cn, 0 =

is a comment

* multipliers for regiecn gas conductivities

* syntax:
* FKGAS
FKGAS 1.0
END MODEL

M o+ *

[eNsNeNe!

SOURCE GROUP:

ENTER:
SYNTAX EXAMPLE:
* 1.6 FT~3/MIN * 1 MIN/60Q SEC * 0.02832 M"3/1 FT"3
* 2.5 FPTAR/MIN * 1 MIN/60 SEC * 0.02832 M~3/1 FTI~3

fkgasl
1.0

fkgasz

1.0 1.0 1.0

TIME, TEMP,

fkgas3 .
1.0

1.0 0.

'"REGION'
POWER

bott & 1id
bott & 1lid

W
flow
e

se

off

GROUPS REPEATED FOR INPUT # OF REGIONS
END OF GROUP DESIGNATED BY
FLOWRATES,

055 1.0 0.055 0.055 0.055
OR 'END' KEYWORLS

= 0.000755 M~3/8EC

= 0.00118 M"~3/8EC

» He density @ stp is 0.1%4 Kg/m~3, hence 1.88e-4 about 1.2e-4 kg/s
hence 1.88e-4 about 1.9%e-4 kg/s
t —~ KEYWORD AND # SOURCE GROUPS

t—— REGION %,
l-- GAS NAMES MUST BE ON NEXT LINE

* He density @ stp is 0.16 kg/m"3,

SOURCES 3
REGION 1 GASES 1
STEAM
0 60.0 8.64E-6 0.0
1.82 60.0 8.64E-6 0.0
1.E6 ©0.0 B8.00E-8 0.0
END REGION
REGION 2 GASES 1
STEAM
G 60.0 8.64E-6 0.0
1.E2 €0.0 B8.64E-& c.o
1.E6€ 60.0 B8.00E-8 0.0
END REGION
. REGION 3 GASES 1
STEAM
CN-023.APB

# GASES

t-- ENDS A REGION SOURCE
-- REGION #,
t—- GAS NAMES MUST BE ON NEXT LINE

# GASES

-~ ENDS A REGION SOURCE
l—— REGION #,
!-- GAS NAMES MUST BE ON NEXT LINE

B-41

# GASES

0.055
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0 60.0 B.E4E-6 0.0
1.E2 &0.0 B8.64FE-6 0.0
1.86 60.0 8.CCE-8 0.0 .
END REGION l—— ENDS A REGION SQURCE
REGION 4 GASES 1 !-- REGION #, # GASES :
STEAM |-~ GAS NAMES MUST BE ON NEXT LINE
0 0.0 8.28E-5 0.0
1.E2 80.0 1.28E-5 0.0
1.E6€ 60.0 1.60CE-7 0.0
END REGION l-— ENDS A REGICON SOURCE
REGION 8 GASES 1 !-- REGION #, # GASES
WATER I-—- GAS NAMES MUST BE ON NEXT LINE
8] 17.0 0.95 0.0
1.E6 17.0 0.85 0.0
END REGION !'-— ENDS A REGION SOURCE
END SOQURCE Il-— ENDS ALL SOURCE INPUT
L ]
*
END CONTROL ! End of CONTROL keyword group
+*
*
B o e e e o e e o o S e o o = ) o o 7 e e o o T om T At o o e e . S o o o e o e e
VOLUMES 13 ! total number cf control volumes

* total MCO gas volume is 0.55 m"~3, 0.55/3=0.183 per each node
* No more than 5 columns (regions) at a time
* Units:

* VOLUME m"3,
*

*

*

SED_AREA m"Z, EZLEVATION m, TEMP GAS C, PRESSURE Pa

Regions 1 to 5 each contain a basket, top te bottom

scrapl fuell fuel2 fuel3 Fueld

REGIONS 1 2 3 4 5

VOLUME G.118 0.100¢ 0.100 0.1 0.1

SED_AREA 0.172 0.172 0.172 0.172 0.172

ELEVATION 2.85 2.15 1.45 0.75 0.0

TEMP GAS 50.0 50.0 50.0 50.0 50.0

PRESSURE 1.013ES 1.013E5 1.013E5 1.013E5 1.013ES
END REGIONS
*
* gap environment new coocl gap New Environment
REGIONS 6 7 8 9

VOLUME 0.12 1.E9 0.00365 1.E9

SED AREA 0.0 G.0 0.0 0.0

ELEVATION 0.0 0.0 0.0 0.0

TEMP GAS 50.0 45,55 50.0 45,55

PRESSURE 1.013E5 1.013E5 1.013E5 1.289E5 ! 4 psig
END REGIONS ! REGIONS 1s a comment
* 4th FB-ann 3rd FB-ann 2nd FB-ann TOP Cask-MCO
REGIONS 10 11 12 13

VOLUME 0.01%8 0.0168 0.0168 0.0365

SED ARER 0.0 0.0 0.0 0.0

ELEVATION 0.0 0.0 0.0 0.0

TEMP_GAS 50.0 50.0 50.0 50.0

PRESSURE 1.013E5 1.013ES 1.013E5 1.013E5 ' 4 psig
END REGICNS ! REGIONS is a comment

* Gas compesition of each region; specify mole fraction of each gas
* No more than five columns at a time

*

GASES 1 2 3 4 5
HELIUM 1.00 1.00 1.0C 1.00 .00
CN-023.APB B-42
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STEAM 0.00 .00 0.00 0.00 0.00
CXYGEN 0.0 0.0 0.0 0.0 0.0
NITROGEN 0.0 0.0 0.0 0.0 0.0
WATER G.0 0.0 G.0 0.0 0.0
END GASES
*
* If there are more than five regions, continue here.
*
GASES 3 7 8 9
HELIUM 0.0 0.0 0.0 0.995
STEAM 0.0 0.0 0.0 0.005
OXYGEN 0.0 0.21 0.0 0.0
NITROGEN 0.0 0.79 0.0 0.0
WATER 1.0 0.0 1.0 0.0
END GASES ! GABES i3 a comment
GASES 14G 11 12 13
HELIUM 0.0 0.0 0.0 0.0
STEAM 0.0 0.0 0.0 c.o
OXYGEN 0.0 0.00 0.0 0.0
NITROGEN 0.0 0.00 0.0 0.0
WATER 1.0 1.0 1.0 1.0
END GASES ! GASES is a comment
*
®* nerosol concentration of each region {(kg/m"3)
* No meore than five columns at a time
*
* AEROSOLS 1 pA 3 4 5
* STEAM 0.0001 0.0 0.0 0.0 0.0
* END AEROSOLS ! AEROSOLS is a ccmment
*
* No more than five celumns at a time, so continue with 6 & 7
*
* AEROSOLS 6 7
*  STEAM 0.0 0.0
* END AERCSOLS | REROSOLS is & comment
*
*
END VOLUMES ! VOLUMES is a comment
*
*
* MAOr Ke WO g - — o — o o o e e e e e e
HEAT SINKS 88 ! Tetal number of heat sinks
R o e e e e e e e e e e R e e
* No more than 3 columns at a time,
* Repeat the following structure,
* SINKS
*
*
* -
* END
*
* Syntax:
® IGECM 1 for plane, 0 or 2 for cylinder
* IMATHS material type
* RHO Density (kg/m~3}, if different from material type
* KHS Thermal Conductivity (W/m/K), if different from material type
* CPHS Specific Heat (J/kg/K), 1f different from material type
* Qv Volumetric Heat Generation {(W/m~3), if different from material type
* EHST Emissivity of inner surface, if different from material type
* User has an opticn te input a temperature dependent emissivity by
* inputting a negative integer for the emissivity and supplying the
* corresponding temperature versus emissivity leok-up table. See
*

TTABLE & ETABLE keywords,
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* EHSO Emissivity of outer surface, 1f different from material type
* XRI Inner Radius (m)

* XRO Outer Radius (m); for plane wall, thickness = XRO-XRI

* AHS One-sided heat sink area (m™2j

* KZHS Axial length fer conduction ( m)

* TIINIT 1Initial inside surface temperature (C)

®* TOINIT Initial outside surface temperature (C}

* IMSLAB Number of slabs: 3 is minimum

* IREGI Region index for inner surface or 0 {(insulated)

* or -1 for constant temperature

* TIHS Region surface temperature when IREGI = -1 {C)

® TREGO Region index for cuter surface or 0 (insulated)

* or -1 for constant temperature

* TOHS Region surface temperature when IREGC = -1 {C)

®* XLHS Characteristic length for natural convection (m)

+*

® Fuel Basket #2Z heat sinks 1 through 15

*

STNKS 1 2 3 4 5

*

IGEOM 0 0 0 0 0
IMATHS 1 1 1 1 1

XRI 0.00610 0.021€0 0.00610 0.02160 0.00¢10
XRO 0.01625 0.03075 0.01625 0.03075 0.01s625
AHS 0.278 0.655 0.278 0.655 0.278
XZHS 0.661 0.663 0.661 0.663 0.661
TIINIT 50.00 50.00 50.00 50.00 50.00
TOINIT 50.00 50.00 50.00 50.00 50.00
IMSLAR 3 3 3 3 3
IREGIT 3 3 3 3 3

TIHS 0.0 0.0 0.0 0.0 0.0
IREGO 3 3 3 3 3

TOHS 0.0 0.0 .0 0.0 0.0
XLHS G.661 0.663 0.661 0.663 G.661

END

*

SINKS 6 7 8 9 10

*

IGEOM 0 0 0 0 0
IMATHS 1 1 1 1 1

XRI 0.02160 0.00610 0.02180 0.00610 0.02160
XRO 0.03075 0.01625 0.03075 0.01625 0.03075
RHS 0.655 0.557 1.310 0.278 0.655
AZHS 0.663 0.661 0.663 0.661 0.663
TIINIT 50.00 50.00 50.00 50.00 50.00
TOINIT 50.00 50.00 50.00 50.00 50.00
IMSLAB 3 3 3 3 3
IREGI 3 3 3 3 3

TIHS G.0 0.0 G.G 0.0 0.0
IREGO 3 3 3 3 3

TOHS 0.0 0.0 0.0 0.0 0.0
XLHS 0.663 0.661 G.5663 0.66] 0.663

END

* MCO WALL

SINKS 11 12 13 14 15

*

IGECM 0 0 0 0 0
IMATHS 1 1 1 1 2
¥RI 0.00610 0.02160 0.00610 0.021e0 0.3050
XRO 0.01625 0.03075 0.01625 0.03075 0.3177
AHS 0.278 0.655 0.557 1.310 1.3
XZHS 0.661 0.663 0.661 0.663 0.70
TIINIT 50.00 50.00 50.00 50.00 50.00

CN-023 APB B-44
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IMSLAR
IREGT
TIHS
IREGO
TOHS
KLHS
END

+*

* Fuel Basket #3 heat sinks

*

SINKS

*
IGEOM
IMATHS
XRI
XRO
AHS
KZHS
TIINIT
TOINIT
IMSLAR
IREGI
TIHS
IREGO
TOHS
XLHS

END

*

SINKS

*
IGEOM
IMATHS
XRI
XRO
AHS
XZHS
TIINIT
TOINIT
IMSLAB
IREGI
TTHS
IREGO
TOHS
XTHS

END

*

SINKS

*
IGEOM
IMATHS
ARIL
ARO
AHS
XEZHS
TIINIT
TOINIT
IMSLAE
IREGIL
TTHS
IREGC
TOHS
ALHS

CN-023.APB

16

0

1
.00610
.01625
.278
.661
50.00
50.00

OO

o

0.661

21

0
1
0.02160
0.03075
0.855
0.663
50.00
50.00
3
4
0.0
4
0.0
0.663

26

0

1
0.00610
0.01625
0.278
0.661
50.00
50.00

HNF-SD-SNF-CN-023 REV 2

t

1
0.00610
0.01625
0.557
0.6e61
50.00
50.00

3
4
0.0
4

0.0
0.661

27

0

1
0.02160
0.03075
0.655
0.6863
50.00
50.00

l6 through 30

18

0.661

23
0
1

0.02160
0.03075
1.310
0.663
50.00
50.00
3
4
t.aQ
4
0.0
0.663

28
0
1

0.00610
0.01625
0.557
0.661
50.00
50.00

B-45

50.00

is

.021e0
.03075
.655
. 663

OO QO

1
0.00610
0.01625
0.278
0.661
50.00
50.00

0.02160
0.03075
1.310
0.663
50.00
50.00

20

.00610
.01625
.278
0.661
50.00
50.00

oo O

0.661

25

0
1
0.02160
0.03075
0.655
0.663
50.00
50.00
3
4
0.0
4
0.0
0.663

MCO WALL
30

0

2
0.3050
0.3177
1.3
0,70
50.00
50.00
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END

*

* ruel Basket #4 heat sinks 31 through 45

*

SINKS 31 32 33
*
IGECM 0 0 G
IMATHS 1 1 1
XRI 0.00810 0.02160 0.00610
XRGC 0.01625 0.03075 0.01625
AHS 0.278 0.655 0.278
XZHS ¢.66l 0.663 .66l
TIINIT 50.00 50.00 50.00
TOINIT 50.00 50.00 50.00
IMSLRB 3 3 3
IREGI 5 5 5
TIHS G.Q 0.0 G.0
IREGO 5 5 5
TOHS 6.0 0.0 0.0
XLHS 0.66l1 0.663 0.661
END
*
SINKS 36 37 38
*
IGEOM 0 0 o
IMATHS 1 1 1
XRI 0.02160 0.00610 0.02160
XRO 0.03075 0.01e25 0.03075
AHS 0.655 0.557 1.310
XZH3 0.663 0.66l 0.663
TIINIT 53.00 50.00 50.00
TOINIT 50.00 50.00 50.00
IMSLAB 3 3 3
IREGI 5 5 5
TIHS 0.0 0.0 0.0
IREGO 5 5 5
TCOHS .o 0.0 0.0
XLHS 0.663 0.661 0.663
END
*
SINKS 41 42 43
*
IGEOM 0 0 0
IMATHS 1 1 1
XRI 0.00610 0.02160 0.00610
ARO 0.01625 0.03075 0.01625
AHS 0.278 0.&55 0.557
XZHS 0.661 D.663 0.661
TIINIT 50.00 50.00 50.00
TOINIT 50.00 50.00 50.00
IMSLAB 3 3 3
TREGT 5 5 5
TIHS 0.0 0.0 0.0
IREGO 5 5 5
TOHS 0.0 0.0 0.0
ALHS 0.661 0.663 0.661
END

*
® Fuel Basket #1 heat sinks 46 through 60

SINKS 4¢€ 47 48

+

IGEOM 0 0 ¢}
CN-023 . APB B-46

1
0.00610
0.01625
0.278
0.661
50.00
50.00

1
0.02160
0.03075
1.310
0.663
50.00
50.00

35

0
1
0.00610
0.01625
0.278
0.661
50.00
50.00
3
5
G.G
5
0.0
0.661

40

o

1
0.02160
0.03075
0.655
0.663
50.00
50.00
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IMATHS
XRI
XRO
AHS
XZHS
TIINIT
TOINIT
IMSLAB
IREGI
TIHS
IREGO
TOHS
ALHS
END

*

SINKS

*
IGEOM
IMATHS
XRI
XRO
AHS
XZHS
TIINIT
TOINIT
IMSLAB
IREGI
TTHS
IREGO
TOHS
XLHS

END

*

SINKS

*
IGECM
IMATHS
XRT
XRO
AHS
XZHS
TIINIT
TOINIT
IMSLABR
IREGT
TINOS
IREGO
TOHS
XLHS

END

*

* scrap basket # 1 heat
* switch heat sink 62 &

*

SINKS

*
IGECM
IMATHS
XRI
XRO
AHS
XZHS
TIINIT

CN-023. APB

1
0.00610
D.01&625
0.278
0.661
50.00
50.00

3

2

0.¢
2
0.0
0.661

51

.021¢60
.03075
. 655
.663

OO

o

1
0.00810
0.01s625
0.278
0.686]
50.00
50.00

3

2

0.0
2
0.0
0.661

61

0
4
0.03493
0.0355
0.191
0.676
50.00
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1
0.02160
0.03075
0.655
0.663
50.00
50.00

3

2

0.0
2
0.0
0.663

52

d.661

57

o
1
0.02160
0.03075
0.655
0,663
50.00
50.00
3
2
.G
z2
0.0
0.663

1
0.00610
0.01625
0.278
0.661
50.00
50.00

3

2

0.0
2
0.0
0.661

53

02160
.03075
.310

o~ OO0

.00810
.01625
. 557
.661
50.00
50.00

o B o Y o T 0

2
0.0
2
0.0
0.6861

sinks 6l through 70
70 so that fin can be sandwiched to

70

c
4
0.055
0.075
c.276
0.676
50.00

63

0

4
.075
.093386
.358
L6786
0.00

noooo

B-47

.02160
.03075

O OO0

.02160
.03075
.210

O~ OO0

0.0
0.663

{MCO later)

&4

0

4
0.09654
¢.130
0.481
0.676
50.00

i
0.00610
0.01625
0.278
0.661
50.00
50.00

3

2

G.0
2
0.0
0.661

55

0.02160
0.03075
0
0

0.663

MCC WALL
60

0

2
.3050
L3177

.75
50.00
50.00

Lt

0.0
12
0.0
0.75

63

65

.130
.160
.6l6
.676
0.0

no oo
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TOINIT
IMSLAB
IREGT
TIHS
IREGO
TOHS
XLHS

END

*

SINKS
*
IGEOM
IMATHS
XRI
XRO
AHS
RZHS
TIINIT
TCINIT
IMSLAB
IREGI
TIHS
IREGO
TOHS
¥LHS
END
® MCO
*

SINKS

*
IGECM
IMATHS
XRI
XRO
ANS
XZHS
TIINIT
TOINIT
IMSLAB
IREGT
TIHS
IREGO
TOHS
XLH3
EHST

END

*

SINKS
*

IGEOM
IMATHS
ART
XRO
AHS
KEZHS
TIINIT
TOINIT
IMSLABR
IREGI
TIHS
IREGO
TOHS
KLHS

CN-023.APB

0.160
0.180
0.743
0.676
50.00
50.00

3
1
0.0
1

0.0
0.6786

MCO SCRAPL
71

0
2
.3050
L3177

.15
.00
.00

O O OO0
w

now

DT FUEL#2Z
76

0
2
.0076075
.0167005
.05063
.71309
50.00
50.00
3
0
0.0
0
0.0
0.7130%

OO OO0

HNF-SD-SNF-CN-023

0.6786

0.0
0.676

220
.250
.998
.876
50.00
50.00

o0 Oo

(]

1
0.0
1
0.0
0.676

lid emissivity increased to account for

TopCASK WALL MCO BOT

72

1.75
0.3

INS FUEL#3
71

0
5
0.022225
0.024525
0.1281
0.71309
50.00
50.00
3
0
0.0
4
0.0
0.71309

73

1
2
0.0
0.051
0.29
0.051
50.00
50.00

DT FUEL#3
78

0
2
0.0078607
0.01670
0.050€3
0.71309
50.00
50.00
3
G
0.0
0
0.0
0.71309

B-48
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50.00

0.876

69

.250
L2842
.134
.676
50.00
50.00

Q= OO

1
0.0
1
0.0
0.676

MC
7

INS

5 0
05
0

NN OoOF OO0

0.0
0.0
0.676
convection to scrap
o LID INS FUEL#2
4 75
1 ¢
2 5
0 0.022225
.29 0.034825
29 0.1281
0.3 G.71309
.00 50,00
0.00 50.00
20 3
b 0
¢.0 0.0
i 3
0.0 0.0
0.3 0.71309
3 0.3
FUEL#4 DT FUEL#4
79 80
0 C
5 2
.022225 0.C076075
0.034928 0.0167005
.1281 0.05063
0.71309 0.71308
50.00 50.00
50.00 50.00
3 3
0 o
0.0 0.0
5 0
G.0 0.0
0.71309 0.71309
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END

* INS FUEL#1 PT FUEL#1 INS SCRARP#1 DT SCRAP#1

SINKS 81 82 83 84

*

IGEOM 0 o 0 G
IMATHS 5 2 5 2

XRI 0.022225 0.0076075 0.022225 0.0076075
XRO 0.034925 0.0167005 £.034925 0.0167005
BHS 0.1281 0.05063 0.1281 0.05063
XZHS 0.71309 0.71309 0.71309 0.7130%
TIINIT 50.00 50.00 50.00 50.00
TOINIT 50.00 50.00 50.00 50.00
IMSLAB 3 3 3 3
IREGL 0 Q 0 0

TIHS 0.0 0.9 0.0 0.0
IREGO 2 0 1 0

TOHS 0.0 0.0 0.0 0.0
XLHS 0.71309 0.713089 0.71309 0.71308

END

C 2nd FB-Csk 3rd FB-Csk 4th FB-Csk Cask Bottem

SINKS 85 86 87 88

*

IGEOM 4] 0 0 1
IMATHS 2 2 2 2
XRI 0.319%9 0.3199 0.3199 0.0
XRO 0.505%¢6 0.5056 0.5036 0.15
AHS 1.944 1.944 1.9244 0.29
XZHS 0.75 0.75 0.75 0.15
TIINIT 50.00 50.00 50.00 50.00
TOINIT 50.00 50.00 50.00 50.00
IMSLAB 10 10 10 10
IREGT 12 11 10 8
TIHS G.0 .o 0.0 0.0
IREGO 7 7 7 7
TOHS 0.0 c.o 0.0 0.0
XLHS 0.75 0.75 0.75 0.15

END

L ]

MATERIAL

* UPTO 20 ({INMAT) MATERIALS CAN BE SPECIFIED

® SYNTAX:

* MATERIAL imaths rho khs op qv ehsi ehso
URANIUM 1 18573.3 24.2 122.67 1955.2 -1 -1
STAIN-STEEL 2 8000. 16.0 5C0. 0.30 0.30
COPPER 3 8954, 398.0 749, 0.3 6.3
SCRAP-URAN 4 1%0¢cc.0 26.9 183.0 3009.00 0.7 0.7
3T-STEEL-INS 5 8000. 16.0 4340, o. 0.30 0.30

END MATERTAL

SYNTAX:
SANDWICH
WHERE '"hgap

L S N O A

0.0007e M.

SANDWICH 75
SANDWICH 77
SANDWICH 79
SANDWICH 81
SANLDWICH 83

CN-023.APB

SANDWICH HEAT SINKS -
TO MIMIC & SANDWICH WALL.
UPTO 10 LAYERS IN EACH WALL.

hsl hgapl

5.40 Te
5.40 78
5.40 80
5.40 82
5.40 B4

hsZ Thgap2

is the gap conductance
BETWEEN THE INSERT AND THE DIP TUBE,

hs2 hgap3

STRING TOGETHER NUMER OF CONSECUTIVE HEAT SINKS

UPTO 100 SANDWICH WALLS CAN BE SPECIFIED, WITH
THE SANDWICH HEAT SINK SERTES SHOULD BE
ARRANGED SUCH THAT THE COUTER FACE OF THE FIRST HEAT SINK AND THE INNER FACE
OF THE LAST HEAT SINK IN THE SERIES FACE THE GAS REGIONS

{OR INSULATED) .

hsn

{W/m~2/C) between the layers

THERE IS A AIR GAP OF THICKNESS
THEREFORE, THE GAP CONDUCTANCE IS 0.03/0.00076=40 W/m~2/C

B-4%
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Represent the thermal resistance in the spckes in the scrap basket
12 spokes, 1/8"(0.003175m) thick, 0.676 m high, and 0.1%1 m long
Therefore, the gap conductance is:
398/0.191*%(12*0.003175/(2%3.14%0.2842))=44.48 W/m~2/C

SANDWICH 62 44.48 63

SANDWICH 500 44.48 501

SANDWICH 513 44.48 514

SANDWICH 526 44.48 527

L I

TEMPERATURE DEPENDENT EMISSIVITY::

USER CAN INPUT A TEMPERATURE DEPENDENT EMISSIVITY BY INPUTTING A
NEGATIVE INTEGER FOR THE EMISSIVITY AND PROVIDING THE CORRESPONDING
TEMPERATURE VERSUS EMISSIVITY LOOK-UP TABLE.

SYNTAX:

TTABLE n temperature-entry(C}

ETABLE n emissivity-entry n is the table designator
TTABLE 1 1. 50. 700. 1100. 1500,

ETABLE 1 0.7 0.7 0.4 0.4 0.5

* ok A+ ok F * A4

USER CAN DEFINE CONDUCTION NETWOREKS

SYNTAX:
COND_NETWORK ihsl ihsz ihs3 .... ihsn upto 100 heat sinks
COND NETWORK ihsl ihs2 ihs3 .... ihsn upto 100 heat sinks

upto 5 networks

MUST BE ORDERED TCP TC BCOTTCM TC BE CONSISTENT WITH AXTIAL NODALIZATION

MODEL CONTIGUCUS DIP TURE CONNECTED TO THE SHIELD PLUG(HS #74)

COND NETWORK 74 84 82 76 78 80

* MODEL CONTIGUOUS INSERT CCNNECTED TO THE SHIELD PLUG (HS #74)
CCND_NETWORK 83 81 75 77 18

* MODEL CONTIGUOUS MCO WALL CONNECTED TO THE SHIELD PLUG(HS #74)
COND _NETWORK 74 71 60 15 30 45 73

* MODEL CONTIGUCUS CASK WALL CONNECTED TO THE Bottom of Cask #88

COND NETWORK 72 85 86 87 88

o4 4 Ak F o+ X @ * * *

USER CAN CONTROL HEAT SINK BOUNDARY TEMPERATURE
SYNTAX:

OFFSET TIMEHS

EXTRAPOLATION TIMEHS

TIMTHS IHS ISD TIMEl, TIMEZ...

THSFIX THS ISD TEMPl, TEMPZ..
IHs = HEAT SINK NO.; IsSD = SIDE NO. (1 QR Z} FOR IHS
CONTROL HEAT SINK BCOUNDARY T

*

*

*

*

*

*

*

*

*

¢ CFFSET_TIMEHS 0.
C EXTRAPOLATION_ TIMEHS EXTRAP
C TIMTHS 15 2 0.0 1.E¢6
C THSFIX 15 2 50.0 50.0
C TIMTHS 30 2 0.0 1.E6
C THSFIX 30 2 50.0 50.0
C TIMTHS 45 2 0.0 1.E6
C THSFIX 45 2 50.0 50.0
C TIMTHS 60 2 0.0 1.E6
C THSFIX 60 2 50.0 50.0
C TIMTHS 71 2 0.0 1.E6
C THSFIX 71 2 50.0 50.0
C TIMTHS 72 1 Q.0 1.E6
C THSFIX 72 1 50.0 50.0
€ TIMTHS 73 2 0.0 1.E6
C THSFIX 73 2 50.0 50.0
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*
*

END HEAT_ ST

JUNCTIONS 10 ! # of Junctions
A e e e e e T i e e e e
* 1) Mco fuel 4 to fuel 3 5->4
* 2) MCO fuel 3 to fuel 2 4->3
* 3} MCO fuel 2 to fuel 1 3->2
* 4y Mco fuel 1 to scrap 1 2->1
* §) MCO top to Outlet volume, 1->7 (deactivated)
*
* Syntax
* TJTYP Junction Type: 1 = Nermal, 2 = HEPA, 3 = Cover, 4 = Failure,
* 5 = Check valve
* DPL for faiure junction, it is the pressure differential required
* to fail from the upstream compartment to the downstream compt.
bt for check wvalve junction, it is the differential pressure
* required to open the juncticn from upstream to downstream only.
* DE2 for faiure junction, it is the pressure differential required
* to fail from the downstream compartment to the uptream compt.
* for check valve junction, it is the differential pressure
fad required to open the junction from downstream to upstream only.
* IFAN Fan type: 1 = constant volumetric flow fan
* 2 = constant delt P fan
*  WVFAN volumetric flow rate of the fan. for constant delt P fan,
* the volumetric flow rate is converted to the corresponding
* delt P at time=0
* IRl Upstream Regilon
* IRZ Downstream Region
*  AJN Area (m™2}
*  ABYP Bypass area for HEPA junction (m"2)
* PHEPA HEPA Filter Failure Pressure {Pa}
*  ACOV Cover Area (m™2)
* MCOoV Cover Weight (kg)
*  Z1JN Elevation wrt fleor of IRl opening {(m
* ZzJN 1 n " n IRZ n "
* CJN Loss coefficient multiplies 0.5%rho*v"2
* JTHORIZ Orientation: 1 = horizontal, 0 = vertical
®*  XWJIN Characteristic width, m
*  XHJIN Characteristic height, m
*  RLJIN Characteristic length, m
* DFJN Decontamination Factor
* NS9O No., of 90 bends
*
PATHS 1 2 3 4 5
*
IJTYP 1 1 1 1 i
IR1 2 5 4 3 1
IRZ 5 4 3 1 9
IHORIZ 1 1 1 1 1
XWIN 0.6l 0.61 0.6l .6l 2.54E-2
XHJIN 0.6l 0.6l 0.6l 0.6l 2.54E~-2
ALJIN 0.03 0.03 0.03 0.03 0.03
AJN 0.025 0.025 0.025 0.0078 3.17E-5
Z1IN 0.72 0.87 0.&7 0.67 0.80
Z2JN 0.0 0.0 0.0 0.0 3.68
CIN 1.0 1.0 1.0 1.0 4.0
DFJN 1.0 1.0 1.0 1.0 1.0
NS9O 0 0 0 0 3
END PATHS ! PATHS is a comment.
PATHS 6 7 8 9 10
IJTYP 1 1 1 1 1
CN-023.APB B-51 March 2000
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IR1 13
IR2 7
THORIZ 1
XWIN .00
AHIN .02
XLJIN .02
AJN
Z1JN
Z2TN
CJIN
DFJN
NS0 0
END PATHS

HFRROOFOOK

[ o 2w Rl oo B oo}
o

END JUNCTICNS !

MCO ! MCO Maj
K e e m
GENERAL !
ICXDTN 2 !
i
IHYD 0 !
1
IDIVRT 1 %
IEVAP 1 i
|
ILAW 3 i
!
IDEENT O %
IENTR 0 i
!
IHYDRA 1 i
1
INITRI O i
1
IRADIC O i
'
IHYDKP 1 3
|
i

FO2HYHZ 0.

¥XDHYD 4.2BE-5

IHSCSK 0O !
IRGAP 0

XGPCSK 0.0155
FHTLID 1.0

RHOSL 5000.

SASL 1000.
XDSL 1.E-¢&
*
® HUydrate Model:
CN-023.APB

HNF-SD-SNF-CN-023 REV 2

8 10 11 12
10 11 12 13
1 1 1 1
1.02 1.02 1.02 1.02
0.02 0.02 0.02 0.02
0.02 0.02 0.02 0.02
1 1. 1. 1.
.0 0. 0. Q.
0.0 0.0 .0 0.0
1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0
1 0 0 0

JUNCTIONS is a comment.

Keyword for general inputs
=0, disable oxidation of fuel/scrap
=], do oxidation of fuel/scrap
=2, oxidation of covered surface uses water prop for rate
=1, do hydriding/dehydriding calculation
=0, disable hydriding/dehydriding calculation
=1, divert heat transfer to gas
=0, do not divert heat transfer to gas
=1, do evaporation/condensaticn of water
=0, do not do evaporation/condensaticn
oxidation rate law, 0 - McGillivrary/Ritchie
1 - Pearce
=],de-entrainment of aerosol due to scrap basket
=0, disable de-entrainment calculation
=1, do entrainment of sludge particle calculation
=0, disable entrainment calculation
=1, do decompesiticon of fuel cxide hydrate
=0, disable hydrate decomposition calculation
=1, do nitriding calculatien
=0, disabkle nitriding calculation
=1, do radiolysis calculation
=0, disable radiolysis calculation
=0, normal depletion of hydride (rate decreases with mass)
=], disable depletion of hydride (but the phantom
calculation of hydride mass depletion will be shown)
=2, use constant rate but the rate goes to zero when
all the mass is depleted
! the fracticn of the oxygen, reacting with uranium
! hydride, which produces hydrogen instead of water vapor
! average diameter of hydride particle (m). this is
t overriden by basket specific parameters, XDHYFL & XDHY3C
define the cask heat sink
I define the gap node (between MCO wall and the cask)
{ radiative/ccnvective h.t. between the MCO wall and
tthe cask 1s computed and some of the heat is diverted
! to gas for stability
| gap distance between the MCO wall and the cask
t =0, turn off the raditive heat transfer between the
! fuel/scrap and the lid/floor
| =1, fully account for the radiative heat transfer
| sludge particle density {(kg/m"3)}
! sludge specific area (m™2/m"3)
! sludge particle diameter (m]

two-step decomposition,
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input curves for 1ln P and 1n K
first step for x > XHYDZ2, seccnd step for x < XHYDZ

Bounding case: 42 kg particulate, 0.8 kg hZo = 1.9%
of siudge being hydrated with 2 moles of
water per mole of uranium oxide

FHYSL 0.535 ! fraction of sludge that 1is hydrated

XHYSL 2.0 stoichiometry number of hydrate: no. of moles of
water per mole of uranium oxide (U03.H20)

H20/U ratic (stoich. number) to switch

from first tc second correlation

H20/U ratioc (stoich. number) to switch

from second to third correlation

XHYDZ 1.0

XHYD3 0.5

AHYEQL 15.912 t AT IN IN P = A + B/T FOR X > XHYDZ
BHYEQL -6131.EQ | 'B" IN IN P = A + B/T FOR ¥ > XHYDZ
BHYEQ2 18.382 I 'A'" ININ F = A + B/T FOR X < XHYDZ
BHYEQZ ~-7766.E0 I 'B' IN LN P A + B/T FOR X < XHYDZ2
AHYEQ3 18.408 ! 'A'" IN LN P = A + B/T FOR X < XHYD3
BHYEQ3 -8488.E0 ! 'B' IN LN P = A + B/T FOR X < XHYD3
ADEHY1 2.793EO | 'A'" IN LN K=A + B/T FOR ¥ > XHYDZ
BDEHY1l -5111.E0 ! 'B' IN LN K A+ B/T FOR X > XHYD2
ADEHY2 6.348E0 t 'R IN LN K = A + B/T FOR X < XHYDZ
BDEHYZ -7241.E0 !t 'BT" IN LN K= A + B/T FOR X < XHYDZ
BDEHY3 4.632E0 1 'A' IN LN K A+ B/T FOR X < XHYD3
BDEHY3 -7548.E0 I 'B' IN LN K A + B/T FOR X < XHYD3

DHHY1 2.B6E®6
DHHYZ2 3.70E¢
DHHY 3 3.70E¢

Decomposition enthalpy J/kg HZ0: lst step
Decomposition enthalpy J/kg HZ0: Znd step
Decomposition enthalpy J/kg H20: 3rd step

FPROHY 1.0 hydride preduction rate law multiplier
FCCNHY 1.0 hydride consumption rate law multiplier
FNITRI 1.0C nitriding rate law multiplier

PUMP, FEED, AND CCNDENSER MODELS
Syntax:
PUMP IRIPUM TIRCFUM ICONPM ITFEED WVPUMP WVFEED TGFEED TCONPM

Definitions:

IRIPUM - Pump inlet regiocn

TROPUM - Pump cutlet region

ICONEM - Node to which the condensed steam is dumped for book-keeping

ITFEED - If non-zero, overides TGFEED with the designated region
temperature. Used to specify time-varying feed temperature

WVPUMP -~ Pump volumetric flowrate (m~3/s)

WVFEED - Feed volumetric flowrate (m"3/s)

TGFEED — Feed temperature (C)

TCONPM - Condenser cooling ceoil temperature (C)

35 FT~3/MIN * 1 MIN/6CG SEC * (0.02832 M™~3/1 FT~3 = 0.01652 M"3/SEC
PUMP IRIPUM IROPUM ICONPM ITFEED WVPUMP . WVFEED TGFEED TCONPM
PUMP 1 7 0 8 1.41¢6E~2 0.0 0.0 0.0

Radiclysis parameters

FRAD 1.0 ! multiplier for radiolysis

FALPHA 0.197 ! alpha fractional heat load

FBETA 0.486 ! beta fractienal heat load

FGAMMA 0.317 | gamma fractional heat load

QPHOTO 2.4E-6 ! heat depositicn rate in MCO free water per gram
t

per MTU of fuel loading
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END GENERAL

-

PFLOT
Plotting

PUMPHZ
GAS-WHZ
CORRODHZ
HS-H2C n
HS-HYHZO
WHZF]l n

WHZ2SC n
WHZTT

MHZ2TT

ODECFL n
QDECSC n
QDECTT
UDECTT

QOXOFL,
QOXWFL,
ONTRFL,
OHYDFL,
QINFL,

QOMCOFL,
QLIDFL,
QGASFL,
QEVPFL,
QCNDFL,
QOUTFL,

UMCO
UINTGT
FUERR
TOTUQZ

S0 plot
jlist -
hlist -
flist -
slist -

**.**i%’**‘*****%******‘*‘*7&‘4—**#—*.*#*)&‘*.***

PUMPH2
CORRODHZ
WH2TT
MHZTT
QDECTT
UDECTT
QOXOTT
UOXOTT
QOXWTT
UOXWTT
QINTT
UINTT
gMCOTT
UMCOTT
QLIDTT

CN-023 APB
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! GENERAL is a comment

| Keyword for MCO-specific plotting section

' A plot file with the name 'input deck name'.PLl is generated

syntax:
- Hydrogen flow rate inte the vacuum pump, kg/s
n jlist - Hydrogen flow rate through junctions, kg/s
- Hydrogen genration rate by fuel/scrap corrosion
hlist - Water mass on heat sink surfaces, kg
n hlist- Water mass in sludge on heat sink surfaces, kg
flist ~ Hydrogen generation rate by corrosion/dehydriding/
radiclysis in fuel baskets, kg/s
slist - " in scrap baskets, kg/s
- total hydreogen generation by corrosion/dehydriding/
radiolysis in MCO, kg/s
- cumulative hydrogen generated in MCO, kg
flist - decay heat in fuel baskets, W
slist - decay heat in scrap baskets, W
- total decay heat in MCO, W
- cumulative decay heat in MCO, J
QOX0SC, QOXOTT, UCXCTT fuel corrosion by 02 heat
QOXWSC, QOXWTT, UOXWTT fuel corrosion by H2Z0 heat
QNTRS3C, QNTRTT, UNTRTT nitriding heat
QHYDSC, QHYDTT, UHYDTT hydriding/dehydriding heat
QINSC, ©QINTT, UINTT total energy in
QOMCOSC, OQMCOTT, UMCOTT heat loss to MCO wall
QLIDSC, QLIDTT, ULIDTT heat loss to lid/floor/insert
QGASSC, QGASTT, UGASTT heat loss to gas
QEVPSC, QEVPTT, UEVPT?T heat loss due to evaporation
QCNDSC, QCNDTT, UCNDTT heat loss by axial conduction
QOUTSC, QOQUTTT, UOUTTT total energy out

total energy in fuel

initial energy in fuel + integrated{source-sink}
relative energy imbalance

total UC2 in MCO

Note: plot routine can only accept 99 items; can't plot all things.

all scrap T's but only 5 fuel {(plus MCO)
junction list

heat sink list

fuel basket list

scrap pasket list

B-54
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ULIDTT
QGASTT
UGASTT
QEVPTT
UEVPTT
QCNDTT
UCNDTT
QOUTTT
JouTTT
TOTUOZ
END PLOT
*
SOLAR RAD
*
* polnters tc heat sinks representing the cask wall and the top
* sclar radiation impinges on these
*
THCASK 72
IHTOP 74
*
* look-up table for sclar radiation throughout a day {sec .vs. W/m"2)
+*
OFFSET TIMDAY 21600, | offset by six hours
EXTRAPOLATION TIMDAY PERIOD ! repeat the diurnal cycle
TIMDRY ¢.0 3600.0 7200.0 10B600.0 14400.0 18000.0 21600.0
25200.0 28800.0C 22400.0 36000.0 39600.0 43200.0 46800.0
50400.0 54000.0 57600.0 ©1200.0 64800.0 &€8400.0 72000.0
75600.0 79200.0 82800.0 86400.0
RADSUN 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.c
0.0 0.0 0.0 0.0 0.0 c.c 0.0
] 0.0 .0 0.0
END SOLAR_RAD
*
FUEL_BSKT 4 I Total number of fuel baskets

1st Fuel Basket

heat sink pairs for fuel basket #1

® ¥ @ *

JHSFL 46 47 48 49 50 51 52 53 54 55 56 57 58 5¢

IFLINS 81 define the adjacent center insert heat sink,
0 for no insert
IFLMCO &0 define the adjacent MCO wall heat sink

radiate to

|
I
!
IFLLID 0 ! define the lid or floor heat sink to which the fuel
i
! flow area in the basket,

AFLFI, 0.131
*
* fraction of geometric area exposed for oxidation
* 3.5 mh2 / (4*16.8 m~2) = 0.0521
FAROXFL 0.00 0.06702 0,00 0.06702 0.00 0.06702 0.00
0.06702 0.00 ©0.06702 0.00 0.08702 0.00 0.06702

FCX 10 0 ! multiplier for FAOXFL
+*

43

* Nominal hydride: 4% of exposzed surface with multiplier of 300
XDHYFL 5.053E-5

Bounding Base Hydride-mult of 300 * 0.04 * D/6
= B.65E-5 m if D=4.28E-5 m
= 10.21E~5 m if D=5.05E-5m ~-> .97 kg/3 FBs

% ok o+ F X

XFLOX0 1¢.21E-5 10.21E-5 10.21E-3 10.21E-5 10.21E-5 10.21E-5 10.21E-5
10.21E-5 10.21E-5 10,21E-5 10.21E~5 10.21E-5 10.21E-5 10.21E-5
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FXHYDO 1.0 1.0 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0 1.0 1.0
*

® initial amount {(kg) of water per geometric surface area (m~2} of fuel

* 0.1 kg / 16.8 m~2 = 0.0060
FWFLO 0.3571 0.3571 0.3571 ©0.3571 10,3571 0.3571 0.3571
¢.3571 0.3%71 0.3571 0.3571 0.3571 0.3571 10.3571
FWFLIO CO.0 ! on the outer surface of the insert
FWFLMO 0.0 ! on the inner surface of the MCO wall
FAWFL 0.1 I wetted fraction of fuel surface
FAWFLM 1.0 I wetted fraction c¢f MCO wall
MSLFL 1.16 ! mass of sludge particles (kg) in the fuel basket
' 4.64 total fuel @ 4 baskets, so 1.16 per basket
*
* view factor matrix between the insert,
® ocuter surface of ocuter fuel elements,
* and the MCO wall. Therefore, the dimension of the sgquare matrixz is
®* J+number of fuel rods+l. If there is no insert, number of fuel rods+l.
*
FVIEW 0.000 0.%26 0.074 0.000 0.000 0.000 0.000 0.000 0.000
0.17% 0.31¢ (0.306 0.181 0.028 0.000 0.000 0.000 0.000
0.014 0.306 0,028 0.206 0©.306e 0.028 ©0.014 0.000 0.000
0.000 0.181 0.306 0.000 ©0.334 0.153 0.000 0.028 0.00C
0.000 0.014 0©.153 0.1e7 0.le7 0.152 0.153 0.1e7 0.028
0.000 0.00C 0.028 (.153 0,306 0.000 0.028 0.306 0.181
0.000 0.000 0.014 0.06C 0.306 0.028 0.000 0.306 0.348
0.000 ©€.000 0.000 0.014 0.167 0.153 0.153 0,049 0.466
0.000 0,000 0.000 O0.000 0©.035 0.115 ©0.220 0.5%0 0.040
*
* gap distance for micro-convection calculation
*
XGAP 0.000 0.018 0.000 0.000 0.000 O0.000 0.000 0.000 0.000
0.018 0.00C 0.021 0©.C21 0.073 0.000 0.000 0.000 0.000
0.000 0.021 0.000 0.021 0.021 0.073 0.073 0.000 0.000
0.000 0.021 0.021 0.000 0.021 0.021 0.000 0.073 0.000
Cc.000 0.073 0.021 0.021 GC.000 0.021 0.021 90.021 0.083
C.000 0,000 0.073 0.021 0.021 ©.000 0.073 0.021 0.058
0.000 0.000 0,073 0.000 0.021 0.073 0.000 0.021 0.02s6
¢.000 0.000 0.000 0.073 0.021 0.021 0©€.021 0.000 0.01lse
0.000 0.000 0.000 0.000 0.083 0.058 0.026 0.0le 0.00C
*
* axial conductien tracked in the fuel elements
*
*

Top to bottom axial partitions of the basket

AXIAL 0.0521 0.0425 0.0648 0.0995 0.152 0.234 0.3551

* multiplier to FAOXFL(fraction of ygeometric area exposed for

* oxidation) for each axial basket. c¢lad damage confined to the tip.
* 1./0.0521=19.1%

FOXaX 19.19 0.0 0.0 0.0 0.0 0.0 0.0

* multiplier to FWFLO, FWFLIO, and FWFMO (initial amount of water per
* geometric surface area of fuel, insert, and MCO wall}) for each axial
® basket. water on the tip of fuel. 1./0.0521=19.1%

FWAY 19.19 0.0 0.0 0.0 0.0 0.0 0.0
* multiplier to XFLOX0 (initial oxide/hydride thickness) for each axial basket
FUE3AY 1.0 ¢.o 0.0 0.0 .0 0.0 0.0

* partition of MSLFL(mass of sludge particles) for each axial basket. uniform.
F3LpaY 0.0521 0.0425 0.0&48 0.0995 0.152 0.234 0.3551
END IHSFL for lst fuel basket

*

* 2nd Fuel Basket

*

* "spME B3 FUEL BASKET n" - duplicates the fuel basket data
SAME AS FUEL BASKET 1
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* any overiding parameters can be followed

* define the heat sinks comprising the first fuel basket (must be
* in pairs, for inner and outer elements)

THSFL 1 2 3 4 5 €& 7 8 9 10 1ir 12 13 14

*

IFLINS 75 | define the adjacent center insert heat sink,
* 0 for no insert
IFLMCO 15 | define the adjacent MCO wall heat sink

-

* initial amount (kg) of water per geometric surface area (m"2} of fuel
* & kg / t116.8 m"~2) = 0.3571
FWFLO 0.3571 ©.3571 0.3571 90.35%71 0.3571 0.3571 0.3571
0.3571 0.3571 0.3571 0.3571 0.3571 0.3571 0.3571
END IHSFL for 2nd fuel basket

*

* 3rd Fuel Basket

*

SAME AS FUEL BASKET 2

IHSFL 16 17 18 19 20 21 22 23 24 25 26 27 28 29

IFLINS 77 t define the adjacent center insert heat sink
IFLMCO 30 ! define the adjacent MCO wall heat sink

END IHSFL for 3rd fuel basket

*

* 4th Fuel Basket

e

SAME AS FUEL BASKET 2

IHSFL 31 32 33 34 35 36 37 38 39 40 41 42 43 44

IFLINS 79 | define the adjacent center insert heat sink,
IFLMCO 45 ! define the adjacent MCO wall heat sink
IFLLID -732 ! define the 1id or floor heat sink to which the fuel

! radiate to
FWFLMO ©.790 ! on the inner surface of the MCC wall
FAWFL 0.1 | wetted fraction of fuel surface
FAWFLM 0.25 I wetted fraction of MCO wall
END IHSFL for 4th fuel basket
END FUEL_BSKT

*

SCRAP_BSKT 1 | Total number of scrap baskets

*

* First scrap basket
*

IHSSC 61 70 63 64 65 66 67 68 €9 ! radial outward
ISCINS 83 ! define the adjacent center insert heat sink,
' 0 for nc insert

ISCFIN 62 ! define copper fin heat sink

IscMco 71 ! define the adjacent MCO wall heat sink

ITsSCLID 74 | define the lid or floor heat sink te which the scrap

I radiate to

* mulitiplier for effective conductivity in scrap basket ({only conduction part)
* syntax:

FKsC 0.5 0.5 0.5 0.5 0.5 ©6.5 0.5 0.5 0.5

FRSC ©0.71 ©0.71 0.71 0.29 0.29% 0.2%9 0.29 0.2% 0.29

porosity of the scrap for each heat sink in the order read in
FPORCS 0.40 0.40 0.40
0.723 0,723 0.723 ©.723 0.723 0.723
* characteristic size for each scrap heat sink in the order read in (m)
KDSCRP 0.00635 0.00635 0.00635

0.0254 (0.0254 0.0254 0©.0254 0.0254 0.0254
¥RSCBK 0.2842 ! radius of scrap basket (m)
¥HSCBK 0.676 I height of scrap basket {(m)
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* exposed surface area avallable for oxidation
* per unit volume of scrap (l/m) for
* each scrap basket heat sink in the order read in
* Fine: Area= 2.5 m*Z2 Volume= 1.5%e-2 m"3 A/V=157.2
#® Coarse: Area= 2.0 m"2 Volume= 1.517e-1 m"3 A/V=13.18

AVOXSC 125.63 125.63 125.63

16.48 1l6.48 16.48 16.48 16.48 16.48

FOXS3C 10 0 ! multiplier for AVOXSC
*
#® Nominal hydride: 4% of exposed surface with multiplier of 200
* XSCOXO*FSCHD = Fx * Fa ® XDHYD / 6, where Fx is multiplier

HSCOXD 8.56E-5 8.56E-5 B8.56E-5 B8.56E-5 B8.56E-5 B8.56E-5 8.56F-5

8.56E-5 8.56E-5
FSCHYD 1.0 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0

*

* 1.5 kg of water total for scrap basket; 1.5/0.1676 = 8.850 kg/m"3
MVWSCO 8.950 | initial amount (kg) of water per unit bulk voclume
' (m*3) of scrap
Fw3cIo 0.0 ! on the outer surface of the insert
! {(per unit area, m"~Z2)
FWsCcMO 0.0 I on the inher surface of the MCO wall
1
]
!

{per unit area, m"2)

FAWSC 0.1 wetted fraction of surface area

FRWSCM 1.0 wetted fraction of MCO wall

¥XSCINS (.001 ! gap distance between the insert and scrap basket
1 1/4"™ gap for scrap basket and mco wall

XKSCMCO 0.00635 | gap distance between scrap basket and MCO wall

MSLEC 8.25 ! mass of sludge particles (kg) in the scrap basket

axial conduction tracked in the scrap basket, water on the bottom
4 nodes, one 2" node at the bottom

o+ % % %

top to bottom axial partition
BXTAL 0.3082 0.3083 0,3083 0.0751
* multiplier for FPOROS(porosity of scrap) for each axial basket

FFPOR 1.0 1.0 1.0 1.0
* multiplier for FOXSC(multiplier for oxidation area} for each axial basket
FFOXSC 1.0 1.0 1.0 1.0

* multiplier for MVWSCO{initial amount of water per unit velume) for each
* axial basket. 1 kg on the bettom node, 0.167 kg on each of top three nodes.
FMVWSC ©0.3605 0.3605 0.3605 8.877
* multiplier for ¥XDSCR{characteristic scrap size) for each axial basket
FXDsCc 1.0 1.0 1.0 1.0
* multiplier for PKSC{multiplier for effective conductivity in scrap)
FFKSC 1.0 1.0 1.0 1.0
END THSSC for lst scrap basket
END SCRAP_BSKT

*

END MCO

CASE 20, CCOLLHXM

< COOL1HXH.DAT
> COOL1HXM.DAT
< CASE COOL1HXH: VACUUM CYCLE (30 cfm),UH3=12,0=10,H20=26.5 Kg

> CASE COOL1HXM: VACUUM CYCLE (30 cfm),UH3=12,U=10,H20=26.5 Kg

< RESTART_ FILE VX1HXZ2.REW ! RESTART FILE NAME FOR RESTART RUN
> RESTART FILE VX1HX2m.REW ! RESTART FILE NAME FOR RESTART RUN
< 0 17.0 0.95 .0

< 1.E6 17.0 ©0.95 .0

> 0 16.0 0.85 0.0
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> 1.E6 1C.C 0.85 0.0

< URANIUM 1 18573.3 24,2 122,67 1955.2 -1 -1
> URANIUM 1 18573.3 24.2 122.67 1015.4 -1 -1
< SCRAP-URAN 4 18000.0 26.9 1832.0 3009.00 .7 0.7
> SCRAP-URAN 4 19000.0 26.9 183.0 1562.¢66 0.7 0.7
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APPENDIX C

KEY INPUT PARAMETERS

Key input parameters used in the thermal analysis for the bounding and nominal
multi-canister overpack (MCO) are shown in Table C-1. Notes are provided following the table.

Table C-1. Key Input Parameters for Bounding and Nominal
Multi-Canister Overpack. (3 sheets)

Parameter Value Reference
HEAT GENERATION PARAMETERS: power, reaction area, reactionrate
Bounding decay power 741 W (4 tuel baskets, HNF-SD-SNF-TI-015
(776 W per 5 fuel baskets, 1 scrap basket) Note 1
120 W per scrap basket) 706 W (3 fuel baskets,

2 scrap baskets)
Safety basis reaction surface area per 4.5 m? HNF-SD-SNF-TI-015
scrap’basket Fine scrap: 2.0 m? Note 2
Coarse scrap: 2.5 m*
Safety basis reaction surface area per 0.79 m’ HNF-SD-SNF-TI-015
fuel basket
Safety basis reaction rate multiplier 10 HNF-SD-SNF-TI-015
for uranium-—-water reaction
Safety basis reaction rate multiplier Fuel basket: 12 HNF-SD-SNF-TI-015
for hydride-water reaction Scrap basket: 12
RADIATION HEAT TRANSFER PARAMETERS: emissivity, view factors |
Scrap fuel emissivity 0.7 HNF-SD-SNF-TI-015
Cladding emissivity range Function of temperature | HNF-SD-SNF-TI-015
04t0 0.7
Inner shield plug emissivity 0.3 HNF-SD-SNF-TI-015
Note 3

MCO wall emissivity 03 HNF-SD-SNF-T1-015
Cask, MCO bottom, and outer shield 0.25 SNF-3650
plug emissivity Note 4
View factors and gap distances 9-by-9 matrix SNF-3650
between fuel rods and MCO wall Note 5
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Table C-1. Key Input Parameters for Bounding and Nominal

Multi-Canister Overpack. (3 sheets)

Parameter Value Reference
| -CONDUCTION HEAT TRAN SFER PARAMETERS

mass, conductivity, specific heat, temperature _ - _
Effective fuel—cladding mass density 18,573.3 kg/m’ Note 6
Uranium (scrap) mass density at 19,000 kg/m’ Holden 1958
100 °C Note 7
Stainless steel mass density at 8,000 kg/m’ ORNL 1987
100 °C Note 8

Maximum fuel mass load
(Mark 1V fuel)

Scrap basket: 980 kg
Fuel basket: 1,208 kg

HNF-SD-SNF-TI-015

Effective fuel-cladding thermal 242 WK Note 9
conductivity

Stainless steel thermal conductivity 16.0 W/m/K ORNIL. 1987
Effective fuel—cladding and uranium 122.67 Vkg/K Kaufman 1962
specific heat Note 10
Staintess steel specific heat 500.0 J/kg/K ORNL 1987

Free residual water after draining
(1.5 kg per top scrap basket, 6.0 kg
per fuel basket, 6.0 kg per bottom
scrap basket, and 1.0 kg on the

26.5 kg per MCO

JMI-980305-10

bottom of the MCO)
Water in uranium hydrates, 1.19 kg HNF-SD-SNF-TI-015
U0, 2H,0 (2 scrap baskets,

3 fuel baskets)

Normal process bay temperature

26.7 °C (80 °F)

HNF-3553, Annex B

Bounding annulus water temperature

50 °C

HNF-3553, Annex B
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Table C-1. Key Input Parameters for Bounding and Nominal
Multi-Canister Overpack. (3 sheets)

Parameter Value Reference
‘CONVECTIVE HEAT AND MASS TRANSFER PARAMETERS: '
gas volume, flow area, flow rate = o
Minimum scrap basket and shield 0.118 m’ HNF-2169
plug gas volume (<0136 m*) Note 11
Fuel basket gas volume 0.10 m’ HNF-216%

Note 12
Minimum bottom scrap basket gas 0.10 m* HNF-2169
volume (<0.119m’) Note 13
Fine scrap porosity 0.40 Note 14
Course scrap porosity 0.723 Note 15
Flow area in fuel basket bottom 0.025 m* Note 16
Flow area in scrap basket bottom 0.0078 m’ Note 17
Base vacuum pumping rate 0.01416 m'/s HNF-3553, Annex B
(30 ft*/min)
Base helium mass purge rate 0.526 E-04 kg/s HNF-3553, Annex B
(0.7 standard ft’/min)

MCO = multi-canister overpack.

Note 1

Note 2

CN-023.APC

Bounding decay heat rate — The bounding decay power (i.e., decay heat rate) is
given as 776 W per MCO with five Mark 1V fuel baskets (155.2 W per fuel basket
or 620.8 W for four fuel baskets), so the specific heat rate is 0.1224 W/kgU for
Mark IV fuel (HNF-SD-SNF-T1-015). The scrap basket for Mark 1V fuel has a
maximum fuel loading of 980 kg (HNF-SD-SNF-SARR-005), so the scrap basket
has a maximum decay power of about 120 W (980 kgU x 0.1224 W/kgU), with
the conservative assumption that no cladding is placed in this scrap basket. Hence,
the bounding decay power (i.e., decay heat rate) is 740.8 W per MCO (620.8 W

+ 120 W) with four Mark IV fuel baskets and one Mark IV scrap basket, and
705.6 W per MCO with three Mark 1V fuel baskets and two Mark 1V scrap
baskets.

Scrap fuel reaction surface area -— The safety basis value of 4.5 m? for the scrap
fuel reaction surface area is given in HNF-SD-SNF-T1-013, but the split between
the fine (2 m?) and coarse scrap (2.5 m?) reaction area is given in
HNF-SD-SNF-CN-017.
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Inner shield plug emissivity — The bottom of the MCO shield plug was given an
emissivity value of 0.3 (HNF-SD-SNF-T1-015), which is more conservative than
the higher value of 1.0 used in JMI1-980305-10 and HNF-2256.

Cask, MCO bottom, and outer shield plug emissivity — The emissivity of the cask,
MCO bottom plate, and the outer shield plug was decreased to 0.25 (from 0.30) in
order to conservatively reduce the heat removal rate from the MCO (HNF-2256).

View factors and gap distances between fuel rods and MCO wall — The view
factors and gap distances between the fuel rods in the fuel basket and the MCO
wall, which are used in the radiative heat transfer model and convection heat
transfer model for an MCO fuel basket, are documented in SNF-3650. The view
factors and gap distances (9-by-9 matrix) include the middle center post or insert,
the MCO wall, and seven whole or partial fuel assemblies in a 30° sector (which is
multiplied by 12 for full MCO).

Effective fuel-cladding mass density — Since the cladding volume is merged with
the fuel volume in the HANSF code (SNF-3650) as one heat structure, an effective
mass density is needed for the combined fuel and cladding. To simplify the
derivation, the inner fuel element and cladding are assumed to have the same
effective mass density as the outer fuel element and its cladding. The total volume
for the fuel elements and cladding used in the HANSF code is 0.31752 m’
(SNF-3650). Since the maximum fuel mass for 216 Mark 'V elements (four fuel
baskets) is 5,072 kg (23 .48 kg per element [HNF-SD-SNF-T1-015]), the volume
of the fuel is about 0.26695 m’, which is calculated by dividing the volume by the
fuel density, 19,000 kg/m’ at 100 °C (Holden 1958). Even though this derivation
is using four fuel baskets, the result would be the same if one, two or three fuel
baskets were used. The cladding volume is found by subtracting the fuel volume
from the total volume:

Voing = Vo - Vi = 0.31752 m" - 0.26695 m* = 0.05057 m”* .

Multiplying the density of the Zircaloy-2 cladding, 6,541 kg/m* (UNI-M-61), by
the volume of cladding gives a cladding mass of 330.8 kg:

Mg = 6,541 kg/m’® x 0.05057 m* = 330.8 kg .
For thermal calculations, it is essential that the effective mass (and density) and
specific heat product be conserved and, therefore, equal to the sum of the fuel and
cladding parts:

(M % Cetr = My % Chya + Muagiing * Cootaaing
where C, 4, = 122.67 J/kg/K (Kaufman 1962) and C__,;4,, = 306.1 Vkg/K
{Scott 1965) .
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For convenience, the effective specific heat is set equal to the specific heat of
uranium and the effective mass caiculated, which can be done because it's the
product that must be conserved. Hence, the equation above becomes the
following after dividing by the uranium specific heat:

Mcﬁ‘ = Mfucl + Mclaclcling, x Cp-cladding/ Cp-fucl
= 5,072 kg + 330.8 kg * (306.1 J/kg/K + 122.67 J/kg/K)
=5,8974kg .

Since the Zircaloy-2 cladding has a higher heat capacity than uranium, the effective
mass (in regards to mass times heat capacity product) is larger than just the sum of
the masses. Using the calculated effective combined mass of the fuel and cladding
above, the effective density of the fuel-cladding composite is simply the effective
mass divided by the total volume:

peff = Meﬂ/ Vtot;ll
= 5,897.4 kg/0.31752 m®
=18,573.3 kg/m’ .

The temperature dependence of densities, specitic heats, and conductivities is
ignored in the analysis because the HANSF code does not have the capability to
handle temperature-dependent material properties except for the cladding
emissivity (SNF-3650). In order to be consistent, the material parameter values
were chosen at around 100 °C and rounded off.

Uranium mass density — The mass density of uranium is about 19,000 kg/m’ at
100 °C. Since the HANSF code (SNF-3650) does not include temperature-
dependent material parameters, approximate values are used. The standard
reference temperature of 100 °C was chosen because it 1s between normal
operating temperatures and most temperatures during off-normal conditions.

Stainless steel mass density — The mass density of 304L stainless steel is about
8,000 kg/m’ at 100 °C (ORNL 1987). See the discussion above in Note 10 about
temperature-dependent material properties.

Effective fuel-cladding thermal conductivity — Since the fuel elements and
cladding are combined in the model, an effective thermal conductivity is needed to
represent the combined materials. Although the cladding has a lower conductivity,
the conductivity of both metals is high, so the calculation of an effective thermal
conductivity is not important to the calculational results.
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The effective thermal conductivity, K4 in the radial direction was estimated using
the following equation, which is valid for conductors connected in series such as
the fuel and cladding in the radial direction:

thal/Kcﬂ' = xﬁ:cI[KfucI + xcladding/Kcladding

where
K;,; = thermal conductivity of spent fuel (26.9 W/m/K [Kaufman 1962])

K jaaaing = thermal conductivity of Zircaloy-2 cladding (13.4 W/m/K
[Scott 1965])

X = total radial thickness of fuel element and cladding ( X + X aadine) -

Since the cladding mass is about 7% of the spent fuel mass
(HNF-SD-SNF-T1-015} and the cladding density is about one-third of the fuel
density, the cladding was estimated to have about 20% (~7% x 3) of the combined
fuel-cladding volume for both inner and outer fuel elements on the average. The
thickness is proportional to the volume, therefore the cladding thickness is
estimated to be 0.2 x x,, making the total thickness 1.2 x x,,,. Substituting these
values into the equation above, the value of K 4 is derived to be 24.2 W/m/K,
which is close to fuel conductivity value. The equation used for the effective
thermal conductivity in the axial direction is the following:

Kot = Kppe * K + X ladding * Kclndding )L

=24.65 W/m/K .

Since the HANSF code uses the same value of thermal conductivity for both the
axial and radial directions, the smaller value of 24,2 W/m/K was conservatively
chosen for this analysis.

Effective fuel-cladding (and uranium) specific heat — As discussed in Note 9,
which derived the effective mass density, the effective specific heat for the
combined fuel and cladding elements was chosen to be equal to the uranium
specific heat, 122.67 J/kg/K at 100 °C (Kaufman 1962). This choice was in
conjunction with the effective mass density calculation since it is the product of
mass density and specific heat that must be conserved (i.e., the specific heat of the
cladding is included in the effective mass density [see Note 9]).

Scrap basket and shield plug gas volume — The value used in the HANSF cases
was 0.118 m’, which is smaller and more conservative than the value of 1.2 m’
derived from Table 4.2.2-1 of HNF-2159 for just the scrap basket and not the
shield plug gas volume. The shield plug gas (void) volume is about 0.016 m® (for
manifold) in the MCO shield plug assembly (HNF-2833), which is always open to
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the MCO scrap basket on top, for a total combined gas volume of 0.136 m® for top
scrap basket and shield plug manifold. To be conservative, a smaller value of
0.118 m’ is used in the HANSF cases. A smaller volume will result in a higher
MCO pressure when the MCO is closed. The scrap basket gas (or void) volume
excludes the volume of the stainless steel parts, support post inner volume, center
post inner volume and scrap fuel.

Fuel basket gas volume — The fuel basket has an approximate minimum gas
volume of 0.10 m* (Table 4.2.2-1, HNF-2159) when it contains E-length Mark IV
fuel assemblies. The fuel basket gas volume excludes the volume of the stainless
steel parts, support post inner volume, center post inner volume, and fuel
assemblies,

Bottom scrap basket gas volume — The fuel basket has an approximate minimum
gas volume of 0.119 m’ (Table 4.2 2-1, HNF-2159) when it contains Mark TV
scrap fuel. The scrap basket gas volume excludes the volume of the stainless steel
parts, support post inner volumes, center post inner volume, and fuel assemblies.
To be conservative, a smaller gas volume of 0.10 m’ is used in the HANSF cases,
which results in a higher MCO pressure when the MCO is closed.

Fine scrap porosity — The porosity of the fine scrap fuel (0.25 1n. to 1 n.
maximum dimension) in the scrap basket is the void or gas space fraction (void
volume divided by total volume) in the total scrap volume when the scrap is
completely dry. The porosity of porous media such as a course sand is about 0.35
to 0.45. The porosity of fine scrap was calculated to be in the same range with a
midpoint of 0.40 (HNF-SD-SNF-CN-017). A fine scrap porosity of 0.40 was used
for this analysis.

Course scrap porosity — The largest dimension of the course scrap will not be less
than 1 in. or greater than 3 in. The total open volume of an empty scrap basket is
0.16762 m® (total inner volume minus the insert and copper fin volumes). The fine
scrap volume is 0.01592 m®, and the course scrap volume is 0.1517 m’. The total
solid scrap volume is calculated by dividing the total bounding scrap mass, 980 kg,
by the fuel mass density, 19,000 kg/m’, resulting in a total solid volume of
0.05158 m*. The solid (fuel) volume in the fine portion is 0.6 (1-porosity) times
the total fine scrap volume, 0.01592 m’, resulting in 0.009552 m®. Hence, the
coarse scrap solid volume is 0.05158 m’ minus the fine scrap solid volume,
0.009552 m?, for a value of 0.042028 m’. Dividing the coarse scrap solid volume
(0.042028 m*) by the total coarse scrap volume (0.1517 m’) gives the solid
fraction of 0.27707 for the coarse portion. Hence, the porosity of the coarse scrap
is just 1.0 minus 0.27707 for a coarse scrap porosity value of 0.72293, which is
rounded to 0.723. This value is higher than the coarse scrap porosity value
(0.685) reported in SNF-3650, mainly because no cladding is assumed in the
bounding scrap basket used in this analysis. Cladding has a lower mass density
than uranium fuel and would occupy more space, which would lower the porosity
value.
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Note 16 Fiow area in fuel basket bottom — The flow area at the bottom of the fuel basket
is the same flow area as the scrap basket bottom because the plates are same.
However, the fuel basket, without the copper fin, can have some gas flow around
the plate through the 0.25-in. gap between bottom plate and MCO wall. Also,
there is no fine wire mesh covering the bottom of fuel basket. Hence, the flow
area for a fuel basket was rounded up to 0.25 m?, which includes the 108 0.5-in.-
diameter holes and the 0.25-in. gap between bottom plate and MCO wall.

Note 17 Flow area in scrap basket bottom — The flow area at the bottom of the scrap
basket is the only flow area available for gas entry into the scrap fuel. Since
copper shims or wipers have been added between the outer scrap basket and MCO
wall, the upward gas flow has a lot of resistance through the gap between outer fin
and wall. Hence, most of the gas has nowhere to go except through the bottom of
the scrap basket by design. The scrap basket bottom has 108 open 0.5-in.-
diameter holes in it (HNF-SD-SNF-SARR-005). Hence, the total flow area is
calculated as follows:

Agy = 108 x 3.14159 x (0.5 x 0.0254/2)* m’
=108 x 1.2668 x 10* m’
=0.0137 m*.
This is reduced to 0.0078 m® because the wire screen on the bottom plate covers
about 43% of the hole area leaving about 57% of the hole open for flow. This

flow area is not an important parameter since very little flow resistance is present
for the flows encountered during vacuum drying.
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Accident scenarios developed in a clear and logical manner.
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