\\\ \H\\H\\\\\\ll\\ll\\\\ll\\\\\\

GAF 000013

PC-00038412

HTGR/RERTR FUEL MATERIALS
CHARACTERIZATION AND PACKAGING
REPORT ‘

prepared for

GA HOT CELL D&D PROJECT
CONTRACT NO. DE-AC03-95SF20798
PROJECT NO. 7340

APRIL 2002

o+ GENERAL ATOMICS




o:@ CENERAL ATOMICS

GA 2175 (REV. 9/89) PROJECT CONTROL ISSUE SUMMARY
DOC. CODE | PROJECT | DOCUMENT NO. REV.
RGN 7340 PC-0003 84 2
THLE:

HTGR/RERTR Fuel Materials Characterization and Packaging Report

APPROVAL(S) REVISION
CM APPROVAL/ PREPARED RESOURCE/ DESCRIPTION/
DATE REV BY SUPPORT PROJECT W. 0. NO.
. . » l(&=-§
b S lod iz g ([
[ISSUED 2 | s | S i ’
I - 0 S. Su V. Nicolayeff | G.C. Bramblett | Initial Issue

W. 0.7310.012.101

1023409S

J. S. Greenwood

\EREESE> | oy Basio? - ircagt ) el

1 J.S5.Greenwoaod ‘9/"?/?7 {fc .Bramblett
AUG 141997 V.Nicolayeff Complete revision to
' incorporate fuel
packaging specifica-

tions
W.O0. #07340.800.20000

422 jpz] - ,
M AT 4W/vﬁlm“ﬂeneral revisions to

2 J. Greenwood|V. Nicolayeff | R. DeVelasco| address INEEL comments

Lovote | € 1/ ﬁ%?%éxa W. O. #07340.800.20000
APR 23,2007 W
lVd.( arbatd/2 o

T=

CONTINUE ON GA FORM 2175-1

* See List of Effective Pages

(] GAPROPRIETARY INFORMATION

THIS DOCUMENT IS THE PROPERTY OF GENERAL ATOMICS. ANY TRANSMITTAL OF THIS DOCUMENT OUTSIDE GA WILL BE IN
CONFIDENCE. EXCEPT WITH THE WRITTEN CONSENT OF GA, (1) THIS DOCUMENT MAY NOT BE COPIED IN WHOLE OR IN PART AND WILL
BE RETURNED UPON REQUEST OR WHEN NO LONGER NEEDED BY RECIPIENT AND (2) INFORMATION CONTAINED HEREIN MAY NOT BE
COMMUNICATED TO OTHERS AND MAY BE USED BY RECIPIENT ONLY FOR THE PURPOSE FOR WHICH IT WAS TRANSMITTED.

X NO GA PROPRIETARY INFORMATION PAGE i OF =%




Page Number

i through vii

1-1 through 1-2
2-1 through 2-5
3-1 through 3-2
4-1

5-1 through 5-21
6-1 through 6-30
7-1 through 7-3
8-1 through 8-4

9-1 through 9-4

Total Pages

LIST OF EFFECTIVE PAGES

79

PC-000384/2



PC-000384/2

TABLE OF CONTENTS

LISTOF FIGURES .. ... ... . . vi
LISTOFTABLES . ... vii
1.0 INTRODUCTION ... 1-1
1.1 Purpose of IFM Characterization . . ... .......... ... ... .. . . .. . . . ... .. . . 1-1

12 Contractual Requirements .. . ........ .. ... ... ... . .. . .. . . ... 1-1

1.3 Consolidation and Packaging of IFM . . .. .. .. ... ... .. . . . . ... . .. .. ... ... .. 1-1

1.4 Planned Disposition of IFM .. .. .. ... .. ... .. ... .. . . .. ... . ... ... . 1-1

1.5 Temporary Storage of IFMat GA ... ... ... ... .. ... .. . .. ... . ... 1-2

2.0 SCOPE . 2-1
3.0 CHARACTERIZATION METHOD .. ... .. ... ... . 3-1
31 Methodology Utilized for Radiological Characterization of HTGR IFM .. .. ... ... .. 3-1

3.2 Methodology Utilized for Radiological Characterization of RERTR IFM ... ... ... .. 3-2

4.0 ASSUMPTIONS . ... 4-1
5.0 ANALYSIS 5-1
5.1 General . ... 5-1

52 ASSUMPLIONS . .. ... L 5-1

53 FSVFTEIFM ... 5-3

531 FSVFuel TestElement FTE-2 . ... ... .. ... ... ... ... .. .. ... ... .. 5-3

532 FSVS8urveillance Element ........ ... ... .. ... .. ... ... .. ... ... 5-4

5.4 PBFTEIFM 5-5

541 PBFuelTestElement FTE-3 . .................... ... ... . . . ... ... 5-5

542 PBFuelTestElementFTE-4 ... ... ... .......... .. . ... .. .. ... .. .. 5-6

543 PBFuelTestElementFTE-6 ..................... . . ... ... ... ... .. 5-7

544 PBFuelTestElement FTE-14 ... ... ... .. ... .. ... . . . . . . . .. ... ... .. 5-8

545 PBFuelTestElementFTE-15 . ... ................ .. ... .. .. ... .. .. 5-9

546 PBFuelTestElementFTE-16 .. ... ... ... ... .. .. ... .. .. . .. ... 5-10

5.5 AVRIFMFuelPebbles .......... ... . ... .. .. . ... .. . . . . . . . ... 5-11

56 OTHERHTGRIFM ... . 5-12

56.1 FuelTestCapsule P13P ... ....... ... ... ... .. ... .. . . . 5-12

5.6.2 FuelTestCapsule P13Q ................ ... ... .. ... ... ... 5-13

56.3 Fuel TestCapsules PABR&P13S ... ................. ... ... ... ... 5-14

56.4 FuelTestCapsule PA3T ................. .. ... .. ... .. ... ... 5-15

5.6.5 FuelTestCapsule P13V . ... ... ... ... ... . i 5-16

566 FuelTestCapsule HB-2 .... ... ... ... .. .. . . . . .. . . . . . .. .. ... 5-17

5.6.7 Fuel Test Capsules HRB-14 & HRB-15A ... ... .. ... .. .. . ... ... . ... . 5-18

56.8 FuelTestCapsule GF-3 . .................... .. .. 0 0 i 5-19

5.6.8 FuelTestCapsule DR-GB2 ................... ... . . . . . . . .. ... ... 5-20

5.7 RERTRIFM . .. 5-21

6.0 RESULTS .. 6-1
6.1 HTGRIFM . . 6-2

.11 FSVIFM . 6-2

6.1.2 PBFTEIFM ... 6-4

8.1.3 AVRIFMPebbles ........... ... ... .. .. . . . .. 6-10

614 OTHERHTGRIFM . ... ... ... . .. . . .. . 6-11



7.0

8.0

8.0

PC-000384/2

6.1.5 Summationof Results for HTGRIFM ... ... .. ... ... ... ... ..... 6-20
6.1.5.1 Packagingof HTGRIFM . ... ... ... ... .. ... ... ... . ..., 6-21
6.1.5.2 Uranium Isotopes Before and After Burn-up . ................. 6-21
6.1.5.3 Plutonium Isotopes After Burn-up . ......... ... .. ... ... ... 6-21
6.1.54 Weight of HTGRFHU ... ... ... .. .. .. ... ... .. .. ... ... 6-21

6.1.5.5 Measured Radiation Dose Rates for Unshielded HTGR FHU Assembly
.................................................... 8-21
6.1.5.6 CalculatedDecayHeat . ... ....... .. ... ... . . ... ... . ..., 6-25
6.2 RERTRIFM . . e 6-25
6.21 Packagingof RERTRIFM . ... ... .. ... .. ... ... ... .. ... ....... 6-25
6.2.2 SummationofResultsfor RERTRFHU ... ... ... . .. .. ... ... ..., 6-25
6.2.2.1 Uranium isotopes Before and After Burn-up . ................. 6-25
6.2.22 Weightof FHU . .. . ... ... . . .. 6-30
6.2.2.3 Measured Radiation Dose Rates for Unshielded FHU Assembly .. 6-30
6.2.2.4 Plutonium isotopes After Burn-Up . ....... . ... ... .. ... 6-30
VERIFICATION 7-1
7.1 Gamma Dose Rate Measurements ... ... ... ... . ... ... .. 7-1
711 HTGRIFMSuUrvey . ... .. ... . . e 7-1
742 RERTRIFMSurvey . ... . .. . . 7-1
7.2 Gamma Dose Rate Calculations ... ... . ... ... ... ... . oo, 7-2
7.3 Comparison Between Measurement and Calculation . ....... ... ... ... ... ... 7-2
7.4 Input and OQutput Filles . . . ... ... 7-3
DEFINITIONS L 8-1
LIST OF REFERENCES . . ... 9-1



Fig. 6.1.
Fig. 6.2.
Fig. 6.3.
Fig. 6.4.
Fig. 6.5.
Fig. 6.6.

PC-000384/2
LIST OF FIGURES

HTGR Primary Enclosure, GADwg. No. 032237/B. .................... ... .. 6-22
HTGR Secondary Enclosure, GA Dwg. NO. 032231/A . ... .......... .. ... ... 6-23
FHU #032231 (HTGR IFM) Assembly Schematic ...................... .. ... 6-24
FHU #032230 (RERTR IFM) Assembly Schematic ............... ... .. . ... 6-26
RERTR Primary Enclosure, GA Dwg. #032236/B .................... ... ... 6-27
RERTR Secondary Enclosure, GA Dwg. # 032230/A ... ... ... ... . ... .. .. ... 6-28

vi



Table 2.1.
Table 2.2.
Table 2.3.
Table 2.4.
Table 2.5.

Table 2.6

Table 6.1.
Table 6.2.
Table 6.3.
Tabie 6.4.
Table 6.5.

Table66.

Table 8.7.
Table 6.8.
Table 6.9.

Table 6.10.
Table 6.11.
Table 6.12.
Table 6.13.
Table 6.14.
Table 6.15.
Table 6.16.
Table 6.17.
Table 6.18.
Table 6.19.
Table 6.20.
Tabie 6.21.
Table 6.22.
Table 6.23.
Table 6.24.

PC-000384/2

LIST OF TABLES

HTGR Fuel Constituent DesignData . ................. .. ... .. ... ... ... 2-2
Consolidated HTGR FuelData .. ................ ... . ... ... ... . ... ... ... 2-2
RERTR Fuel Constituent Design Data .................... ... ... ... ... ... 2-3
Consolidated RERTR Fuel Data . ................. . . . .. . . . .. ... .. .. ... 2-4
Gravimetric Composition of Cladding & Non-fuel Component Materials in RERTR IFM

.................................................................. 2-4
Summary of DOE-Sponsored General Atomics Fuel Test Element Programs Related to the
HTGR & RERTR Irradiated Fuel Materials (IFM) .. ... ... ... ... ... ... ... .. .. 2-5
Results for FSV Fuel Test Element FTE-2 ... .............. ... ... . .. ... .. .. 86-2
Results for FSV Surveillance Element . ... .......... ... .. ... ... . . .. ... 6-3
Results for PB Fuel Test Element FTE-3 .. ........ ... .. ... .. .. .. .. .. . .. . . 6-4
Results for PB Fuel Test Element FTE-4 .. ... ... .. . . .. ... . ... ... .. .. . 6-5
Results for PB Fuel Test Element FTE-6 .. ....... ... .. .. .. .. .. . ... .. ... 866
Results for PB Fuel Test Element FTE-14 ... ... . ... ... .. ... . . . 6-7
Results for PB Fuel Test Element FTE-15 ... ... ... .. ... .. .. . .. . . . . .. .. 6-8
Results for PB Fuel Test Element FTE-16 .. ....... .. .. ... ... ... . . . .. . 6-9
Results for AVR IFM Fuel Pebbles .............. ... ... . . . .. .. . .. .. . . .. .. 6-10
Results for Fuel Test Capsule P13P ... .. ... ... . .. ... .. . .. .. .. ... .. 6-11
Results for Fuel Test Capsule P13Q ... ... ... . ... ... .. ... . ... ... 6-12
Results for Fuel Test Capsule PISR&P13S .. ... ... ... . . . ... . .. . .. ... 6-13
Results for Fuel Test Capsule P13T .. ... ... . ... . . ... . . ... ... .. ... . 6-14
Results for Fuel Test Capsule P13V ... . ... ... . .. . . ... . . . . .. .. .. ... 6-15
Results for Fuel Test Capsule HB-2 ... ... ... ... . . .. ... . . . . ... . . .. . 6-16
Results for Fuel Test Capsule HRB-14 & HRB-15A ... ... ... . .. . ... ... ... 6-17
Resuits for Fuel Test Capsule GF-3 . .. .............. . ... . .. ... ... . ... 6-18
Results for Fuel Test Capsule DR-GB2 . ........ ... .. .. ... . ... .. . ... .. 6-19
Summation of Activity & Mass for HTGR FHU as of 1/1/96 . . .. ......... .. . .. . 6-20
HTGR FHU Uranium Isotopic Distribution, Before and After Burmm-up ............ 6-21
Measured Radiation Dose Rates for Unshielded HTGR FHU Assembly .. ... ... .. 6-25
Results for RERTR Fuel ............... ... ... . . . . . 6-29
RERTR FHU Uranium Isotopic Distribution, Before and After Burmn-up ........ ... 6-30
Measured Radiation Dose Rates for Unshielded RERTR FHU Assembly .. ... . ... 6-30

vii



1.0

PC-000384/2

INTRODUCTION

1.1

1.2

1.3

1.4

Purpose of IFM Characterization

In support of ongoing Hot Cell Decommissioning Project efforts by General Atomics (GA),
it has been necessary to fully characterize the DOE/NE Irradiated Fuel Materials (IFM),
which were remotely packaged and removed from the Hot Celi Facility {HCF) Bldg. 23, and
subsequently transported to temporary storage in Bldg. 30, in December 1995 then to Bidg.
31 in January 2000. The removal of the IFM from the HCE was necessary to allow the Hot
Cell Decommissioning Project efforts to proceed in accordance with planned schedules.
The objective of this report is to definitively quantify, describe, and document the pertinent
characteristics of the stored IFM and associated packaging, in order to provide sufficient
supporting data to meet the receipt criteria documentation requirements of the Idaho
National Engineering and Environmental Laboratory (INEEL).

Contractual Requirements

GA Hot Cell Decommissioning Project work is being performed to meet the requiremenits set
forth in Ref. 1-1. The specific requirement of IFM characterization, the results of which are
documented herein, is outlined in Task 16 of Ref. 1-1.

Consolidation and Packaging of IFM

In November 1995, the subject IFM was remotely inspected, inventoried, and packaged in
the GA Hot Cell Facility for the purpose of physical removal of the material from that building

. and the temporary storage on the GA site. As part of this process, the IFM was separated

by fuel type into two packaging groups: one IFM group composed of the High-Temperature
Gas-cooled Reactor (HTGR) type fuel entities (designated as HTGR IFM), and the other
IFM group composed of the Reduced-Enrichment Research and Test Reactor {RERTR) type
fuel, designated as RERTR IFM. The HTGR IFM packaging involved the physical
consolidation of discrete HTGR entities, each of which had originated from specific DOE-
sponsored fuel test irradiation programs conducted by GA. These HTGR IFM entities, held
at GA under the HTGR Advanced Fuel Base Program (DOE Project No. L-AF-2050-1 00),
had been separately controlled, inventoried, and retained at the GA Hot Cell Facility in
shielded, retrievable storage. However, to facilitate handling and disposal of these items,
GA obtained permission from the DOE to physically consolidate all stored HTGR IFM. This
authorization was granted by DOE/OAK in July 1992. The packaging of each of the two IFM
groups involved the remote handling, collection, loading, and weld-encapsulation of the IFM
into 304 Stainless Steel Primary and Secondary Enclosures, the design of which allowed
for the subsequent installation of the packaged IFM groups into separate, shielded storage
casks. All IFM packaging steps were implemented in accordance with a GA Hot Cell
operating procedure (Ref. 1-3).

Planned Disposition of IFM

Work to develop a strategy for the disposition of the subject IFM was initiated by General
Atomics in early 1992, as a conjunctive effort with DOE/OAK. In 1993, DOE/OAK identified
the Oak Ridge National Laboratory (ORNL), Oak Ridge, TN as the probable selected facility
to receive and store the GA Hot Cell Facility IFM and directed GA to coordinate
implementation of the transfer with ORNL. Accordingly, GA opened dialogue with ORNL
at that time to define the scope of work involved in the proposed IFM transfer and to obtain
the spent fuel receipt criteria and IFM packaging requirements for the ORNL spent fuel dry

1-1
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storage facility. In late 1995, DOE/OAK notified GA of a decision” by the National Spent
Fuel Program, to designate the Idaho National Engineering and Environmental Laboratory
irradiated Fuel Storage Facility (INEEL IFSF), as the recipient for the GA Hot Cell Facility
IFM. DOE/OAK subsequently directed GA to initiate dialogue with INEEL to coordinate
transfer of all GA Irradiated Fuel Materials and Spent Fuel to that facility. Revision 1 of this
report was prepared to reflect the programmatic change of recipient facility designation
(from ORNL to INEEL), and included INEEL receipt requirements, set forth in Ref. 1-4. The
current revision, (Rev. 2) reflects the comments received from INEEL on Rev. 1.

Temporary Storage of IFM at GA

Information related to the temporary storage of the subject IFM at GA has been previously
documented and provided to the DOE in Ref. 1-5.

]

The decision to direct the GA IFM to INEEL was made to comply with a Consent Order/Settiement
Agreement on Spent Fuel and Nuclear Waste, reached 17 October 95 between the DOE, the U. S.
Navy, and the State of Idaho, (i.e., Batt Agreement). in accordance with the terms of this agreement,
shipments of IFM from GA to INEEL cannot start before 1 January 01.

1-2
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SCOPE

The scope of this characterization effort, and the subject of this analytical report, encompasses the
entire quantity of previously-irradiated, highly-radioactive nuclear fuel test specimens, which had
been previously stored in the GA HCF. These IFM samples had been collected and retained in the
HCF archival fuel storage inventory during a succession of Hot Cell Post-Irradiation Examination
(PIE) projects, conducted by GA in support of various DOE-sponsored fuel development programs
over the 30+ year operating history of the HCF. A preliminary inventory report on the subject IFM
was prepared by GA and submitted to the U.S. Department of Energy in 1993, in fulfillment of a
contract deliverable requirement (Ref. 2-1).

The subject IFM samples are associated with two DOE-sponsored reactor fuel development
programs conducted by GA between ~1967 and ~1987. Each of these two programs involved the
in-pile reactor exposure of discrete fuel material type groups, which were irradiated as either fuel
test capsules or fuel test elements. The two fuel material types serve as a logical basis for the
categorization of the subject IFM throughout this report, under the following designations:

e HTGR IFM (High-Temperature Gas-cooled Reactor Irradiated Fuel Materials), and
® RERTR IFM (Reduced-Enrichment Research & Test Reactor Irradiated Fuel Materials)

A summary of the individual HTGR IFMs constituent design data is presented in Table 2.1. The
consolidated data for all of the individual HTGR IFMs is presented in Table 2.2.

A summary of the constituent design data of the different RERTR IFM is presented in Table 2.3. The
consolidated data for all of the individual RERTR IFMs is presented in Table 2.4. The gravimetric
composition of the cladding is presented in Table 2.5.

The purpose of this report is to provide sufficient data to allow INEEL to approve shipment of the
subject IFMs. Based on the data herein and approval of INEEL to allow GA to ship the fuel, GA can
then enter into contract negotiations with various NRC licensed Type B shipping cask suppliers.
Cask suppliers will only negotiate with GA once an agreement to ship is reached. Once a contract
with a cask supplier is in place, GA shall then complete remaining items in the Fuel Required
Shippers Data Form (RSD, INEEL Form 434.28) and then complete the Packaging Required
Shippers Data Form (RSD, INEEL Form 434.29) and provide this data to INEEL prior to the actual
shipment. Completed forms are included in an attachment to this report and are completed based
on the data provided herein. The description of the cask will be completed when a supplier is named
and the activation levels of the IFM will be calculated to be current as of the time of shipment.

A summary of the DOE-sponsored irradiated fuel test element programs that generated the IFM
samples is presented in Table 2.6,



Table 2.1. HTGR Fuel Constituent Design Data

 {as manufactured)

D

_ PARTICLES
. (Kernels)

Solid, spheridized, high-temperature sintered fully-densified, ceramic kernel substrate,
composed of: UC,, UCO, UO,, (Th,U)C,, or (Th,U)O,. In general, HTGR fuel kernels
were manufactured by the GA-developed VSM inert-gas high-temperature drop furnace
method.

Note: These kernels were used in the Fuel Particles (Coatings). There are no uncoated
particles in this shipment.

Spherical geometry;
~200 - 1000 um kemnel dia.
~T720 pm, dia, (typ).

Solid, spherical, isotropic, discrete multi-layered fuel particle coatings, successively
applied in a gaseous, high-temperature chemical-vapor-deposition fluidized-bed system
over fuel kernel substrate. The chemical composition of the coatings includes pyrolytic-
carbon (PyC) & silicon carbide (SiC).

Note: ~33 vol-% of the HTGR IFM is composed of loose fuel particies.

Spherical geometry;

~250 - 1000 pm particle dia.
~20 - 80 um coating thickness.
3 - 5 coatings/particle (typ).

Multi-coated, ceramic fuel particles, bound in solid, cylindrical, injection-molded, high-

: temperature heat-treated compacts. The fuel compact matrix is composed of carbonized

graphite shim, coke, & graphite powder.
Note: ~65 vol-% of the HTGR IFM is composed of fuel compacits.

Right-circular cylindrical
geometry;

~0.490" (1.25cm) compact dia.
~1.94" (4.93cm) compact (.

Multi-coated, ceramic fuel particles, bound in solid, spherical injection-molded, high-
temperature heat-treated pebbles. The fully-cured binding matrix is composed of
carbonized graphite shim, coke, and graphite powder.

Note: There is a total of 2 ea. AVR fuel pebbles contained in the HTGR IFM or ~2 vol-%.

Spherical geometry,
~2.36" (6.00cm) sphere dia.
~20000 fuel particles/sphere.

Table 2.2. Consolidated HTGR Fuel Data

Fuel Material Volume: | ~8556 cm® (~584 in°)
Fuel Material Mass: | 10.668 kg.
Overall Elemental Constituents C | 66.33 wt-%,; 7075.55 g
for as-manufactured Fuel Material: Th | 18.34 wi-%,; 1956.87 g
Si | 13.20 wt-%; 1408.37 g
U | 1.92 wi-%; 204.81g
O 1 0.21 wi-%; 2240g |

¢/¥8€000-0d



Table 2.3. RERTR Fuel Constituent Design Data

20 ea. irradiated fuel elements; active fueled portion of elements are solid, Fuel: | 0.512" (1.30 cm) OD x 22.05"
cylindrical casting composed of homogeneous alloyed metal hydride as (56.0 cm) length.
Er(U,ZOH, g
3
5ea. @ 20 wt-% U, 78.6 wt-% Zr, 0.00 wt-% Er, 1.35 wt-% H, 0.00 wt-% C; Fuel Volume/ | 74.4 cnt’,
6 ea. @ 30 wt-% U, 68.0 wt-% Zr, 0.51 wt-% Er, 1.15 wt-% H, 0.33 wt-% C; Element :
Yea @ 45 wt-% U, 53.1 wt-% Zr, 0.89 wt-% Er, 0.92 wt-% H, 0.10 wi-% C;
. 235 . . 0 Fuel Mass/ | ~473 g for 20 wi-% U elements.
The nominal value for **U ennchmeont for all RERTR fuel is 19.7%. Actuai Element: | ~513 g for 30 wt-% U elements.
enrichments may vary by up to + 0.1%. ~619 g for 45 wi-% U elements.
Cladding: | Incoloy 800H extruded seamless tubing. Cladding: | 0.543" (1.38 cm) OD x 0.016"
" (0.041 cm) wall thickness. I
Top/Bottom Fixtures: | 304SS casting.
Compression Spring: | Inconel 600.
20 ea. solid cylindrical welded-assembly irradiated fuel elements, of which 13 Element: | 0.543" (1.38 cm) OD x 29.92"

ea. are intact assemblies; the remaining 7 ea. elements have been
previously sectioned for examination purposes; the component segments of
each sectioned element were collected into separate aluminum tubes and
the ends crimped.

(76.0 cm) length overall.

Volume/Element:

133.6 cm’®

Mass/Element:

665 g for 20 wi-% U
705 g for 30 wt-% U
811 g for 45 wt-% U

—

¢/¥8€000-0d
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Table 2.4. Consolidated RERTR Fuel Data

Fuel Material Volume:

~7141 cm® (~436 in°)

Fuel Material Mass: | 10766.54 g
Overall Elemental | Zr | 62.42 wt-%; 6721.10¢g
Constituents U | 35.77 wi-%; 3850.66 g
in Fuel Material: H 1 1.08 wt-%; 116.02 g
Er | 0.59 wt-%; 63.32g
Cl|014wt%C 15.44 g

neutron poisons

Er/U = 16.44 g-kg"

Table 2.5. Gravimetric Compaosition of Cladding & Non-fuel Component Materials in RERTR IFM

.. Component/ L
.~ Material Composition | .- v
Tubing/ 0.0
Incoloy 800H
Compression 270.3 0.0 00| 750 2027 | 250 676 0.0 0.0 0 0.0
Spring/
Inconel 600
End Fittings/ 1538.7 | 69.0 | 1061.7 | 10.0 | 153.9 | 19.0 | 292.3 201 308 0 0.0
304SS
Spacer/ 17.3 0.0 00| 00 00| 00 0.0 00| 00} 1000} 173
Molybdenum
L Totats.@rHul) | 34334 17045 | | 9191 7e17| s8] 17.3

¢/¥8€000-0d
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Table 2.6: Summary of DOE-Sponsored General Atomics Fuel Test Element Programs
Related to the HTGR & RERTR Irradiated Fuel Materials (IFM)

Physical Form of Fuel Material ol ed odrad. | twad |
(as manufactured) 4 Reactor coBtart o BEnd 10 oReé
e Lt pate | Dae |
FSVFTE-2 | (Th,U)C, ThC,, & ThO,[TRISO] coated particles/compacts Fsv ~3/79 ~1/84 5-1,62,5-3
FSV SURV | (3.6:1 Th:U)C, & ThC,[TRISO] coated particles/compacts N 713176 21179 5-1,5-4,5-5
PB FTE-3 UGC,, UQ,, (2.75:1 Th:U)C,, ThCJTRISO], & ThC,, ThO,[BISO] coated particles/compacts PB 71171 7172 5-6,5-11
PB FTE4 Uc, U0, (2.75:1 Th:U)C,, ThC,[TRISO], & ThC,, ThO,[BISO] coated particles/compacts N 71171 9M4/73 5-7 5-11
PB FTE-6 UC, UO,, (2.75:1 Th:U)C,, ThC,[TRISO], & ThC,, ThO,[BISO] coated particles/compacts " 7173 11/30/74 5-8,5-11
PB FTE-14 UG, UO, (1:1 ThiU)O,, ThC,, ThO,[TRISOQ], & ThC,, ThO.IBISO] coated particles/compacts " &/18/72 9/14/73 59,511
PB FTE-15 UC,, UQ,, (1:1 Th:U)O,, ThC,, ThO,[TRISO), & ThC,, ThO.[BISO] coated particles/compacts " 7672 10/31/74 5-9.5-11
PB FTE-16 (1:1 Th:U)C,, ThC,[TRISQ] coated particles/compacts * 71672 10/31/74 5-10,5-11
AVR (Th,U)C,[TRISQ] & (Th,U)O,[BISO] coated particles encapsulated in isostatically injection-molded graphite 6 AVR ~12/67 ~6/68 5-12,5-13
cm dia. spherical pebbles; 2 ea

P13P UG, U0, (Th,U)O,, ThC,, ThO,[TRISO] & ThC,, ThO,[BISO] coated particies/compacts ETR 4i15[72 4/30/73 5414
P13Q UC,[TRISQ] & ThQ,[BISO] costed particles/compacts ORR 82273 2/23/75 5-15,5-16
P13R/S UC,[TRISO] & ThO,[BISO] coated particles/compacts GETR 1211073 10/31/74 5-17,5-18 1]
P13T UC,, UCO[TRISO] & ThO,[BISO] coated particles/compacts ORR 81075 715/76 519 "
P13V UCO[TRISO] & ThO,[BISO] coated particles/compacts GETR 3/1/78 11/11/76 5-20,5-21
HB-2 UCO(WAR)[TRISO], ThO,[SVBISO], ThO,[ZrC/BISO] coated particles/compacts " 97175 1/8/76 5-22
HRB-14 (Th,U)0,, UQ,, ThO,[TRISO] coated particles/compacts HFIR 5/20/78 1/4/79 5-23
HRB-15A (Th,U)O,, UQ,, ThO[TRISO] coated particles/compacts ’ 7/26/80 1429181 5-24
GF-3 (Th,U)O,, ThO,[TRISQ], & ThO,[BISO] coated particles/compacts SILOE 1431/74 712578 5-25
DR-GB2 UC,[TRISO] & ThO,[BISC] coated particles/compacts DRAGON ~3/75 ~12/75 5-26,5-27
RERTR Er(U,Zr)H, 65 solid metal alloy w/incoloy 800 cladding, 20 ea. fuel element assemblies ORR ~12/79 ~8/84 528

Jj

¢/¥8€000-0d
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CHARACTERIZATION METHOD

The methodology employed for the characterization of the IFM is described in Ref. 3-1. The specific
characterization parameters specified herein have been addressed, in order to meet the radiological
characterization requirements identified in Ref. 1-4.

In preparing this report, existing, previously-published GA records, technical reports, test plans,
program summaries, post-irradiation examination (PIE) reports, and other pertinent experimental
data were examined and analyzed for applicability and incorporation herein. These documents,
which are individually referenced in the following sections, collectively represent a comprehensive
information database to support the characterization analyses herein. All data presented in this
report which relate to the physical/chemical characteristics and irradiation history of the IFM, have
been drawn from the aforementioned reference documents.

3.1

Methodolegy Utilized for Radiological Characterization of HTGR IFM

Radiological characterization of the HTGR IFM fuel capsules and fuel test elements was
performed with the GARGOYLE computer code. The GARGOYLE computer code was
chosen for the HTGR IFM because it is geared towards the HTGR fuel cycle, and has been
used at GA and other DOE sites for HTGR fuel cycle analysis for the past 30 years.
GARGOYLE is a zero-dimensional mutti-group diffusion-theory burn-up and depletion code.
The original GARGOYLE user's manual was issued in 1969 as a GA report. The code was
later modified to include decay heat calculations using a large library of nuclear data, which
includes cross-sections, fission-product yields, decay chains, decay energy data, etc.
(Ref. 3-2).

The diffusion and depletion calculations in GARGOYLE are based on a homogeneous target
composition. Therefore, the effect of flux self-shielding on the nuclide cross-sections in the
actual heterogeneous fuel element geometry must be considered using self-shielding
factors. For the HTGR IFM, the self-shielding factors have been generated for 2*?Th and
28y, and are contained in the GARGOYLE data library. Although these factors were
developed for a specific HTGR fuel, they are applicable to the characterization study by
adjusting other parameters, such as thermal power generated.

The GARGOYLE computer code can treat multiple geometric regions. For this study,
however, a single homogeneous core region was used in calculating the multi-group flux
spectra. The composition contained initial fuel loadings and moderator atom densities. The
fuel loadings corresponded to the loadings in a given HTGR IFM capsule or test element.
Typical moderator density (graphite moderator assumed in all cases) was used for spectrum
calculations.

Input data required for GARGOYLE computer code calculations include irradiation history
(i.e., EFPD and decay time), initial fuel loadings (both Th and U), core volume
corresponding to the fuel loadings, and assumed core thermal power. The thermal power
input was adjusted as appropriate in order to obtain the results consistent with the reported
%FIMA or activity levels.

Conformation of the accuracy of the GARGOYLE code is based on the following:

s It was used to design the Fort St. Vrain core and accurately depicted the core. It
was accepted by the NRC for use in calculating the core configuration.

3-1
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o The data generated by GARGOYLE were compared with the output of ORIGEN, a
program used for LWR fuel. Results were very favorable as reported in Refs. 3-4
and 3-5.

Results generated from GARGOYLE calculations for each fuel sample include:

e Target Material Actinide Content (in g),
e Target Material Fission Product Activity Levels (in Ci), and
& Target Material Decay Heat Content (in W).

Methodology Utilized for Radiological Characterization of RERTR IFM

For the RERTR IFM, similar characterization methods were used as those used for the
HTGR IFM. The actinide content of the RERTR IFM however is well documented, and this
information is used for characterization purposes for the fuel. The fission product and
activation product inventory were determined using the ORIGEN2 code (Ref. 3-3).
ORIGENZ was chosen for the RERTR IFM analysis because it is a widely recognized code
for fissile burn-up and depletion calculations. ORIGENZ is a point depletion code, made
available through ORNL, and is used primarily for LWR fuel burn-up analysis. The initial
fuel material inventory, including cladding and the average irradiation time, was input into
ORIGEN2. The RERTR IFM power level was chosen to produce the documented U
content at the end of the irradiation time given in the referenced reports. The actinide
content resulting from ORIGEN2 calculations was not used because of the differences
between LWR and ZrH, spectra. While the speciral effect is important to the actinide
content of the RERTR IFM, the effects are minimal for the fission products and activation
products.

Caleulated ORIGENZ output includes results for:
® Target Material Fission Product Activity Levels (in Ci),

e Target Material Activation Product Activity Levels (in Ci), and
@ Target Material Decay Heat Content (in W).

3-2
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ASSUMPTIONS

The following assumptions were used in this Irradiated Fuel Materials (IFM) radiological
characterization study:

The IFM target ‘entities were exposed to a continuous, straight burn for the reported
Effective Full-Power Days (EFPD) duration, followed by decay from the end of irradiation
to the Reference Decay Date of 1 January 96.

Irradiation reactor neutron flux moderation was provided by graphite (of ~1.3 gfcm® specific
gravity) for all HTGR IFM target entities.

Irradiation reactor neutron flux moderation was provided by water for the RERTR IFM target
entities.

The applied self-shielding factors utilized for *2Th and **U were taken from existing
reference data, which was available in both the GARGOYLE and ORIGENZ computer code
libraries.

For HTGR [FM target entities, one homogeneous active core region was assumed for
calculation input. The smeared composition of the irradiation environment model
incorporated reported target fuel loadings and graphite density, thereby simulating the fuel
burn-up and depletion in a driver reactor.

The peak fissile and fertile burn-up levels (i.e., Peak FIMA), which were previously

documented in the corresponding engineering report references for the individual fuel target
entities, were utilized for all calculations.

4-1
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ANALYSIS

5.1

52

General

For analysis purposes, the two types of Irradiated Fuel Materials considered (i.e., HTGR
and RERTR) were further divided into five Subgroups, based on target fuel type, fuel
elemental composition, and reactor irradiation exposure conditions. These IFM Subgroups
are identified and defined below. Also provided below are notes pertaining to the nuclear
analysis computer code calculations performed for each Subgroup.

Subgroup (i): FSV FTE IFM:
HTGR-type fuel irradiated as part of Fuel Test Element programs in the Fort St.
Vrain Nuclear Generating Station Reactor; (see Section 5.3).

Subgroup (ii): PB FTE IFM:
HTGR-type fuel irradiated as part of Fuel Test Element programs in the Peach
Bottom Atomic Power Station, Unit 1 Reactor: (see Section 5.4).

Subgroup (i) AVR IFM:
HTGR-type fuel material irradiated in the Arbeitsgemeinschaft Versuchs-Reaktor
Pebble-Bed Reactor; (see Section 5.5).

Subgroup (iv): OTHER HTGR IFM:
High-Temperature Gas-cooled Reactor fuel material, irradiated as part of Fuel Test
Capsule programs in one of several different irradiation facilities, including the ETR,
ORR, GETR, HFIR, SILOE, or DRAGON Reactors: (see Section 5.6).

Subgroup (v): RERTR IFM:
TRIGA-type Reduced Enrichment Research & Test Reactor fuel element
assemblies, irradiated in the Oak Ridge Reactor; (see Section 5.7).

Assumptions

For IFM Subgroups (i), (i), & (iij), each of which are single reactor-specific, data concerning
the neutron flux spectra, to which the target fuel specimens were exposed during reactor
iradiation, were available from previously published information regarding the FSV, PB, and
AVR reactors, respectively. Fissile burn-up analyses for these Subgroups were obtained
with the GARGOYLE computer code (Ref. 3-2).

IFM Subgroup (iv) is composed of various HTGR-type Fuel Test Capsules, each of which
have been irradiated in non-HTGR reactors. The effective driver reactor neutron fiux
spectra to which these target HTGR fuel specimens were exposed was therefore influenced
by the structural graphite incorporated into the Fuel Test Capsule design. In order to model!
these special irradiation conditions for nuclear analysis calculations, it was assumed that
the HTGR fuel entities making up IFM Subgroup (iv) were irradiated under normal FSV
operating conditions; appropriate adjustments were then applied to the thermal power input,
to yield similar neutron fluence and/or fissile burn-up levels.

For the analysis of IFM Subgroup (v), i.e., RERTR material, which is a Incoloy 800 clad
metal alloy TRIGA-type fuel design, the effective neutron flux spectrum to which the target
material was exposed was normalized for light water moderation. The fissile burn-up
analyses for this subgroup was obtained with the ORIGEN2 computer code. (Ref. 3-3)

5-1
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In general, a trial and error approach was employed to adjust the thermal power input values
to the code, in order to obtain the reported fissile burn-up levels.

The following pages in this section present the actual computer code input data utilized to
calculate the post-irradiation isotopic activities and decay heat content of the individual IFM
entities characterized herein. Pertinent references relating to each IFM entity are cited on
each analysis sheet.

The general format of the information presented in this section is as follows:

IFM Subgroup Designation

5.X.X Fuel Test Capsule/Element Identity
Identity of Archival IFM Sample Entity

i

Sample Designation

i

Vee (om®)
5 Wiy g pou, (OFELE) = Post-lrradiation U in Entire Fuel Test Element/Capsule
25 Whey g, (9/SX)

Normalization Factor, K

Volume of Fuel Test Element/Capsule

it

Post-Irradiation 25U in IFM Archival Sample of Fuel Test Element/Capsule

Fraction of Fuel Test Element/Capsule 25U in IFM Archival Sample

1]

Vg, (cm®) Volume of IFM Archival Sample

Calculated IFiM Target
Atom-Density (in atoms
per barn-centimeter)

| Caleulated As-Manufactured
Nugclide Mass (in grams)
¢ contained in IFM Sample

Nuclide Species (or Material)
contained in IFM Sample

Reported As-Manufactured
Nuclide Mass (in grams)
contained in IFM Fuel Test

Element/Capsule™

Reactor: Irradiation Reactor identity, Full name of reactor given in Section 8.
Startradiation: Reported {rradiation Start Date
End,ragistion: Reported Irradiation End Date
EFPD, (d) = Period of Irradiation, in Effective Full Power Days
®casr, (NVE) = Peak Fast Neutron Fiuence in Irradiation Reactor
Peak FIMA.,,,, = Peak Percent Fissile Burn-up in Target
Peak FIMAcw. = Peak Percent Fertile Burn-up in Target

pe, (Wiem®) = Average Power Density of Irradiation Reactor
Ptlsx, (W) =  Peak Power Generated in Target during Irradiation
References: Applicable Engineering Reports Utilized for Calculation input Data

There was no Limit-of-Error information in any of the referenced reports, therefore there is no
information regarding this value in the data presented.

2

The data for the as-manufactured values of the individual fuel items was taken from the
referenced reports. There is no Limit of Error information in these reports, therefore none
is reported.

5-2
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5.3.1 FSV Fuel Test Element FTE-2

Sample Designation

Veie, (em?)
U Wigig o, (9/ELE) =
=y WigxgoL, (9/SX) =

Normalization Factor, K, =

FSV/FTE-2

89000.

2.04e+02

5.80e-01

(**Usx) * (*®Uge) = (0.589)/(204.0g) = 2.84E-03

Ve, (6m®) = (Vg e)(Ky) = 253
2T e e NR NR NR
2Th, NR NR NR
TN g 1.09e+04 3.12e+01 3.19e-04
24y 5.31E+00 1.50E-02 1.50E-07
2y 5.10E+02 1.45e+00 1.47E-05
8y 2.30e+00 7.00e-03 7.00e-08
238y 2.99e+01 8.50e-02 8.50e-07
Pgrapnite; (G/CM® 1.30E+00 1.30E+00 _6.53e-02 _
Initial Enrichment = 93.1%
Reactor: FSv
Start,agiation: 03/79
Endygaion. ~ 01/84
EFPD, (d) = 488.8
Oppsr, (NVE) = 1.90+21
Peak FIMAr = 45.0%
Peak FIMA;,ye = 1.0%
Pp, (Wlem®) = (Payo)(P) = (6.3)(1.17) = 7.37
P(tsx, (W) = (Vsx) (Pp) = (253)(7.37) = 1867
Refs: 5-1, 5-2, 5-3



5.3.2 FSV Surveillance Element

Sample Designation

Vere, (m?)
=y Wihg g o (Q/ELE) =
25y Whexeon (9/SX) =

Normalization Factor, Ky =

FSV/SURV

89000.

2.64e+02
6.80e+00
(PUgy) + (PUg ) = (6.809)/(263.76g) = 2.58E-02

PC-000384/2

Vse (€M) = (Vae)(Ky) = 2295
o N 1.95e+03 NR 5.69e-05
ZSZTth 1.08e+04 NR 3.16e-04
mTthm 1.28e+04 3.30e+02 3.73e-04
34 3.45e+00 8.70e-02 9.75e-08
By 4 33e+02 1.12E+01 1.25e-05
=y 1.32+00 3.60E-02 4.02E-08
28y 2.71E+01 6.99e-01 7.71e-07
pm____‘,;___,_(_g/cms) 1.30E+00 1.30E+00 6.53e-02
Initial Enrichment =  93.1%
Reactor: FSvV
Start,geen.  07/03/76
ENQiraiaton:. ~ 02/01/79
EFPD, (d) = 174.0
Oppsrs (MVY) = 1.0E421
Peak FIMAc, = NR
Peak FIMAr4e = NR
Pe, (WIem?®) = (Paycl(P) = (6.3)(1.55) = 9.77
Plt)sx, (W) = (Vg (Pp) = (2295)(9.77) = 22340.
Refs: 5-1, 54, 5-5

5-4




PC-000384/2
PB FTE IFM

541 PBFuel Test Element FTE-3

PB/FTE-3
14076.

Sample Designation

Veie, (m?)

25U Wheygpor, (Q/ELE) = 1.70e+02
U Wiskpor, (9/SX) = 6.07+00
Normalization Factor, Ky =  (®Ugy) = (®Ug) = (6.079)/(170.22g) = 3.57-02
Vsx (M%) = (Vee)(Ky) = 502.

22 The e NR NR NR
22The e NR NR NR

22T 9.97e+02 3.56E+01 1.84E-04

Y 1.52e+00 5.40e-02 2.78e-07

25y 1.92e+02 6.84E+00 3.49e-05

38y 5.60E-01 2.00E-02 1.026-07

8y 1.21+01 4.33e-01 2.186-06

L Porphie (glem®) 1.30E+00 1.30e+00 6.53e-02

Initial Enrichment =  93.1%

Reactor: PB
Startagiation: 0711171
End,ragiation: 01/07/72
EFPD, (d) = 133.0
Oppsr, (V) = 6.00E+20
Peak FIMAge = 11.3%
Peak FIMA .. = 0.06 %
Pe, (Wiem®) (Pave)(P) = (8.3)(1.00) = 8.3
P(tlsx, (W) = (Vsx) (Pp) = (502)(8.3) = 4166
Ref: 56, 5-11
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542 PB Fuel Test Element FTE-4

Sample Designation

Vee, (€mP)

U Wigig gou, (9/ELE) =
25 Whgy gor, (9/SX) =
Normalization Factor, Ky =

Vg, (€m®) =

PB/FTE-4

14076.

1.07e+02

5.10E+00

(PUgy) = (P3Uge) = (5.10g)/(107.0g) = 4.77E-02
(Vee)(Ky) = 671.

2T hesie NR NR NR
23"'“’!"thg NR NR NR
22T Ny 1.07e+03 5.11e+01 1.986-04
B4y 2.83e+00 1.35e-01 5.18e-07
25 1.76e+02 8.37e+00 3.20e-05
%y 9.42e-01 4.50e-02 1.71e-07
238 9.14e+00 4.36€e-01 1.64E-06
IL__Poraphite: (g/em®) 1.30e+00 1.30E+00 6.53e-02
Initial Enrichment=  93.1%
Reactor: PB
Startyen: ~ 07/11/71
ENQyragiaton:. ~ 09/14/73
EFPD, (d) = 4488
Oppsm, (NVE) = 1.98E+21
Peak FIMA; . = 36.4%
Peak FIMAcye = 0.75%
Pp, (Wlem®) = (Pue)(P) = (8.3)(1.00) = 8.3
Ptsx, (W) = (Vsx) (Pp) = (671)(8.3) = 5570
Refs.: 5-7, 5-11
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54.3 PB Fuel Test Element FTE-6

it

Sample Designation

Veie, (cm?)

2y Whe e go (O/ELE) =
=y WhsxgaL (9/SX) =
Normalization Factor, Ky =

Vex, (em®) =

PB/FTE-6

14076.

1.02E+02

1.22E+01

(*Ug) * (**Upg) = (12.29)/(101.84g) = 1.20e-01
(Vee)(Ky) = 1689.

22 Negie NR NR NR
2T e e NR NR NR
2T 9.02e+02 1.08e+02 1.66€-04
>y 1.656+00 1.98e-01 3.02e-07
28y 2.08e+02 2.49e+01 3.78e-05
26 6.00e-01 7.20e-02 1.09e-07
238 1.30E+01 1.56e+00 2.34e-06
L Oorpnie: (g/cm®) 1.30E+00 1.30E+00 6.53e-02
Initial Enrichment = 93.2%
Reactor: PB
Start,agiation: 07/11/71
ENQyagiaton. ~ 11/30/74
EFPD, (d) = 644.9
Oppst, (NVE) = 2.90E+21
Peak FIMAz ., = 45.6 %
Peak FIMAryy, = 1.60 %
Pe, (Wicm®) = (Pao)(P) = (8.3)(1.15)=9.5
Pt)sx, (W) = (Vgy) (Pp) = (1689)(9.5) = 16120
Refs.: 5-8, 5-11
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544 PB Fuel Test Element FTE-14

it

Sample Designation

i

Vee, (6m°)
U Wig g gor, (Q/ELE) =
U Whey o, (9/SX) =

Normalization Factor, K =

VSX! (cmS) =

PB/FTE-14

14076.

1.31e+02

2.87e+01

(PPUgy) + (PUge) = (28.67g)/(131.360) = 2.18E-01
(Vee)(Ky) = 3072.

2 T Mo NR NR NR
2T N e NR NR NR
232ThTgtﬂL 1.92e+03 4.20e+02 3.55e-04
24 2.88e+00 6.29e-01 5.27e-07
5y 1.79+02 3.91e+01 3.26e-05
26 9.60e-01 2.10e-01 1.74e-07
=8y 9.19e+00 2.01e+00 1.65£-08
L__Popnite: {glcm®) 1.30e+00 1.30e+00 6.53e-02
Initial Enrichment = 93.2%
Reactor: PB
Startagiation: 06/18/72
ENdymgaion:. 09114773
EFPD, (d) = 315.8
Opast, (NVt) = 1.50E+21
Peak FIMA¢ e = 245%
Peak FIMAroy. = 0.4 %
Pe, (Wiem®) = (Paye)(P) = (8.3)(1.00) = 8.3
Psx, (W) = (Vex) (Pp) = (3072)(8.3) = 25500
Refs.: 59, 5-11
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545 PB Fuel Test Element FTE-15

PB/FTE-15
14076.

Sample Designation

Veie, (€m®)

238 Wihg g eou (O/ELE) = 1.04E+02
=y Whsy o, (9/SX) = 2.028+01
Normalization Factor, Ky = (®Ugy) + (®Uge) = (20.15g)/(104.30g) = 1.93e-01
Vg, (Em°) = (Vee)(Ky) = 2718.

2T e NR NR NR
22T e e NR NR NR
22 Th 1.88£+03 3.62e+02 3.48e-04
4y 2.88e+00 5.57e-01 5.27e-07
5y 1.79e+02 3.46E+01 3.26E-05
26 9.60E-01 1.85e-01 1.74g-07
8y 9.19e+00 1.78E+00 1.65E-06
L Pomnie (9/cM°) 1.30£+00 1.30E+00 6.53c-02

Initial Enrichment =  93.2%

Reactor: PB
Start, agiation: 07/06/72
ENdyradisiion: 10/31/74
EFPD, (d) = 5119

Oppsr, (NVt) = 2.00e+21
Peak FIMA¢ e = 37.7 %
Peak FIMAcge = 1.0%
Pp, (W/em®) = (Ppe)(P) = (8.3)(1.00) = 8.3

P(t)sx, (W) = (Vsy) (Pp) = (2719)(8.3) = 22570
Refs.: 5-9, 5-11
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546 PB Fuel Test Element FTE-16

Sample Designation

i

Veg, (cm?)
U Whe g gor, (Q/ELE) =
B Whgygor, (9/SX) =

MNormalization Factor, K, =

Vsy, (cm?) =

PB/FTE-16

14076.

7.53e+01

2.60E+01

(®Ugy) + (U ) = (26.009)/(75.31g) = 3.45e-01
(Vere)(Ky) = 4860.

B2 The e NR NR NR
1 NR NR NR
2T 1.05e+03 3.616+02 1.936-04
24y 2.17e+00 7.50E-01 3.97e-07
5y 1.356+02 4.67e+01 2.46€-05
385y 7.20e-01 2.50e-01 1.31e-07
258 6.95e+00 2.40e+00 1.256-06
L Pormpiie: (glcm®) 1.30E+00 1.30e+00 6.53e-02
initial Enrichment = 93.2%
Reactor: PB
Start,agaton.  07/06/72
Endiagation:. ~ 10/31/74
EFPD, (d) = 511.9
®easr, (NVE) = 2.30E+21
Peak FIMA, = 40.0%
Peak FIMAcy, = 1.0%
Pp, (Wicm®) = (Ppe)(P) = (8.3)(1.00) = 8.3
P(t)sx, (W) = (Vsy) (Pp) = (4860)(8.3) = 40300
Refs.; 5-10, 5-11



55 AVR IFM Fuel Pebbles

Sample Designation

it

Veie, (cm®)
U Wigig gor, (Q/ELE) =
=y Wisxeon, (9/SX) =

Normalization Factor, K,

Vey, (€m®)

PC-000384/2

AVR/1&2; (Sample is 2 ea. injection-molded spherical
elements)

205.
6.03e-01

1.21e+00
(**BUgy) + (*Uge) = (1 .205@)/(0.6025g) = 2.000E+00
(Vee)(Ky) = 410.

NR NR NR
2T N e NR NR NR
T hy 5.00e+00 1.00E+01 6.32E-05

24y 7.00E-03 1.50E-02 9.75e-08
=5y 1.00E+00 2.00e+00 1.25E-05
8y 3.20E-03 6.50E-03 4.02e-08
281 6.20e-02 1.25e-01 7.71e-07
p . (glem®) 1.30+00 1.30e+00 6.53e-02
Initial Enrichment = 93.2%
Reactor: AVR
Start guion:  12/68
ENnd,.giation: 06/73
EFPD, (d) = 985.0
Orasr, (NVE) = 3.00E+21
Peak FIMAgege = 9.0%
Peak FIMA 4o = NR
Pe, (WIem®) = (Pue)(P) = (2.4)(1.00) = 2.4
P()sx, (W) = (Vex) (Pp) = (410)(2.4) = 984
Refs. 5-12, 5-13
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5.6.1 Fuel Test Capsule P13P

Sample Designation

i

VELE: (Cms)
2y Whe e go, (Q/ELE) =
U Wigygor, (9/SX) =

Normalization Factor, K =

Vg (€M) =

pP13pP
NR

NR
1.43€-01

(*Ugy) * (*Uge) = NR

205

PC-000384/2

Z2The, NR NR NR
2T NR NR NR
22T NR 3.34e+01 NR
24y NR 7.80e-03 NR
5 NR 1.00e+00 NR
26 NR 3.20e-03 NR
28 NR 6.25e-02 NR
L Conphite: gg/cms) NR NR NR
Initial Enrichment = 93.2%
Reactor: ETR
Start, e 04/15/72
ENdpaguion.  04/30/73
EFPD, (d) = 181.0
Oppsr, (MVE) = 8.10E+21
Peak FIMA..,, = NR
Peak FIMAr,qe = NR
P, (Wiem® = NR
P()sx, (W) = 7760
Ref.. 5-14

5-12
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56.2 Fuel Test Capsule P13Q

P13Q
Veie, (€m®) NR
U Wigig gor, (O/ELE) = NR
5 Whey gop, (@/SX) = 1.66E-01
Normalization Factor, Ky =  (®Ug,) + (®®Ug:) = NR

Ver, (cm®) = 394

Sample Designation

22T e NR NR NR

22T e NR NR NR
22T NR 4.60£+01 NR
B4y NR 1.50E-02 NR
25y NR 1.926+00 NR

8y NR 6.20£-03 NR

28 NR 1.20e-01 NR
Prmptiter (G/CM°) NR NR NR

Initial Enrichment=  93.1%

Reactor: ORR
Start,.giation: 08/22/73
ENnd)adiation: 02/23/75
EFPD, (d) = 3917
Oppst, (VL) 9.60e+21
Peak FIMA; . = 76.5%
Peak FIMA:, e 5.0%
Pp, (Wicm®) NR
P(t)sx, (W) = 7460
Refs.: 5-15, 5-16
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5.6.3 Fuel Test Capsules P13R & P13S

P13R/S
NR

Sample Designation

Veie, (€m®)

25) Wig e e, (QELE) = NR
235U WtSX,EOLv (g/SX) = 7.60E"02
Normalization Factor, Ky =  (P%Ugy) + (**Uge) = NR

Vg, (em®) = 199

22T ey NR NR NR
2T NR ~NR NR
22Th NR 1.86E+01 NR
234y NR 7.50E-03 NR

) NR 9.69e-01 NR

28 NR 3.10E-03 NR

28y NR 6.06E-02 NR
Doaanie: (9feM®) NR NR NR

Initial Enrichment = 93.2%

Reactor: GETR
Start,agiaton: 12/10/73
ENdiradiation: 10/31/74
EFPD, (d) = 258.0
Oppsr, (NVE) = 1.256+22

Peak FIMA: . = 75.0%
Peak FIMAc.e = 5.0%
Pp, (Wicm?®) NR
P(t)sx, (W) = 5000
Refs. 5-17, 5-18
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PC-000384/2

56.4 Fuel Test Capsule P13T

P13T
NR

Sample Designation

Vee, (cm®)

5 Wiee oy, (G/ELE) =  NR
235U WtSX,EOLl (QISX) = 228E'01
Normalization Factor, Ky = (®®Ugy) + (**Uge) = NR

Vey, () = 1144

2T e NR NR NR
1 NR NR NR

22The NR 7.49e+01 NR

B4y NR 4.40E-02 NR

Y NR 5.57e+00 NR

ey NR 1.80E-02 NR

28y NR 3.40e-01 NR

L Pomonie: (g/cm®) NR NR NR

Initial Enrichment = 93.3%

Reactor: ORR
Start,agiation: 05/10/75
ENnd,adiation: 07/05/76
EFPD, (d) = 3634
Dppsr, (NVE) 8.0e+21
Peak FIMAq e = 75.0%
Peak FIMA. 0 4.0 %
Pp, (Wicm?) NR
P(t)sx, (W) = 21600
Refs.: 5-19, 5-20
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Sample Designation

Veie, (cm®)

U Whe,e gor, (Q/ELE) =
U Wisyeor, (9/SX) =

Normalization Factor, K, =

Vg (cm?) =

5.6.5 Fuel Test Capsule P13V

P13V
NR

NR
1.79e-01

(*Ugy) * **Uge) = NR

411

NR

NR

PC-000384/2

P2 e
Ll NR NR NR
i 129 NR 3.84e+01 NR
24y NR 1.60e-02 NR
3y NR 2.00e+00 NR
28y NR 6.50e-03 NR
25y NR 1.25-01 NR
Porapnie, (3/M°) NR NR NR
Initial Enrichment = 93.1%
Reactor: GETR
Start,agistion: 03/01/76
End|agistion: 11/11/76
EFPD, (d) = 205.0
Ocpsr, (NVE) = 9.00E+21
Peak FIMAce = 75.0%
Peak FIMAc e = 5.0%
Pp, (Wlem®) = NR
P(t)ex, (W) = 7770
Refs.: 5-21, 5-22
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56.6 Fuel Test Capsule HB-2

HB-2
NR

[}

Sample Designation

]

Vee (€m®)

U Wieiegou (QELE) = NR
235U WtSX,EOL’ (gISX) = 74OE“’02
Normalization Factor, Ky = (®®Ug,) + (***Ug;) = NR

Vex, (€M®) = 514

NR NR NR
NR NR NR
NR 2.47e+00 NR
NR 1.95e-03 NR
NR 2.50e-01 NR
NR 8.11e-04 NR
NR 1.57e-02 NR
| NR NR NR

Initial Enrichment =  93.1%

Reactor: GETR
Start, .qiaton: 09/07/75
End,agiation: 01/08/76
EFPD, (d) = 123.0
Oppst, (NVL) 5.00e+21
Peak FIMA¢ e = 58.0%
Peak FIMAcee = 1.0%

P (Wlem®) = NR
P(t)ey, (W) = 1300
Ref. 5-23
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5.6.7 Fuel Test Capsules HRB-14 & HRB-15A

Sample Designation

L]

Ve, (cm®)
=y Wig gpou (O/ELE) =
2354 Wihsygor, (9/SX) =

Normalization Factor, K, =

Vgy, (em®) =

HRB-14/15A

NR

NR

7.40e-02

(**Usx) * (**Ugie) = NR
117.2

PC-000384/2

P T Neie NR NR NR
22 T hege NR NR NR
2 Th NR 1.28e+01 NR
4y NR 0.00e+00 NR
25 NR 5.70e-01 NR
=6y NR 0.00e+00 NR
=8y NR 2.23e+00 NR
Daapnite (@/CM%) NR NR NR
Initial Enrichment = 20.4%
Reactor: HFIR
Startagiation: 07/26/80
ENd,agiation: 01/29/81
EFPD, (d) = 173.8
Oppsr, (NVE) = 6.50E+21
Peak FIMAro, = 29.0%
Peak FIMAg e = 6.4 %
Pe, (Wiem®) = NR
P(t)sx, (W) = 5050
Refs.: 5-24, 5-25
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56.8 Fuel Test Capsule GF-3

it

Sample Designation

Veie, (cm?)
2y Wi e eor, (O/ELE) =
U Wigy o, (9/SX) =

Normalization Factor, K, =

Vex, (cm®) =

GF-3

NR

NR

4.20e-02

(®Usy) * (**Uge) = NR
46.0

PC-000384/2

T e NR NR NR
T oo NR NR NR
2T NR 8.40e+00 NR
24y NR 1.70e-03 NR
=y NR 2.24E-01 NR
Y NR 7.00E-04 NR
8y NR 1.40E-02 NR
L Poronie: (9/cm®) NR NR NR
Initial Enrichment = 93.2%
Reactor: SILOE
Start, agistion: 01/31/74
ENQyragiaton: ~ 07/25/75
EFPD, (d) = 363.0
Ocpsr, (NVE) = 1.00E+21
Peak FIMAqe = 11.4%
Peak FIMAcye = 36 %
Pe, (Wem®) = NR
P(t)sx, (W) = 870
Ref.. 5-26
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5.6.9 Fuel Test Capsule DR-GB2

DR-GB2
NR

Sample Designation

Vee, (cm®)

=y Wihgi g pou (/ELE) = NR
235LJ WtSX‘EOU (g/SX) = 9755'01
Normalization Factor, Ky = (*®Ugy) + (**Ug) = NR

Ve (cm®) = 258.0

BT e NR NR NR
1 NR NR NR

2The NR 1,24£+01 NR

24y NR 9.80E-03 NR

25 NR 1.26£+00 NR

28y NR 4.10e-03 NR

28y NR 7.87€-02 NR

L Ponme (grem?) NR NR NR

Initial Enrichment= 93.2%

Reactor: DRAGON
Start,,.giaton: 03/75
Endpageson. 12075
EFPD, (d) = 140.0

Oppsr, (V) = NR
Peak FIMAre, = NR
Peak FIMA... = NR

Pp, (Wicm?® = NR

P(t)sx, (W) = 1627
Refs. 5-27, 5-28
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5.7 RERTR IFM

Sample Designation

Ve, (cm®)
20U Wi or, (Q/ELE) =
=y Whgygor: (9/8X) =

Normalization Factor, Ky =

Vgy, (cm®) =

RERTR
NR
NR

3.52e+02

(Z%st) + (®Uge) = NR

NR

PC-000384/2

1 NR NR NR
22 The e NR NR NR
22 Th NR 0.00e+00 NR
24y NR 7.32e+00 NR
=5 NR 7.62E+02 NR
Y NR 3.27+00 NR
8y NR 3.086+03 NR
Pouaptite: (g/CM°) NR NR NR
Initial Enrichment = 19.7%
Reactor: ORR
Startagaion:  12/79
ENQyragiation: ~ 08/84
EFPD, (d) = 920.0
®ppsr, (NVE) = NR
Peak FIMA;.,. = NR
Peak FIMAc,ye = NR
Pp, (Wicm®) = NR
P()sx, (W) = 390000
Ref.  5-29
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6.0

RESULTS

PC-000384/2

Radiological characterization results for the subject Irradiated Fuel Material (IFM) entities listed in
Section 5.0 are presented herein. Separate tables are provided for each subgroup designation in
the same order as that used in the foregoing Section 5.0.

The common format used to report information in this section conforms to the following Data Sheet
template:

6.X

IFM Group Designation

6.X.X

IFM SubGroup Designation

Table 6.x¢x Fuel Test Capsule/Eiement Identity

Sample Designation
Input File
Output File

H

1

Identity of Archival IFM Entity
Computer Filename of Code Input Data

Computer Filename of Code Qutput Data

Reference Decay Date (RDD) Applicable Reference Decay Date for Reported Activity Results

Total Decay Heat, (W) =  Radioactive Decay Power in IFM Entity (normatized to RDD)

Irradiated Fuel Materiais Nuclide Activities & Mass Quantities, as of Reference Decay Date

Constituent Decay Constant Yearly Fractional Specific Activity Calculated Activity Calculated Equiv.
Radioisotope of Radioisotope Decay Factor of Radioisotope of Radioisotope Mass
contained in (in yr!y® for Radioisotope® | (in Curies/gram)® | (in Curies) of Radioisotope
IFM Entity {corrected to (in grams)
indicated RDD) (cofrected to
_ indicated RDD)Y!

At the end of the tables for each generic group of fuel, i.e. HTGR and RERTR, summary tables are
developed to summarize the radiological characteristics of each of the FHUs.

Note because of the generation of Y from the decay of ®Sr the decay/year for *Y is the net
effective decay.

Applicable radioactive decay parameters, listed above and utilized herein for
characterization calculations, are drawn from published reference data, viz:

B Nuclide Decay Constants are based on half-life data published in Ref. 6-1;

B Nuclide Specific Activities are taken from data published in Ref. 6-2.

1 There were no reportable amounts of 22U in the calculations. Therefore it is assumed that
each of the Fuel Type Items are classified as Detail Material Type is #71 as defined in

DOE M 474.1-2 with <5ppm 22U (Ref. 6-4).
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6.1 HTGR IFM

6.1.1 FSV IFM

Table 6.1. Results for FSV Fuel Test Element FTE-2

Sample Designation. FSV /FTE-2
Computer Code Input File: FSVFTE2.
Computer Code Output File: FSVFTEZ.0

Reference Decay Date: 1 January 96
Contained Decay Heat, (W): 3.10e-02

: Specific Act. |
1-e% _Cilg _Ci

3H 5.64E-02 9.4516€-01 9.70E+03 5 36€E-03 5.63e-07
54Mn 8.11€-01 4.4441e-01 8.30E+03 0.00e+00 0.00e+00
55Fe 2.54e-01 7.7569e-01 2.20E+03 Q.00E+00 0.00E+00
60Co 1.326-01 8.7634€-01 1.10E+03 0.00e+00 0.00E+00

Decaylyr Activity Mass

Nuclide |

_ 59Ni 9.12E-06 9.9999€-01 8.10E-02 0.00E+00 (.00E+00
63Ni 6.93e-03 9.9309€-01 4.60E+01 0.00e+00 0.00e+00
BSKr 6.46e-02 9.3744E-01 4.00E+02 1.98e-01 4.95e-04

S0Sr 2.38E-02 9.7648E-01 1.50+02 2.26E+00 1.516-02
90Y 9.48e+01 9.7648e-01 2.50e+05 2.26e+00 9.04E-06
99Te 3.25e-06 9.9999€-01 1.70E-02 0.00+00 0.00+00
106Ru 6.80E-01 5.0662E-01 3.40E+03 0.00e+00 0.00E+00
1258b 2.51E-01 7.7802E-01 1.40E+03 1.09€-02 7.79€E-06
134Cs 3.356-01 7.1534€-01 1.20E+03 5.12E-02 4.27€-05
137Cs 2.30-02 9.7726€e-01 9.80E+01 2.286+00 2.33e-02
147Pm 2.64E-01 7.6797€-01 9.40E+02 2.75€-01 2.93E-04

1518Sm 7.50E-03 9.9253€e-01 2.60E+01 1.08-02 4 15€-04
154Eu 8.07e-02 9.2247€-01 1.50E+02 3.40e-02 2.27€-04
155Eu 1.47e-01 8.6329E-01 1.40E+03 5.22E-03 3.73e-06
232Th 4.95e-11 1.0000E+00 1.10E-Q7 3.34E-06 3.04E+01
233U 4.36€E-06 1.0000E+00 9.50E-03 4.75e-03 5.00E-01
234U 2.82E-06 1.0000£+00 6.20E-03 3.226-04 5 19e-02
235U 9.84E-10 1.0000€+00 2.10E-06 1.20€e-06 5.71€-01
236U 2.96E-08 1.0000E+00 6.30E-05 1.03E-05 1.63E-01

238U 1.556-10 1.0000€+00 3.30e-07 2.64E-08 8.00E-02
237Np 3.24-07 1.0000e+00 6.90€-04 0.00e+00 0.00e+00

238Pu 7.90e-03 9.9213€E-01 1.70E+01 2.556E-02 1.50E-03
239Pu 2.88E-05 9.9997E-01 6.20E-02 8.06E-05 1.30€-03
240Pu 1.06E-04 9.9989€-01 2.30E-01 1.38E-04 6.00E-04
241Pu 4.81E-02 9.5304€-01 1.10E+02 2.97E-02 2.70E-04
242Puy 1.85e-06 1.0000E+00 3.80E-03 5.46E-07 1.40E-04

TOTALS: 7.45e+00 3.18+01
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Table 6.2. Results for FSV Surveillance Element

Sample Designation:

Computer Code Input File:
Computer Code Output File:

Reference Decay Date:

Contained Decay Heat, (W):

FSV/ISURV
FSVSUR.I
FSVSUR.O

1 January 96

1.10e-01

Nuclide s D;acjaggr Spegg Act. | Acgity Ma |
3H 564e-02]  9.45165.01] 9 70E+03 1.886-02]  1.948-06
54Mn | 8.11€-01 4.44416-01]  830e+03]  0.00e+00]  0.00E+00
55Fe |  2.54e-01 7.7569e-01]  220e+03]  0.00e+00]  0.00e+00
60Co 1,326-01 8.7634e-01]  1.10e+03]  0.00e+00]  0.00e+00
5N 9.125-06 9.9999e-01]  8.10e-02]  ©0.00e+00]  0.00e+00
63N 6.93€-03 9.9309e-01]  4.60e+01]  0.00E+00]  0.00E+00
85K 6.46E-02 9.3744e-01]  4.00e+02]  589-01] 147603
90Sr 2.38E-02 9.76485-01]  1.50e+02]  8.58e+00]  5.72e-02
%Y |  9.48e+01 9.7648e-01)  2.50E+405]  8.58e+00]  3.43:-05
99Tc 3.25E-06 9.9999e-01]  1.70e-02]  0.00e+00]  0.00E+00
106Ru |  6.80€-01 506626010 3.406+03]  0.00e+00]  0.00E+00
1255b | 2.51E-01 7.78026-01]  1.40E403 1276-02]  9.07e-08
134Cs | 3.356-01 7.15345-01]  1.20e+03]  2.20e-02]  1.83e-05
137Cs | 2.30e-02 9.7726-01]  9.80e+01]  8.73e+00] 89102
147Pm | 2.64e-01 76797e-01]  9.40e+02]  460e-01]  4.89e-04
151Sm | 7.50e-03 9.9253e-01]  2.60E+01 7.49e-02] 288603
154Eu | 8.076-02 92247601  150e+02]  570e-02] 380604
155Eu | 1.47e-01 8.6320e-01]  1.40e+03]  s820e-03] 586608
232Th | 4.956-11 1.0000e+00]  1.10e07]  3.50e-05] 3.26e+02
233U | 436606 1.0000e+00]  9.50e-03]  3.10e-02]  3.26e+00
234U | 2.82e-06 1.0000e+00]  6.20e-03]  149e-03]  2.40e-01
235U | 9.84e-10 1.0000+00]  2.10e-08 1.44e-05]  6.88E+00
236U | 296608 1,0000e+00]  6.30e05]  510e-05]  8.10e-01
2380 | 155610 1.0000e+00]  3.30e07]  224r07]  6.80e-01
237Np | 3.245-07 1.0000e+00]  6.90e-04]  0.00e+00]  0.00e+00
238Pu |  7.90E-03 9.9213e:01]  1.70e+01 2.72e-02]  1.60£-03
230Pu | 2.88E-05 9.9997e01]  6.20e-02]  552e.04] 89003
240Pu |  1.06E-04 9.9980e-01]  2.30e-01 6.445-04]  2.80€-03
241Pu |  4.81E-02 9.5304e-01]  1.10e+02]  682e-02] 620804
242Pu | 1.85-06 1.0000e+00]  3.90e03]  663e-07]  1.70e-04
TOTALS: 2.73e+01 3.38E+02 l
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6.1.2 PBFTEIFM

Table 6.3. Results for PB Fuel Test Element FTE-3

Sample Designation. PB/FTE-3
Computer Code Input File: PBFTES.I
Computer Code Output File: PBFTE3.0
Reference Decay Date: 1 January 96
Contained Decay Heat, (W). 1.27e-02

Nuclide Delﬁy k | D1ec-aeyillgr Specg\;} Act. v Acg\i/ity | Mss
3H 5.64€-02 9.4516E-01 9.70£+03 179e-03]  1.85e-07
54Mn 8.11€-01 4.4441e-01 8.30+03 0.00€+00 0.00E+00
55Fe 2.54€-01 7.75696-01 2.20+03 0.008+00 0.00E+00
80Co 1.326-01 8.7634£-01 1.10E+03 0.006+00 0.00E+00
5ONi 9.12E-06 9.9999€-01 8.10E-02 0.008+00 0.00e+00
B3Ni 6,936-03 9,93096-01 4.60E+01 0.00&+00 0.00E+00
85Kr 6.46E-02 9.3744€-01 4.00E+02 4.92g-02 1.23g-04
90Sr 2.38E-02 9.7648E-01 1.50£+02 1.01E+00 6.736-03
90Y 9.4B+01 9,7648€-01 2.50E+05 1.01E+00 4.04E-06
99Tc 3.25E-06 9.99996-01 1,70€-02 0.00E+00 0.00E+00
106Ru 6.80E-01 5,0662E-01 3.40e+03 0.COE+00 0.00E+00
125Sb 2.51E-01 7.7802E-01 1.40e+03 0.00e+00 0.00£+00
134Cs 3.356-01 7.1534€-01 1.20E+03 0.00E+00 0.00E+00
137Cs 2.30E-02 9.7726E-01 9.80E+01 1.05g+00 1.07E-02
147Pm 2.64€-01 7.6797E-01 9.40E+02 1.18£-02 1.26€-05
151Sm 7.50€-03 9.9253g-01 2.60E+01 2.46E-02 9.46€-04
154Eu 8.07£-02 9.2247e-01 1.50E+02 1.70E-03 1.13e-05
155Eu 1.47€-01 8.6329€-01 1.40E+03 7.45E-04 5.32e-07
232Th 4.95e-11 1.0000£+00 1.10e-07 3.89e-06 3.54g+01
233U 4.36-08]  1.0000E+00 9.50E-03 1.93€-03 2.03e-01
234U 2.82E-08]  1.0000E+00 6.20E-03 3.41E-04 5.50€-02
235U 9.846-10f  1.0000£+00 2.10E-08 1.28£-05 6.11E+00
236U 2.966-08§  1.0000E+00 6.30E-05 1.18E-05 1.83€-01
238U 1.556-10]  1.0000€+00 3.30E-07 1.40E-07 4.25¢-01
237Np 3.24e-07§  1.0000E+00 6.90E-04 0.00E+00 0.00E+00
238Pu 7.90E-03 9.9213€-01 1.70E+01 1.10E-03 6.50€-05
239Py 2.88E-05 9.9997€-01 6.20€-02 3.66E-04 5.90€-03
240Pu 1.06E-04 9.9989€-01 2.30e-01 1.01E-04 4.40e-04
241Pu 4.81E-02 9.5304£-01 1.10e+02 3.74€-03 3.40E-05
242Pu 1.856-06]  1.0000E+00 3.906-03 8.97E-09 2.30E-06
I TOTALS: 3.17e+00 4.24E+01
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Table 6.4. Results for PB Fuel Test Element FTE-4

PC-000384/2

Sample Designation: PB/FTE-4
Computer Code input File: PBFTE4.|
Computer Code Output File: PBFTE4.0
Reference Decay Date: 1 January 96
Contained Decay Heat, (W) 6.17e-02
| uc_:iide e 1 ic_ag{gr pecéfi'; ct :, | Actci:\lfity | Ms |
34 | 564e02] 9.4516e.01]  9.70e+03]  6.93e.03]  9.24£07
54Mn 8 11e-01 4.4441E-01 8.30E+03 0,00E+00]  0.00E+00
55Fe 2.54E-01 7.7569€-01 2.20E+03 0.00E+00]  0.00E+00
80Co 1.32€-01 8.7634E-01 1.10E+03 0.00E+00]  0.00E+00
SONi 9.126-06 9.9999E-01 8.10E-02 0.00E+00]  0.00E+00
B3Ni 6.93E-03 9.9309E-01 4.608+01 0.00E+00]  0.00E+00
85Kr 6.46E-02 9.3744E-01 4.00E+02 2 55-01 6.38E-04
90Sr 2.38E-02 9.7648E-01 1.50E+02 4.73e+00 3.156-02
90Y 9.48E+01 9.7648E-01 2.50E+05 4.736+00 1,89€-05
99Tc 3.25E-06 9.9999¢-01 1.70E-02 0.00E+00{  0.00E+00
106Ru 6.80E-01 5.0662E-01 3,40£+03 0.00E+00§  0.00E+00
125Sb 2.51€-01 7.7802€-01 1.40E+03 1.826-03 1.30E-06
134Cs 3.356-01 7.1534€-01 1.20E+03 3.586-03 2.98£-06
137Cs 2.30E-02 9.7726€-01 9.80E+01 4.88£+00 4,98£-02
147Pm 2.64E-01 7.6797€-01 9.40E+02 5.66E-02 6.02€-05
l|_151sm 7.50E-03 9.9253€-01 2.60E+01 5.62E-02 2.16E-03
154Ey 8.07E-02 9.2247E-01 1.50E+02 3.74€-02 2.49E-04
155Ey 1.47€-01 8.6329E-01 1.40E+03 3.736-03 2 66E-06
232Th 4.95e-11 1.0000E+00 1.108-07 550E-06]  5.00E+01
233U 4.36E-06f  1.0000E+00 9.50£-03 8.03e-03 8.45e-01
234U 2.826-06]  1.0000E+00 6.20E-03 9.49E-04 1.53-01
235U 9.84e-10}  1.0000E+00 2.10E-06 1126-05}  5.348+00
236U 2.96e-08]  1.0000£+00 6.30E-05 4,23-05 6.71E-01
238U 1.556-10}  1.0000E+00 3.308-07 1,36E-07 4.11E-D1
237Np 324e-07]  1.0000E+00 6.90E-04 0.00E+00]  0.008+00
238Pu 7.90E-03f  9.9213e-01 1.70E+01 5.616-02 3.306-03
239Py 2.88E-05 9.9997E-01 6.20E-02 6.82E-04 1.108-02
240Pu 1.06€-04 9.9989E-01 2.30e-01 6.21E-04 2.706-03
241Py 4.81€-02 9.5304£-01 1.10£+02 8.14E-02 7.40E-04
242Pu 1.856-06]  1.0000e+00 3.90E-03 8.97E-07 2.30E-04
TOTALS: 1.49E+01 5.756+01




Table 6.5. Results for PB Fuel Test Element FTE-6

Sample Designation: PB/FTE-6
Computer Code Input File: PBFTEG.1
Computer Code Output File: PBFTES.O
Reference Decay Date: 1 January 96
Contained Decay Heat, (W) 2.73e-01
Nuclide Decra1y k D$?agl4l£,vr Specgl;i/c Act. Acg\{ity Mass
3H soae02]  odstorol]  o7oeros]  3ooe.02] 405808
54Mn 8A1E-01]  4.4441E-01 8.30e+03]  0.00e+00f  0.00e+00 |
55Fe 2.54£-01 7.7569€-01 2.20E+03 0.00+00]  0.00E+00 ]
60Co 1.326-01 8.7634E-01 1.106+03 0.00E+00]  0.00E+00
59N 9.12E-06 9.9999¢-01 8.10E-02 0.00E+00]  0.00E+00
63N 6.936-03 9.9309e-01 4.60E+01 0.00E+00]  0.00E+00
85Kr 6.46€-02 9.3744€-01 4.00E+02 1.126+00]  2.80€-03
9081 2.3BE-02 9.7648£-01 1,50E+02 2.00E+01 1.33e-01
90Y 9.48E+01 9.7648E-01 2.50E+05 2.00E+01 8.00E-05
99Tc 3.25e-06 9.9999€-01 1.70E-02 0.00e+00]  0.00E+00
106Ru 6.80E-01 5.0662€-01 3.40E+03 0.00E+00f{  0.00E+00
1258b 2.518-01 7.78026-01 1.40E+03 9.686-03]  6.91E-06
134Cs 3.35E-01 7.1534€E-01 1.20E+03 3.58e-02]  2.98E-05
137Cs 2.30E-02 9.7726€-01 9.80E+01 2.08E+01 2.10E-01
147Pm 2.64E-01 7.6797€-01 9.40E+02 2.48E-01 2.64€-04
151Sm 7.50E-03 9.92536-01 2.60E+01 1.77€-01 6.81E-03
154Eu 8.07e-02 9.2247€-01 1,50E+02 2.556-01 1.70€-03
155Eu 1.47e-01 8.6329E-01 1.40E+03 2.24E-02 1.60E-05
232Th 4.95€-11 1.0000E+00 1.10E-07 1.14-05]  1.04£+02
233U 4.36£-06 1.0000E+00 9.50E-03 2.476-02]  2.60E+00
234U 2.82£-06 1.0000E+00 6.20E-03 2.13-03]  3.44E-01
235U 9.84e-10]  1.0000£+00 2.10€-06 2.656-05]  1.26e+01
236U 2.966-08]  1.0000£+00 6.30€-05 1.636-04]  2.596+00
238U 1.55-10}  1.0000£+00 3.30E-07 4.69e-07}  1.42E+00
237Np 3.24e-07]  1.0000E+00 6.90E-04 0.00e+00}  0.008+00
238Pu 7.906-03 9.92136-01 1.70E+01 5.10E-01 3.00E-02
239Pu 2.88E-05 9.9997€-01 6.20£-02 2.98:-03]  4.80e-02
240Pu 1.06E-04 9.9989€-01 2.30€-01 2.99e-03f  1.30£-02
241Puy 4.81€-02 9.5304€-01 1.10E+02 6.166-01 5.60E-03
242Pu 1.85€-06 1.0000E+00 3.90e-03 1.05e-05]  2.70e-03
TOTALS: l
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Table 6.6. Resuits for PB Fuel Test Element FTE-14

PC-000384/2

Sample Designation:
Computer Code Input File:
Computer Code Output File:

Reference Decay Date:

Contained Decay Heat, (W):

PB/FTE-14
PBFTE14.1
PBFTE14.0
1 January 96
2.00e-01

TOTALS:

Nuclide $o2) Specgi, Act. | Ac’é_i:\i/ii:y Mss
3H ' 9.4516£-01 9.70e+03]  295e.02]  3.04£-06 I
54Mn 8.11€-01 4.4441E-01 8.30£+03]  0.00e+00]  0.00e+00]|
55Fe 2.54E-01 7.7569€-01 2206403 0.00e+00]  0.00e+00]|
60Co 1.326-01 8.7634E-01 1.10e+03]  0.00e+00]  0.00E+00 ‘
5ONi 9.12€-06 9.9999E-01 8.10e-02]  0.00e+00]  0.00E+00
63N 6.936-03 9.9309E-01 460e+01]  0.00e+00] 0.00£+00
85Kr 6.46E-02 9.3744E-01 400e+02)]  8.26E-01)  2.07e-03
90Sr 2.38E-02 9.7648E-01 150e+02]  1.548+01]  1.03£-01
90Y 9.48£+01 9.7648E-01 250E+405]  1.54E+01 6.165-0%
99Tc 3.256-06 9.9999E-01 170e-02]  0.00e+00]  0.00E+00
106Ru 6.80E-01 5.0662E-01 3.40e+03]  0.00E+00]  0.00e+00
1258b 2.51€-01 7.7802€-01 1.40E+03 5.45603]  3.89E-06
134Cs 3.356-01 7.1534E-01 1.20E+03 8.70e-03]  7.256-06
137Cs 2.306-02 9.7726€-01 9.80e+01]  1.50e+01]  1.62e-01
147Pm 2.64E-01 7.6797E-01 9.40e+02] 212601 226804
151Sm 7.50E-03 9.9253€-01 2.60E+01 2.36e01] _0.08e.03)
154Eu 8.07£-02 9.2247E-01 1.50E+02 8.176:02]  5.45e-04
155Eu 1.47E-01 8.6329€-01 1.40E+03 1.126-02]  8.00€-06
232Th 4.95¢-11 1.0000E+00 110e-07]  4.57e05]  4.15e+02
233U 4.366-06]  1.00008+00 950e-03]  4.31e-02] 4548400
234y 2.82E-06]  1.0000E+00 6.206-03 4.46e-03]  7.20e-01
235U 9.846-10]  1.0000£+00 210e-06]  6.13e-05] 2 .92e+01
236U 2.966-08]  1.0000E+00 6.30E-05 1.466-04]  2.31£+00||
238U 1.556-10 1.0000E+00 3.308-07 6.37£-07)  1.93e+00)]
237Np 3.248-07 1,0000E+00 6.90e-04]  0.00e+00]  0.00e+00|
238Pu 7.90E-03 9.92136-01 1.706+01 8.84e-02]  5.20e-03)
239Py 2.88£-05 9.9997€-01 6.20e-02]  2.91e-03]  470e-02
240Pu 1.06€-04 9.9989E-01 2.30E-01 1.79e-03]  7.80e-03
241Py 4.81E-02 9.5304€-01 1.106+02 1656-01]  1.50e-03
1.85e-06]  1.0000e+00 3.90E-03 1.00e-08]  2.80£-04




PC-000384/2
Table 6.7. Results for PB Fuel Test Element FTE-15

Sample Designation: PB/FTE-15
Computer Code Input File: PBFTE15.1
Computer Code Output File: PBFTE15.0
Reference Decay Date: 1 January 96
Contained Decay Heat, (W): 3.00E-01
Noige | PORE | PR RG] MY | e
3H 5.648-02]  9.4516E-01}  9.70E+03 4.476-02]  4.61E-06
54Mn 8.116-01]  4.44416-01]  8.30e+03]  0.00e+00]  0.00e+00
55Fe 2.54E-01 7.7569€-01 2.20E+03 0.00e+00 0.00E+00
60Co 132e01]  8.7634E-01]  1.10e+03]  0.00e+00{  0.00E+00
59N 9.126-06]  9.0999e-01]  8.10e-02]  0.00e+00]  0.00e+00
63Ni 6.936-03]  9.9309e-01]  4.60e+01]  0.00E+00 o.oo.e+oo||
85Kr 6.466-02]  9.3744e-01]  4.00e+02]  120e+00]  3.23£-03
90Sr 2.386-02]  9.7648E-01]  1.50+02]  2.26E+01 1.51501{
90Y 9.48e+01]  97648e-01]  250E+05]  226E+01)  9.04E-05
99Tc 325606]  9.9999e-01]  1.70e-02]  0.00e+00]  0.00e+00f
106Ru 6.80e-01]  5.0862e-01)  3.40e+03]  0.00£+00]  0.00E+00}
1258 2516-01]  7.7802e-01]  1.40e+03 121£02]  8.64e-08||
134Cs 3.356-01]  7.1534e-01]  1.206+03 2.76e-02]  2.30e-05
137Cs 2.30e-02]  9.7726e-01]  9.80e+01]  2.32E+01]  2.37e-01
147Pm 264e-01]  7.67976-01]  9.40e+02 3.30e-01]  3.51e-04
151Sm 7.506-03]  9.9253e-01]  2.60E+01 2.56E-01 9‘855—03"
154Eu 8.07e-02]  9.2247e-01]  1.50E+02 2.04e-01]  1.366-03
155Eu 1.476-01] 86329601  1.40e+03 200e-02]  1.49e-05|
232Th 4956-11]  1.0000e+00]  1.10e-07 3.91e-05]  3.55e+02
233U 4.366-06]  1.0000e+00]  9.50e-03 5.466-02]  5.75e+00|}
234U 2.826-06]  1.0000e+00]  6.206-03 4726-03]  7.626-01})
235U 9.84e-10]  1.0000+00]  2.10-06 4.47e-05]  2.13e+01)}
236U 2.96e-08]  1.0000e+00]  6.30e-05 1.856-04]  2.93e+00}f
238U 1,556-10)  1.0000e+00]  3.30E-07 548607}  1.66E+00))
237Np 3.24e-07] 1.0000e+00]  6.90e-04]  0.00e+00]  0.00E+00
238Pu 7.90e-03]  9.9213e-01]  1.70e+01 3.066-01]  1.80e-02
239Pu 2.886-05]  9.9907e-01]  6.20e-02 3.046-03]  4.90e-02]|
240Pu 1.06e-04] 9.9989e-01]  2.30e-01 2.76e-03]  1.20e-02f
241Py 4816-02]  9.5304e-01]  1.10e+02 4.07e-01]  3.70e-03
1.856-06]  1.0000e+00]  3.90e-03 4.68E-06
l TOTALS: 7.14e+01]  3.88E+02
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Table 6.8. Results for PB Fuel Test Element FTE-18

Sample Designation:

Computer Code Input File:

Computer Code Output File:

Reference Decay Date:

Contained Decay Heat, (W):

PB/FTE-16
PBFTE16.1
PBFTE16.0
1 January 96
5.33e-01

Nuclide D‘cle?ae)f'/dyr Specégc Act. Acg\l_fity Mass
3H 5.64-02 9.4516€-01 9.70+03 8.04E-02 8.29e-06
54Mn 8.11€-01 4.4441e-01 8.30E+03 0.00E+00]  0.00e+00
55Fe 2.54€E-01 7.7569€-01 2.20E+03 0.00e+00§  0.00E+00
60Co 1.32€-01 8.7634E-01 1.10E+03 0.00E+00F  0.00e+00
59N 9.12e-06 9.9999¢-01 8.10E-02 0.00e+00}  0.00e+00
63N 6.93e-03 9.9309e-01 4.60E+01 0.00E+00§  0.00E+00
85Ky 6.46E-02 8.3744€-01 4.00E+02 2.28E+00 5.70e-03
90Sr 2.38e-02 9.7648€-01 1.50e+02 4.01e+01 2.67€-01
90Y 9.48E+01 9.7648E-01 2.50E+05 4.01E+09 1.60E-04
99Tc 3.25e-06 9.9999e-01 1.70€E-02 0.00e+00}  0.00E+00
106Ru 6.80E-01 5.0662£-01 3.40E+03 0.00e+00f  0.00E+00
125S8b 2.51E-01 7.7802E-01 1.40e+03 1.826-02 1.30£-05
134Cs 3.35e-01 7.1534€-01 1.20E+03 5.63e-02 4.69e-05
137Cs 2.30€E-02 9.7726€e-01 9.80E+01 4.13e+01 4.21e-01
147Pm 2.64€-01 7.6797€E-01 9.40e+02 5.54€-01 5.89e-04
151Sm 7.50g-03 9.9253e-01 2.60E+01 3.15e-01 1.21-02
154Eu 8.07e-02 9.2247E-01 1.50£+02 4.08e-01 2.72e-03
155Eu 1.47€-01 8.6329€-01 1.40E+03 3.73e-02 2.66E-05
232Th 4.95g-11 1.0000+00 1.10e-07 3.86E-05§ 3.51E+02
233U 4.36€E-06 1.0000E+00 9.50e-03 6.52e-02f 6.86e+00
2344 2.82e-06 1.0000e+00 6.20E-03 6.57E-03§  1.068e+00
235U 9.84e-10 1.0000€+00 2.10E-06 4.89e-05§ 2.33e+01
236U 2.96e-08 1.0000E+00 6.30E-05 3.00E-04] 4.76e+00
238U 1.55€-10 1.0000E+00 3.30E-07 7.36E-07) 2.23e+00
237Np 3.24-07 1.0000+00 6.90E-04 0.00e+00}  0.00g+00
238Pu 7.90e-03 9.9213e-01 1.70e+01 6.80e-01 4.00e-02
239Pu 2.88€-05 9.9997€-01 6.20E-02 3.35e-03 5.40€E-02
240Pu 1.06e-04 9.9989€e-01 2.30e-01 4.14-03 1.80€-02
241Pu 4.81e-02 9.5304€-01 1.10E+02 6.71e-01 6.10E-03
242Py 1.85e-06 1.0000£+00 3.90e-03 1.29e-05 3.30€-03
TOTALS: 1.27e+02}  3.90E+02
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6.1.3 AVR IFM Pebbles

Table 6.9. Results for AVR IFM Pebbles

Sample Designation: AVR/1&2
Computer Code Input File:  AVR.I
Computer Code Qutput File: AVR.O
Reference Decay Date: 1 January 96
Contained Decay Heat, (W): 2.33e-02
Nuclide Decraiy k D1e(faga/r Specific Act. Activity Mass

Cifl

Ci

3H 564c.02]  0.4516e-01)  9.70E+03 3.57€-03 3.68E—07l
54Mn 811e-01]  44441e-01]  830e+03]  0.00e+00]  0.00e+00]l
55Fe 2.54£-01 7.7569e-011  220e+03]  0.00e+00}  0.00e+00l|
60Co 1.32€-01 8.7634E-01]  1.10e+03]  0.00e+00]  0.00E+00
59Ni 9.126-06]  9.9999e-01]  8.10e-02]  0.00e+00]  0.00+00
B3Ni 6.93:.03]  9.9300e-01] 4.60e+01]  0.00e+00]  0.00E+00
85Kr 6.46e-02] 93744801  4.00E+02 967e-02]  2.426-04
908r 23802  9.7648e-01)  1.50e+02)  1.80e+00}  1.20e-02
50Y 048:+01] 97648201  250e+05]  1.80E+00]  7.206-06
99Tc 3.256-06]  9.9999e-01)  1.70e-02]  0.00e+00]  0.00E+00
106Ru 6.80E-01 5.06626-01]  3.40e+03]  0.00e+00]  0.00E+00
1255b 2516-01)]  7.78026-01]  1.40£+03 4.06E-04]  2.908-07
134Cs 3.356-01]  7.15346-01]  1.20E+03 1.026-03]  8.50e-07
137Cs 230e-02f  9.7726e-01]  9.80e+01]  1.86e+00f  1.90E-02
[L_147Pm 2646-01]  7.6797e-01]  9.40E+02 177e02]  1.88£-05
151Sm 7.50e03]  9.9253e-01]  2.60£+01 1.08e-02]  4.156-04
154Eu 8.07e-02]  9.22476-01]  1.50e+02 136e-02]  9.07-05
155Eu 1.47€-01 8.6320e-01]  1.40E+03 9.69e-04]  6.92e-07]f
232Th 4956111 1.0000e+00]  1.108-07 1.07€-06 9.735+oo{
233U 4.36e-06]  1.0000e+00]  9.50-03 155603  1.63e-01
234U 2826-06]  1.0000e+00}  6.20E-03 1.36E-04]  2.20-02
235U 9.84e-10)  1.0000e+00]  2.10e-06 1.79e-06]  8.54e-01
236U 2966-08]  1.0000e+00}  6.30£-05 1.306-05]  2.076-01}}
238U 156e-10]  1.0000e+00]  3.30e07]  3.93e-08]  1.19e-01)l
237Np 3.24e:07]  1.0000e+00]  6.90e-04]  0.00e+00]  0.00e+00
238Pu 7.90e-03]  9.9213e-01]  1.70E+01 1.876-02]  1.10e-03

I ZsoPu 2.88:.05]  9.9997e-01]  6.20e-02 8.68£-05]  1.40E-03
[l 240Pu 1.066-04]  9.9989e-01]  2.308-01 1.84e-04]  8.00E-04
241Pu 481e-02]  9.5304e-01]  1.106+02 187e02]  1.70e-04
1856-06]  1.0000e+00]  3.90£-03 5.07e-07]  1.30e-04

TOTALS:

5.64e+00] 1.11E+01
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6.1.4 OTHERHTGR IFM

Table 6.10. Results for Fuel Test Capsule P13P

Sample Designation: P13P
Computer Code Input File:  P13P.1
Computer Code Output File: P13P.0O
Reference Decay Date: 1 January 96
Contained Decay Heat, (W): 4.00e-02
3H 5.64E-02 9.4516E-01]  9.70E+03 5.36€-03 5.53e-07
54Mn 8.11€-01 4.44418-01]  8.30E+03 0.00E+00 0.00E+00
55Fe 2.546-01 7.75696-01)  2.20E+03 0.00E+00 0.00+00
80Co 1.32E-01 8.7634€-01 1.10e+03 0.00E+00 0.00£+00
5ONi 9.12E-06 9.9999¢-01 8.108-02 0.00E+00 0.00E+00
63N 6.936-03 9.9309e-010  4.60+01 0.00E+00§  0.00E+00
85Kr 6.46E-02 9.37446-01]  4.00E+02 1.85€-01 4.626-04
90Sr 2.38E-02 9.7648E-01 1.50E+02 2.83E+00 1.89E-02
90Y 9.48£+01 9.7648E-01]  2.50E+05 2.836+00 1,13€-05
99Tc 3.256-06 9.9999€-01 1,70E-02 0.00E+00 0.00E+00
106Ru 6.80E-01 5.06626-01)  3.40g+03 0.00E+00 0.00E+00
1258b 2.51E-01 7.78026-01f  1.406+03 1.82€-03 1.30£-06
134Cs 3.356-01 7.1534€-01 1,20E+03 4.09e-03 3.41E-06
137Cs 2.30E-02 9.7726E-01]  9.80E+01 2.856+00 2.91E-02
147Pm 2.64E-01 7.67976-01]  9.40E+02 1.77€-02 1.88€-05
151Sm 7.50€-03 9.9253e-01f  2.608+01 1,186-02 4.54€-04
154Ey 8.07€-02 9.2247€-01 1.50E+02 2.98E-02 1.99€-04
155Ey 1.47€-01 8.6329€-01 1.40E+03 2,24g-03 1.60E-06
232Th 4,958-11 1.0000E+00 1,10g-07 3.47E-06 3.156+01
233U 4.36-06 1.00006+00 9.50-03 8.556-03 9.00E-01
234U 2.826-06 1.0000E+00 6.20E-03 1.44€-03 2.32E-01
235U 9.846-10 1.0000£+00 2.10E-06 3.00e-07 1.43e-01
236U 2.96€-08 1.0000E+00 6.30E-05 9.326-06 1.48£-01
238U 1.556-10 1.0000€+00 3.306-07 1.78E-08 5.40E-02
237Np 3.24E-07 1.0000E+00 6.90E-04 0.00E+00§  0.00E+00
238Puy 7.90€-03 9.9213-01 1.70£+01 8.50E-02 5.00E-03
239Pu 2.886-05 9.9997€-01 6.20-02 9.306-05 1.50€-03
240Pu 1.06€-04 9.9989E-01 2.30E-01 1.56€-04 6.80E-04
241Pu 4.81E-02 9.5304E-01 1,10E+02 2.31e-02 2.10E-04
242Pu 1.85€-06 1,0000E+00 3.90€-03 1,76€-06 4.50E-04
I TOTALS: 8.89E+00 3.30E+01
———tieaed

6-11

PC-000384/2




Table 6.11. Results for Fuel Test Capsule P13Q

Sample Designation: P13Q
Computer Code Input File: P13Q.1
Computer Code Output File: P13Q.0
Reference Decay Date: 1 January 96
Contained Decay Heat, (W): 8.30E-02
Mooide | OO | PR RG] oY | M
“aH | 564e02]  94516e01]  970e+03]  1o7e02] 1.105-06[
54Mn 8.11e-01]  4.4441e-01] 830e+03]  0.00e+00]  0.00e+00]|
55Fe 254601 7.7569e-01] 2.20e+03]  0.00e+00]  0.00e+00
60Co 1326-01] 876348010  1.10e+03]  0.00e+00]  0.008+00
5ONi 9.12e-06]  9.9999e-01]  8.10e-02]  0.00e+00]  0.00e+00]|
83N 6.936-03]  9.9300e-01]  4.60E+01 0.00e+00]  0.00e+00]|
85Kr 6.466-02)  9.3744£-01]  4.00e+02 3.87E-01)  9.68E-04))
90Sr 2.38e-02]  9.7648:-01]  1.50e+02]  5.91e+00]  3.94e-02fl
90y 9.48e+01] 97648801}  2.50e+05] 591400  2.36E-05
99Tc 3.256-06]  9.9999e-01]  1.70e-02]  0.00+00]  0.00E+00
106Ru 6.80e-01]  5.0662e-01]  3.40e+03]  0.00E+00]  0.00£+00
1258b 251E-01]  7.78026-01]  1.40e+03 424e.03]  3.03:-06
134Cs 3.356-01]  7.1534e-01]  1.20e+03 1.186-02]  9.83-06
137Cs 230e-02]  9.7726e-01] 9.80e+01]  5.95e+00]  6.07E-02
147Pm 2.648-01]  7.6797e-01]  9.40e+02 3.66e-02]  3.89E-05
1518m 7.50e-03]  9.9253e01]  2.60e+01 1.87e-02]  7.19e-04
154Eu 8.07e-02]  9.2247e-01]  1.50e+02 6.386-02]  4.256.04
|_1ssEu 1.476-01]  8.6329e-01]  1.40e+03 5226-03]  3.73:-06
232Th 495e-11]  1.0000e+00f  1.10e-07 4.746-06]  4.31+01
233U 4.36e-06]  1.0000e+00]  9.50e-03 1.03e-02]  1.08£+00
234U 2.826-06]  1.0000e+00]  6.20-03 1.72e-03]  2.786-01
235U 9.84e-10)  1.0000e+00)  2.10e-08 3.49e-07)  1.66e-01)f
236U 2.96e-08]  1.0000e+00]  6.30£-05 1.81E-05]  2.88E-01)|
238U 1.556-10}  1.0000e+00}  3.30e-07 3.40e08]  1.03e-01)]
237Np 3.24e-07]  1.0000e+00]  6.90e-04]  0.00e+00]  0.00e+00}f
238Pu 7.90e-03]  9.9213e:01]  1.70e+01 2.04e01]  1.20e-02f|
239Pu 2.88e-05]  9.9097e-01]  6.20e-02 1.74e-04]  2.806-03
240Pu 1.06e-04] 9998901  2.30e-01 3.45e-04]  1.50E-03
241Pu 4.816-02]  9.5304-01]  1.10E+02 4.62e02]  4.20e-04]|
242Pu 1.856-06]  1.0000e+00]  3.90E-03 4.296-06]  1.108-03
[ TOTALS: 1.868401]  4.51E+01

6-12

PC-000384/2




Table 6.12. Resuilts for Fuel Test Capsules P13R & P13S

TOTALS:

Sample Designation: P13R/S
Computer Code Input File: P13RS.I
Computer Code Output File: P13RS.0
Reference Decay Date: 1 January 96
Contained Decay Heat, (W) 3.62e-02
Nuclid Dec?y k D1ecuag4/!r Spetg}c Act. Act(i;\i/ity Mass
3H 564e-02]  9.4516801]  9.70e+03]  4.47e-03]  4.61E-07 ‘
54Mn 8.11e-01] 4.4441e-01] 830e+03]  0.00e+00] 0.00e+00f|
55Fe 2.54E-01] 7.75696-011  2.20E+03 0.00E+00 o.oo.a+oo’
80Co 1.326-01] 8763401}  1.10E+03 0.00E+00§  0.00E+00
59Ni 9.12e-06]  9.9999-01 8.10E-02 0.00E+00)  0.00E+00
63Ni 6.936-03]  9.9309e-01]  4.60E+01 0.00E+00§  0.00E+00
85Ky 6.46£-02]  9.3744E-01]  4.00E+02 1.76E-01]  4.40E-04
90Sr 2.386-02] 9.7648e-01]  1.50E+02 2.60E+00]  1.73E-02
90Y 9.48E+01]  9.7648E-01)  2.50E+05 260E+00)  1.04E-05
99Tc 3.256-06]  9.9999£-01 1,70E-02 0.00E+00]  0.00E+00
106Ru 6.80E-01]  5.0662E-01]  3.40e+03 0.00E+00)  0.00£+00]
125Sb 2.51-01]  7.78026-01]  1.40E+03 2.426-03]  1.73e-08
134Cs 3.356-01f  7.1534E-01f  1.20+03 6.14E-03]  5.12E-06
137Cs 2.30e-02]  9.7726E-01]  9.80E+01 2.64400]  2.69E-02
147Pm 2.646-01]  7.6797e-01]  9.40E+02 2.126-02] 2.266-05
151Sm 7.50E-03]  9.9253e-01]  2.60E+01 7.88e-03]  3.03e-04
154Eu 8.076-02]  9.2247e-01}  1.50e+02 281e-02]  1.87e-04
155Eu 147e-01]  86329e-01]  1.40e+03 2.246-03{  1.60E-06
232Th 4,95e-11]  1.0000E+00 1.106-07 1.93-06f  1.75e+01
233U 4.36e-06]  1.0000e+00 9.50€-03 4.428-03]  4.656-01
234U 2.826-06]  1.0000£+00 6.20£-03 7.87e-04)  1.27e-01
235U 9.846-10}  1.0000£+00 2.10E-06 159e-07})  7.56-02
236U 2.96e-08]  1.0000£+00 6.30E-05 9.266-06f  1.47e-01
238U 1.556-10]  1.0000E+00 3.30-07 175608} 529021
237Np 3.24e-07]  1.0000e+00 6.90E-04 0.00E+00]  0.00E+00
238Pu 7.90e-03]  9.9213-01}  1.70e+01 8.50e-02]  5.00£-03
239Py 2.88:-05]  9.9997e-01 6.20E-02 7.446-05]  1.20£-03
240Pu 1.066-04]  9.9989€-01 2.30E-01 1.686-04]  7.30E-04
241Py 4.816-02]  9.5304e-01]  1.10e+02 1.986-02]  1.80£-04
1.856-06]  1.0000€+00 3.90E-03 2.11e-06]  5.40e-04
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PC-000384/2
Table 6.13. Resuits for Fuel Test Capsuie P13T

Sample Designation: P13T
Computer Code Input File:  P13T.}
Computer Code Output File: P13T.0
Reference Decay Date: 1 January 96
Contained Decay Heat, (W): 2.27e-01

Nuciide Dec?}f k Difaggr Speg\;i/c Act. Acg:_/ity Mass
3H 5.64e-02]  9.45168-01]  970e+03]  3.22e-02]  3.326-06
54Mn 8.11E-01 4.4441£-01 8.30E+03 0.00E+007  0.00£+00
55Fe 2.54€-01 7.7569E-01 2.20E+03 0.00e+00]  0.00E+00
80Co 1.32E-01 8.7634¢-01 1.10E+03 0.00E+00]  0.00£+00
59Ni 9.126-06 9.9999E-01 8.10E-02 0.00E+00]  0.00E+00
63N 6.93e-03 9.9309€-01 4,60E+01 0.00E+00]  0.00E+00
B5Kr 6.46E-02 9,3744E-01 4.00E+02 1.136+00]  2.82e-03
90Sr 2.38E-02 9.7648E-01 1,50E+02 1.62E+01F  1.08E-01
20Y 9.48E+01 9.7648E-01 2.50E+05 1.626+01]  6.486-05
99Tc 3.25E-06 9.9999E-01 1.708-02 0.00E+00§  0.00E+00
106Ru 6.80E-01 5.0662E-01 3.40£+03 0.00E+00]  0.00E+00
125Sb 2.51E-01 7.7802E-01 1.40E+03 1.946-02]  1.39e-05
134Cs 3.35e-01 7.1534€-01 1.20E+03 7.16e-02f  5.97e-05
137Cs 2.30E-02 9.7726€-01 9.80E+01 1.646+01)  1.67E-01
147Pm 2.64E-01 7.6797€-01 8.40E+02 1.596-01]  1.69€-04
151Sm 7.50E-03 8.9253e-01 2.60E+01 3.94e-02]  1.52e-03
154Ey 8.07E-02 9.2247€-01 1,50E+02 1.796-011  1.19e-03
155Eu 1.47€-01 8.6329E-01 1.40E+03 1.57e-02)  1.12e-05
232Th 4.95¢-11 1.0000E+00 1.10E-07 7.59€-06]  6.90E+01
233U 4.36e-06]  1.0000£+00 9.50E-03 1.77e-02]  1.86+00
234U 2.82e-06]  1.0000E+00 6.20E-03 3.67e-03f  5.926-01
235U 9.84e-10}  1.0000£+00 2.10e-06 479e-07)  2.286-01
236U 2.96-08]  1.0000£+00 6.30€-05 5.36E-05]  8.50E-01
238U 1.556-10]  1.0000E+00 3.30-07 9.90E-08}  3.00£-01
237Np 3.24e-07]  1.0000£+00 6.90E-04 0.00E+00]  0.00E+00
238Py 7.90E-03 9.92136-01 1.706+01 5.95e-01f  3.50E-02
239Py 2.88E-05 9.9997€-01 6.20E-02 4.536-04]  7.30E-03
240Pu 1.06E-04 9.9989€-01 2.30E-01 1.226-03§  5.308-03
241Py 4.81E-02 9.5304€-01 1.10E+02 1.326-01]  1.20e-03
242Py 1.856-06]  1.0000E+00 3.90E-03 1.726-05§  4.40E-03

TOTALS: 5.12e+01]  7.326+01 l
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Table 6.14. Results for Fuel Test Capsule P13V

PC-000384/2

Sample Designation: P13V
Computer Code input File: P13V.1
Computer Code Qutput File: P13V.0
Reference Decay Date: 1 January 96
Contained Decay Heat, (W). 7.20e-02

3H 5.64E-02 9.45166-01]  9.70E+03 1.076-02]  1.10E-06
54Mn 8.11E-01 4.4441E-01]  8.30E+03 0.00e+00] 0.00£+00]
55Fe 2.54£-01 7.7569-01]  2.20e+03]  0.00e+00 o‘ooe+ocj]
60Co 1.326-01 8.7634E-01 1.10E+03 0.00E+00]  0.0DE+00
5ONi 9.12€-06 9.9999E-01 8.10g-02 0.00e+00]  0.00E+00
63Ni 6.93£-03 9.9309e-01f  4.60+01 0.00E+00}  0.00E+00
85Kr 6.46E-02 9.3744E-01}  4.00E+02 3.69e-01] 9.23E-04
90Sr 2.38E-02 9.7648E-01 1.506+02 520E+00]  3.47E-02
90Y 9.48E+01 9.7648e-01 2.50+05 5.20E+00} 2.08E-05
99Tc 3.25¢-06 9.9999€-01 1.70€-02 0.00E+00| 0.00E+00
106Ru 6.80€-01 5.0662e-01}  3.40e+03 0.00E+00}  0.00E+00]
1258b 2.51€-01 7.7802€-01 1.40E+03 6.66E-03]  4.76£-06
134Cs 3.356-01 7.1534E-01 1.20E+03 2.25e-02]  1.88£-05
137Cs 2.30€-02 9.77266-01]  9.80£+01 5.25e+00]  5.36E-02
147Pm 2.64€-01 7.67976-01]  9.40E+02 7.67e-02]  8.16£-05
151Sm 7.50E-03 9.9253e-01]  2.60E+01 1.588-02]  6.08E-04
154Euy 8.07E-02 9.2247€-01 1.50E+02 6.21E-02]  4.14E-04
155Eu 1.47€-01 8.6329€-01 1.40E+03 5.96E-03]  4.26E-06
232Th 4.95e-11 1.0000&+00 1.10€-07 3.976-06] 3.61E+01
233U 4.36E-06 1.0000E+00 9.50E-03 9.30e-03]  9.79e-01
234U 2.82E-06 1.0000£+00 6.20E-03 1.59e-03]  2.56€-01
235U 9.84£-10 1.0000E+00 2.10E-06 376e-07} 1.79e-01
236U 2.966-08 1.0000E+00 6.30E-05 1.90e-05]  3.02e-01
238U 1,55€-10 1.0000E+00 3.30£-07 3.636-08}  1.10e-01}}
237Np 3.24-07 1.0000E+00 6.90E-04 0.00e+00] 0.00£+00
238Py 7.90E-03 9.9213¢-01 1.706+01 1.53e-01}  9.00£-03
239Py 2.88E-05 9.9997E-01 6.20E-02 1.496-04]  2.406-03
240Pu 1.06€-04 9.9989€-01 2.30E-01 3.226-04]  1.40E-03
241Py 4.81E-02 9.5304E-01 1.10E+02 4.186-02] 3.80£-04
242Py 1.85€-06 1.0000£+00 3.90e-03 3.786-06]  9.70e-04
‘ TOTALS: 164+01]  3.806+01 I

6-15



PC-000384/2
Table 6.15. Results for Fuel Test Capsule HB-2

Sample Designation: HB-2
Computer Code input File: HB2.1
Computer Code Qutput File: HB2.0
Reference Decay Date: 1 January 96

Contained Decay Heat, (W): 4.30e-03
Specific Act.

Decay/yr Mass

Activity

3H 5.64E-02 9.4516g-01 9.70E+03 8.93e-04 9.21e-08
54Mn 8.11e-01 4.4441E-01 8.30e+03 0.00+00 0.00e+00
55Fe 2.54g-01 7.7568€e-01 2.208+03 0.00E+00 0.00e+00
60Co 1.32e-01 8.7634e-01 1.10E+03 0.00e+00 0.00e+00
S5ONi 9.12E-06 9,9999E-01 8.10E-02 0.00E+00 0.00g+00
B3Ni 6.93e-03 9.9309e-01 4.60E+01 0.00e+00 0.00E+00
85Kr 6.46-02 9.3744€e-01 4.00e+02 2.02e-02 5.05e-05
90Sr 2.38e-02 9.7648E-01 1.50E+02 3.24E-01 2.16E-03

90Y 9.48e+01 9.7648e-01 2.50e+05 3.24g-01 1.30E-06
99T¢ 3.25e-06 9,.9999€e-01 1.70e-02 0.00e+00 0.00e+00

106Ru 6.80E-01 5.0662e-01 3.40E+03 0.00E+00 0.00E+00
1258b 2.51e-01 7.7802E-01 1.40E+03 3.03e-04 2. 16e-07

134Cs 3.35e-01 7.1534e-01 1.20E+03 8.70E-04 7.25e-07
137Cs 2.30e-02 9.7726E-01 9.80E+01 3.34E-01 3.41E-03
147Pm 2.64€-01 7.6797€E-01 9.40e+02 8.85E-03 9.41E-06
1518Sm 7.50E-03 9.9253E-01 2.60E+01 1.386-03 5.31e-05
154Eu 8.07e-02 9.2247E-01 1.50E+02 3.40e-03 2.27€-05
155Eu 1.47€-01 8.6329€-01 1.40E+03 2.98E-04 2.13e-07
232Th 4.95g-11 1,0000E+00 1.10e-07 2.63e-07 2.39e+00
233U 4.36e-06 1.0000E+00 9.50e-03 4.85€e-04 5.10-02
234U 2.82E-06 1.0000€+00 6.20E-03 4.96E-05 8.00E-03
235U 9.84€-10 1.0000E+00 2.10e-06 1.556-07 7.40e-02
236U 2.96e-08 1.0000e+00 6.30E-05 1.95€-06 3.10e-02
238U 1.55e-10§  1.0000£+00 3.30£-07 4.95€-09 1.50E-02
237Np 3,24€e-07 1.0000E+00 6.90E-04 0.00E+00 0.00e+00
238Pu 7.90e-03 9.9213€e-01 1.70E+01 4.08e-03 2.40E-04
239Pu 2.88e-05 9.9997€-01 6.20e-02 1.12E-05 1.80€-04
240Pu 1.06E-04 9.9989€-01 2.30E-01 2.53€E-05 1.10e-04
241Py 4.81e-02 9.5304E-01 1.10+02 3.30E-03 3.00E-05
242Pu 1.85E-06 1.0000E+00 3.90E-03 1.33e-07 3.40e-05

I‘ TOTALS: l 1.03e+00 I 2.58E+00 |
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Table 6.16. Results for Fuel Test Capsules HRB-14 & HRB-15A

Sample Designation: HRB-14/15A
Computer Code Input File: HRB15A.1
Computer Code Qutput File: HRB15A.0
Reference Decay Date: 1 January 96
Contained Decay Heat, (W): 3.10e-02
| Nuclide ‘ 1eae)f’/“yr Spg&:} Act. : cg\i/i 77 |

3H 564e-02]  0.45166-01]  9.70£+03]  5.36e-03] 553807
54Mn 8.11E-01 4.4441E-01]  8.30e+03 0.00E+00 0.00E+00
55Fe 2.54E-01 7.75696-01F  2.20E+03 0.00E+00 0.00£+00
60Co 1.326-01 8.7634£-01 1.10E+03 0.00E+00 0.00e+00
59Ni 9.126-06f  9.9999E-01 8.10E-02 0.00E+00 0.00e+00
63Ni 6.93-03]  9.9308e-01]  4.60E+01 0.00E+00 0.00E+00
85Kr 6.46E-02]  9.3744E-01}  4.00E+02 1.49E-01 3.73E-04
90Sr 2.386-02]  9.7648€-01 1,50+02 1.80E+00 1.20E-02
90Y 9.48E+01 9.7648E-01) 2 50E+05 1.80E+00 7.20E-06
997Tc 3.256-06]  9.9999E-01 1.70E-02 0.00E+00 0.00E+00
106Ru 6.80E-01]  5.0862e-01]  3.40E+03 0.00E+00 0.00E+00
1258b 2.51E-01 7.7802€-01 1.40E+03 7.876-03 5.62E-06
134Cs 3.356-01 7.1534€-01 1.20E+03 3.74E-02 3.126-05
137Cs 2.30E-02§  9.7726e-01]  9.80E+01 2.13E+00 2.176-02
147Pm 2.64E-01 7.67976-01f  9.40E+02 8.26E-02 8.79£-05
151Sm 7.50E-03]  9.9253e-01]  2.60E+01 9.85€-03 3.796-04
154Ey 8.07E-02]  9.2247¢-01 1.506+02 4.68£-02 3.126-04
155Eu 1.47£-01 8.6329-01 1.40€+03 5.96€-03 4.266-06
232Th 4.95e-11]  1.0000€+00 1.106-07| . 1.326-06 1.20E+01
233U 4.36e-06]  1.0000e+00} ° 9.50e-03 3.56E-03 3.75e-01
234U 2.826-06]  1.0000£+00 6.20E-03 6.26E-04 1.01£-01
235U 9.846-10}  1.0000E+00 2.10E-06 1.55£-07 7.40E-02
236U 2.96e-08]  1.0000£+00 6.30E-05 5.176-06 8.20E-02
238U 1.55e-10}  1.00006+00 3.30E-07 B.47E-07 1,96E+00
237Np 3.24e-07|  1.0000&+00 6.90E-04 0.00E+00 0.00E+00
238Pu 7.90e-03]  9.9213e-01 1.70E+01 5.44E-02 3.20£-03
239Pu 2.886-05]  9.9997e-01 6.20E-02 1.98€-03 3.20E-02
240Py 1.066-04]  9.9989£-01 2.30E-01 3,456-03 1.50€-02
241Py 481e-02]  9.5304e-01 1.10E+02 8.03€-01 7.306-03
242Py 1.85e-06]  1.0000e+00 3.906-03 4.68E-05 1.20E-02
TOTALS: 6.94E+00 1.47£+01
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Table 6.17. Results for Fuel Test Capsule GF-3

Sample Designation:

Computer Code Input File:

Computer Code Output File:

Reference Decay Date:

Contained Decay Heat, (W):

GF-3
GF3.l
GF3.0

1 January 96

9.40e-03

3H 5.64E-02 9.4516€-01 9.70E+03 8.93e-04 9.21E-08
54Mn 8.11E-01 4.4441£-01 8.30E+03 0.00e+00 0.00e+00
55Fe 2.54E-01 7.7568€-01 2.20E+03 0.00e+Q0 0.00e+00
60Co 1.32€-01 8.7634€-01 1.10E+03 0.00E+00 0.00e+00
S9N 9.12E-06 9.9999E-01 8.10E-02 0.00+00 0.00+00
B3Ni 6.936-03 9.9309€-01 4.60E+01 0.00e+00 0.00e+00
85Kr 6.46E-02 9.3744e-01 4.00E+02 4.83-02 1.21E-04
908r 2.38e-02 9.7648E-01 1.50e+02 6.77E-01 4.51E-03
20y 9.48e+01 9.7648e-01 2.50E+05 6.77€-01 2.71E-06
99Tc 3.25e-06 9.9999€-01 1.70E-02 0.00e+00 0.00E+00
106Ru 6.80E-01 5.0662e-01 3.40E+03 0.00E+00 0.00e+00
1258b 2.51E-01 7.7802E-01 1.40E+03 6.05e-04 4.32e-07
134Cs 3.35e-01 7.1534E-01 1.20E+03 1.54g-03 1.28e-06
137Cs 2.30e-02 9.7726€-01 9.80E+01 6.78E-01 8.92e-03
147Pm 2.64E-01 7.6797€-01 8.40e+02 7.08E-03 7.53e-06
1518m 7.50E-03 9.9253€-01 2.60E+01 2.96e-03 1.14E-04
154Eu 8.07e-02 9.2247€-01 1.50e+02 8.51E-03 5.67E-05
155Eu 1.47E-01 8.6329€-01 1.40E+03 7.45€-04 5.326-07
232Th 4.95E-11 1.0000E+Q0 1.10e-07 8.78E-07 7.98e+00
233U 4.36e-06§ 1.0000e+00 9.50E-03 1.91€-03 2.01E-01
234U 2.82e-06§ 1.0000e+00 6.20E-03 2.36€E-04 3.80E-02
235U 9.84e-10}  1.0000e+00 2.10e-06 8.82e-08 4.20e-02
236U 2.96e-08§ 1.0000e+00 6.30E-05 2.02e-06 3.20E-02
238U 1.55e-10}  1.0000E+00 3.30e-07 3.96e-09 1.20E-02
237Np 3.24g-07] 1.0000E+00 6.90€-04 0.00E+00 0.00E+00
238Pu 7.90E-03 9.9213e-01 1.70+01 1.65e-02 9.70E-04
239Pu 2.88€-05 9.9997E-01 6.20E-02 2.11E-05 3.40E-04
240Pu 1.066-04 9,9989€-01 2.30g-01 3.22e-05 1.40e-04
241Pu 4.81€-02 9.5304€-01 1.10E+02 5.83E-03 5.30E-05
242Pu 1.85e-06]  1.0000E+00 3.90e-03 3.12e-07 8.00E-05
I TOTALS: 2.13e+00 8.32e+00

6-18

PC-000384/2



PC-000384/2
Table 6.18. Results for Fuel Test Capsule DR-GB2

Sample Designation. DR-GB2
Computer Code Input File: DRGB2.1
Computer Code Output File: DRGB2.0O
Reference Decay Date: 1 January 96

Contained Decay Heat, (W): 5.70e-03
3H 5.64€-02 9.4516€-01 9.70e+03 8.936-04 9.21E-08
54Mn 8.116-01 4.4441€-01 8.30E+03 0.00E+00 0.00E+00
55Fe 2.546-01 7.7569€-01 2.20E+03 0.00€+00 0.00E+00
60Co 1.32E-01 8.7634€-01 1,10E+03 0.00E+00 0.00E+00
50N 9.12€-06 9.9999€-01 8.10E-02 0.00E+00 0.00E+00
63N 6.93e-03 9.9309€-01 4.60E+01 0.00E+00 0.00E+00
85Kr 6.46E-02 8.3744£-01 4.00E+02 2.64E-02 6.60E-05
90Sr 2.38-02 9.7648E-01 1.50E+02 4,586-01 3.056-03
90Y 9.486+01 9,7648E-01 2.50E+05 4.58£-01 1.83£-06
99Tc 3.256-06 9.9999¢-01 1.70E-02 0.00E+00 0.00E+00
106Ru 6.80E-01 5.0662€-01 3.406+03 0.00£+00 0.00E+00
125Sh 2.51E-01 7.7802€-01 1.40E+03 2.426-04 1.73e-07
134Cs 3.356-01 7.1534€-01 1.20E+03 2.56€-04 2.13e-07
137Cs 2,306-02 9.7726€E-01 9.80E+01 4.68-01 4.78£-03
147Pm 2.64-01 7.6797€-01 9.40E+02 1.36E-02 1.45E-05
151Sm 7.50€-03 9.9253€-01 2.60E+01 6.90E-03 2.656-04
154Ey 8.07E-02 9.2247€-01 1,506+02 1.70E-03 1,13€-05
155Ey 1.47€-01 8.6329E-01 1.40E+03 3.736-04 2.66E-07
232Th 4.95€-11 1.0000E+00 1.10€-07 1.36E-06 1.24€+01
233U 4.36-06 1.0000E+00 9.50E-03 8.17e-04 8.60E-02
234U 2.82E-06 1.0000E+00 6.20E-03 6.826-05 1.10E-02
235U 9.84E-10 1.0000E+00 2.106-06 2.056-06 9.75€-01
236U 2.966-08 1,0000E+00 6.30E-05 3.536-06 5.60E-02
238U 1.556-10 1.0000E+00 3.306-07 2.546-08 7.706-02
237Np 3.24g-07 1.0000E+00 6.90E-04 0.00E+00 0.00E+00
238Pu 7.90£-03 98.9213¢-01 1.70E+01 5.44€-04 3.20€-05
239Py 2.88E-05 9.9997€-01 8.20E-02 4.90E-05 7.90€-04
240Puy 1.06E-04 9.9989-01 2.30E-01 3.45¢-05 1.508-04
241Py 4.81E-02 9.5304£-01 1.10E+02 1.76€-03 1.60£-05
242Py 1,85£-06 1.0000E+00 3.906-03 9.75€-09 2.50E-06
TOTALS: 1.44£+00 1,36E+01
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6.1.5 Summation of Results for HTGR IFM

Table 6.19 summarizes the activity, in Ci for all of the HTGR IFM that were loaded
into the HTGR FHU.

Table 6.19. Summation of Activity & Mass for HTGR FHU as of 1/1/96

b 3.04E-01 . ;
0.00e+00
0.00E+00
0.00+00
0.00E+00
0.00£+00
9.19e+00
1.52+02
1.52E+02
0.00e+00
0.00e+00
1.156-01
3.62€-01
1.57g+02
2.59e+00
1.28+00
1.52E+00
1.49€-01
2.10E-04
2.92E-01
3.13e-02
2.27e-04
1:04€-03
3.84€-06

0.00e+00

2.91e+00

1.71€-01

1.71E-02

2.75e-01

1.91E-02

8.32E-02

3.14E+00

2.85e-02

1.08E-04

2.77e-02

Total of all
isotopes 4.83E+02
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6.1.5.1 Packaging of HTGR IFM

The HTGR IFM were collected as a single unit in November 1995 and
package into a primary enclosure (Fig. 6.1). The primary enclosure was
then seal welded. This primary enclosure was then inserted into a
secondary enclosure (Fig. 6.2). The secondary enclosure was also seal
welded. The assembly of enclosures is identified as the HTGR FHU. A
schematic of the HTGR FHU is shown in Fig. 6.3. The HTGR FHU is
identified with stamped %" high characters on the upper end cap and
stencil painted with 1" high characters along the side. The Material Safety
Data Sheet (MSDS) for the paint used in given in Ref. 6-3. The estimated
quantity of paint is 0.2 g. The individual identification number applied
corresponds with the six-digit GA engineering drawing number associated
with the enclosure. Since only the identifying numbers of the secondary
enclosure are visible, this is used for identification of the loaded HTGR
FHU assembly.

6.1.5.2 Uranium Isotopes Before and After Burn-up

The total uranium isotope distribution in the HTGR FHU before and after
burn-up is presented in Table 6.20. There are no reportable quantities of
Z2J in any of the referenced documents. Therefore it is assumed that there
is < 5 ppm of #2} in the FHU classifying the Detail Material Type as 71 as
defined in Ref. 6-4.

Table 6.20. HTGR FHU Uranium Isotopic Distribution, Before and After Burn-up

Condition =y 24y BE) oy w8y Total U Burn-up
%
Before 0.00e+00 2.54e+00 1.89+02 8.74E-01 1.266+01 2.05e+02
burn-up
After 3.07e+01 5.05e+00 1.08E+02 1.66E+01 1.16e+01 1.72e+02
burn-up

6.1.5.3 Plutonium Isotopes After Burn-up.

The total plutonium isotope distribution in the HTGR FHU after burn-up is
presented in Table 6.19.

6.1.5.4 Weight of HTGR FHU

The weight of the HTGR FHU is the combined weight of the fuel materials,
10.668 kg. (Ref. Table 2.2) plus the measured weight of the enclosures;
21.764 kg. or a total weight of 32.432 kg.

6.1.5.5 Measured Radiation Dose Rates for Unshielded HTGR FHU Assembly

After loading the HTGR IFM into the enclosures, the radiation dose rates
were measured in six positions along the surface: Front (top, middle, and
bottom) and Back (top, middle, and bottom). The readings were repeated
at a distance of 1 m. from the surface. Results are summarized in
Table 6.21.
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Fig. 6.3. FHU # 032231 (HTGR IFM) Assembly Schematic.
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Table 6.21. Measured Radiation Dose Rates for Unshielded HTGR FHU Assembly

6.2

| | DoseRate(R-hr')at
- FHU | Vertical |  indicated distance’
D Survey | o @ T

| Location®™ | =¥

032231 Top
Middie
Bottom

6.1.5.6 Calculated Decay Heat

By summing the individual values for the decay heat from Tables 6.x, the
decay heat for the HTGR FHU as of January 1, 1996 is 2.05+00 watts.

RERTR IFM

The results of the RERTR irradiation is shown in Table 6.22.

6.2.1

6.2.2

Packaging of RERTR IFM

The RERTR IFM were collected in November 1995 and placed horizontally one at
a time in a carrier basket. The description of the basket is given in Fig. 6.4. The
basket was then lifted and lowered into the primary closure (Fig. 6.5). The primary
closure was then seal welded. The primary enclosure was then inserted into a
secondary enclosure (Fig. 6.6). The secondary enclosure was also seal welded.
The assembly of enclosures is identified as the RERTR FHU. A schematic of the
RERTR FHU is shown in Fig. 6.4. The RERTR FHU is identified with stamped %"
high characters on the upper end cap and stencil painted with 1" high characters
along the side. The MSDS for the paint used in given in Ref. 6-3. The estimated
quantity of paint is 0.2 g. The individual identification number applied corresponds
with the six-digit GA engineering drawing number associated with the enclosure.
Since only the identifying numbers of the secondary enclosure are visible, this is
used for identification of the loaded RERTR FHU assembly.

Summation of Results for RERTR FHU
6.2.2.1 Uranium Isotopes Before and After Burn-up

Total uranium in RERTR FHU before burn-up and after burn-up is shown
in Table 6.23. There are no reportable quantities of 22U in any of the
referenced documents. Therefore it is assumed that there is < 5 ppm of
%2y in the FHU classifying the Detail Material Type as 71 as defined in
Ref. 6-4.

Vertical survey location identified as “Top” was taken ~3" down from top closure weld; the “Middle” survey point was
taken at the FHU longitudinai center-fine; the “Bottom” survey point was taken ~3" up from bottom closure weld.

All survey measurements were taken on 5 December 95, using the following instrumentation: Gamma lonization
Chamber, Model #RS-C4-1606-203, Serial #Y7210, manufactured by Reuter-Stokes, Twinsburg, OH, Calibration
Due Date: 9 May 96.
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Table 6.22. Resuits for RERTR Fuel

Sample Designation: RERTR
Computer Code Input File: RERTR.I
Computer Code Output File: RERTR.O
Reference Decay Date: 1 January 96
Contained Decay Heat, (W), 1.10e+01

Nuclide | De;;‘iy k Df(fae%}/r Speg\;; Act. Acg\;'ity Mzss
3H 5.64E-02 9.4516€-01 970e+03]  2.50e+00]  2.58£-04
54Mn 8.11-01 4.4441E-01 8.30E+03 1.156-02 1.39€-06
55Fe 2.54E-01 7.7569E-01 2.20E+03 3.06E+01 1.39€-02
60Co 1,32€-01 8.7634E-01 1.10E+03 2.46E+00 2.24E-03
59N 9.12€-06 9.99996-01 8.10E-02 3.30E-01 4.07e+00
B3N 6.936-03 9.9309€-01 4.60E+01 3.966+01 8.61E-01
85Kr 6.46E-02 9.3744£-01 4.00E+02 5.86E+01 1.46€-01
90SF 2.386-02 9.7648£-01 1.50E+02 7.60E+02 5,07E+00
90Y 9.48£+01 9.7648€-01 2.50E+05 7.60E+02 3.046-03
99Tc 3.256-06 9.9999¢-01 1.70E-02 1.406-01 8.24E+00
106Ru 6.80E-01 5.0662£-01 3.40E+03 6.676-01 1.96€-04
1258b 2.516-01 7.7802€-01 1.40E+03 4.18E+00 2.996-03
134Cs 3.35€-01 7.1534E-01 1.20E+03 2.296+01 1.91€-02
137Cs 2.30E-02 9 7726€-01 9.80E+01 8.26E+02 8.43E+00
147Pm 2.64€-01 7.6797€-01 9.40E+02 9.44E+01 1.00E-01
151Sm 7.50€-03 9.9253e-01 2.60E+01 3.35E+00 1.29g-01
154Eu 8.07€-02 9.2247€-01 1.50E+02 2.396+01 1.59€-01
155Eu 1.47€-01 8.6329-01 1.40E+03 6.71E+00 4.79e-03
232Th 4.95e-11 1.0000E+00 1,10E-07 0.00£+00 0.00E+00
233U 4.36€-06 1.0000E+00 9,50e-03 1.71€-07 1.80E-05
234U 2.82€-06 1,0000E+00 6.20e-03 3.91E-04 6.30E-02
235U 9.84E-10 1.0000E+00 2.10E-06 7.39E-04 3.526+02
236U 2.96€-08 1.0000E+00 6.30E-05 5.61€-03 8.90E+01
238U 1.55€-10 0000E+00 3.30g-07 8.58¢-04 2.60£+03
237Np 3.24€-07 1.0000E+00 6.90E-04 2.486-03 3.60E+00
238Pu 7.90€-03 9.9213€-01 1.70E+01 0.00e+00 0.00€+00
239Py 2.88E-05 9.9997£-01 6.20E-02 1.30E+00 2.10E+01
240Pu 1.06E-04 9.9989€-01 2.30€-01 1.356+00 5.86E+00
241Pu 4.816-02 9.5304£-01 1.10E+02 2.846+02 2.586+00
242Py 1.85€-06 1.0000E+00 3.906-03 3.356-03 8.60E-01

TOTALS:
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Table 6.23. RERTR FHU Uranium Isotopic Distribution, Before and After Burn-up

Before 0.00e+00 7.32e+00 7.62e+02 3.27e-01 3.08e+03 3.856+02
burn-up

After 1.80E-05 6.30e-02 3.52e+02 8.90e+01 2.60E+03 3.04e+03
burn-up

6.2.2.2 Weight of FHU

The weight of the FHU is the combined weight of the fuel materials,
10,766.54 kg. (Ref. Table 2.4), the estimated weight of the non-fuel
element components (3.433 kg), the measured tare weight of the internal
steel basket (2.048 kg.), plus the measured weight of the enciosures;
18.226 kg. or a total weight of 34.474 kg.

6.2.2.3 Measured Radiation Dose Rates for Unshielded FHU Assembly

After loading the RERTR IFM into the enclosures, the radiation dose rates
were measured in six positions along the surface: Front {top, middle, and
bottom) and Back (top, middle, and bottom). The readings were repeated
at a distance of 1 m. from the surface. Results are summarized in
Tabie 6.24.

Table 6.24. Measured Radiation Dose Rates for Unshielded RERTR FHU Assembily

03223

Middle

2782

Bottom

1502 1319

6.2.2.4 Plutonium Isotopes After Burn-Up

The total plutonium isotope distribution in the RERTR FHU after burn-up
is presented in Table 6.22.

18]

Vertical survey location identified as “Top” was taken ~3" down from top closure weld; the" Middle" survey point was
taken at the FHU longitudinal center-line; the “Bottom” survey point was taken ~3" up from bottom closure weld

All survey measurements were taken on 5 December 95, using the following instrumentation: Gamma lonization
Chamber, Mode! #RS-C4-1606-203, Serial #Y7210, manufactured by Reuter-Stokes, Twinsburg, OH; Calibration
Due Date: 9 May 96.
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VERIFICATION

Verification of the gross activity in the HTGR and RERTR irradiated fuel materials (IFM) was
performed, based on analysis of the contained gamma emitting radionuclides contained in each of
the two material groups. Two separate measurements of the gamma radiation dose rates from the
HTGR IFM and RERTR IFM packages were made. The results of these measurements were
compared with the calculated dose rates, utilizing the activity data for the gamma-emitting
constituents, as reported in Section 6 of this document. A summary of the verification methodology
is presented in the following paragraphs.

It should be noted that this verification study was based on gamma radiation dose measurements
of the two groups of Irradiated Fuel Materials prior to the final consolidation and weld-encapsulation
of the IFM, as described in Section 6. At that time, both groups of IFM were contained in separate
5 gal. capacity steel cans, which was the normal storage configuration for material archival storage
in the Hot Cell Facility below-ground storage wells.

7.9 Gamma Dose Rate Measurements

The gamma radiation dose rate of both the HTGR IFM and RERTR IFM were measured on
4 January 94, (prior to the final consolidation of the two fuel types and subsequent weld-
encapsulation of each type into the Primary and Secondary Enclosures in which these
materials are presently contained and stored). This work was performed remotely, in the
Low-Level Cell (Rm. 23/113) of the GA Hot Cell Facility, using a 2" diameter ionization
chamber. The detector was positioned at the exterior surface of each of the IFM storage
packages for the surveys. The physical orientation of the detector with respect to the IFM
package, was adjusted during the surveys, as necessary, to obtain the maximum contact
dose rates.

711 HTGR IFM Survey

The HTGR IFM package was comprised of two, vertically-stacked 5 gal. capacity
steel cans (type DOT-37A), containing the entire mass of HTGR (FM. The
irradiated fuel materials in each of the cans occupied approximately 75% of the can
internat volume. The DOT-37A cans have been used at the GA Hot Cell Facility,
for retrievable fuel storage containment. The cans were of steel construction, with
the following dimensions: ~ 11.25" (~ 28.6 cm) ID x ~ 12.5" (~ 31.8 cm) interior
height, with wall and closure lid thickness of ~ 0.024" (~ 0.6 mm).

The maximum unshielded radiation dose rate, measured on 4 January 94, at the
exterior surface of the two vertically-stacked HTGR IFM cans, was ~ 800 R/hr (y).

712 RERTR IFM Survey

The RERTR IFM package containment consisted of a welded vertical assembly of
three 5 gal. capacity steel cans (type DOT-37A), with an open interior to
accommodate the RERTR fuel element length of 29.92" (76.0 cm). For survey
measurements, the vertical stack assembly contained the entire RERTR IFM mass.

The maximum unshielded radiation dose rate, measured on 4 January 94, at the

exterior surface of the three-high vertically-stacked HTGR IFM can assembly, was
~ 5200 R/hr (y).
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Gamma Dose Rate Calculations

The gamma radiation dose rate calculations for both the HTGR IFM and RERTR IFM were
performed with the PATH shielding code, (Ref. 7-1), using the activity calculated as of
1 January 94. The deviation of this date from the measurement date of 4 January 94 should
pose no significant impact on the dose rate results.

For the HTGR IFM, the primary contributing nuclide to the overall gamma rate was the
¥'Cs/*"mBa. The total activity level of **’Cs/*"™Ba from the entire mass of HTGR [FM, as
of 1 January 94, was 155 Ci.

For the gamma dose rate calculation, the *Cs/'*"™Ba activity was equally distributed in the
two 5 gal. capacity cans, each can containing 77.5 Ci. The total mass of the HTGR IFM is
~14 kg, which was also spiit between the two cans for calculation purposes. The volumetric
source activity in each can is 5.07e-03 Cifem® *'Cs/"®"™Ba, based on the % full volume of
each of the 5 gal. cans.

The RERTR IFM was contained in a three-high vertical stack of 5 gal. capacity cans. The
active height of the irradiated fuel elements is 22 in. This height was used to obtain the
volumetric source activity in the package. The total mass of the RERTR IFM is ~ 15 kg.

The gamma emitters considered in the RERTR IFM included ®Co, ™Cs, *'Cs/"*"™Ba, and
4By, with 3.2, 44.8, 819, and 28.1 Ci respectively. The corresponding volumetric activities
are 8.95e-05 Cifem®®Co, 1.25e-03 Cifer® ™Cs, 2.29e-02 Cifen?® ¥ Cs/*™™Ba, and 7.84&-04
Cilem® ¥Eu.

For each IFM package, the dose rate was calculated at 1 in. from the surface of the 5 gal.
capacity can containment. The 1 in. distance represents the effective centerline of the
ionization chamber detector used for the measurements. The resulfs of the calculations are
provided below:

HTGR IFM ~ 950 R/hr {y)
RERTR IFM  ~ 7100 R/hr (y)

The 950 R/hr for the HTGR IFM includes the contributions from two 5 gal. capacity cans.
The calculated maximum dose rate from a single 5 gal. capacity can was ~ 820 R/hr.

Comparison Between Measurement and Calculation

The calculated gamma dose rates are higher than the measured results for both the HTGR
IFM and RERTR IFM packages. The ratios of calculation to measurement values are ~ 1.2
for the HTGR IFM and ~ 1.4 for the RERTR IFM. These ratios are within the calculational
uncertainties for this IFM characterization. Therefore, comparison of the calculated and
measured gamma dose rates confirms that the calculated activity is conservative, and is
considered acceptable for both the HTGR IFM and RERTR IFM packages.
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7.4 Input and Output Files

The PATH computer code Input and Output data files for the gamma dose calculations are
stored on the PC disk, as follows:

HCELLO1.1 HCELLO1.0
HCELLO2.1 HCELL02.0 u

Tm
A
3
-
e




8.0

DEFINITIONS

atom/b-cm:

AVR:

BISO:

BOL:
Bg:
CEA:
Ci:

D&D:
DOE:

dps:

DRAGON:
EFPD:
ELE:

EOL:
ETR:

ev:
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Atoms per barn-centimeter: A unit of atomic density, used herein to define the
effective density of individual isotope constituents present in a fuel target entity
during a reactor irradiation.

Arbeitsgemeinschaft Versuchs-Reaktor, (German Pebble-Bed Reactor), Julich,
Germany FRG.

barn: A unit of area equal to 1.0e-24 cm?. This unit is primarily used to define the
effective cross-sectional area of an atom for nuclear interaction.

A multi-layered, high-temperature chemical vapor deposition, spherical fuel particle
coating design, comprised of an isotropic pyrolytic-carbon coating, over a relatively
low-density pyrolytic-carbon buffer coating, encapsulating a ceramic fuel particle
kernel.

Beginning-of-Life: Refers to the pre-irradiation condition of the target material at
the time the reactor irradiation exposure is started.

Becquerel: A standard, derived unit of radioactivity, equal to the activity of a
radionuclide decaying at the rate of one spontanecus nuclear transition, (or
disintegration), per second; i.e., 1 Bq =1 dps.

Commissariat a L'Energie Atomique, (French Atomic Energy Commission).

Curie: A standard, derived unit of radioactivity, used herein to specify IFM activity
levels at a given Reference Decay Date. 1 Ci = 3.70e+10 Bq.

Decontamination and Decommissioning (Project).

(U.S.) Department of Energy, Washington, DC.

Disintegrations per second: A measured unit of radioactivity, (also see definitions
of Bgand Ci). 1dps=1Ba.

Dragon Test Reactor, (English HTGR Reactor), Winfrith, United Kingdom.
Effective Full-Power Days.
(Fuel) Element.

End-of-Life: Refers to the post-irradiation condition of the target material at the time
the reactor irradiation exposure is terminated.

Engineering Test Reactor, Aerojet Nuclear Company, Idaho National Engineering
Laboratory, Idaho Falls, ID.

Electron Volt: A unit of energy equal to ~ 1.602e-19 joules. This term is used
herein to specify the average velocity of neutrons to which a fuel target entity is
exposed during reactor irradiation.



Oepsr:

Fast Neutron:

FHU

FIMA:

FSv:

FTE:
GA:
GETR:
HCF:

HEU:

HFIR:
HOBEG:
HTGR:

IFM:

INEEL

KFA:

LEU:

LWR:
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Peak Fast Neutron Fluence to which a fuel target entity has been exposed during
reactor irradiation, in nvt, unless otherwise indicated.

In the context of this document, the term Fast Neutron is used to specify a
population of neutrons, present in a reactor irradiation environment, with a velocity,
(or energy), greater than 1.80e+05 ev, (i.e., E > 0.18 MeV). Also see definition of
Peak Fast Fluence.

Fuel Handling Unit, a term used to describe the separate independent assembly,
used to contain and handle the consolidated HTGR and RERTR Irradiated Fuel
Materials described herein. in this application, the FHU assemblies are each
comprised of double-containment seal-welded 304SS construction Primary and
Secondary Enclosures.

Fissions per initial (Heavy) Metal Aiom: A term related to the fractional depletion
of fissile materials contained in a target assembly, under specifically defined
irradiation exposure conditions; FIMA is usually expressed as "percent burn-up" or
"CFIMA"

Fort St. Vrain Nuclear Generating Station, Public Service Company of Colorado,
Plattevilie, CO.

Fuel Test Element.

General Atomics, San Diego, CA.

General Electric Test Reactor, General Electric Company, Vallecitos, CA.

Hot Cell Facility, Bldg. 23, General Atomics, San Diego, CA.

High-Enrichment Uranium, i.e., material comprised of, or containing, uranium of >
20.0% #*U Enrichment. In the context of this report, the term HEU is used to
describe the "fully" enriched uranium used as raw material by GA for the
manufacture of HTGR fuel particles, (i.e., ~ 93.15% U Enrichment).

High-Flux Irradiation Reactor, Oak Ridge National Laboratory, Oak Ridge, TN.
Hochtemperaturreaktor-Brennelement, GmbH; (German HTGR fuel manufacturer).
High-Temperature Gas-Cooled Reactor.

Irradiated Fuel Materials: A collective term which refers to the collective archival
irradiated fuel specimens previously stored in the Hot Cell Facility, Bldg. 23,
General Atomics, San Diego, CA.

Idaho National Engineering and Environmental Laboratory.

Kernforschungsanlage Julich, GmbH; (German HTGR fuel manufacturer); Julich,
Germany FRG.

Low-Enrichment Uranium, i.e., material comprised of, or containing, uranium of
< 20.0% #°U Enrichment.

Light Water Reactor.



MSDS:

NR:

NUKEM:

nvt:

ORNL:

ORR:

Pal

Pe:
P(t):
PB:

PIE:

RDD:

RERTR:

SILOE:
SNM:

SX:
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Material Safety Data Sheets

Not recorded.
Nukem, GmbH, (German HTGR Fuel Manufacturer).

Neutron-Velocity-Time: A unit of neutron fluence integrated over time. This term
is used in herein to describe the effective neutron fluence to which a fuel target
entity is exposed during a reactor irradiation.

Oak Ridge National Laboratory, administered for the U.S. Department of Energy by
Martin-Marrietta Energy Systems, inc., Oak Ridge, TN.

Oak Ridge 30 MW(t) Research Reactor, Oak Ridge National Laboratory, Oak
Ridge, TN,

Gravimetric density, in g/cm®, unless otherwise indicated.

Atomic Density, used herein to define the effective density of individual isotope
constituents present in a fuel target entity during a reactor irradiation. Units are
expressed as atoms per barn-centimeter (atom/b-cm), unless otherwise specified.

Power Density in reactor during fuel target entity irradiation, in W/cm®, unless
otherwise indicated.

Peak Power (thermal) generated in fuel target entity during reactor irradiation, in W,
unless otherwise indicated.

Peach Bottom Atomic Power Station, Unit No. 1, Philadelphia Electric Company,
Delta, PA.

Post-lrradiation Examination: A general term to describe the activities involved in
the remote examination of an irradiated target assembly in a Hot Cell laboratory.

Activities include receipt, off-loading, remote visual examination, macro- and micro-
photo-documentation, remote metrology, disassembly, mechanical sectioning,
physical testing, sampling, preparation and polishing of metallographic specimens,
and metallographic examination of various target assembly component materials.

Reference Decay Date: The time at which measurement of transient
characterization parameters has been performed. For calculated transient
parameters, the RDD is the time to which the reported values are normalized.
Examples of transient parameters in this report are IFM contained activity levels
(Ci), or contained decay heat (W).

Reduced-Enrichment Research & Test Reactor fuel development program.
Reactor

Siloe Test Reactor, Commissariat a L'Energie Atomique, Grenoble, France.

Special Nuclear Material: i.e., #*U, *®*U, and Pu (all isotopes).

(Fuel) Sample, used herein to define the individual fuel entities associated with
each fuel target inventory group represented in the subject irradiated fuel materials.
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TRISO:

VSM:

WAR:
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A multi-layered, high-temperature chemical vapor deposition, spherical fuel particle,
comprised of an outer isotropic pyrolytic-carbon coating, over a silicon-carbide
coating, over an inner isotropic pyrolytic-carbon coating, over a relatively low-
density pyrolytic-carbon buffer coating, encapsulating a ceramic fuel particle kernel.

Volume of fuel element or fuel target sample entity, expressed as cm®, unless
otherwise indicated.

Vanek, Simnad, Meyers; A process developed by GA used in the manufacture of
HTGR fuel particle carbide kernels. The VSM kernel manufacturing process entails
the melting and spheridization of UC,, (Th,U)C,, and ThC, fue! material, under inert
atmosphere conditions, in a high-temperature drop furnace. The resulting product
is a high-density, sintered fuel kernel, which is used as substrate for subsequent
fuel particle coating processes. The term VSM honors the three General Atomics
engineers involved in the original development of this process.

Watt: A standard unit of power, used herein to specify a guantity of decay heat
associated with the various groups of highly-radioactive irradiated fuel materials.
One watt is the power which gives rise to the production of energy at the rate of one
joule per second.

Weak-Acid Resin-based spherical kernel, utilized by GA, tc a very limited extent,
for advanced HTGR fuel fabrication processes. In this fuel kernel manufacturing
method, WAR microspheres were brought to specific heavy metal loading levels in
the WAR matrix by chemical adsorption, by immersion in. a saturated aqueous
solution. The loaded microspheres were utilized as fuel particle substrate material,
which were then sintered and subsequently coated to yield BISO and/or TRISO
particle product.
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