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1. INTRODUCTION

1.1 Objective of TFE Verification Program

The program objective is to demonstrate the technology readiness of a TFE suitable for
use as the basic element in a thermionic reactor with electric power output in the 0.5 to 5.0
MW(e) range, and a full-power life of 7 years. A TFE for a megawatt class system is shown
on Figure 1-1. Only six cells are shown for simplicity; a megawatt class TFE would have many
more cells, the exact number dependent on optimization trade studies.

1.2 Technical Approach

The TFE Verification Program built directly on the technology and data base developed
in the 1960s and early 1970s in an AEC/NASA program, and in the SP-100 program conducted
in 1983, 1984 and 1985. In the SP-100 program, the attractive features of thermionic power
conversion technology were recognized but concern was expressed over the lack of fast reactor
irradiation data. The TFE Verification Program addressed that concern.

The technical approach followed to achieve the program objective is shown on Fig. 1-2.
Five prior programs form the basis for the TFE Verification Program:

1) AEC/NASA program of the 1960s and early 1970s.

1) SP-100 concept development program (Ref. 1-1).

3) SP-100 thermionic technology program (Ref. 1-2).

4) Thermionic irradiations program in TRIGA in FY-86 (Ref. 1-3).

5) Thermionic Technology Program in 1986 and 1987 (Refs. 1-4, 1-5).

These programs provided both the systems and technology expertise necessary to design and
demonstrate a megawatt class TFE.

A TFE was designed that met the reliability and lifetime requirements for a 2 MW(e)
conceptual reactor design. Analysis showed that this TFE could be used over the range of 0.5
to 5 megawatts. This was used as the basis for designing components for test and evaluation.
The demonstration of a 7-year component lifetime capability was through the combined use of
analytical models and accelerated, confirmatory tests in a fast test reactor. Iterative testing was
performed where the results of one test series led to evolutionary improvements in the next test
specimens.

The TFE components underwent screening and initial development testing in ex-reactor
tests. Several design and materials options were considered for each component. As screening
tests permitted, down selection occurred.

In parallel with ex-reactor testing, and fast reactor component testing, components were
integrated into a TFE and tested in the TRIGA test reactor at GA. Realtime testing of partial
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length TFEs was used to test support, alignment and interconnective TFE components, and to
verify TFE performance in-reactor with integral cesium reservoirs. Realtime testing was also
used to verify the relation between TFE performance and fueled emitter swelling, to test the
durability of intercell insulation, to check temperature distributions, and to verify the adequacy
over time of the fission gas venting channels.

Predictions of TFE lifetime rested primarily on the accelerated component testing results,
as correlated and extended to realtime by the use of analytical models.

1.3  Organization of the Program
Contracting Agency: Department of Energy, San Francisco Operations Office
Prime Contractor: General Atomics (GA)
Subcontractors:
ThermoTrex Corporation (TTC), a subsidiary of Thermo Electron Corporation
Rasor Associates, Incorporated (RAI)
Space Power Incorporated (SPI)

Fast reactor testing manager:
Westinghouse Hanford Corporation (WHC)

Fast reactor facilities:
Fast Flux Test Reactor (FFTF), with testing managed by WHC.
EBR-II, with testing managed by Argonne National Laboratory-West (ANL-W)
Technical cversight for DOE: Los Alamos National Laboratory (LANL).
1.4  Structure of Test Program

The TFE-VP was broken down into 7 tasks, generally corresponding to the components
of a TFE. Figure 1-3 shows a thermionic cell with the various components identified.

Figure 1-4 shows a one cell TFE fabricated for test in the program. A multi-cell TFE
has 2 or more cells in series.

When compared to Figure 1-1, it is clear that this test article is not quite prototypical.
The test conditions dictate the design to some extent. Also, the test approach is to first test
simple TFEs and then gradually test TFEs more prototypic.

For each component, the work involved:

1) Component design and analyses
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2) Materials evaluation and selection
3) Performance testing
4) Life testing, both accelerated and real time.

In addition, performance models were developed for converter performance, fueled
emitters and cesium reservoirs.

A brief description of each task is given below. For each of the component tasks,
fabrication process specifications were developed and materials were chosen.

1.4.1 Conceptual Design. A TFE optimized for a 2 MW(e) system was designed. Its
scalability over the range of 500 kW to 5 MW was demonstrated.

1.4.2 Converter Performance. The performance of converters of interest for megawatt
class systems was measuredd and existing models on converter performance were refined.

1.4.3 Insulator Seals. The insulator seal isolates the space filled with gaseous fission
products from the cesium filled interelectrode gap. It also assures that electrons flow from the
collector of one cell to the emitter of an axially adjacent cell.

1.4.4 Sheath Insulators. The sheath insulator is a structure composed of 3 layers:

0 The inner layer is the collector.

0 The middle layer is an insulator electrically isolating the collector from the
reactor coolant and structure. It also must conduct reject heat to the
reactor coolant.

0 The outer metallic layer assures the structural integrity of the sheath.

1.4.5 Fueled Emitters. The fueled emitter is the emitter component inside of which
are the following components:

0 U0, fuel.

0 Fuel holddown device to prevent damage to the cell during launch and
ascent.

o Fission product trapping components to prevent solid and condensable

fission products from exiting the cell.

o Heat shields to protect the upper and lower parts of the emitter from the
high temperatures of the UO, fuel.



1.4.6 Cesium Reservoir and Interconnective Components

The cesium reservoir provides cesium vapor to the interelectrode gap. A graphite cesium
reservoir was demonstrated in the program.

Interconnective components are those metal parts and insulators which are necessary to
attach one cell in series with another.

1.4.7 TFEs

The TFE is an axial series of one or more cells. It also contains a cesium reservoir.
TFEs with one, three and six cells were fabricated and tested.

The TFEs fabricated under the TFE Verification Program are designated the "H" series
TFEs, being the next series following the "E", "F" and "G" series which were studied in the
1960s and 1970s. The E series TFEs had an emitter diameter of 0.625 inch; the F series, 1.1
inches; and the H series, 0.5 inches.

A specific TFE has a designation xHy, the "x" being the number of cells in the TFE and
the "y" being the specific TFE in question. For example, the TFEs fabricated and tested in the
program were:

TFE-1H1, the first of the 1-cell TFEs.

TFE-1H2, the second of the 1-cell TFEs.

TFE-1H3, the third of the 1-cell TFEs.

TFE-3H1, the first of the 3-cell TFEs.

TFE-3HS5, the fifth of the 3-cell TFEs. Numbers 2, 3 and 4 were eliminated early in the
program.

TFE-6H1, the first of the 6-cell TFEs.

1.5 Semiannual Progress Reports

Semiannual progress reports provide a running account of technical progress which
reflects the work done at GA, TTC, RAI and SPI. These reports also summarize the status and
results of the irradiation program at WHC, ANL-W and LANL.

Table 1-1 shows a complete list of all semiannual progress reports.
1.6  Final Reports

Final test reports give details on each of the major components outlined in Section 1.4.
A list of these final reports is given in Table 1-2. It is assumed in these reports that the reader

is familiar with thermionic technology and the structure and operation of thermionic fuel
elements and their components.




Table 1-1

SEMIANNUAL PROGRESS REPORTS

Period Ending

Date Issued

Report Number

March 31, 1987
September 30, 1987
April 30, 1988

| October 31, 1988
April 30, 1989
September 30, 1989
March 31, 1990
September 30, 1990
i March 31, 1991

F September 30, 1991
March 31, 1992
September 30, 1992
March 31, 1993
September 30, 1993

April 1987
March 1988
June 1988
January 1989
Septernber 1989
March 1990
July 1990
January 1991
April 1991
December 1991
April 1992
January 1993
May 1993
January 1994

GA-A18780
GA-A19115
GA-A19269
GA-A19412
GA-A19666
GA-A19876
GA-A20119
GA-A20335
GA-A20493
GA-A20804
GA-A20911
GA-A21210
GA-A21326
GA-A21511

Table 1-2

FINAL TEST REPORTS OF TFE VERIFICATION PROGRAM

Report Title

Document No.

Conceptual Design

Converter Peformance Final Test Report

Insulator Seal Final Test Report
Sheath Insulator Final Test Report
Fueled Emitter Final Test Report

Cesium Reservoir and Interconnective Components Final Test Report

TFE Performance Final Test Report
TFE Design Package
Fabrication Process Specifications

GA-A2i590
GA-A21591
GA-A21592
GA-A21593
GA-A215%4
GA-A21595
GA-A21596
GA-A21597
GA-A21734

——— |




1.7 TFE Design Package
The TFE Design Package Final Report contains analyses and drawings which support

the design, fabrication, and test of TFEs. The TFE Performance Final Test Report is GA-
A21596 (see Table 1-2).

The documentation in the TFE Design Package includes:

o Technical Correspondence: Memoranda that documents calculations, design
review and inventions.

0 Technical Document Tree.

0 Drawing Tree for each test TFE.

0 Engineering Drawing Package: All released TFE hardware drawings, latest
revision.

The package described above contains several hundred drawings and documents which
make general distribution of it impractical. Therefore, this inf3rmation is being distributed
as follows:

0 DOE-OAK: One (1) complete package including one (1) print and one (1)
reproducible copy of each drawing.

0 General Distribution: Same as the DOE-OAK package with the technical
correspondence and drawings removed.
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2. DESIGN ANALYSES

The technical documentation package contains all of the engineering correspondence
generated during the TFE Verification Program that related to TFE design. In accordance
with the TFE Verification Program Technical Document Tree shown in Figure 2-1, this

information is compiled in the TFE Assembly Design Report, GA Document #909061, which
is provided in Appendix A.

Appendix B lists the references for the engineering correspondence.

12
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3. TFE DRAWING PACKAGE
Complete engineering drawing sets for TFEs-1H1, -1H2, -1H3, -3H1, -3HS, and 6H1

are included in the DOE-OAK package. A list of drawing numbers by TFE and the TFE
drawing tree numbers are provided herewith in Appendix C.
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TFE ASSEMBLY DESIGN REPORT 909061/1

1. SCOPE

Provided is the technical documentation and data base for the overall
assemblies of thermionic fuel elements (TFE) designed for incore

verification testing. At this issue the scope of this document is limited
to TFEs 1Hl1l, 1H2, 1H3 and 3Hl.

This report currently occupies the third indenture level of the TFE
Verification Program Document Tree, as shown in Figure 1 of GA Document
908954, "Reactor-Converter System Design Description”.

2. DESCRIPTION

2.1 Test Article

The partial length and prototypic TFEs for incore testing are made up
of a string of thermionic converters with additional portions above and
below the string.

The thermionic converter string, which is the portion of the TFE that
constitutes the active core of the thermionic reactcr, is designed and
fabricated to the requirements of the system baseline design, which is
defined by GA document 908955, "Reference TFE Specification". The number

of converters in the partial length string variles according to test
definition.

The portions of the TFE above and below the converter string, which
include the cesium reservoir for the TFE, have only been designed thus far
for the partial length TFEs. These portions are not prototypic but instead
designed for the requirements of the test. However, they are to be
fabricated in the same manner as the reactor prototypic TFE, which has an
essentially all electron-beam-welded refractory metal envelope, and design
changes will progress toward the prototype.

The remainder of the test vehicle is designed to encapsulate the test
article as necessary for irradiation in the test reactor, to provide
appropriate boundary conditions to assure validity of the test and to
accommodate desired instrumentation.

2.1.1 Converters

The present thermionic converter design is designated as the H-series.
There are 12 H-series converters welded together axially and bonded into a
common sheath tube in the reference thermionic reactor system design. All
of the test articles in the current program plan have from one to six
converters per TFE. Figure 1 illustrates a single H-series converter and
identifies its parts according to the nomenclature used in the following
text. The converters in a TFE string differ from each other only in the
fuel enrichment and/or fuel pellet inside diameter.
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TFE ASSEMBLY DESIGN REPORT 909061/1

Emitter. The H-series emitter is 12.7 mm (0.5 in.) in diameter and 51
mm (2.0 in.) long. The emitter cylindrical wall thickness is 1.0 mm (0.040
in.), and the emitter bottom thickness is 1.5 mm (0.060 in.) with a 0.33
(0.013 in.) deep recess to accommodate a 7.6 mm (3.3 in.) diameter
converter-to-converter alignment spring (which is discussed further below).
At the top end of the emitter is the emitter stem, which serves as both
electrical lead to the emitter and as thermal choke for the emitter. The
stem 18 0.51 mm (0.020 in.) thick and 12.2 mm (0.48 in.) long. The emitter
is tungsten, and it is fabricated in two layers. The inner, thicker layer
is chemically vapor deposited from WF_,. This is the structural layer of
the emitter, and it also makes up the emitter stem. The outer 0.30 mm
(0.012 4in.) of the emitter is deposited from WCl,, which provides the
oriented emission surface. The emitter is diffusion bonded to a tantalum
transition piece at the top end.

Fuel. Inside the emitter is the nuclear fuel. Three annular pellets
of UC, total 46 mm (1.83 in.) in length. 1In the reference reactor all fuel
pelle%s are made of fully enriched uranium, and the fuel pellet inside
diameter varies depending on axial location of the converter in the TFE and
the radial location of the TFE in the core in order to flatten power
generation. In the test articles both enrichment and fuel volume are
varied according to test goals. A tungsten-267% rhenium pedestal holds the
fuel off the emitter bottom for the purpose of maintaining lower and more
uniform emitter bottom temperatures than if the fuel were in contact with
the bottom. Above the fuel there are four tungsten-26Z rhenium discs
alternating with formed wire spacers which serve as thermal radiation
shields to reduce axial heat loss from the fuel and to inhibit fuel vapor
transport. A tungsten-26% rhenium fuel holddown spring locates the fuel
and internal parts in place during fabrication and encapsulation. Above
the spring is a component to radially and axially locate the spring.

In TFEs 1H1 and 1H2 the spring locator is a stepped disk of tantalum
with holes. This component is shown in the cross-section of the converter
to TFE lead region in Fig. 6.

In TFEs 1H3 and 3H1 the spring locator is a tantalum housing
containing alumina coated disks of molybdenum foil. Fission gas travels a
labyrinth-1like path through this structure, where both alumina and
molybdenum will react with volatile fission products which would otherwise
react with or deposit upon the walls of the fission product passages
downstream. The solid fission product trap is shown in the cross-section
of the 3H1 converter-to-converter region in Fig. 2b.

The fuel space 1s closed with a cap welded into the transition piece.
There are three 0.30 mm (0.012 in.) inside diameter fission product vent
tubes located in the transition piece. The tubes are made of
polycrystalline high purity alumina and pressed into radial holes 0.66 mm
(0.026 in.) in diameter in the transition piece. These vent tubes provide
a passage for fission product gases from the fuel cavity inside the emitter
to the annular space outside of the ceramic-to-metal seal and the emitter
transition pilece.
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TFE ASSEMBLY DESIGN REPORT 909061/1

Collector. Opposite the emitter is the collector, and between them is
the interelectrode gap, which is filled with cesium vapor during converter
operation. The radial interelectrode gap is 0.25 mm (0.010 in.). Cesium
is supplied to each converter through six 0.33 mm (0.026 in.) diameter
axial holes in the transition piece which provide passages between the
converters in the string.

The collector 1is part of a trilayer structure which is fabricated by
gas pressure bonding. It is made up of a 0.76 mm (0.03C in.) thick niobium
inner layer, which is the current carrying collector, an intermediate
ceramic sheath insulator layer 0.41 mm (0.016 in.) thick, and an outer
niobium layer 0.48 mm (0.019 in.) thick, which is called the inner sheath.
The trilayer outside disimeter is 16.5 mm (0.65 in.). The inner sheath is
slotted parallel to its longitudinal axis at places around the outside
dismeter to a depth of 0.20 mm (0.008 in.), 0.38 mm (0.015 in.) wide, to
form axial fission product gas passages from one converter to the next.
There would be no slots in the trilayer of the bottom converter in a
string, since there is no converter below it to produce gas.

Converter Seal. The converter ceramic-to-metal seal is a subassembly
comprised of a 1.4 mm (0.054 in.) thick by 0.64 mm (0.025 in.) wide poly-
crystalline alumina ceramic insulator ring with niobium skirts brazed to
it. The upper niobium skirt is thinned to 0.38 mm (0.015 in.) and formed
into a convolution with a depth of 0.76 mm (0.030 in.) and a minimum radius
of 0.25 mm (0.010 in.). This convolution compensates for the differential
thermal expansion between the ceramic-to-metal seal and the unbonded
section of the outer sheath tube. The ceramic-to-metal seal is welded
between the fueled emitter subassembly and the trilayer to make up the
converter unit, as shown in Fig. 1.

Intercell Region. The individual converters are welded end-to-.:-.
connecting the emitter transition of one converter tc the collector of the
convert-~i above it and completing the electrical series conection. This
weld aiso seals the interelectrode (cesium) space from the fission product
space. Figure 2 shows the converter-to-converter region in detail. There
are two different intercell alignment arrangements.

In the first three TFEs (the 1H’s) the end of the emitter is aligned
concentrically within the collector by a conical, tungsten-267 rhenium
alignment washer 0.25 mm (0.010 in.) thick, 7.6 mm (0.30 in.) outside
diameter, 2.5 mm (0.010 in.) inside diameter and 1.1 mm (0.045 in.) high.
This washer is seated in a polycrystalline alumina insulator disk 0.89 mm
(0.035 in.) thick and 10.9 mm (0.43 in.) outside diameter. The alignment
washer locates on a 2.5 mm (0.10 in.) button on the bottom of the emitter,
and the alignment insulator sits in a 10.9 mm (0.43 in.) diameter recess in

the emitter cap of the converter below. The emitter cap is tantalum in
this arrangement.

For the subsequent TFEs in the top of each converter the emitter is
closed with a cap made of a trilayer of niobium, alumina and niobium. An
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alignment device made of two conical tungsten-262% rhenium washers 0.25 mm
(0.010 in) thick welded at the outer edge is placed over a 2.5 mm (0.10 in)
diameter projection on the electrically isolated upper portion of the
trilayer cap. The alignment device also locates on a 2.5 mm (0.10 in.)
diameter button on the bottom of the emitter, providing support for the end
of the emitter under mechanical loading and assure alignment of the
interelectrode gap.

A 80U (0.003 in.) thick plasma-sprayed alumina coating is applied over
the outside of the ceramic-to-metal seals and transition pieces after the
converter string is welded together. The string is then put into a 0.51 mm
(0.020 in.) thick niobium-12 zirconium outer sheath tube which has an inner
coating of nickel. The radial clearance to the tube is 13 to 18p (0.0005
to 0.0007 in.). The assembly is subsequently wrapped with tungsten wire
and heated to 1500 K, at which temperature the inner sheath and outer
sheath tube are forced into contact by the differential expansion of the
largely niobium TFE structure and the tungsten wrap. A nickel-niobium
braze is accomplished which bonds the converter string into the outer

sheath tube. The tungsten wire wrap is removed and the final TFE outside
diameter is 17.5 mm (0.69 in.).

2.1.2 Above and Below the Converter String

Dummy Cell. Located below the bottom converter in the single cell
(1H) test articles is a "dummy cell". The dummy is welded to the collector
of the bottom converter as another converter would be, and it is located
within the outer sheath tube. The converter-to-dummy region is shown in
Fig. 3. The dummy provides another ceramic-to-metal seal which insulates
the collector potential of the converter from the outer sheath tube
potential. Figure 3 also i1llustrates the bottom of the TFE with dummy
cell, A brazed niobium-copper lead end piece is welded to the dummy
collector lead after TFE sheath tube bonding and final processing. To this
is welded a copper bus tube that carries the TFE current back to beyond the
top end of the test article.

The three cell (3H) TFE does not have a dummy. A plug terminates the
converter string as shown in Fig. 4. In the 3H TFEs the outer sheath tube
will be at the collector potential of the bottom converter.

TFE Stem. Above the converter string is the TFE stem region. Above
that is a cesium reservoir. Figure 5 shows the complete TFE.

Not only is the cesium supplied to the converter string from above
these test articles, but also the converter current and the fission product
gases are led away from the string in the same direction. The electric
current is drawn from the top of the emitter of the top most converter by a
hollow niobium lead. The cesium communicates between the reservoir and the
converter through the center of the lead. The region between the converter
string and the cesium reservoir 1s referred to as the TFE stem.
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Figure 6 shows the detail of the bottom of this stem region. Between
the emitter lead and the top most emitter transition piece is the lead i
trilayer. This component is a piece of niobium-alumina-niobium cylindrical
composite of the same configuration as the collector trilayer in the
converters, and it is bonded to the outer sheath tube. It 1s required in
order to mechanically locate the top-most emitter, which otherwise would be
supported only on the convolution of its ceramic-to-metal seal.

Outside of the emitter lead the fission product space is enclosed by a
stem sheath structure consisting of an expansion joint, to accommodate
differential thermal growth, and a ceramic-to-metal insulator. This
ceramic-to-metal seal is of the same high temperature brazed design as the
converter seals. This stem sheath structure is welded at the bottom to the
top of the TFE outer sheath and at the top to the cesium reservoir. The
insulator separates the sheath potential from the reservoir structure which
is electrically connected to the emitter potential. 4

Cesium Reservoir. Figure 7 shows the detail of the liquid cesium
reservoir and Fig. 8 shcws the graphite reservoir. These assemblies are
welded niobium, except where fission product tubing has been brazed in
place. The heater wires are tantalum sheathed mineral-coated cable and are
brazed in position. Leading away from the TFE at the top in each design
are the solid niobium emitter current lead and a tube for fission prodﬁcts.

In the TFE, there is complete separation of the interelectrode
(cesium) volume from the fission product space. In the event of a leak
between the two volumes, the cesium would gradually flow into the fission
product space and then out of the TFE and into the external fission gas
collection chambers. (The design of the collection system external to: the
TFE is discussed below under the test vehicle topic.) To assure against
such a loss of cesium, which would eventually terminate the test, the TFE
design includes a port tube in the fission product system, The port tube
passes the noble gas fission products with insignificant pressure drop. but
reduces cesium vapor leakage out of the TFE, if there should be a leak
between the cesium volume and the fission product space. The port tube is
located in TFE 1H1 as shown in Fig. 7, and for 1H2 and 3H1 it is
illustrated in Fig. 8. \

Fission Product Management. Figure 9 is a simplified diagram of the
separate cesium and fission product plumbing within the TFE for both liquid
and graphite reservoir designs. Shown in the figure are the tubing
connecting the TFE to the pumpout and backfill systems at the final
processing step. Also shown is the connection to the line leading to tﬂb
fission gas collection chamber in the TRIGA test capsule configuration. ;

Electrical Connection. Above the TFE, the solid niocbium emitter le
is welded to a solid copper bus, which passes through the primary
containment hard seal. Outside of the converter string and TFE stem and
reservoir assemblies is a copper bus tube connected to the bottom converter
collector potential, as shown in Figs. 3 and 4. This bus tube continues i
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upward to the hard seal where there is a transition to a copper bus, which
passes through the seal.

2.2 Test Vehicle

The test vehicle described here is the irradiation capsule for testing
TFEs 1H1, 1H2, 1H3, 3H1 in the Mark F TRIGA reactor. No significant
engineering has yet begun on capsules for the other tests in the overall
program.

A schematic diagram of the capsul- is shown in Fig. 10.

In the TRIGA reactor, the test vehicle will be inserted in place of a
TRIGA fuel element, which is 38 mm (1.5 in.) in diameter. The test vehicle
must be dimensionally compatible with the reactor core. The test vehicle
is required to meet the safety criteria and technical specification limits
of the reactor license.

The test vehicle design must permit operation of the test article over
the range of TFE thermal and electrical parameters desired to meet the test
objectives. Instrumentation must also be p:ovided in accordance with the
test plan.

The test vehicle design incorporates a double austenitic stainless-
steel encapsulation of the test article, with the primary (inner)
containment leak tight to less than 2x10 = scc/sec. All instrumentation
penetrations of the primary containment must be leak tight to 1200 K. Heat
rejection to the TRIGA reactor coolant must not exceed the threshold for
nucleate boiling.

The basic electrical arrangement and performance diagnostics for a 1H
TFE are shown in the schematic diagram in Fig. 11. Figure 12 1is the
schematic for the 3H.

Surrounding the test article, the test vehicle for the 1H and 3H
series of TFEs consists of concentric thin walled stainless steel
containment envelopes. Above the TRIGA core there is a transition to a
larger diameter, and there the primary containment is closed with a hard
seal. The primary containment is permanently filled with one atmosphere of
helium. The outer containment extends to above the top of the reactor
pool, a distance of approximately 7.5 m. It is closed 2.5 m above the core
with a cast epoxy seal, but by means of a tube extending to the top of the

pool the gas in the secondary containment volume can be changed during the
test. )

Between the TFE and the containmant tubes there is a £iller block
which incorporates a pair of heater coils. The collector temperature of
the TFE can thus be controlled by both adding heat to the redundant coils
on the filler block and changing the gas mixture in the secondary
containment. Two similar heaters are brazed to the cesium reservoir heater
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block for control of the reservoir temperature, and hence control of the
cesium vapor pressure in the TFE and the thermionic performance. In TFE
1Hl two stainless steel-clad heater cables will be wrapped around the
cesium reservoir stem to trim the temperature of the top of the TFE. For

1H2 and 3H1 there will be heaters wrapped around the pinchoff tubes at the
end of the TFE.

The dimensions of the various heat transfer gaps and other relevant

thicknesses are shown in Figs. 13 and 14. Also shown are the general
locations of the heaters.

Emitter temperature is dependent upon current density, cesium pressure
(proportional to reservoir temperature), collector temperature and fuel
heat generation. Nuclear heating in the fuel can be reduced by lifting the

"entire test vehicle assembly above and away from the core centerplane. As
a result, the principal parameters of emitter temperature, cesium pressure
and collector temperature can be adjusted by changing elevation, collector
(filler block) heater power, cesium reservoir heater power and secondary
containment gas composition.

The 1H1, 1H2 and 1H3 capsules for in-core TRIGA testing are
instrumented with twelve thermocouples to monitor the TFE. These are
ceramic-insulated, Inconel-clad, £floating junction, chromel-alumel
thermocouples of 1.0 mm (0.040 in.) diameter. Tables 1 and 2 describe the
location and summarize the purpose of each thermocouple for the 1H TFEs.
Figures 15 and 16 show the approximate thermocouple locations. The 3H
capsules will have sixteen thermocouples. Table 3 shows the 3H instrumen-
tation. Figure 17 shows the thermocouple locations.

Current leads will 1link the TFE to the load, located outside the
reactor. These bus bars are designed for 150 amps of continuous electric
current. In the 1H TFEs a third lead will be attached to the outer sheath
potential to allow drawing current across the sheath insulators. Current
in this lead will be only a few milliamperes. Three voltage probes will
tap the cell emitter potential and the collector potential, and in addition
for the 1H TFEs the outer sheath potential. This arrangement is shown in
the schematic diagrams of Figs. 11 and 12.

The TFE fission product system consists of the passages within the
converter region of the TFE which connect the fuel space to the volume
between the converters and the sheath tube. This space communicates with
the annular space in the cesium reservoir stem region outside the emitter
lead and inside the enveloping sheath assembly. Through passages in the
cesium reservoir block, tubes lead out of the TFE and into an external
fission gas collection chamber. The collection chamber is a stainless
vessel one liter in volume and initially a vacuum. Xenon and krypton are
the major noncondensable fission product constituents, and based on their
projected generation rate in a one-cell TFE, the chamber pressure would
rise to 4.5 mbar at the end of 20,000 hours.
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3. REQUIREMENTS

3.1 Design Requirements, Generic

The test objectives and TFE design definition for each incore test
vehicle (capsule) is governed by the project control document PC-000241,
"Task 8 - Thermionic Fuel Element Test Plan". Table 4 is a summary of the
TFE design features which differentiate the test assemblies documented
herein.

Design of converters for all TFEs must conform to the component
functional descriptions in Table 1 of GA document 908955, "Reference TFE
Specification", and to the configuration definitions in Table 2 of the same
specification.

Initial test capsules will be irradiated in the GA TRIGA Mark F
reactor and later tests in the U.S. Department of Energy FFTF at Hanford,

Washington. At this issue the scope of this document is limited to the
TRIGA test capsules.

3.2 Design Requirements, 1H1

The incore test cpasule shall be designed to operate as a single
converter TFE and otherwise meet the performance defined in Table 2 of GA
document 908955, “Reference TFE Specification”. As such the converter
thermal power is to be 625 W when located at the axial flux center of TRIGA
reactor location E2.

The liquid pool-type cesium reservoir is to operate in the temperature

range of 500 to 580 K while the converter is at the reference performance
point.

The 1H1 TFE assembly shall be guided by the document tree shown in
Fig. 18.

3.3 Design Requirements, 1H2

The incore test capsule shall be designed to operate as a single
converter TFE and otherwise meet the performance defined in Table 2 of GA
document 908955, "Reference TFE Specification". As such the converter
thermal power is to be 625 W when located at the axial flux center of TRIGA
reactor location E10.

TFE 1H2 will be different from TFE 1H1 in using a graphite cesium
reservoir instead of a liquid pool reservoir. This difference requires a
different design above the TFE string.

The graphite cesium reservoilr is to operate in the temperature range
of 1000 to 1200 K while the converter is at the reference performance
point.
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The TFE will be otherwise the same as 1lH1 except as follows:

The
Fig. 19.

The converter trilayer will be A1203 instead of Y203.
The one-piece fuel pedestal designed for the UFAC test will
replace the disc and wire spacer used in 1HI.

test vehicle will differ from lHl1 as follows:

A thicker lead trilayer inner conductor section will be provided
to reduce resistive electrical loss between the converter and
diagnostic voltage probes. For the same reason the collector
potential voltage probe will be located as close to the collector
as possible.

Filler block heating wires will have longer lead sections in

order to permit lengthening of the primary containment for easier
assembly.

1H1 TFE assembly shall be guided by the document tree shown in

3.4 Design Requirements, 1H3

The

test article and test vehicle shall duplicate TFE 1Hl with the

following exceptions:

1.

The fission product gas space will communicate with the cesium
(interelectrode) space in order to duplicate the worst case of a
leak between the two volumes internal to the converter.

The fuel enrichment shall not exceed 207 by weight, and the
capsule will accordingly be located in the TRIGA core as required
to meet performance objectives.

A solid fission product trap, similar to the design in TFE 6F35,
will be included inside the converter above the fuel.

The converter trilayer will be A1203 instead of Y203.

The one-piece fuel pedestal designed for the UFAC test will
replace the disk and wire spacer used in 1H1.

The dummy cell will be shortened to reduce resistive electrical
loss.

Filler block heating wires will have longer lead sections in

order to permit lengthening of the primary containment for easier
assembly.

12 of 40



TFE ASSEMBLY DESIGN REPORT 909061/1

8. Other evolutionary changes to design detail to improve TFE and
capsule assembly.

The 1H3 TFE assembly shall be guided by the document tree shown in
Fig. 20.

3.5 Design Requirements, 3H1

The incore test capsule shall be designed to operate as a three-
converter TFE and otherwise meet the performance defined in Table 2 of GA
document 908955, "Reference TFE Specification". As such the thermal power
in each converter is to be 625 W when the middle converter 1s located at
the axial flux center of TRIGA reactor location C4.

The converters will be of the same design as 1H3 but without mixed
cesium and fission products, which is the same as 1H1 with the solid
fission product trap feature, except for the emi:ter alignment arrangement.
The alignment arrangement will consist of a niocbium-alumina-niobium
trilayer emitter closure cap and an alignment device made of two coned
washers between the cap and the emitter bottom of the converter above.

The TFE shall have a graphite cesium reservoir and region above the
converter string the same as TFE 1H2.

The 3H1 TFE assembly shall be guided by the document tree shown in
Fig. 21.

4. DESIGN PACKAGE, 1H1

4.1 Nuclear Analysis

Nuclear analysis of 1H1 is documented in Ref. 1.

4.2 Converter Thermal Analysis

Thermal analysis of the 1H1 converter and capsule is documented in
Refs. 2 and 3.

4.3 Cesium Reservoir Loading and Thermal Analysis

Cesium loading is documented in Ref. 4. Thermal analysis is
documented in (later).

4.4 Mechanical Analysis

(Later)

4,5 Fission Product Transport Analysis

Design of the fission product venting system for 1Hl is documented in
Ref. 4.
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5.1

5.2

5.3

DESIGN PACKAGE, 1H2

Nuclear Analysis

Nuclear analysis of 1H2 is documented in Ref. 1.

Converter Thermal Analysis

Cesium Reservoir Loading and Thermal Analysis

Cesium loading is documented in Ref. 4. Thermal analysis is

documented in (later).

5.4

5.5

Ref.

7.1

7.2

7.3

Mechanical Analysis

(Later)

Fission Product Transport Analysis

Design of the fission product venting system for 1H2 is documented in
4.

DESIGN PACKAGE, 1H3

(Later, by TECO)

DESIGN PACKAGE, 3H1

Nuclear Analysis

Nuclear analysis of 3Hl1 is documented in Ref. 1.

TFE Thermal Analysis

(Later)

Cesium Reservoir Loading and Thermal Analysis

The cesium reservoir design loading and thermal environment of 3H1l are

identical to 1H2.

7.4

7.5

Mechanical Analysis

TFE 3H1 is mechanically identical to 1lH2.

Fission Product Transport Analysis

The fission product system for 3H1 is identical to that of 1H2.
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*
Thermocouple Number

TABLE 1

LOCATIONS OF THERMOCOUPLES AND PROBES - TFEs 1H1 and 1H3

Location

Purpose

Voltage
Voltage
Voltage
Current

12
11
10

9

o N

NWs O

Probe
Probe
Probe
Probe

#1
#2
#3

Top of Cs heater block

Top of Cs reservoir block

In Cs reservoir block at approximately
liquid level

TFE stem just below reservoir

TFE stem seal

TFE stem between seal and cell

TFE outer sheath opposite emitter lead trilayer
In filler block at emitter midplane

} TFE outer sheath at emitter midplane

TFE outer sheath opposite dummy

Bottom of dummy cell at bus tube connection
Cs reservoir block

TFE stem adaptor just above joint to sheath
TFE stem adaptor just above joint to sheath

Cs heater feedback

Reservoir (top) end loss

Redundant temperature for Cs
pressure

Reservoir bottom end loss

Monitor seal

Estimate cell top end loss and
feedback to step heater

Infer emitter temperature

Filler heater feedback

Collector temperature and TRIGA
reactor trip signal on high
temperature

Cell bottom end loss

Estimate collector voltage

Emitter voltage

Sheath voltage

Impose voltage differential from
sheath to emitter and collector

*
Sheaths of T/Cs 1 thru 6 are at TFE sheath potential;
Sheaths of T/Cs 7 thru 12 are at emitter potential.
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*
Thermocouple Number

TABLE 2

LOCATIONS OF THERMOCOUPLES AND PROBES - TFE 1H2

Location

Purpose

12
11
10

= NWS WMo Y

Voltage Probe #1
Voltage Probe #2
Voltage Probe #3

Top of TFE on pinchoff tubes inside heater
Top of TFE in lead cap
Reservoir envelope/heater at top end

}-Reservoir midplane

Reservoir envelope/heater at bottom end

TFE stem between seal and cell

TFE outer sheath opposite emitter lead trilayer
In filler block at emitter midplane

}TFE outer sheath at emitter midplane
TFE outer sheath opposite dummy
Top of dummy cell under alignment insulator

Cap above stem seal
TFE stem adaptor just above joint to sheath

Heater feedback (potential cold spot)
Alternate heater feedback
Cs reservoir temperature uniformity

Cs heater feedback, Cs reservoir temp.

Cs reservoir temperature uniformity

Cell top end loss

Infer emitter temperature

Filler heater feedback

Collector temperature and TRIGA reac-
tor trip signal on high temperature

Cell bottom end loss

Collector voltage
Emitter voltage
Sheath voltage

*
Sheaths of T/Cs 1 thru 6 are at TFE sheath potential;
Sheaths of T/Cs 7 thru 12 are at emitter potential.
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Fig. 15 - TFE lHl and 1H3 thermocouple locations
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Fig. 16 - TFE 1H2 thermocouple locations

33 of 40



0% 30 %¢

TABLE 3
LOCATIONS OF THERMOCOUPLES AND PROBES - TFE 3H1
*
Thermocouple Number Location Purpose
16 Top of TFE on pinchoff tubes inside heater Heater feedback (potential cold spot)
15 Top of TFE in lead cap Alternate heater feedback
14 Reservoir envelope/heater at top end Cs reservoir temperature uniformity
i; } Reservoir midplane Cs heater feedback, Cs reservoir temp.
11 Reservoir envelope/heater at bottom end Cs reservoir temperature uniformity
10 _ TFE outer sheath opposite emitter lead trilayer Infer emitter temperature at top cell
: }TFE outer sheath at emitter midplane, top cell Collector temperature
; }In filler block at TFE midplane Filler heater feedback
5 TFE outer sheath at emitter midplane, middle Collector temperature and TRIGA reac-
cell tor trip signal on high temperature
3 }TFE outer sheath at emitter midplane, bottom Collector temperature
cell
1 Bottom of bottom cell collector Cell bottom end loss
Voltage Probe #1 Bottom of bottom cell collector Collector voltage
Voltage Probe #2 Cap above stem seal Emitter voltage

%*
Sheaths of T/Cs 1 thru 10 are at TFE sheath potential;
Sheaths of T/Cs 11 thru 16 are at emitter potential.

*
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TABLE 4

TFE DESIGN FEATURES DIFFERING BETWEEN TESTS

Converter(s)

Number of converters
Mixed cesium and fission product spaces

Solid fission product trap in emitter(s)

Alignment configuration

Converter trilayer ceramic

Fuel support pedestal

TFE Above and Below Converter(s)

Test

Cesium reservoir

Thicker lead trilayer lead section

Dummy at bottom end (and floating
potential)

Vehicle

Number of voltage probes

Number of thermocouples

Fission product collection chamber gauge

Primary containment length

Heater wire o.d. [mm (in.)]

1H1

1l
No
No

Loose ceramic
washer spring

5%

2-piece

Liquid
No

Yes, long

3
12
No
Short
1.8 (.070)

Loose ceramic
& single coned & single coned
washer spring

1H2 1H3

1l 1

No Yes
No Yes, but not
prototype

A1203 A1203
1-piece 1l-piece

Graphite Liquid
Yes No

Yes, long Yes, short

3 3

i2 12
No No

Long Long

1.8 (.070)

1.8 (.070)

Loose ceramic
& single coned
washer spring

3H1

3
No

Yes, but not
prototype

Bonded ceramic
and welded
double washers

A1203

1l-piece

Graphite
Yes
No

2

16

Yes

Long
1.6 (.062)

T s

1/190606



—

' FINAL ASS'. T
fH1 TRIGA™T
’ Q2917 3 -
I
| |
TFE MIE-1H QL EcTorR
ATSEME LT ggzé
o29174-1L 9297210 -1
RS HEATER
| | ] WIRE
CESIUM CUTER |TE= MOCEL1H Q29499 -1 L EeCT. \BaD PRIM. INSTF
vl I el B - I e g 2R Pecs | |mNEwaTo
Svf. . - - DS .
0297351 029175 -1 291631~ 1 ©z9182-1 ozsjz'za—t 22219~
[RATE
HEATER C's. STEM OLLEC OR .
;’;‘;499 , | | {insoRaTor LEAD '_‘_ 029443
O29176-1| |[EMITTER FISSION GAS | [TRERMIONIC 029462 -1
LEAD ASST. VENT RS AL | RIMMY 2L SwAGE
FISSICN GAS 029183 -1 ©2919%-1 ofSiee- L 1Xse
LEAD TUBE rcet C'sS. STEM &= fau.szgasz 29 B-
H - | [|ApapTor leos Abapmw|  |———
o29222 -1 (UPPER) 1 RING Co ]
029177-1 cs [E=eRY. | [EMITIER 029202 -1 | 'S0
i HasER LEZAD TEXL-?T& 029349 -1
APAPTOR.S . 029211 - —_—
PTe s =TEm]| |l022184-1 EETRAT
2423 -1472 EXPANZICN 1
029212 ~1472 x BS
OINT_ A o29320-1
O23178 -1 EMA\:‘;TER Bk A el
-c;mes { E’;Eﬂfj
. >z nd M LILATC
RES. CAF % N =M L 0292273 -
1 PuraPoUT -1 Clow=s ] >
722 736- 1 029179- ¢ Aurw‘ zlu_;su T | T/E Aoy
eMiT, (<] . EMIT. A tONI DUN N R
v = INSULATOR Gl AR C=iL ASS'T g29223-
— PAwER LEAL T —————— || HoLSINE
i 2292121 o= 180-1 5.F.B TRILAYER TRILAER UM M 029576 -
! (TTRIA H HTRILANER _—
n22305-3 029205 -1 029201 -1
! " Cce.
L pems e eSeRoIR L N Qo L
i 33 :‘.i.l’?ﬂ ELOC‘ %m‘mm{- M ] INSOL -
| 3acie-ei 029734~ [FE2% e .y 029203-1
_ RISLED BUMMY, <5
FisSion ) EMITER Assﬁ HLEAD.
PORT T8 029195~ Q29200-1
“4 Ass-. —
029732~ 1 BA=r FOeL(3) |[EL Eramc
TONSIToN a8} H NMETAL SEAL
©029189- 1 029191-1| —|o22208-1
T TRANSIT oW EMITTER
m L cAP
o292310-1 029192 -1
EMITTER SPRING
H LS:QA VR
02921904 029193~ 1
l EMITTER FOEL HOLD
MANDRELSEZ)Y HowN SRiNG
029062 -142| ||C29194-¢
RaDIATION
H s-eLpa(2)
029195 ~1
T=RIANGLE
SPACZRS(4)
029196~
FUCL
w U r=eral
S 029197-§
o
" SHIELD
5 n29197-1
Fig. 18 - TFE




= MOQ H CAPSULE : ' ! ' ’
ST INSTALLATIDM FITTING MEMIFALE CLALIAPS (4) SUFFORT 200LAHT BLOCKS
L 02232z2-) 02989%-1 N22897 -1 1228931 02389%93-1 025901 -1
1
colLECToR PRIM. CENTAN] . UPPER <gxonoae INTERMED, SECoND IN"ERMED, “ECONG FISSION BG4S T [LowER SEoN
—{2UD TBE Az HOUSING ASS'Y. CONTAIN, Hous ING CONTAIN. HOUSING com‘NN.*b.aAmmrﬂ. GlamzeR ASSY. KONTAINMENT A
029220-13 <29213-1 029218 - 1 029923 -1 c29325~1 93ze - 1 029334~ 4
BUS TUBE LOWER RaM, L'FPER SECONDAR 2'9% HoUSING Fesion 6AS QUTE upPER.
Hoz29221-4 H CENTAIN. HOUSING HOUSING ATAPTo! 029326 -1 HHOUSING  URFE] H TOR.
¥) - o29214 -4 029324 -1 029329~ 2 02933%-1
b
PUS TUBE UFPER Ta LoweR Ren UPFER. SECONGARY 28"k 2" FISRION GAS zaqu CoNTAN.
HADAPTCR u.wwu: ARPTOR @iM. HousiNg 4 ADAPT HINNER HOUSING H CAN ™
029222-L 029215~ 1 029212-1 Q293271 0293230 -72 029326 -1
79 SOLID AS URRER RRIMARY FISSION &GS TOP lover el
L I LCWER (CoilecT, H @aTAW. HOUSING HR v/ FuCH - OF - HELE. ADAPTOR
— 029230~ 0292161 029331~ ¢ 029337-14
. LW/, RRIM. (ONTAIN. FS 210N GAS ALieNnMENT
| SLEEVE U us ¢ Rup-our R YeoTrom RATe: = !
2 032007%-2-2 0292171 0293321 029338-1
—
v FLEX .
BOS AS3TS
] (029226-1 |
EN ] 378 2oL ID B
|l LCWER (EMmrT.)
29221 -1
-
] [CLLECTOR BUe |
' STANPOFF INSULATOR
Q29227
R FHES1ON GAS | NOTES :
2 RNCH-ORN TTEE )
- 029321-1 ] THIS IS NOT A RELEASED DOCVANENT, by THE EVENT OF AuY COMNFLICT BETWEEM
:—1 - ETES WHAT IS SHOWN 21 THESE DIAGRAMS AMD THE HIERARCHY OF PART MUMBERS
ZEL&;;'«'SESI(ES ANC PARTS LISTS ON RELEASED DRAWINGS , THE PELEASEC DRAuW*i5S SHOULD
0293147~ 1 BE FOLLOWEE.
L
HEATER WiRES
L1 ()
o9 492 .3
-
SEAL RATES

— UPRER 1 LOWER()

| | Tuee ADAPTOR

—— ADAFTHR ASSY

™1 PENETRATIIN Bus

1M ILATORS

022902 -1L2

0300567-1%-2

PUMPOUT

C20215:)

T/C ADAPTOR -
029223-18-2

-
"

D20 120,345

Hl Drawing Tree

1/190606




0% 30 8¢

H CAPSULE

INSTALLATIOMN
029 895-21

FINAL ASS'Y. TFE

N3 ,24-48-¢

COLLECTOR EMBEDDED iH2 TRIGA TE
1 HEATER BLOCK HEATER & LEAD Wik .
029210-10 023 498- 4 0302151
l T
TFE MODEL 1H ASSY
llecToRk As| | | PlEx . 379 SoLo CoLLE
o} G- a :
iﬂg“uﬁ%g 3027 ASST- LOWER EMIT. RS
029227-1 pp— 0292261 029231 -3 029
TFE MODEL 1 H '
INTERM, ASSY
J j 030 1i0-1
) o S 3N | 1 1
GOLLECTOR LEAD ER SHEA
STEM ASS'r E’ND‘PI = 2“3';5 SHEATH TFE B TFE
030 107 -1 ASS'T. SUB ASSY LEAD ALSY
029228 -\ 029181-1 030105-1 030109 )
| —— A
o
STEM cAP - .
030 10G-1 029462 -1 LEAD TUBE TFE LEAD
' 030197-1 030108-1
lLLECTO
| IﬂsuLA—ror-? LEAD RNE
— LEAD MAMIFOLD ||
T | | R
Fisslon GAS LEAD ADAKTHR L 5 T- GNN
STEM EAD TUBE ASLY WASHE
ADAPTOR o%e 237-8 A 030094 -1 029187-2 0297
1 CUPPER ) T —
029177-1 1
F15Si0N GAS LEAD TUBE
ELED B EM
TUBE ADApTOR 029232-283 ey bl.f‘ma Alian
. 029 312 -1k2 —INSOL
+_ .lafN 029
023178-1 LEAD Flus ASSY
243- EMI R To =™ 1La
030 %42-1 Tr._,A'I’TNBE‘_‘_l;’ 3 FU T
[sTenM ]
ADAPTOR 029189-2 029121-1 02¢
— (LOWER)
029 173-1 i'::Y‘LUG PLUG
» 030
g EMITTE, EMITTER AS
Cs RESERVOIR Ase] 030093-| I 092-2 a L cap 1 %’f‘f
0303441 Shie | 029 190-1 029192-2 O2e
- 030 -4
waske] | TRAnSITION CEEVE] A | oas Toee 0233
o30i015{ | 030 104 -1 2. EAITTES = =G CELL CER.
030343-2 MandzeL ||. CATOR ME 185
CS RESERVOIR 0290G2-142] | 029193-1 e
GRAPHITE RADIATI
930 103-3 LEAD PLUG PP
2 N Ta. FUEL LD ‘
020199-| Fissiongad | TRANSITION ] L_‘tbww g%auc‘:
Cs RESERVOIR LEADTUBE! | 9310 -1 029194 -1
% HEATER  |—T— L A%y SPACE
030102-1 TUBE LE‘ADME 313-3 PACE
— 030 ADAPTOR SHIELL FUEL ErEsTAL] 0231
HEATER 343-4 | jpradis-s 029813°7-1 523 197- 5 Exprraon 3
WIRE— ; .
020495 | SPACER AssY - ‘ ? H 029 178-1
LEAD CAP AZSY "
03010t-1 030037-1 Bus TUBE < y
A Souib Bus FANZION €
' I | ADAPTOR (UPPER) Ef, 'MSJ_,
TUBING ASEY 029222-2 l—_ 023 230-2 2300+




IODEL I l |
T FITTING MANIFOLD CLAMPS (4) SUPPORT CocLanT
029896 -| 029897 -1 029838 -1 023899 -| Biogks ()
T4 EMIT FISSION GAS INTERMED SEang ColLE Pus IAARY CONTAIN - LOWER ZecoND FISSION GaS
APTOR INCH OPEN ONTAIN HOUSING TIBE ASSY. lﬁsuﬁe cﬁ%_{. QDNTiIRNMENT
’ UBE ADLOTOR — ) A . CHAM AssY
247 - 029321 -1 029325 -1 029220-! 029213 -7, 029334 -1 029228 -
”2°0.D. RPus LOWER Pumag] UPPER FISSION GAS
[—— HOUSING TRe _‘mmﬁl r | AgisProR | [QUTER -g.bswe
’ 029226-! 02922 1-1 TS A - 029335 2922952
EMITTER LEAD| | PRIM. InSTRN. 0292 ' 92222352
TRILAYER PENETRATI01 —
. 2% L 2 pus Tuee LUPFRER O Lowe LOWER Assion. Gas
029 an ) 029 219-17 ADAPTOR TADAPTOR 'ADMA 2 (DNTAI [|ONTAIN CaN || INNER —cuaiN
N 029327 029272721 029215-1 | 029236~ 029230+«2
7”0 Bus UPER ARIMARY LOWER Fuet 138SIon GAS
VEwT Tuee RATE LOWER (ol ONTAIN st&r. il.pEAAEN; '1Fbp FRaTe w/
H H { PTo H PNCH- oFF
— 029220-8 029216 - - 7 i
023138~ 029463-| [ o29337-| 02923(+6
LOwE] nJOR ALIGNMEN SSION
— SLEEVE _@mguf.km el iEN T o e
’ SWAGE Q030076-| RMP QT RoRT i S
e 029 175-1 Q293356+ 029233 -
2 YV [ lo2931e- —
ENT i Js'r. FLEX BUS :
. ©29199-|0 1 AssY
o7-1 . 029226-1
FEED THRU
1 PoD & v
o INTERMED. SECOND) U x5
ARENT _SUPPO\;TCELL 029319 @JTAIN. HousING |__| HEATER wire E oz
< INSULATOR 029 323-| 029499-3 4Tz
109-| 029203 -1 @3-
[ N
RENETRATION UPPER SECONDA ye s
; _ﬁbusT T cgfrermu oSG || INsuLATOR @€z
2R CoMiy " u . 030338-3 L3
| | TRILAYER 029320 029216-1 SR
205-3 029201 -3 Tra
7 UAER SeconD. I3
ENETRATION HOUSING || SLEEVE T
L {Bus INGULATR: ADAPTOR 1030362+ x 3

3 029324 - | 0 -

(= DUNANAYT 0293 == I
ol |{CouECTOR 2937221 = @2
SEREO, LEAD ASSY UFFER SECOND. - WYz
206 - 030363-1 ONTAIN CouPLING S w =
i T SN 030345-1 S F2:
mic/ ADAPToR | & 2%

TAL DUMMY 02 . Z sz
e COLLECTOR LEAD [ deea el | XSZ:T%:TA soy| | WEID PLUG g g g
" 029200-3 030216-1 92933,_7 é g 4
WIRE | Housine S 23
N . — - PIN o3
— 020335:2 029576-1 ] 029228-4 w3
w o, -
w o -
SEAL PLATES TUBE w e =
WIRE %s;;ovu;soﬁsv —— | UPPER & LOWER ADAPTOR <28 .
ol 029902- 12 0300671 2.2 f_ g
gayp3
T POWER LEAD “\JSULATOR ‘2 2 g g
030359- . 020319:3,5,9 oowE o ®
L ; X ‘1Bgig woEZ:Y
| |LEAD AP LEAD CAP TUEBE <TuB S
BRAZE Q55 02009%-) 030392 -1
1 Fig. 19 - TFE 1H2 Drawing Tree




—_— =]

—

T Toan eos] | FINAL ASST.
| | mopeL 1H3 1H3 TRIGA
-1 [Le30275-1 | 030274 -
1 ! 1
e e 1
TFE MocEL 1H CDLLECA'OQ
| {asseEmBLT HEATE |
| o291 74 -1 o29210-10 | |
===t ] i
| | | e r”—r———“—"—ﬁ—
UMM ER [T=E MODEL1H 029499 -4 [e= . \EAD PRIM. IN:
l Eé’p.-‘f’ep. STEM SHEATH | | SnaaTH De-ASST | | S5 Pece | |mNewa
ST ASS M. TUBE . A%S"fz-
9'755 -1 029175-1 029181~ 3 ©0z9182-2 —_—— 029228-1 o2921<
L i A
RATE
Cs. exsu GOLLECTOR
INSOLATOR L.EAD 0224¢
- 029176-1| |EMITTER . ERMION IC 029 4&2 -1 P
LEAD ASSH. YRV S~ TR SWAGE
r ASST. 5 1 T«.JBQE'
029183-5 O29186 - i
C's. V] oR 2931t
|_LEAD TUBE fE5T. | || K\OAPTOR 1253 gAPTD Ll
| gz29232-9 [l CuPPER) i I RING EEED -
o029177-1 ca. BMITT 029202 -1 | oo !
1 I<ER LEAD uxTEFz 02931
‘ ,_APAPToas 029184 -1 c29231-4 ;—m
|| Jozoziz-142] || ‘_(‘P,j,*.,‘bbw“ HBus
©29178-1 [EMITTER - 92932
| T ==
. L lozo1es-1 HiNsaL~
RES. CAP & Lff”- =M 2 | 0z2932-
—-1 PUMPOUT LOWER r I I vi ] !
] . 0297361 .. (029179 FLEX Bl
EMIT. ALIGNM. EmiT. ALIGNM THERMIONIC DUMMM
WASHER INSULATER Ll ASSY. Cell. ASS T 029 2?
GS RESERVOIR os. of |92920T7-1 0292091 o29187- 9 029199 2
N feETAlLS. .
4| Power LeaD [T ™ | Hous
: 029 212-1 292180-5 TRILAER r%'lérl.f;ﬂgfu 0295,
| | | " 1 9472
' 029205-3 029201 -2 L -
- TuING £ C"s.‘ (=] RESSURE QUMM L OE?{‘;(?‘)u
L _| FITTINGS H &E’Cﬁ/moc ENED'MLA-{ um% wsul. -
020324-1,3,2/ 029734~ 2 i T 029203 -1
RE : . LUMMY oL
Fission e EM ASS HLEAD.
|| PorT TweE o316 - 14 029200-2
AT ey
029732-1 EMTTER o FOEL (3) &L aeraac
TRANSITioN z:ssf | h L} |MeTAL SEAL.
0292189-5 | o29191-4 029208 -6
l T TRaeEToy  |[EMiTTER | — —‘1
H CAP
L 029310-1 029122 -1 |
— —— — PROVIDE cQ—— — —— —— —_ e ——
b BYTE EMITTER ——‘ SoLIn 'S, l |
( MAY HAVE DIFFERENT i f""?‘ :ec-a l
PART NUMBERS ) ©2919a-t | ||I 30475 -1 |
BATTER ‘ FOEL HoLD
ManoreLs) | | mon smie ‘
02906212 l 030476+ ‘
RoziaTIoN
- 94!51.};9(3) I
29193 -1 |
| TRIANGS | l
=seacerS(4) !
029196-1
| Fe——— |
 REDESTAL. ‘
" ||Lloza 7383 L
o | || SHIELD ' _
N LOZBIS’?I ' Fig. 20 -
&
o




B T

fl"FE' Mo H CAPSULE ' ' ! ' 1
iEST INSTALLATION FITTING MANIFOLD CLAMPS (4) SUPPORT COOLANT BLOCKS
029 835-20 02983561 029837-1 023828 -1 029829-1 0299%i-1
] .
r- COLLECTOR PRIM. GONTAIN . | UPPER SXONOsR1]  |NTERVIER “EoND INTERMED. SEDNG  [ASSION GAS T LOWER =00
| 1809 TUBE AT NG ASS‘. CONTAIN, HousING | | [CONTAIN. HOUSING WN.MMa GloMBER ASST.|  KONTAINVENT A
l ©29220-6 029213-10 . | 029218 - 1. 029323 -1 ©29325-1 293228 -6 . 0293344
| BUS TUEE éﬁﬁ M.NG‘ l mnj:mma 29" HOUSING ﬁestc::le GAS uPPazoR
H H 1 | Ao - HHous H AR
- 029221-2 ciaiacs ||| [lomazi-s 029326 -1 029329-2 02933m-1
o
PUD TUBE UFPER Ta LOWER fed wEK. GELONDBR "k 2" FISSION GAS lower (onta.
- 18 HADAPTOR HGHTAN, ARPTOR ‘ @l m.ﬂauuwg OA HINNER HOUSING Hcan
: 029 222-2 029215-2 029B2-4 Q29%27-1 029320 -3 029236 -1 _ .
‘.37¢ 1D Bus UFRER RRUMARY I FSSIoN GS TP Lover Tl
3-1 H L.OWE??CDU&F) H AN, HUSING R/ FNCH - OFF- HELE. APAPTOR
— 029220-8 029216- 2 l 02933176 029237-4
Loc/, RIM. oAl FISSION GAS AlgraE
|| SLEEVE HM‘R:P‘MM- BOTTOM RATE Y AN NT
142 030076-1 029 115-| 029323:5 , 029336-1
N e T e 2 T o
RU X, . i
-2 0292261 K 029334-7
“Tior | " [F7F <0 eus '
|| LOWER (EMmT:) |
4 029231~ 2 |
a5 b [olUecTor BUS
[OR" mmmggww |
-1 az292.27- 2 ]
—— Feson Gaa]
: 260N, GAS | .
P ASSY ||RNCH=Ore e
=1 lozsazt-i
G | oLl 4 EMIT.
ey Lc‘_%zog g NoTES
— — THIS IS NOT A RELEASED BOCUMENT, I THE EVENT OF AMY CoiFLIST BETWEE)
ASSY _*{';ATEQ Wizes WHAT IS SHOWN 31 THESE DIAGRAMS AMD THE HIERARCHY OF PAPT NUMBERS |
1- | 029499-3 | AND PARTS LISTS ON RELEASED DRAWINGS , THE RELEASED DRAWISS SHOULD
| l BE FOLLOWED.
|| CoUPLING |
030 345-)
—_——— -
SEAL [RATES
Ium%z%mwmm
I 029902 -1&1
TUBE ADAPTOR
| 030 067182
l ©
|[ Pumpour 3
ADAPTOR AS3Y c
| 030216-1 o
~
||T/C ADAPTOR -
PENETRATION Bus
U_gzezzsqs-z
SLEEVE 1
1 030362-1
SLEEVE

03n723-283

INSULATNHRZ
030312-3,5,13,14

#E 1H3 Drawing Tree

e e e — ———




oy 30 0OY%

H CAPSULE
INSTALLATION

0208325-23
L FINAL ASSY. TEE M
COLLECTOR EMBEDDED FRIM. ENCAPSN. 3Hl TRIGA TES
HEATER BLOCK HEATI:R % MODEL 3 HI 030278 - |
029210-TBD LEAD RE e 030 360-1 . L
I r Py Pl '
- 1 TFE mODEL 3 H_AsSY ‘
(.bLLEC'LO‘? ars 030276-2 FL=>‘ "r ‘379 SoLo oLLEey,
SpaNDorE . ASS T LowER EMIT BUS AD:
029227T-2 | “_‘l 0292261 029231-4 0292
JTFE WIODEL 3 H
INTERM, ASSY
- S ,] ] b 0301i0-2 .
) W 3 | . 1
\ COLLECTOR LEAD R SHEA
STEM ASS' o e oI T TFE TFE
el SUB-ASSY |—— LEAD ASSY
030 107 -1 029228 -! 029181-2 o3olos-2 | |ozol08-2
1 ] ; =\
- Rag B
.STEM CAP - L S EEVE
030 106-1 029462~ LEAD TUBE TFE LEAD
' 030197-1 030 108-2
EMM lLLECTOR L —
|| RS sor | |[ceaD riING LeA0 maniFow> |
029 176-6 0292072 030 341- |
——— EC‘FMIONIC THER!IAIf
FISSION GAS LEAD ADAPTOR & mg—;LEf‘?’s‘f- g%:;)as:
Sted 13 - \
AOAPTOR LEAD TyeE A Y 030094-1 ©29187-10 n2318
— CuPPER I |
- —-—._—-———]
023177-1 FISSION GAS LEAD] TUBE l L lf l
TYBE ADATTOR | lo29232-223 -
CELL CERAMIC
EXPANSION METAL SEAL I
— dowT 029 208-6 :
029178~ LEAD PG ASSY
; 030 343-1 FUELED FUELED TeLA
EMITTER ASSY EMITTER ASSY
‘éggﬁmg oR29188-/5 072.9188-16 029
— C1o
S
L Assy
: . RADIATION GAS |
Cs RESERVOIR ASSY 030099- SHIELD B
030343-'”50 029 195-1 029"
- 0983 :
WASHER| | TRANSITION SLEEVE GAS TUBE .
r_f‘ ] | =
030l01-5) | 030 104 -1 030 343-2 FUEL FUEL
' PEDESTAL Dowks
C'S RESERVOIR 029197-1 030:
GRAPHITE .
030 103-TBD | | LEAD PLUG
99- FUE!’
030 199-| FISSIO¥GAS i::?égn et
LEAD TUBE
C's RESERVOIR T AEDAPTOR 029 196-1 02917
& HEATER —— 029 —
030 102-T8d TUBE tgﬂsﬁtﬁg 313-3 [so010 Flr 777}
~ 030 | |aparror DUCE TR AND FUEL FUEL EXPANS 103
343,4 l29213-5 |_| SPRING LOCATOR a JoINT
HEATER . 030415-2 02919i-3 029191-2 029178-1
WIRE SPACER ASSY ‘
29499-4 | R - LEAD CAP ASSY
030l101-1 030097-1 BuS TURE SouidD Bus EXPANSION
G ASSY | | F1SS10N GAS) l %3‘;220'1 (upapae 5 e
TUBIN S 2-2 029 230-¢2 03095-1
: I030324-49.-5 f{‘d{;‘?{“ﬁﬁ“ l_ I"




l

DEL r— |
- FITTING MANIFOLD CLAMPS (&)’ SUPPORT CooLAnT
. an . - R BLacks (2)
029896 -1 0298217 -1 029 495-1 029899 -| 029551 -1
1 Q [ } — C'l Y l I
. SSION GAS INTERMED SN oLLE ) IMARY CONTAIN - Lo SECOND
E”gT F:Nc'a ogsu NTAN HOUSING| TUBE ?ATSS - t-iouaRZ nfe (ggs‘-r. m&,]ingMENT o %ﬁ
P UBE ADAPTO — 029213 -10 Asa'r. CHAMgréR Asey
7 -1 029321 -1 0292265 -T8D 029220-1 029334 -~ 029328 -¢°
SLEEVE 2'0.D, Pus LowER HIMARY UpPER FISSION GAS
030362-1 HousING Y uee -?BNJE*E‘G || ADAPTOR HOUTER HoUSiING
— 0293260-! 029221-3 029214--2 029335~ 029829-2
MITTER LEAD INSULATOR
TRILAYER 030338-3 2% X 2 [B0s Tuee HEFEE' ) oOwER Assion Gas
29211-3 ADAPTOR | ADApPToR oot mgaA Y PN | ONTAIN CAN | INNER Housing
HEATER WIRE 029327 0292272-2 029215-2 | 02933 G- 029330-3
028499-3
27 "=cliD Bus LIPER RRiMARY u:wsg FUEL ISSION GAS
_ FISS10N GAS l EMITTER | [LOWER (oLl ) [NTAN m‘ine _ELDEM-NE _%Scﬁagigu/
VENT TUBE ) zggzmgtﬂ; 029230-1 02921G-2 029' 237-| 02023 | Bl
029 198-1 0320100-}
0 LOWE: AR ALIGNMENT SSION
__—____l SLEEVE -m—&%z;f HL‘ ] |OM :
[ ] COUPLING 030076-1 0297751 029336 029333-5
wic Zgﬁﬂﬂgy”c 0303451 T/ PRIM. INSTRN “APE ““-——E>Q
- (BoTToM) ADAPTOR PENETRATION ADAPTOR. [ y § g
- 023187-2 [ —— 029223-3 028 213-180| | N3036)-| &:‘, 2
| D v}
- | <
END PIECE ASSY NTERVES Soeip TFE TRt 5.9
0237761 TAIN. HOUSING | _ PLATE || HEATER SHELL |— %. :‘: :
029 323-T8D 029463-1 220350-1 Sui
Ca
N >
2>
[ ewo mece | | ISR EONERRY | [ sumce %3
i I— —] — U @
== TRILAYER 023777} 029218 -1 029 318 | Ssd
[T st
: - =X
ROS-2 029201-4 W=
UHER SECOND. FEED THRU i gz
Apal < ROD : ~
I 5 029324 - | 029319-2 FQu
e T
‘ .
40-;2(_1,' A URERA%CDNO- PENETRATION BELLOWS ASSY % 3 =
' | Sine FYe 023770~ ~ 283
EMITTER 029n12-} 029320-1 ~ 2<%,
P E— CAP ASSY > S°u
'-’:l:‘)izl-l?\lé - fR‘::rS?T'ON 0302771 PUMPQUT PENETRATION S o# 3
3 of 029189-2 ADAPTOR ASSY BUS INSULATOR [~ & gzl
030216-1 029322-1 N
PRESS, w oo
BOND ASCY &,
EMITTER 030024 - SEAL L HousING | | NEER:
TAL = PLATES 029576-1 o %w3
8-3 02931901 029902-1R2 2,838
EMITTER v - E 3
! L manpreL PIN WELD PLUG w 2% 2 t
: 029062-182 WwEszdw
! Lm 029228-4 029331-7 5
TRANSITION 2
i 02330 INSULATOR TUBE
| ADAPTOR
LEao caP | | LEAD cap | [Power Leap| [ TuBE srus 03031913985 030067- 182
gggﬁ%efl 030096-1 030359-1 | | 030342-1
C I ]

Fig. 21 - TFE 3H1 Drawing Tree

e




APPENDIX B

REFERENCES FOR ENGINEERING CORRESPONDENCE

56



10.

11.

12.

13.

14.

Memo, T. H. Van Hagan to R. C. Dahlberg, Reference TFE and 1H1 Design
Definition - TFE Verification Program, 3450:014:TVH:86, June 27, 1986

Letter, T. H. Van Hagan to J. Dunlay (TECO), Emitter Mandrels for CC-1,
3450:022: TVH:86, July 1, 1986.

Memo, J. P. Elliott to Distribution, "TFE Verification Project Coordination Meeting
Minutes, 3450:031:JPE:86, July 9, 1986.

Memo, R. C. Dahlberg to Distribution, "Planning Sessions Between GA, TECO and
RAI on July 14-15, 1986, 3450:035:RCD:86, July 17, 1986.

Memo, J. W. Holland, M. H. Horner, T. H. Van Hagan to R. C. Dahlberg, "Emitter
Stem Decision Analysis - TFE Verification Program, 3450:037:RCD:86, July 18,
1986.

Memo, T. H. Van Hagan to R. C. Dahlberg, Reference Emitter Dimensions,
3450:040:TVH:86, July 31, 1986.

Memo, K. J. Tong to T. H. Van Hagan, Creep Equations for Niobium and Alumina
for TFE, 3450:050:KJT:86, August 8, 1986.

Memo, D. T. Allen to T. H. Van Hagan, Suggested Revised Emitter End Restraint,
3450:060:DTA:86, August 21, 1986.

Letter, R. C. Dahiberg to S. Samuelson (DOE-SAN), TFE Component Specification,
3450:062:RCD:86, August 26, 1986.

Memo, K. J. Tong to T. H. Van Hagan, Elastic-Plastic-Creep Analysis of a Trilayer
Sheath Insulator, 3450:073:KJT:86, September 11, 1986.

Memo, T. H. Van Hagan to R. C. Dahlberg, Evaluation of UO,/Mo-Re Emitter Stem
Chemical Capability, 3450:080:TVH:86, September 15, 1986.

Letter, R. C. Dahlberg to F. Huffman (TECO), Electrical Behavior of Cermets,
3450:088:RCD:86, September 24, 1986.

Memo, D. T. Allen and J. H. King to T. H. Van Hagan, H-Series TFE Cell Thermal
Analyses, 3450:100:DTA:86, October 3, 1986.

Memo. T. H. Van Hagan to R. C. Dahlberg, Reference 2 MWe System Parameters
(Task 2.1), 3450:106: TVH:86, October 10, 1986.

57



15.

16.

17.

18.

19.

20.

21.

22.

23,

24.

25.

26.

27.

28.

Memo, D. T. Allen to Distribution, Meeting to Resolve 1H1 Fuel Power and
Collector-to-Coolant Heat Transfer Gaps, 3450:143:DTA:86, November 11, 1986.

Memo, G. L. Armbrust to A. R. Veca, TFE Port Evaluation, 3450:212:GLA:87,
November 12, 1986.

Memo, D. T. Allen to Distribution, Meeting on 1H1 Fission Gas Port and Cesium
Reservoir Configuration, 3450:210:DTA:87, January 20, 1987.

Memo, D. T. Allen to Distribution, 1H1 and 1H2 Design Review Meeting, January
19, 1987, 3450:211:DTA:87, January 22, 1987.

Memo, D. T. Allen to M. H. Horner, Stress Analysis of H-Series Emitter-to-
Transition Diffusion Bond Step with Radius on Emitter Bottom, 3450:216:DTA.87,
January 30, 1987.

Memo, L. D. Woolf to Distribution A, Fission Products of TFEs,
3450:219:L.DW:87, January 30, 1987.

Memo, R. C. Dahlberg to Files, Review of TFE Design by RCD, GOF and THVH,
3450:232:RCD:87, February 20, 1987.

Memo, D. T. Allen to M. H. Horner, Summary of 1H1 Fabrication, Weld and Lead
Check Fixtures, 3450:224:DTA:87, February 26, 1987.

Memo, J. W. Holland to M. H. Horner, Integral Cesium Reservoir,
3450:262:JWH:87, May 11, 1987.

Memo, L. D. Woolf to Distribution B, Thermal Expansion Compatibility of YAG
with Refractory Metals, 3450:265:LDW:87, May 19, 1987.

Memo, J. L. Maneke to A. R. Veca, lodine Release Models and Measured Iodine
Release from Reactor Accidents, S&R:JLM:52:87, June 2, 1987.

Memo, D. T. Allen to M. H. Horner/L. D. Woolf, "Design of a Trilayer Cell Seal,
3450:291:DTA:87, June 29, 1987.

Memo, L. D. Woolf to Distribution, Thernial Expansion Compatibility of Nb with a
mixed ALO,-YAG Ceramic, 3450:292:LDW:87, June 30, 1987.

Memo, D. T. Allen to Distribution, Representative 1H TFE Temperatures,
3450:329:DTA:87, October 5, 1987.

58




29.

30.

31.

32.

33,

34.

35.

36.

37.

38.

39.

40.

41.

42,

43,

Memo, D. T. Allen to M. H. Horner, Design Details of H-Series TFEs,
3450:330:DTA:87, October 5, 1987.

Memo, R. H. Boonstra to A. R. Veca, Thermionic Test Capsule Parameter Study,
660:RHB:136:87, October 27, 1987.

Memo, D. T. Allen to Distribution, Design Review Meeting for TFE-1H2,
3450:354:DTA:87, December 8, 1987.

Memo, D. T. Allen to Distribution, 1H2 Cesium Reservoir Graphite,
3450:356:DTA:87, December 11, 1987.

Memo, D. T. Allen to Distribution, Design Review Meeting for TFE-3H]1,
3450:355:DTA:87, February 11, 1988.

Memo, D. T. Allen to T. H. Van Hagan/M. H. Horner, Pumpout Conductances and
Electrical Resistances of H-Series TFE Designs, 3450:366:DTA:88, February 1,
1988.

Memo, D. T. Allento T. H. Van Hagan/M. H. Horner, Shorter Dummy Cell for
F-Series TFEs, 3450:370: DTA:88, February 11, 1988.

Memo, D. T. Allen to A. R. Veca, TFE-1H3, 3450:382:DTA:88, March 23, 1988.

Memo, M. B. Richards to A. R. Veca, Thermal Analysis of Thermionic Emitter
Insulator; Effect of Debonding, 660:MBR:013:88, May 4, 1988.

Memo, D. T. Allen to M. H. Horner, Summary of 1H2 Fabrication Fixtures,
3450:387:DTA:88, May 5, 1988.

Memo, D. T. Allen to Distribution, Analysis of Unbonded Spot on TFE Sheath,
3450:389:DTA:88, May 13, 1988.

Memo, D. T. Allen to M. H. Horner, Holes Between Cesium and Fission Product
Spaces in TFE-1H3, 3450:392:DTA:88, May 20, 1988.

Memo, D. T. Allen to T. H. Van Hagan and M. H. Horner, Schedule for TFE
Design and Analysis, 3450:394:DTA:88, May 26, 1988.

Memo, D. T. Allen to Distribution, Solid Fission Product Trap for 3H1,
3450:395:DTA:88, May 26, 1988.

Memo, D. T. Allen to M. H. Horner, H-Series TFE Design Review Meeting, April
8, 1988, 3450:397:DTA:88, May 27, 1988.

59



45.

46.

47.

48.

49,

50.

51,

52.

53.

54.

55.

56.

57.

Memo, M. H. Horner to Distribution, Solid Fission Product Trap (Interim Design)
for TFE-1H3, 3450:410:MHH:88, June 24, 1988.

Memo, D. T. Allen to T. H. Van Hagan/M. H. Horner, "Schedule for Additional
Mecharical Analysis, Thermal Analysis and Mechanical Design Effort in Support of
Task 8, 3450:DTA:452:88, September 28, 1988.

Memo, D. T. Allen to Distribution, Input to Design of TFE-3HS, 3450:453:DTA:88,
September 28, 1988.

Memo, D. T. Allen to A. R. Veca, 1H1 Cs Heater - Maximum Current,
3450:454:DTA:88, September 29, 1988.

Memo, D. T. Allen to A. R. Veca/M. H. Horner, TFE-3H1 Electrical Arrangement
(No Dummy Cell) and Capsule Instrumentation, 3450:457:DTA:88, October 5, 1988.

Memo, R. C. Dahlberg to Distribution, TFE Design Changes, 3450:463:RCD:88,
December 12, 1988.

Memo, D. T. 2llen to R. C. Dahlberg, Interactions with Russians on Thermionics,
3450:519:RCD:89, March 22, 1989.

Memo, D. T. Allen to P. L. Wanek, Emitter End Restraint or Emitter Alignment
Device for Thermionic Converter, GA ID 787-013, DOE Case No. S-67, 599 (RL-
10422), 3450:525:DTA:89, March 29, 1989.

Memo, D. T. Allen to Distribution, Computer Program TECMDL,
3450:537:DTA:89, May 2, 1989.

Letter, D. T. Allen to J-L. Desplat (RAI), TFE-1H1 Electrical Current Path,
3450:778:DTA:89.

Memo, D. T. Allen to J. Razvi, "Two Proposed Revisions to Design of Thermionic
Fuel Element TRIGA Capsules, 3450:781:DTA:89, October 19, 1989.

Letter, D. T. Allen to J. T. Wood (DOE-SAN), TFE-3H5 Design Review Meeting,
3450:779:DTA:89, October 25, 1989.

Memo, D. T. Allen to M. H. Horner, Fission Product Ports and Cesiurn Loadings,
3450:780:DTA:89, November 28, 1989.

Memo, D. T. Allen to M. H. Horner and A. R. Veca, Hardware Requirements for
TFE Fission Product Chamber Pressure Measurement, 3450:586:DTA:89, December
6, 1989,

60




58.
59.
60.
61.

62.

63.

Memo, D. T. Allen to M. H. Horner, TFE Design Review Meeting - December 7,
1989, 3450:589:DTA:89, December 20, 1989,

Memo, D. T. Allen to Distribution, Stop Work, 3450:588:DTA:89, December 20,
1989.

Memo, D. T. Allen to J. Razvi, Proposed Revision to Design of Thermionic Fuel
Element TRIGA Capsules, 3450:597:DTA:90, January 25, 1990.

Memo, D. T. Allen to A. R. Veca and M. H. Horner, TFE-3HS Capsule
Instrumentation, 3450:611:DTA:90, March 2, 1990.

Memo, D. T. Allen, Step Work, 3450:614:DTA:90, March 15, 1990.

Memo, J. N. Smith, Jr. to M. H. Horner/A. R. Veca, Hardware Requirements for
TFE Fission Product Chamber Pressure Measurements, 3450:621:JNS:90, March 29,
1990.

61




APPENDIX C

TFE DRAWING TREES

62




Drawing
Trees ----->

SK3450-082
Rev B

SK3450-251

SK3450-252

SK3450-239
Rev C

SK3450-240
Rev E

SK3450-283
NC

“ Drawing

1H1

1H2

1H3

3H1

3H5

6H1

SK3450-203
029062
029173
029174
029175
029176
029177
029178
029179
029180
029181
029182
029183
029184
029185
029186
029187
“ 029188

029189
029190
029191
029192
029193
029194
029195
029196
029197
029198
029199
029200
029201
029202
029203
029205
029206
029207
029208
029209
029210
029211
029212
029213
029214
029215
029216
029217

I ——

B Da e Dd e D D B D D DE DE DE DA DA DG DE D D D B D DE D DA D4 DA DA D K D 4 d 4 4 4 4 K X K 4 e 0

Fo R

DD DD DA A A X X X ) XK

bR o] I R R e R e R o R o R Rl B

P R S I e

>

KRR R

< P4 XK K X X KKK

<

»~

R X

> X

I ek

P S

> )

>

P

el R e R ool

> )

>

63




T

Drawing
Trees -----

SK3450-082
Rev B

SK3450-251

SK3450-252

SK3450-239
Rev C

SK3450-240
Rev E

SK3450-283
NC

Drawing

1H1

1H2

1H3

3H1

3H5

029218
029219
029220
029221
029222
029223
029226
029227
029228
029230
029231
029232
029310
029312
029313
029317
029318
029319
029320
029321
029322
029323
029324
029325
029326
029327
029328
029329
029330
029331
029333
029334
029335
029336
029337
029338
029462
029463
029499
029576
029732
029734
029735
029736
029738

029765

e B a5 S S D D D DE DA DA DA DE DE B D D D D D D D D DE DE DA X XK DK K D4 D 4 pd 4 4 X K K K

P i e

R R R E RN R R i B e

SDE DA D D DE DA DD DE DR M DDA DI DI DD D D D D D X R R R DD X R K K X

S R e R i R R P4 K X e

>

X
X

o

DU DA DA DO e X DE DD K K K 4 K K E K X e

6H1
X
X

»

I S R e R R R e R o R o R

Rl




Drawing
Trees -----

SK3450-082
Rev B

SK3450-251

———

SK3450-252

]
SK3450-239

Rev C

SK3450-240

Rev E

SK3450-283

NC

Drawing

1H1

1H2

1H3

3H1

3H5

6H1

029770
029775
029776
029777
029895
029896
029897
029898
029899
029901
029902
030024
030067
030076
030077
030094
030095
030096
030097
030099
030101
030102
030103
030104
030105
030106
030107
030108
030109
030110
030197
030198
030199
030215
030216
030274
030275
030276
030277
030278
030319
030324
030338
030341
030342
030343

P R HE R KRN

>

bl

MDA MR R R R R HE RN XX XK KX

b

fe o e

>

MK R R R R KR

> X

bR

OB MM MMM R D MR RN MK

P X pE K K X X

PR HEHEMHHE AKX XX XK

N R e R T i i i i

PP K K K K K]

> N Eal o oo T B B

Moo XM o M XX KN

KRR K K

65




Drawing
Trees -----

SK3450-082
Rev B

SK3450-251

SK3450-252

—

SK3450-239
Rev C

=
SK3450-240
Rev E

 oK3450.283 |

SK3450-283
NC

Drawing

1H1

1H2

1H3

3H1

3H5

6H1

030344
030345
030359
030360
030362
030363
030475
030476
030477
030600
030660
030667
030668
030673
030682
030774
030867
030905
030906
030960
030962
030972
030991
030992
030993
030994
030995
030996
030997
030998
030999
031054
031056
031057
031061
031068
031069
031071
031072
031076
031077
031096
031108
031109
031132
031133

Kk XX

»

<

wooxXx X

XK KX XK

MM XXX XX XX

R X XX X

P

R XXX

DD D DB D MM MR HK KKK K K XK X

n X KX

HKHEX XXX

HHXX X

~

<

PRI HEHE A A K R H PR KN

66



Drawing
Trees -----

SK3450-082
Rev B

SK3450-251

SK3450-252

SK3450-239
Rev C

SK3450-240

Rev E

SK3450-283
NC

Drawing

1H1

1H2

1H3

3H1

3H5

6H1

031230
031231
031232
031233
031234
031235
031236
031237
031238
031254
031270
031292
031293
031364
031365
031375
031376
031377
031405
031406
031407
031408
031410
031411
031423
031431
031809
031810
031811
031812
031978
032058
032065
032066
032077
032078

PR ool

b ok e

P K K K XX

R R o R o e e R o e

>R R X

67



10/ 19/ 9







