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A DOCUMENT REVIEW TO CHARACTERIZE 
ATOMICS INTERNATIONAL SNAP FUELS 

SHIPPED TO INEL 1966 - 1973 

EXECUTIVE SUMMARY 

This report provides the results of a document search and review study to obtain infoxmation on the spent 
fuels for the following six Nuclear Auxiliary Power.(SNAP) reactor cores now stored at the Idaho National 
Engineering Laboratory (INEL): 

SER 
S2DR (SDR) 
1OFS-3 
S8ER 
S8DR 
STR 

SNAP-2 Experimental Reactor 
SNAP-2 Developmental Reactor 
SNAP-10A Ground Test Reactor 
SNAP-8 Experimental Reactor 
SNAP-8 Developmental Reactor 
Shield Test Reactor 

The report also covers documentation on SNAP fuel materials from four in-pile materials tests: NAA-82- . 
1, NAA-115-2, NAA-117-1, and NAA-121. Piecesof these fuel materials arealso stored at INEL as part 
of the SNAP fuel shipments. 

, The following highlights provide-a summary o5the results of this study: 

. . 1. 

. . 

. .We have reviewed a l l  of the original records of-irradiated fuel shipments, with independent 
.. verification of mass.sums by computer analysis.. Correlations were made with the INEL receiving 

records that were av%lable.to us. We believe we have accounted for-.aU material involved, with 
only minor discrepancies. 

' , #  2. , 

. 

We have reviewed the Rocketdyne@TEC documents that deal with fuel fabrication, quality 
assurance, operating experience, an& post-irradiation hot cell evaluation, and have obtained 
characterization. information .for all of the SNAP fuels presently stored at INEL. The-most 
extensive information available is for the-S8ERj SSDR, and 1OFS-3 cores. . 

3. It has not been possible.to send'to.INEL, "intelligible copies of all relevant fueljnformation" for 
above items 1 and 2. This is because of the nature of the documents (some hand-written and not 
readily reproducible) and the large volume of material. 

4. SNAP fuels were origkally intended for reprocessing, and were never intended to be an 
acceptable waste form for a repository. It is our opinion that at least some conditioning is 
necessary to make them acceptable for repository disposal. Precise criteria for such waste forms 
are not now available, and knowledge of the present state of the fuel is very limited. It is our 
recommendation.that further work include sampling of the fuels to establish the range of their 
condition, code calculations to estimate the present inventories of fission products and transuranics 
(if any), and.invesligation of compact.waste forms (such as Tailored Ceramics or Synroc) for final 
repository emplacement. 

5. Recommendations for follow-on activities to continue the characterization of the SNAP fuels were 
developed during the course of the work and are included in this report. 
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. 1. INTRODUCTION 

1.1 OVERVIEW 

North American Aviation's Atomics International Division (AI) was under contract with the former U.S. 
Atomic Energy Commission for about 25 years to perform research and development work on Systems 
for Nuclear Auxiliary Power (SNAP). The SNAP program included both reactor and radioisotope heat 
sources, where the SNAP reactors were assigned even numbers and the radioisotope systems odd numbers. 
AI'S first SNAP fuel development work was performed for radioisotope systems (Reference La51), 
because =% was initially considered too valuable a resource for .space applications. However, with the 
increasing availability of fully enriched uranium, attention turned to the development of reactor systems . 
for nuclear auxiliary power. 

Atomics Intemational, which has since merged with the Rocketdyne Division of what is now the Rockwell 
. International Corporation, developed and operated six SNAP reactor systems under.this.program. The AI 

activities included fuel-element development and testing, fabrication of fuel elements for SNAP reactor. 
. cores, SNAP reactor operation, and the post-irradiation examination.and evaluation of fuel elements and 
test components. The objective was to develop compact, lightweight nuclear reactor heat systems that 

.. would.provide long-term auxiliary power for spacecraft. The SNAP fuel materials now stored at INEL 
were generated under this reactor development program. . 

A total offive 'different SNAP reactors, all typical of designs' for spacecraft power systems, .were built and 
ground-tested at& These five are as follows: 

SER 
S2DR (SDR) 

SSER 
. SSDR 

. -. IOFS-3 

SNAP-2 Experimental Reactor 
SNAP-2 Developmental Reactor 

. SNAP-10A Ground Test Reactor 
SNAP-8 Experimental Reactor 

+ . SNAP-8 Developmental Reactor 

The lint reactor of the SNAP design was the SNAP Experimental Reactor (SER), also called the SNAP 
'2.Experimental Reactor. There were many changes in program direction during SNAP development, and 
the SNAP 2 series was followed by the SNAP 1OA series of reactors. The SNAP 8 Developmental 

. Reactor (S8BR) was built after the 1OA systems. One of the 1OA systems, the SNAP 1OA FS-3, was a 
complete reactor-based electric.generating plant which operated for more than 10,OOO hours at full power 
under simulated space-flight conditions. A duplicate system, the 1OA FS-4, was launched in April 1965 
into a nominal 7Wmile polar ohit whose estimated lifetime is 3800 years. That reactor was started up 
by ground signal and operated entirely on passive control until it was automatically shut down, and is still 
in orbit. A third duplicate system, the 1OA FS-5, was also fabricated but never operated, and its fuel 
elements were shipped to Oak Ridge National Laboratory for dispsal. Other SNAP developmental reactor 
cores fabricated by AI included those used for the SNAPTRAN tests at INEL. 

. 

AI also built and operated a low-power research reactor, the Shield Test Reactor (STR), in support of the 
SNAP program. This facility utilized SNAP Experimental Reactor (SER)-type fuel rods and was used for 
testing reactor components. It pre-dated a l l  but the SER and an earlier critical facility that used SNAP- 
type developmental he1 materials. 

. The SNAP progmm also included the conduct of many in-pile experiments in off-site research reactors 
to test fuel performance under controlled conditions. .Those experiments were heavily instrumented, with 
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perfomank measured and recorded in real time,& temperature, and under irradiation. A few of those . 
irradiated fuel materials are also in storage at INEL, and come from the following four in-pile tests: 
NAA-82-1, NAA-115-2, NAA-117-1, and NAA-121. The NAA-117 fuel material has the highest bumup 
of the SNAP fuels stored at INEL. 

All of the SNAP fuels were made by AI. This was initially a project carried out by research and 
development personnel, but fuel fabrication gradually evolved into a disciplined manufacturing activity. 
It operated with.written procedures and specifications, and was monitored by a separatequality assurance. 
(QA) organization. Thus the later fuel materials have significantly better QA documentation. Fuels from 
both the SNAP reactor cores and the in-pile experiments were examined in the Atomics International Hot. 
Laboratory (AIHL) after irradiation. They. were then packaged for shipment, stored temporarily at, AI'S 
Radioactive Materials Disposal Facility (RMDF), and shipped to. INEL. Because the SNAP fuels were 
93% enrichd in 235U, the intention was to reprocess them at ICPP and recover unburned 23%J. 

. ' 

This report reviews all of. the Rockwell shipments of SNAP fuels to.INEL, based on our review of the 
original shipping and accountability records retrieved from ETEC files.' The report also references and 
reviews available. documentation on the characterization of the fuels that has .been retrieved from.the 
Rocketdyne Technical Momation Center,. AI Technical Data Center, archived AIHL records, shipping 
files, and other'archived personal and storage files. Coverage includes all six 'pund reactors and those 

the AIHL, resulting in multiple fuel segments. Part of these were shipped to INEL, while others were 

. ' 

'in-pile experiments for which fuels were shipped to.INEL. 'Some' fuels were destructively examined in , 

shipped to different storage sites or disposed of as radioactive scrap. .. . .  

1.2 SNAP NOMENCLATURE 

Nomenclature used in AI publications on the SNAP reactor progmnshas not been consistent. This is due 
at least inspart to the evolutionary nature of the programs. For example,. &.SNAP 2 .program has also 
been referred to as SNAP II, and sometimes in the same .document. 

In a given reactor program, the chronological sequence went fmm "E' for experimental (such as the 
SNAP-2 Experimental Reactor, SER), to ."D". for developmentd (such as the SNAP-2 Developmental 
Reactor, S2DR), to T'. for flight 'Inethe designation S2DR, the initial "S" is a contraction of SNAP and 
the 'RR" stands for Reactor. However, the designation SZDS, where the final."S" stands for System,. has 
also been used to identify the same reactor. The total system, of course, also includes components for heat 
transfer, shielding, electrical power generation, instnunentation/control, and structural support The only 
SNM reactor that powered a flight system.'(FS) was a component of FS-4 of the SNAP 1OA series. The 
FS-3 is the ground-tested duplicate of that reactor. Fuel elements of the ground-test reactor are called 1OA 
FS-3 fuel, often written as 1OFS-3 or SlOFS-3. However, the latter substitution is not accurate, because 
there was a SNAP 10 (S10). Its design was radically Crifferent from the 1OA reactors, and it was never 
built. A SNAP 4 reactor was also designed but not built. 

Tlie Shield Test Reactor (STR) is also designated the STF reactor, where "F' refers to the facility - the 
entire installation in which components were exposed to the irradiation field. This dual-designated reactor 
is different from the Shield Test and Irradiation Reactor (SIR) ,  which operated at much higher power 
(1 MW versus 50 kw) and used MTR rather than SNAP-type fuel elements. . 

Although the SNAP reactor program nomenclature is not consistent, the in-pile %el experiments are all 
designated by NAA-; followed'by numerals. Thek are roughly in chronological order, although some of 
the experiments were irradiated in different reactors. 
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2. SNAP FUELS - GENERAL BACKGROUND 

All SNAP reactors utilize the same solid, homogeneous mixture of fuel (uranium, 93% 235U) and 
, moderator (hydrogen, as ZrHJ, designated ZrQ or UBI-&. The total uranium content ranges from 7 
to 10.5 wt. %. There are several ways of designating the hydrogen content. NH is the number of 
hydrogen atoms per cm3 of the mixture, usually near 6 (understood to be multiplied by 1g2). 
Alternatively, the (H/Zr) ratio, H atoms .to Zr atoms, is used. .This .is typically 1.6 to 1.7, with a. 
corresponding hydride formula of ZrH,, or ZrH, 7, and represents about 1.6 wt.% hydrogen. 

SNAP.fue1 elements consisted of an unsegmented, cylindrical fuel rod enclosed in a metal tube sealed by 
' metal end caps. The STR elements operated in a water pool at'65 "F, and were adequately clad in bare 
(uncoated) Type 6061 aluminum .alloy. , All of the other SNAP reactors operated with a liquid metal 
(eutectic NaK, 78 wt.% potassium) coolant, flowing upward along the fuel element lengths, at temperatures 
of 1200 9 and above. Cladding for these reactors' was Type 347 stainless steel or themickel-based alloy 
Hastelloy N, where the latter was the most commonly used. 

The chemical form of hydrogen in SNAP fuel% designated 22%. For temperatures in the range of 1400 
to 1500 "F, this material retains an NH near that of cold water. Nevertheless, to minimize loss of 

. hydrogen by permeation through the cladding over long operation at elevated.temperatures,.the entire 
inside cladding surface, including end caps, was coated with a glass-ceramicmixture. This composition 
was gradually refined so that a very low hydrogen loss rate was achieved, even under extreme conditions, 
provided only that the metal cladding remained intact. 

It is ETEC's understanding that all of the SNAP fuels in storage at INEL have been declad. The 
following discussion thus deals primarily with the fuel rods themselves. Further, in this report we. 
distinguish carefully between fuel and fuel elements. The fuel rods are the bare fuel material 
(ZrUHJ, and the fuel elements are the clad assemblies. Some of the post-irradiation examination work 
was performed on the clad assemblies, and (usually) more detailed examinations.were subsequently . 
performed on selected declad fuel materials. 

. 

SNAP reactor cores were "single use." No refueling was ever plamh or performed. The entire reactor 
assembly, including the fuel; constituted an experiment,. en mute to a possible flight system. Thus the 
entire reactor system was disassembled following inadiation for detailed examination * . 

Both the fuel elements and the matching fuel rods were identified by serial numbers. The locations of 
those numbers on the rods and assemblies are shown on available engineering drawings, where one must 
take care to identify the latest design' revisions. 

2.1 THEmJELROD 

2.1.1 Zirconium-Uranium Alloy 

The initial zirconium-uranium alloy was produced by multiple consumable arc meltings and extrusions 
from reactor-grade enriched uranium metal and crystal bar.zirconium. This process, .as all aspects of 
SNAP fuel production, w& rigidly controlled by written procedures and specifications, and the SNAP 10 
and SNAP.8 fabrication were monitored by an independent QA organization: The Zr-U alloy composition . 
formed is located in that part of the 23-U equilibrium diagram that shows (at low temperatures) &phase 
UZr2 in a matrix of Zr (MOW). 
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2.13 Massive Hydriding 

The zirconium-uranium alloy rod is converted to a hydride by diffusion of hydrogen gas at high . 
temperatuns (1600 ?F peak). In this procedm the fuel volume increases by more than 15%, but dense, 

. . crack-free ZrU€# can be produced by close control of process variables, including temperature vs. time 
' andhydrogen pressure. The resulting fuel rod retains its integrity (hence, "massive hydriding") (Reference 

' 
Gi56). Becausthe massive hydriding is conducted isothermally, the as-built (H/zr) ratio is essentially 
constant along the element length. , 

It was found during this work that the yield of acceptable fuel rods was greatly increased, with 
simultaneous improvement in microstructure, by adding 0.15 f 0.05 weight-% of ZrC (called the 
"modifiefJ to the melt (Ra63). In AI literature, the quantity (H/Zr)eff is the ratio of H-to-Zr atoms 
calculated on the assumption that Zrc does not hydride (M4) .  However, a later study showed that the 
ZrC tends to form the .compound ZrC-Zr where y can approach 2 (Ta65). No correction was ever 
made for this contingency in calculating 0-33 )eR The hydrogen dissociation pressures in fuel made with 

. the ZrC addition were found to be lower than those in the initial composition (Jo64). 

2.13 Fuel Microstructure (Ra63) 

All SNAP fuels consist of a dispersion of uranium-rich particles and modifier particles in a matrix of 
substoichiometric 233, which isthe terminal compbsition in the Zr-H equilibrium diagram (M068a). On 
an atomic bitsis, hydrogen constitutes 66-213 % of tl& compound. In the massive hydriding of ZrU alloy, 

' 4he m u m  is forced out'of combination with kr, while the.hydrogen atoms constitute between 30% and 
50% Sf the Zr-H mixture. The muin does not hydride, but remains in micron-size particles in the Zry, 
matrix (Ra65, Pe66, Mo68a, .M068b). 

. 

. 
. 

As the H/z?. ratio increases during the hydriding process, the resulting Zr€Q undergoes a series of phase 
changes, culminatingin the face-centered tetragonal &-phase with its characteristic banded microstructure. 
These phase changes are accompanied by volume changes, which must be taken into account in 
conducting the massive hydriding process. Also, they enter into the changes produced by reactor 
operation. 

. 

22. BARRIERS TO HYDROGEN PERMEATION (Ro61, Bu64) 

Retention of hydrogen in the ,fuel rods was greatly impmved by lining the inside of the cladding, including 
. end caps, with. a silicate composition. Like other constituents of the SNAP fuel, the composition was 

changed incrementally, based on testing, to minimize chemical interactions with the hydrogen and to 
reduce neutron absorption 

The barrier material was apglied in separate layers. A burnable "poison," SqO,, was incorporated in the 
final layer. Ideally, the fuel rod would "see" only the Sm,O,-bearing layer and the gas'atmosphere used 
during the element assembly procedure. 

. 

2.3 FUEL ELEMENT ASSEMBLY AND TESTING 

The fuel element tubular cladding and one end closure were welded before the intemal hydrogen barrier 
layers were applied. The fuel rod was then inserted, and the coating on the cladding was fused to the pre- 
coated closure at the other end prior to welding on the end cap to seal the element. One sealiig p m d u r e  

. 
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minimized disruption of the coating by using a two-piece end closure arrangement. A coated ''cup plug" 
was inserted first, and "blended" at high temperature to the coating on the inside of the cladding. A 
separate uncoated end cap was then welded to the cladding, al0ng.m uncoated am. Appropriate 
temperature mntmls were used to minimize deleterious effects to the "blended" coating. This end of the 
fuel element was inserted into the lower grid of the reactor core tank, near the coolant entrance, where 

' 

' its temperature was lowest. 

Every element was tested after fabrication to determine whether the hydrogen permeation rate met .the 
specified permissible maximq. There were many additional acceptance tests, including exposure to the 
shock and vibration loads expected from the launch and ort>ital operation of the night systems. The 
elements in general proved to be remarkably unaffected by any of these mechanical loads. 
Thermophysical properties of the unirradiated elements were measured to provide baseline values (Na67) 
for comparison with post-irradiation measurements. 

2.4 SNAP mTEL QUALITY SYSTEMS 

SNAP fuel was produced during the late 1950's through 1967. During this period, the sophisticated 
modem'total quality assurance program documents, such as NQAIl, RDT F2-2, and the IS0 .go00 series, 
were not ,in existence. Total quality assurance programs cover quality provisions for management, 

- development, design, procurement, manufacture, test and inspection, construction, maintenance and 
modificztion, and operation. The most, comprehensive quality system requirement avgilable qt,the.time . . 
of SNAP fuel production was defined in military specification MIL-Q-9858A. This document provided . . 
requirements for, and was concerned exclusively with,. procurement, manufacture, and inspection of 
deliverable production hardware. Its approach can. best be termed quality control. This specification was I . 
never' a requirement of the SNAP reactor 'development contract between the AEC and Atomics, 
International. However, AI did .at this time have.in place a quality system that met MIL:Q-9858A. . 
Starting in 1962;this military-developed system was followed for the fabrication of SNAP 1OA and SNAP 

. 8 fuels by,organi&ionally divorced fabrication and quality control'personnel: .Fuel for the SER, S2DR, 

. and STF reactors, as well as irradiation experiments, were fabricated, tested, and iniqxcted by Engineering . 
. Department development laboratory personnel, under a set of Engineering -Management Procedures. 

established by the Engineering Department vice president. Au reactor operations and post-irradiation 
' examination of SNAP fuels .were controlled by these Engineering Management Procedures. . 
Manufacturing, inspection, and test planning for SNAP 1OA and SNM 8 fuel from procurement through 
delivery for reactorme are given in various reports, as referenced in individual reactor sections ,of this 
report, along with.detailed post-irradiation test and inspection results. Similar data in less detail are . 
available for some reactor fuels manufactured prior to SNAPIONS production. 

. 

. I .  

2.5 RADIATION EFFECTS 

. Although post-irradiation examination of the fuel elements from the lower-power reactors (particularly 1OA 
FS-3) showed that they remained intact, the S8m and SSDR fuel elements showed extensive failures 
(Pe66, Mi67a). These failures included cladding cracks, fuel rod deformation, and fuel rod cracks. 
Lessons learned (and applied) from S8ER were not adequate30 eliminate failures in SSDR Termination 
of the development program in 1976 prevented the testing of additional improvements. 

The most extensive post-irradiation studies on core elements were for SSER and SSDR, to identify the . 
underlying causes of fuel element failure. A summary of irradiation phenomena in S8ER fuel (Pe66; 
Section VII, too lengthy to include here) describes the microstructure of the as-fabncated fuel, plus the 
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. .  

Fuel Rod 

422 

processes at the atomistic level during reactor operation which could affect the o v e w  element 
performance. Although specific to high-power S8ER operation, the analysis is generally applicable to all 
SNAP reactor fuels. 

As-Fabricated Post-Irradiation (H/Zr)eff 

1.840 1.754 to 1.862 

m ) e f f  . (Range from Core Top to Bottom). 

2.5.1 Reador Operation 

Because of the axial and radial temperature gradients in the operating reactors (particularly axially along 
: the coolant flow direction), the initial uniform (€Wk) profiles in the fuel elements must change. Each 

element, depending on its location in the core, is a closed, individual system. It is not, however, in 
equilibrium, becauke of the temperature gradient of the reactor and the fact that there can be only one 
steady-state hydrogen pressure inside the element, The oK/zr) ratio along the fuel length, starting at the 

. coolant entrance (lower grid), adjusts to provide a single, steady-state hydrogen partial pressure 
corresponding to the @Zr) ratio and to the temperature at the given location. These variations in (H/Zr) 
are reflected in changes in fuel rod density and volume. As an example, the temperature profile for the 

' SER is indicated in Ref. Fe59. In the later SNAP reactors, both axial and diametrical cle.arance was 
provided to allow for fuel rod volume changes under irradiation. 

. 

The effect of reactor operation is illustrated by the changes in (H/Zr) in the 1OA FS-3 fuel elements, after . 
. 'over l0,OOO hours of operation with reactor outlet temperatures up to 1055 "F; as shown in the following 

table. As expected, .the bottoms of the fuel rods, at the cooler location, had a higher than the 
. as-fabricated values.' The tops had lower values. Overall, the 37 fuel rods in 1OA FS-3 showed very good 

hydrogen retention. 

SNAP 1OA FS-3 Hydrogen Analysis Summary 

I 331 . 1.830 1.760 to 1.860 

529 I '  ' 1.770 I 1.680,to 1.800 

The 1OA FS-3 reactor operated at a fairly steady power level (37 to.38 kw). Other reactors experienced 
large, abrupt power level changes,.deliberately induced to determine the reactor physics (i.e., the control 
characteristics). Such changes imposed rapid temperature transients which were often repeated, to the 
potential detriment of fuel element integrity. 

. The SNAP 2/1OA reactors operated at a mean neutron fission energy near 0.18 eV (Go67c, Table 3.1), 
while S8DR operated at about 0.26 eV (Sw69). These are slightly epithermal. As a result, the radial 
neutron distribution does not resemble that of some water or graphite moderated cores, where the thermal 
flux peaks in the moderator and is depressed in the fuel. The flux is fairly flat across a fuel element, 
resulting in a rather flat radial bumup profile across each element, Radially across the whole core, the 
flux and bumup are highest at the center element, and lowest at the outside elements near the edge of the 
cylindrical core. The flux profile in the axial direction is not symmetrical. It is higher below midplane, 
because of the higher (H/Zr) near the bottom ends of the fuel. 
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253 Structural Effeds of Fission 

Iblicrostructural effects of the fission products and neutrons appeared to be relatively slight. Although the 
he1 material is brittle, it is strong. The ultimate tensile strength increases with temperature, to a value 

, for uninadiate'd 23-IOUH,,, near l0,OOO psi at about 1200 ?F (Lu64). Swelling due to accumulated 
fission products was observed (Mi67a), which showed the i q ~ a l l  (micron) size of the uranium particles. 

The volume changes in uranium due to its phase changes over the SNAP reactor operational temperature 
range, starting at mom tempera-, did not appear significant.. This.may be because of the small size of 
the particles or the "strong box" effect provided by the Zr%, or both. Empirical relations were developed 
among fuel growth, temperature, and bumup, although a phenomenological basis was proposed (Li73). 

Macro effects were a different story. Local overheating of fuel (by coolant flow starvation) resulted in 
I drastic deformation, from the combined effects of dehydriding (.volume/density changes) and the higher. 

fission density in the adjacent higher (H/Zr) regions. Fuel rod bowing stressed the cladding, resulting .in 
cladding cracking (Da70). 

253 Burnup and Transmutation (Pe66) 

Because the principal interest in the SNAP reactor program was on the overall system operation, relatively . 
little emphasis was placed on achieving high b.umup. It was rarely as high as 0.1 -metal-atom %. The . 
highest burnup (at least for fuels- stored at INEL) was .0.77 metal-atom % for the' NAA-117 in-pile 
experiment. 

I Profiles of gamma activity along the fuel rod length were determined by gamma scanning in theAHL, . 
and were then calibrated by measurements made on fuel samples cut from selected locations. The samples 
were analyzed in several ways, of which mass spectroscopy was deemed the most.accmte (G067b). 

Neutron capture did occur in the uranium. However, With only about 7 W% 238U, capture Without fission . 
was relatively slight. In SSDR the. core average burnup and transmutation (plus data for .each ring of fuel 
elements) were estimated from ring power calculations made using the computer code N I S N  (R070). 
About 4.79 grams of 23h were estimated to have been formed, from the 521 grams of 238U initiqlly 
present in the whole core. In these calkdated red&,  the burnups of 2% and 23?Fu were assumed 
negligibl'e. The calculated 23%1 formation is equivalent to 22.7 mg of'23%I per fuel element. No 
measurements were made to confirm these calculations. 

. 

. 

2.6 CONSIDERATIONS OF ENVIRONMENTAL EFFECTS ON mTEL 

The as-built SNAP fuel was in limited mechanical contact with the silicate-coated inside surface of the 
cladding, through an atmosphere which was variously- helium-air, low-pressure helium, or vacuum (Li73). 
Experience (G067b) showed that Zthe cladding remained intact, reactor operation would produce only 
modest fuel growth, so that the fuel would attain its design life. After shutdown, the reactor fuel would 
show normal decay of fuel element radioactivity. Figure 1 shows the estimated decay of the SNAP 1OA 
FS-4 fuel elementswith time (Sa66). FS-4, also designated SNAPSHOT-1, operated at 40.7 kW thermal 
power for 1032 hours before shutdown. The general character of the curve is valid for all SNAP fuel. 

Cracked cladding allows the NaK coolant to come into direct contact with the interior of the fuel element. 
There is little (if any) direct effect of NaK on the fuel material. Loss of the coating at a cracked area 
would result in a locally higher loss rate of hydrogen. Chemical reactions did occur between the NaK and 
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the silicate coating. Alth~ugh this has not been explored systematically, it is evident from post-irradiation 
examinations that whole pieces of coating were removed from the cladding, and some pieces were stuck 
to the fuel (Mi66a). Whether the reaction products themselves attacked the ZruY, fuel was not 
investigated. 

. 

. The ground test reactors (excluding STR) were moved from the test buildings after they completed their 
tests to the AIHL.for-disassembly and examination. The initial AML atmosphere was nitrogen gas, 
containing less than 3% oxygen, to minimize chemical reactions with residual NaK. Fuel elements were 
cleaned in a butyl ether-alcohol liquid compound (Dowan01 EB, Dow Chemical Company) to remove 
residual NaK. With cracked cladding, ahd sometimes cracked fuel, it could not be certain that all crevices 
were cleaned out. Nevertheless, fuel elements were handled, stored, and shipped in air following Dowanol 
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cleaning. Communications between Aerojet Nuclear (Idaho) and Atomics International indicate that some 
elements retained chemically active NaK (Ad74). 

.Based on information received from INEL, it is om understanding that the declad fuel was (at least 
. initially) stored in water containing 3.8 @liter natural boron for criticality control (Am68). No studies 
’ were ever made at AI of the possible chemical intemctions between ZrUH, and water or such a solution. 

2.7 
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Am68 

. *A174 
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3. ISSUES FOR THE SAFE DISPOSAL OF STORED SNAP FUELS 

, 
SNAP fuels were never intended as waste forms for repository emplacement. The safety issues involved 
in space flight were studied extensively (De65, (3165, Go67c). The emphasis was on intrinsic reactor 
safety, and on safe returnof the reactor from orbit Other than investigations of nuclear criticality when 
immersed in water (should the reactor land in the sea), only one study is known to have been made on 
the chemical reaction of water with SNAP fuel. 

3.1 SNAP FUELS IN THE STORAGE ENVIRONMENT 

As indicated in Ref. Am68 and more recently in discussions with JNEL.personne1, the irradiated declad 
fuel rods were.stored at INEL, in aluminum cans that have been breached by water. Although the 
radioactivity of the fuel has decayed substantially, there may still be a possibility of radiolysis of the 
water, which would produce hydrogen gas and solute species. 

The.choice of aluminum for the canister raises the.possibility of galvanic action. A survey of potential . 
electrode reactions involving aluminum and uranium when linked by an electrolyte shows that aluminum 
would be anodic to the uranium. It would thus conode sacrificially, protecting the uranium (We85). 

. Dissolution of aluminum would change the pH of the water, with ,effects on the uranium that have not 
been investigated. 

r.. , 

.. . . i s  fragmented. The large surface-to-volume ratio favors a reaction, which c p  progress rapidly enough . 
. 

In' the event that the canisters go dry, fuel reactions with air. are possible, especially if .the fuel material 

. to cause a fire. The personal experience of one of us (hp) with a barrel of unalloyed zirconium turnings, 
initially covered with water, illustrated this vividly: corrosion of a barrel (not observed until after the fact) 

.exposed high. surface-to-volume-ratio zirconium turnings to air and produced a fire. Under some 
circumstances zirconium hydride powder can explode in air (Gi56). 

These potential reactions also probably hold. true for Zrw, because the particulate uranium is not stable 
either in air.or in water. All of the potential reactions with air and' water could be slowed substantially 
by the presence of an oxide layer on the surface of the fuel piece (or particle). However, stability of such 
a layer over an indefinitely long period of time cannot be -assured. 

. 

, , 

. 

' . 

.. 
' 3.2 RELEVANT AI EXPERIENCE 

Chemical effects of water or air on irradiated Z r q  fuel were not systematically investigated in the AI 
program. As part of tk fuel development program for the SNAP 4 system, a very limited investigatim 
was made of corrosion effects on bare fuel, in contact with Type 304 and Type 446 steels. The SNAP 
4 system was based on a boiling water reactor that used SNAP-type fuel clad in austenitic stainless steel, 
such as Type 304. In another program, the oxidation behavior of the bare fuel alloy was studied. 

. 
. ' 

33.1 Compatibility Tests for SNAP 4 (St63) 

. 

. 

Samples of unirradiated Zr-lSU-q, "sandwiched" between flat plates of Type 304 and Type 446 steels, 
were exposed in water in both pyrex and Type 304 containers. They were held in an autoclave.at 570 9 
and 1250 psi for.400 hours. Cracking of the fuel was observed in the pyrex container samples. This was 
attributed to attack by water on the pyrex. glass, resultingh increased pH from 7 to about 10. Fuel 
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samples in the Qpe 304 container were unaffected. However, the Type 446 plates that formed part of 
the "sandwich" sample were attacked by the water. .The pH of the water in that container decreased from 
7 to about 52. There is no statement in Ref. St63 about the hydrogen content of the fuel sample, before 
.or after exposure. However, Ref. Bu64 (Table 1.1.6) identifies the fuel composition as Zr-15U-HI, 

' It is difficult to extrapolate these results to irradiated SNAP fuel stored in water under less .aggressive 
conditions. There is some implication that water at a pH of 7 or below will not attack ZrUT&, but the 
influence of other metals linked to the fuel material via an elecwlytic solution is not clear. 

3.23 Oxidation Kinetics in the 2%-U System 

A study was made.of the reaction of the unirradiated, dydr ided  fuel alloy with air and with oxygen gas 
(Ha65) in order to provide basic data on the fate of SNAP fuel re-entering the atmosphere from earth 
orbit. Samples of Zr-1OU (with and without modifier) and of pure zirconium metal were exposed over 
a temperature range from 570 "C to 1190 "C. Parabolicand cubic rate laws were found to fit the data 
for weight gain versui time, up to "breakaway." Thesamples were dense, 1-inch-diameter spheres. 

. 

At the high test temper@ms, hydrided fuel would certainly.lose hydrogen, leading'to changes in density 
and sample cracking. The increased surface area (over the intact sphere) would accelerate oxidation. The 
effect of irradiation on the test results was not investigated. , . 

3.23 Dehydriding 

Samples of irradiated SNAP fuels .were dehydrided in the process of studying fission gas retention (Ce64). 
and in experiments aimed solely at the dehydriding process -66). High tempiratuies (ZOO0 "F to 3200 
?F) and times from 3 to 8 hours were used to evaluate the release dependence on these variables (Ce64). 

3.2.4 Conclusions 

Data available from the limited.AI experiments on the reactions between unirradiated fuel alloy or 
hydrided Zr-U are inadequate to predict irradiated fuel behavior for long-term storage in water or air. 
Further, it is not evident that dehydriding would be a worthwhile process to improve the storage 
characteristics of irradiated SNAP fuel. Alternative methods for treating the fuel are suggested in Section 
5. 
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4. DATA-GATHERING APPROACH AND REPORT CONTENTS 

The approach used in this task was to identify .and examine sowes of SNAP information at ETEC and 
. Rocketdyne, and to assemble and review the fuel-related infomation for its relevance to INEL needs. 

Those sources investigated included the Rocketdyne Technical Information Center (TIC, which 
incorporates the former Atomics International library resources), the.ETEC.library, Rocketdyne's 
Advanced Power Systems (formerly Atomics International) Technical Data Center, archived Atomics 
International shipping records, archived Atomics International Hot Laboratory data records, and other 
available archived personal and storage files. 

, 

The Rocketdyne TIC and ETEC library were the source of a large number of formal reports and technical 
data records, while the Technical Data Center was the source of technical information documents, 
engineering drawings, and specifications (typically on microfiche or microfilm). The archived shipping 
files provided detailed shipping information over the time period of SNAP fuel .transfers to INEL and 
other disposal locations. The AIHL and miscellaneous personal files provided a large volume of source ' *  

data (data sheets, Strip chart recordings, internal letters, photographs, negatives, examination.plans and 
proposals, etc.), particularly for IOFS-3, SSEFt, and S8DR- We uncovered several file cabinet drawers full 
of unsorted photomicrograph negatives for the pre- and post-irradiation examination of fuel elements and 
fuel rods. 

This report covers the SNAP documentation we have assembled, reviewed, and deem to have relevance 
to the characterization of the SNAP fuel rods now.in storage at INEL. It is divided into separate sections 
according to reactor core and in-pile experiment, where each section provides the following information: 

A general description .of each system. 

(2) A listing of the documentation found for each item of interest, as outlined .in the INEL Memo 
'Purchase Order. This is presented as a reference number for each document, 'followed by a brief 
description of the document contents. Areas of INEL interest where no information was found 
were left blank, and serve to identify those areas. 

. 

. (3) 

(4) 

A complete reference.list for the documentation assembled for that SNAP core or experiment. 
The reference code used in this report identifies each document by using the first two characters 
of the first author's last. name plus the last two digits of the year of publication. Where there are 
duplications, the characters a,bc etc. are added to distinguish documents. Those documents 
referenced in the WINCO report "SNAP and AI Fuel Summary Report" by R. E. Lords (WINCO- 
1222, August 1994) are identified in the bibliographies by an "*" following the reference code. 

A spreadsheet summarizing the shipping records for that fuel element type, correlated, both with 
available INEL receiving records and with our source documentation on fuel fabrication. 

In addition, Appendix 1 provides a combined listing of all the reference documents covered in this report. 
The formal documentation summarized in Appendix 1 totals well over 10,OOO pages. It does not include 
several file cabinets full of post-irradiation examination source data and negatives which could not be 
readily indexed. 

A large volume of additional SNAP-related information was also uncovered during this investigation that 
is not referenced in this report, That information includes a large number of development reports. covering 
prelimbury work that did not necessarily represent the final reactor systems, several qualification testing 
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reports (including thermal cycling, simulation-launch vibration tests, etc.), as .those .mts were performed 
using natural uranium, reports on other (non-fuel) components of the reactor systems, and documentation 
on the S N m  cores and SNAP Critical Assembly (SCA), which are outside the scope of this 
investigation. 
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5. RECOMMENDATIONS FOR FUTURE WORK 

The document search and review activities performed as part of the present work led to the acquisition 
. of more source documentation than could be reviewed and evaluated as part of this program. 

Additionally, we have developed views on the ultimatedisposition of the SNAP fuel materials now stored 
* 

at INEL. Those fuel materials contain about 26.3 kg of uranium, of which about 24.4 kg is 23%J. We 
offer the following recommendations for consideration in future work leading to the final disposition of 
the fuels. 

5.1 COMPLETION OF DOCUMENT REVIEW AND EVALUATION 

' The source documents relating to the SNAP fuels (AIHL photographs, log books, and other analyses of 
various kinds) are all, as of the date of this report, well over 20 years old.' This material was found 
scattered in several storage locations, and provided more information than time and funding limitations 
permitted us to review and evaluate. In the interest of providing a more complete account of the fuel used 
in this now inactive program, we recommend an extension to the Memorandum Wchase Order effort of 
4 - 6 man-months at ETEC/Rocketdyne to complete this evaluation. 

5.2 COMPUTER CODE CALCULATIONS 

Some of the key post-irradiation. fuel information, such as transuranic and fission product inventories, were 
not measured at the time the fuels. were. examined, and computer codes for predicting th is  information 
were relatively primitive. (See, for example, Sa66.) Present-day, more sophisticated computer codes such 
as OFUGEN2 can be applied to the available data.to provide th is  information. We recommend such 
calculations, and estimate that such an effort at ETEC would require about.3 man-months. . 

53 ASSESSMENT OF PRESENT CONDITION OF STORED FUEL 

Because of the potentialchemical interaction of the fuels with water, and mechanical shocks of handling, 
we strongly recommend examination of representative samples of the fuel. This should include the 
determination of microstructure, physical state (e.g., intact or crumbled), and overall chemical condition 
(adherent or flaky oxide, etc.). We recommend beginning with samples of fuel material with the highest 
bumup (0.77 metal-atom %, from Experiment NAA-117-1) and with wafescut from S8DR fuel. 

. The main effort for such an examination must take place at INEL. However, ETEQRocketdyne can 
provide guidance for hot cell examination, based on our extensive documentkn of past SNAP fuel 
analyses (e.g., Sh64, Ra65, Mc65, Ra65a, and the many detailed AI post-imdiation examinations, such 
as Mi66a and Mi67), and has personnel available who are familiar with in-cell metallography. We 
estimate a 12-man-month effort at INEL and a 2-man-month support effort at ETECBocketdyne to 
perform this examination. 

. 

5.4 PROCESSES TO CONVERT SNAP J?UELS TO ACCEPTABLE WASTE FORMS 

In view of the present DOE-ordered shutdown of spent nuclear fuel reprocessing (Be94), there are only 
three alternatives for handling SNAP fuels. The first is simply to leave them where they are in INEL 
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storage pools, the second is to place them in a repository in their p q n t  form, and the third is to perform 
some type of chemical conditioning before repository emplacement. The first. altemative is obviously 
unacceptable because it does not provide a long-term storage solution. 

. Past AI determinations of the microstructure of irradiated SNAP fuels provide information that bears 
directly on the second alternative. These investigations have established that the uranium in the Zry, 
matrix is present in smaIl (micron-size) particulate metallic form (Pe66, Mi67). The chemical reactivity . 
of both uranium and zirconium hydride is potentially high, both in air and in water. The current status 
of the stored SNAP fuels suggests that surface layers, probably oxide, may be present that limit or 
suppress chemical reactions. Dependence on the integrity of these layers for the indefinite future poses 
a risk, and thus raises questions on repository disposal of the SNAP fuels in their present form. 

The third altemative, chemical conditioning of the fuels before repository disposal, is the most viable 
option. Glass is the composition of choice for immobilizing high level waste (HLW) in France, and glass 
technology is further advanced than alternatives at present in the U.S. However, the.feed for glass- 
forming in France (and in the U.S.) is the waste stream from chemical reprocessing of spent nuclear fuel 

' (SNF) - not the SNF itself. More compact waste forms like Synroc or Tailored Ceramics have the 
potential to support ahigher loading of HLW.than glass. This would be required for the emplacement 
of SNF materials like SNAP and TRIGA fuel in a'futm repository. 

These compact waste forms have been investigated in the past to "lock" radioactive elements into stable 
chemical structures' for final disposal. Tailored Ceramics were studied intensely for several years at 
Rockwell *International (Gr83, Mc83). This waste form was intended primarily for a Purex waste stream, 
but may be applicable to mall-batch, special fuel compositions like SNAP. We recommend a study of. 
the.applicabfity of this type of chemical conditioning for the SNAP fuels, and have personnel available 
at ETEC/Rocketdyne who participated in the Tailored Ceramics program. We suggest a 9-man-month . 
study at EXEC of applicable chemical conditioning processes to produce stable waste forms from SNAP 
fuels, with 2-man-months of support from INEL personnel. 

- 

. A  recent INEL'listing of stored spent fuels vi%) includes both SNAP and "RIGA fuel types. 
,Generically, "RIGA fuel is also hydrided Zr-U 'alloy, usually with a lower hydrogen content than SNAP 
fuel. . (See, for example, Si61.) It is possible'that "RIGA fuel would be amenable to chemical treatment 
analogous to SNAP fuel, providing an additional benefit from this proposed study. 

5.5 
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6. SNAP-2 EXPERIMENTAL REACTOR (SER) 

Date went critic& 
. First power operation: 

Thermal power: 50 kWt 

Time at power and temperatwe: 
Operating location: SSFL Building 010 

September .19, 1959 (Hu61, Ja73) 
November 5,1959 (Ja73) 

Thermal energy: 225,000 kWt-h 
1900 h at 1200%, 3300 h above 900% 

6.1 SER GENERAL DESCRIPTION 

The SER was the first of the series of reactors in the SNAP program (Di67). The reactor core was made 
up of 61 fuel-moderator elements, 1 inch in diameter, on a triangular matrix contained in a 9-inchdiameter 
core vessel. Heat was removed from the core by primary NaK coolant flow, transfemd to a secondary 
NaK coolant loop by means of an intermediate heat exchanger, and dissipated to the atmosphere through 
an airblast heat exchanger. The fuel wa3 composed of a hydride uranium-zirconium alloy that was formed 
into rods and canned in thin-walled 347 stainless steel tubes. The fuel rods contained 6.88 w t  % uranium, 

. 93% enriched in 23%J, and 6 x ld2' atoms/cm3 of H2 in the.form of ZrHr Analysis of the characteristics 
of the fuel alloy indicated that it could be considered as a mixture of zimnium hydride plus uranium 
metal with a density of 5.89 g/cm3. Ex~eess and'reject fuel elements from the fabrication process were 

. used in the Shield TestFacility (STF), covered in Section 11. General descriptions of the SER are given . 
in references Eg59, Hu61, Be62, Di67, and Ja73. 

. 

' 

6.2 REACTOR AND FUEL IDENTIFICATION 

Reactor: 
Also identified as: 

SNAP Experimental Reactor (SER) . .' 
SNAP-2 Experimental Reactor (S2ER) 
SNAP-II Experimental Reactor 
SNAP-11 

- Core fuel identification: SER (same as reactor name) 

Reactor designer, builder, operator: Atomics International 
Reactor owner: 'Atomic Energy' Commission (now DOE) 

Fuel designer, builder: Atomics International 
Fuel owner: Atomic Energy Commission (now DOE) . 

6.3 SER DESIGN REACTOR PHYSICS AND CORE DESCRIPTION 

Wi58 Pre-loading nuclear analysis, to evaluate required fuel loading 
Wi59 Pre-operation design summary 
Hu61 Some reactor physics parameters 
Be62 Operating parameters and reactor physics information 
Ja73 Summary of SER parameters, including flux ratios (Table 8) 
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Fuel Elements/Assemblies: 61 used in core; 68 were fabricated (Ka59) 
Design Neutron FIux: Flux ratios given in Ja73 (Table 8) 
Design Neutron Energy: Mean neutron fission energy near 0.18 eV (Go67c) 
Core Map and Element Locator: 

Dr60, Hu61, Be62, Mi63 
Core configuration (without element location identification) 

6.4 SER FUEL FABRICATION INFORMATION 

Fuel Specifications and Drawings: 
Tu58 Manufacturing planning document for fabrication 
Re59 Specification' and engineering design drawing 
BE9 Quality control planning document 
Ta63 Non-dimensional fuel element specifications (Table 1) 
Bu64 S2ER (SER) description (Table 5-22)), providing nominal design data, and schematic 

drawing 

Drawing .7512-971801 "Fuel Rod Assembly - SER - Layout," showing dimensioned fuel rod as 
part of this assembly (05/59) 

Drawing 7512-71 102 "Slug-SER-End Reflector," showing Be end reflectors (06/58) 

Fuel Fabrication and Quality Control: 
.Dr60 Typical spectrographic analyses of U, Zrstarting materials (Tables I,-.lI); melting and 

forming of fuel rods; schematic drawing of fuel rod: quality contml descriptiorr, sample 
photomicrographs of as-fabricated fuel (prior to hydriding) 

' Ka59 Tables: fuel element identification and dimensions, pre- and post-hydriding dimensions, 
density, electtical resistivity, weight, hydrogen and uranium com sitions; assembled 
element dimensions; hydrogen leak rates; "scintillation testing" (2 % gamma specaUm; 

Eg59 Schematic drawing of fuel rod 
Mi63 Schematic drawing of fuel rod 
Ta63 Hydriding process details and hydriding yield (Table 7); general studies of.hydrided fuel 

Ka59 . Melting and casting of U-Zr alloy (how it was ,done) 

!? 
. L-77 reactor neutron scattering to measure hydrogen content - not effective) 

. Fuel Cladding, Inner Coatings, and Other Non-Fuel Materials: ' 

Kh59 347 SS cladding (three were Hastelloy B: R-7, U-10, X-lo), with Solaramic S1435-A, Be 
end reflectors (those in Hastelloy B had Hastehoy B end caps), incl. end reflector 
composition data. Cladding tube dimensiors and coating thickness 
Cladding development for hydrogen retention, leading to identification of Hastelloy N and 
B as the most favorable cladding materials and Solaramic S-1435A as an effective 
hydrogen barrier 

Hu61 Coolant = eutectic NaK (78 wt% potassium) 
Bu64 Solaramic 14-35A coating general description (Table 4.1.1) 

R06l 

Potential Fuel Chemical Reactions: 
Potential RCRA-Regulated Materials: 

Ta63 SER end reflectors were composed of Be (removed during INEL decladding) 

23 



Quantities of Materials: 
See shipping spreadsheets (fuel rods, U, 23%7) 

Fuel Assembly Identification Methods: 
Ka59 Table 11 diameter data columns distinguish between "numbered end" and "opposite end" 

6.5 SER OPERATIONAL HISTORY 

Core Operating History: 
. Hu61 Operations chronology (Table IV); total SER history (Fig. 21) 

Includes power & reactivity information, but no neutron data 
Be62 Operational reprt, incl. history (Fig. 16, Table IV) 

Ja73 Summary. of SER operation, operations chronology, analysis of reactor operations. 
' Mi63 Operations chronology summary 

Core Neutron Flux Profile: 
Operation Abnormalities: 

Hu61 Scrams (Table V); descnis maintenance problems 
Be62 Abnormality 'summary (Table V) 
Ja73 Scram summary (Table 10) ' 

Core Shut-Down Date: 
. Hu61 Final shutdown 19 November 1960 

Core Discharge Date: 
Be62 SER disassembly started 19.May 1961, completed 13 June 1961 

6.6 SER POST-IRRADIATION PROPERTIES AND EXAMINATION 

Visual Observations: 
Mi63 Visual examination - appeared to be no problems with fuel or cladding . 

Dimensions: 
Mi63 Dimensional and density measurements 

Metallurgical States of Materials: 
Mi63 photomicrograph of hydrided fuel after irradiation , 

Cladding Defects: 
Corrosion or Chemical Contamination: 
Hydrogen Effects: 

Mi63 hydrogen leak rate 

Burnup: 
Mi63 Bumup pmfile plots 

Fission products: 
Mi63 Fission gas release (none observed) 
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Transuranics: 
(can be calculated from available reactor iMonnation) 

Activation Products: 
, Decay Heat Generation: 

Radiation Level Decay Curves: 
Alpha Contamination: 

(not relevant for the tieclad fuels) 

6.7 SER ON-SITE STORAGE HISTORY 

SNAP fuel elements were stored in air at the Radioactive Materials Disposal Facility (RMDF) in dry 
storage vaults, in preparation .for shipment to INEL following .Atomics International Hot Laboratory 
(AML) operations. m e  .AI€& operations included the. disassembly of the reactor and, core, and the 
removal and'evaluation of the fuel elements. Until cleanup of residual NaK was complete, all AML 

' operations were performed in an atmosphere of nitrogen gas, containing no more than 3% oxygen. .There . 
were .no wet-storage facilities available at Atomics International. No detailed storage history 
documentation is available, and storage information is based- on personal', recollections of individuals 
involved in the program. 

6.8 SER SHIPPING RECORDS 

The shipping records for SER fuel shipments to INEL were reviewed In detail. The original records are . 
difficult to read, and were transcribed onto the SER spreadsheet that is reproduced at the end of this 
section. Thespreadsheet lists the fuel rod (unclad), total uranium, and 235U masses for each fuel element, 
plus the shipping document number; shipment date, Atomics International can number, and probable INEL 

* * aluminum can number. The latter is base on document copies received from INEL as part of the current 
, ~ ' review activity. 54 irradiated STF fuel elements were shipped to INEL, out of 68 original fuel elements. 

The other 14 include 7 irradiated/sectioned fuel elements and 7 unirradiated fuel. elements that were 
disposed of by other means. 

The mass totals shown on the spreadsheet were calculated from the individual recorded fuel element data. . 
They were compared with an SER Fuel Data mass sheet dated 7/27/64.and filed with the shipping records. 
This comparison shows a slight discrepancy for shipment LAE-JWA-27 (AI.Can No. 14-H), where the 
data sheet lists the total fuel rod mass as 4337 g, instead of 4339 g as obtained from the shipping records 
(with a corresponding total fuel mass for SER of 39023 g instead of 39025 g). 

. . 

6.9 SER REFERENCES 
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SER SHIPPING RECORD SUMMARY page1012 

shipping shipment ’ AI Fuel Identilication Fuel M a s s e s  (grams) Rob. INEL 
Document Date CanNo. Element Rod Location U n d d  bstalU U-235 Notes Can No. 

CAE-JZA-15 4l2766 4 5R-9 
9R-5 
M6 
Y-6 
Q-4 
Q6 

4342 295 277 4 

5 4337 298 280 4 Y-7 
z-1 
T-8 

11 R-7 
9R-10 
5R-2 

6 4333 2% 278 4 R-4 
Q-3 . 
(32 

5R-3 
1OR-10 
6R-4 

Shfpmnffofals: 18 elements 13017 889 835 

CAE-3ZA-20 5125166 . 3 . 10R-? 
6 R-3 
M 2  
R-3 
2-7 
Q-5 

4335 296 . 278 5 

4337 245 277 5 2 W-6 
’ 9R-9 

1 1 R-3 
T-2 
R-1 

5R-8 

1 4326 293 275 5 x-7 
w-2 
Q-1 

1OR-9 
9R-3 
w- 1 

Shlpmnf totals: 18 elements 12998 884 830 
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SER page 2 of 2 

shipping shipment. AI Fuel ldentifimtion Fuel Masses (grams) Rob. INEL 
Document Date CanNo. Element Rod Location Undad tDtalU U235 NOW Can No. 

LAE-JWA-27 9/30168 14-H 347 T-1 
347 u-2 
347 u-1 
347 llR-4 
347 R-2 
347 M5 

723 48 45 
722 49 46 
721 48 45 
724 50 47 
724 49 46 
725 51 48 

ShIpmenttotals: 6 elements 4339 295 277 
(seenotesb&w) 

SN-20 

LAE-JWA-28 loll4168 15 347 W-4 724 49 46 SN-20 
347 w-10 724 48 45 
347 u-2, 724 51 48 actuallyV-T 
347 u-8' 724 48 45 acbJaJlyV-8' 

' 347U-10' 723 50 47 actualtyv-10' 
347 9R-4 720 49 46 

l isted as U's on AI shipping document, but backup data identifies as Vs 

Shipment totals: 6 elements , 4 3 3 9  295 277 

LAE-JWA-29 11/4/68 16 347 X-6 
347 Y-a 
347 s4 
347 1QR-1 
347 Y-2 
347 R-5 

724 49 46 SN-20. . 
722 49 46 
720 49 46 
720 50 47 
722 48 45 
724 50 47 

J 

Shipmnttotals: 6 elements 4332 295 277 

1968 shipment totals: 18 13010 885. 831 

SER reactor totals: 54 elements 39025 2658 2496 

Reference: Data tmnsaibed from archived copies of original shipping records 
Comparison made with SER Fuel Data sheet dated 7/27/64 ' 

Notes: 54 fuel elements received by INEL per BUC41-66A 
68 fuel elements were made (Ka59: NAA-SR-MEW722 12/10/59); 

61 fuel elements were used in the core 

7 core fuel elements were cut up for hot cell examination (Mi63: NAA-SR-8090 05/01/63) 

The 7 unused and 7 irradiaWsched fuel elements were not shipped to INEL 

documentah (Ka59) does not distinguish betweena fuel rod identification number arid a fuel element number 

For LAE-JWA-27, the Original inventory sheet of October 1963 listed the total mass of material that went 
into Can 14-H as 4337 g instead of 4339 g, and a reactor total fuel mass of 39023 g. The shipping 
document, w h ~  tabulates individual elements, lists 4339 9. This spreadsheet total for Can 14-H 
(4339 g) Ls the sum of the tabulated individual elements. 

. 
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7: SNAP-2 DEVELOPMENTAL REACTOR (S2DR) 

Date went critical: April 1961 (0165) 
+ Date of shutdown: Decemkr 1962 (0165) 

, Thermalpower: 65 kWt 
Thermal energy: 273,000 kWt-h 
Time at power and temperature: 

I 

Operating location: SSFL Building 024 

2800 h at 1200?F,7700 h above 900% 
2100 h at 1200?F,6900 h above 9OO?F @i67) 

7.1 S2DR GENERAL DESCRIPTION 

The S2DR was the second-generation SNAP-2 design, which more nearly approximated the detailed 
rquirements,of a space reactor (Di67). The SDR coreconsisted of 37 fuel elements of 1%-inch diameter 
containing 10 wt. %uranium and 6.5 x 102'. hydrogen atoms/cm3. The core geometry was similar to that 
of the SEX A general description is given in Ja73. 

7.2 

Reactor:. SNAP-2 Developmental Reactor (SZDR) . 
Also identified as: 

S2DR REACTOR AND mTEL IDENTIFICATION 

SNAP Developmental Reactor (SDR) 

Core fuel identification: S2DR (same as reactor name) . 

Reactor designer, builder, operator: Atomics International 
Reactor owner: Atomic Energy Commission (now DOE) . 

Fuel designer, builder: Atomics International 
Fuel owner: Atomic Energy Commission (now DOE) 

7.3 

Fuel ElementdAssemblies: 80 fuel elements fabricated (De62), 37 used in core (De62, Mi64) 
Design Neutron Flux: 
Design Neutron Energy: Mean neutron fission energy near 0.18 eV (Go67c) 
Core Map and Element Locator: 

De62 
Mi64 Core map (Fig. 1) 
Fe64 Core map (Fig. 3) 
0165 

S2DR DESIGN REACTOR PHYSICS AND CORE DESCRIPTION 

' 

Core map (Fig. 16) - prior to reactor assembly 

Core map with identification of fuel elements for detailed analysis (Fig. 2) 
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7.4 S2DR FUEL FABRICATION INFORMATION 

Fuel Specifications and Drawings: 
De62 Schematic drawing of fuel element (Fig. 1) 
Ta63 Non-dimensional fuel element specifications (Table 1) 
Bu64 S2DR description (Table 5.2.3), profiding nominal design data, plus fuel element 

schematic drawing 
0165 Fuel element schematic drawing 

. 

Drawing -7512-22151 "S2DR Fuel Element," in which the fuel rod is Detail-5 (07/61) 

Fuel Fabrication and Quality Control: 
.Dr61 . Table I: Assembly of fuel element components, including correlation of fuel 

element number with fuel rod number, top and bottom reflector numbers, 
tube number, and top and bottom end cap numbers for all 80 elements. 

Table Ik Pre-irradiation hydrogen leak rate data 
Table III: Fuel element correlation with total weight and 23% content 
Table IV: Fuel element dimensions 
Table V: Fuel rod NE and density 
Table VI: Fuel rod weight, resistivity, surface quality (Zyglo), internal soundness, 

(ultrasonic category) 
Table VII: Dimensions .of finished machined fuel rods 
.Table VIII: .. Pre-hydride uranium content, hardness, weight, and density 

. .  

. Table Lx. . Pre-hydride fuel rod dimensions 
. . Table X: Chemical impurity of pre-hydride fuel alloy 

Table'XI: 
Table XII: . 

... Table XIII: 
Table XIV: 
Table XV: 

Table XM: 
Table XWI: 

Dimensions,.weight, and density of Be0 end reflectors I 
Dimensions of " A  end caps (uncoated). 

Dimensions of " H  end caps (uncoated) 
Wall thickness and hardness of tubing (uncoated) 

S 9 0 3  concentration in. coating 
AI analysis of Hastelloy-N cladding 

. DimenSioris of "A.end caps (coated) 

. . . Table 'XVI: Coating thichess, weight, and S 9 0 3  content 

De62 80 .fuel elements were produced, of which 37 were used. An additional 9 were used in 
dry critical experiments and removed. (Thus 46 were irradiated.) Table II identifies a l l  
80 elements, their corresponding fuel rod numbers, and their end use, including those not 
used in core. This table also gives NH, hydrogen leak rate, and longitudinal bow ("IR, 
total indicator reading). Document gives fuel element general assembly process. 
Chemical analyses of U metal, Zr sponge, and fuel alloy; provides hydriding process 
details and hydriding yield (Table 7). General studies of hydrided fuel. 

Ta63 

4 

Fuel Cladding, Inner Coatings, and Other Non-Fuel Materials: 
De62 Cladding identification, composition, tensile properties; coating identified as Solaramic 

S-1435-SM2 
Bu64 Solaramic 14-35A coating general description (Table 4.1.1); S-1435-Sh-112 refers to .- 

addition of Sm203 poison 

Potential Fuel Chemical Reactions: 
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Potential RCRA-Regulated Materials: 
Ta63 S2DR end reflectors were composed of Be0 (removed during INEL decladding) 

Quantities of Materials: 
See shipping spreadsheets (fuel rods, U, 235U) 
Dr61 Total element weights in Table III 

Fuel Assembly Identification Methods: 
Mi64 Element numbers scribed on end caps, as shown in Figs. 3 and 6 

7.5 S2DR OPERATIONAL, HISTORY 

Core Operating History: 
Fe64 
0165 

Ja73 

Overall operations history, summarized in Table 4 
Total operating history timeline (Fig. 3); total energy release of 272,900 kwh; peak fuel 
temperature 1279 "F 
Summary of S2DR operation, operations chronology, analysis of reactor operations 

Core Neutron Flux Profile: 
Operation Abnormalities: 

Fe64 Operation abnormalities (Table 5)  
0165 Reactor shutdown for maintenance in December 1961, February 1962; air-blast heat 

exchanger failures in April and July 1962; shutdown for suspected NaK leak in' 
September 1962 (none .found) 

. .  

Ja73 History of operation abnormalities 

Core Shut-Down Date: 

Core' Discharge Date: 

0165 End of reactor operation December 1962 

Reactor disassembled in the first half of calendar year 1963 . 0165 

' 7.6 I S2DR POST-IRRADIATION PROPERTIES AND EXAMINATION 

Reference 0163 provides the hot cell examination requirements of S2DR fuel elements (planning 
' document), and identifies (by element number) the six fuel elements selected for post-irradiation 

examination. Reference Mi64 is the detailed post-irradiation analysis report, and 0165 is a final release 
yersion of Mi#. It contains visual observations and photographs, metallography, axial and radial gamma 
scans, fuel element dimensions, hydrogen leak rates, and fission. gas release, for the fuel elements, rods, 
and cladding. 

. 

Visual Observations: 
Mi64 Visual observations before fuel element disassembly, for 8 selected fuel rods; included 

photographs of typical findings. 
Mi64 Fuel rod observations following decladding of selected elements Fig. 17-20). 
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Dimensions: 
Mi64 Post-irradiation fuel element dimensions for selected elements (Table I - V) . 

Mi64 Radial dimensional growth of fuel rod (Table vm); fuel rod densities (Table IX) 

. Metallurgical States of Materials: 
Mi64 Fuel rod and cladding photomimpphs (Fig. 23 - 39) 

Cladding Defects: 
Mi64 Photomicrographs (no obvious defects) 

Corrosion or Chemical Contamination: 
Mi64 Photographs (Figures 6-9) indicate chemical reactions at the external cladding surface of 

selected fuel elements. 

Hydrogen Effects: 
Mi64 Hydrogenleak rates of selected fuel elements (Table W) 
Mi64 Hydrogen analysis of selected fuel rods (Table X) 

Burnup: 
. Mi64 Bumup analyses (Section B.Z.), based on fission gas analysis (?%r activity). 
0165 0.027 metal-atom % bumup 

Fission products: 
Mi64 Longitudinal (Fig. 11,lZ) and diametrical (Fi 22A, B) gamma scan traces and summary 

(Table VI); analyzer set to counting peak of. 55 Zr and used to obtain relative fuel bumup. 

Transuranics: 
. ‘ (can be calculatedfiom available reactor information) 

Activation Products: 
Decay Heat Generation: 
Radiation Level Decay Curves: 
Alpha Contamination: 

(not relevant for the declad fuels) 

7.7 S2DR ON-SITE STORAGE HISTORY 

The reactor was disassembled in the first half of calendar year 1963 (0165). Reference 0163 addresses 
the 6 elements stored at the Radioactive Materials Disposal Facility (RMDF) prior to detailed ps t -  
irradiation examination at the Atomics International Hot Laboratory (AIHL). SNAP fuel elements were 
stored in air at the RMDF in dry storage vaults following removal from the AIHL in preparation for 
shipment to INEL. There were no wet-storage facilities available at Atomics International. No detailed 
storage history documentation is available. The only fuel disassembly that took place was for hot cell 
examination, which is covered in the post-irradiation examination section. 
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7.8 S2DR SHIPPING RECORDS 

The shipping records for the S2DR fuel shipments to INEL were reviewed in detail. The original records 
are difficult to read, and were transcribed onto the S2DR spreadsheet that is reproduced at the end of this . section. The spreadsheet lists the core location, fuel rod identification, unclad fuel rod mass, total uranium 
mass, and 23%J mass for each fuel element, plus the shipping document numkr, shipment date, Atomics 
International can number, and probable INEL aluminum can number. The latter is based on document 
copies received from INEL as part of the current review activity. The fuel rod identifications and fuel 
element core locations are from Reference De62. -A total of 37 irradiated S2DR fuel elements were 
shipped to INEL. 

The mass totals shown on the spreadsheet were calculated fmm the individual recorded fuel element data. 
They were compared with, and agree with, an S2ER Fuel Data mass sheet dated 7f27/64 and filed with 
the shipping records. 
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S2DRSf4IPPING RECORD SUMMARY Pagelof2 

shipphg shipment AI Fuel Identification . FuelMassss(grams) Rob. I N U  
Document . Date CanNo. Element Rod Location Undad tataJU U-235 Notes Can No. 

0 

CAE-JZA-13 4/15/66 2 E-22 515-3 IV-8 1142 113 105 1 
E-26 5155 11-2 1141 113 105 
E30 517-3 11-5 1141 113 105 
E-34 518-2 11-4 1140 113 105 
E38 518-1 111-6 1140 113 105 
E-39 520-2 IV-6 1143 113 105 

ShIpmeni totals: 6 elements 6847 678 630 

CAE-JZA-14 4/20166 7 E-51 520-7 IV-18 1141 113 105 
EM, 5xr3 IV-1 1153 114 106 
E-65 511-4 IV-16 1153 114 106 
E-73 512-6 111-1 1137 113 105 
E-79 5113 IV-17 1139 113 105 
E-76 526-1 111-12 1140 113 105 

Shipment totals: 6 dements 6863 680 632 

3 

CAEJZA-~~ 5/2/66 5 E-15 5151 IV-12 1143 113 105 
E35 5197 I114 1142 113 105 
E-21 518-6 IV-7 ' 1142 113 105 
E32 517-1 IV-9 ' 1142 113 105 
E-67 516-3 111-5 1141 113 105 
E-69 513-6 IV-10 1155 115 1 07 

Shipment totals: 6 elements 6865 680 632 

2 

CAE-JZA-17 W ! X 6  6 E-74 5106 111-3 1140 . 113 ' 105 
E-72 5043 . 111-9 1136 113 105 
E-14 5192 11-1 1142 113 105 
E31 517-5 . 111-2 1141 113 105 
E-77 513-5 IV3 1141 113 105 
E46 511-6 IV-4 1155 115 107 

3 

ShIpment totals: 6 dements 6855 680 632 

CAE-JZA-18 5/9/66 1 E37 537-3 111-7 1143 113 105 
E-S 51 54 111-8 1141 113 105 
E-58 516-2 1-1 1141 113 105 
E-33 520-5 IV-13 1142 113 105 
E49 527-1 IV-5 1142 113 105 
E-18 517-6 IV-11 1141 113 105 

ShIpment totals: 6 elements 6850 678 630 

CAE-JZA-19 5/12/66 4 E48 5156 11-3 1 028 102 95 
E-50 519-6 IV-15 1027 102 95 

2 

. _  .- 
ShIpment totals: 2 elements 2055 204 190 
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S2DR Page 1 of 2 

shipplng shipment AI Fuel Identification Fuel Masses (grams) ptob. I N U  
Document Date CanNo. Element Rod b t i o n  Undad totalu lJ-B Notes Cari No. 

UE-JWA-14 4/3/68 17 E-24 
(origiiatfy E-36 
~an##3) E-75 

E-55 
E-23 

51 9-1 IV-2 1142 
518-3 111-10 1141 
510-5 111-11 1140 
5194 11-6 1139 

517-7 IV-14 1142 

Shlpment totals: 5 elements 

113 
113 
113 
113 

113 

565 

105 
105 
105 
105 

105 

525 

5n-17 

S2DR reactor totals: 37 elements 42039 4165 

References: Data transcribed from archiied copies of original shipping records 
Mass sums compared with (and agree with) S2DR Fuel Data sheet dated 7127164 
Fuel rod identifications from De62 (NAA-SR-7048.12/15/62, Table II) 

Notes: 37 fuel elements shipped to INEL 

3871 
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8. SNAP-1OA'GROUND TEST REACTOR (10FS-3). 

Date went critical: 
, Date of shutdown: 

Thermal power: 
Thermal. energy: 
Electric power: 
Electric energy: 
Time at power and temperature: 
Operating location: 

. 

January 1965 
March 16 1966 (Go67a) 
.40 kWt nominal 

402 Watts 

10,005 h (417 d) above 900 "F 
SSFL Building 024 

382,944 kWt-h 
. .  

4028 kW-h 

. 
'8.1 .lOFS-3 GENERAL DESCRIPTION I .  

. .  

The SNAP-10A reactor system utilized SNAP-2 reactor technology with minimum modifications. The. 
reactor core consisted of 37 hydrided zirconium-uranium alloy fuel elements c ladh the nickel-babe alloy 
Hastelloy N.- The fuel elements were positioned and constrained in. the core by upper and lower grid ' . 
plates. They were arrayed in a hexagonal pattern within a circular reactor vessel, and surrounded by a 
beryllium reflector structure. 

- The hydrided zirconium-uranium alloy fuel material alloy served both as fuel 'and.moderqtor. The 
unhydrided alloy contained a nom"mal.10 wt % uranium and was hydrided to a hydrogen concentration . 

. .of 6.35. x.102" atoms of.hydrogen/cm3, which is slightly.less than the hydrogen concentration in cold . 
.. aster. The d & ~ ' w a s  93%.eMched in 235U. This material was formed into rods of 30.7 mm (1.21 
. .in.) diameter arid 31.1 cm (12.25 in.) length and.was canned in Hastelloy-N cladding tubes. The cladding. . 
. hbes we* 31.75 mrn OD and.had a wall thickness of 0.38 mm (0.015 in.). Internal surfaces of the ' . 
'cladding tubes were coated with a 0.076-mm (0.003-in.) layer of ceramic glass material. This coating . . * 

' a m  as a barrier to hydrogen leakage .from the fuel. The ends of the fuel elements were sealed with end 
caps of Hastelloy-N material welded to the cladding tube. The end pins that positioned and held the 
elements between the grid plates were an integral part of the'end caps. Each fuel element weighed 1.5 

. 

. 

. 

kg (3.4 lb) and had an overall length, including ,end pins, of 32.6 cm (12.82 Li). . - .  

Each unclad fuel rod ,contained approximately 128 g .of 235U, 11.8 :g of 238U, 24.6.g of hydrogen, and 
1215 g of zirconium. Its total weight was approximately 1380-g; A small amount of carbon 
(approximately 0.15 wL%) was added as a grain refmer to. produce an opmum microstruc$ure, and thus 
increase yield during hydriding. The fuel was a hard, semibrittle material with a machined surface and 
a metallic appearan&. All edges of the fuel rod were rounded to prevent damage to the ceramic hydrogen 
barrier during assembly and handling of the fuel element. 

. . 
. 

The ceramic glass barrier, commercially known as Solaramic 1435-SM2, was WlqoSed primarily of 
oxides of aluminum, silicon, titanium, manganese, and barium with smaller amounts of sodium, lithium, . 
and potassium. This ceramic coating was generally applied in three firings. In the last two firings, a 
small quantity of the bumable poison samarium oxide (Sm2O3) was incorporated into the coating. The 
nominal samarium oxide loading was 3 mg/cm. Depletion of this material inserted reactivity at the proper 
rate to.provide more than one. year of stable reactor operation without complex mechanical control rods. 

. 

. 

One end cap of the fuel element was' welded to a cladding tube before the ceramic barrier was applied. 
. After the ceramic barrier had been fired, a fuel rod was inserted into the cladding tube. The cladding tube 
was then sealed against hydrogen loss by the insertion of a ceramic-coated blend 'cup. The hydrogen 

. 
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. .  
. I  

,. 

barrier was made complete by locally heating the dadding tube and blend cup to blend the ceramic 
surfaces together. Following the blending operation, an end cap was welded tothe cladding tube, covering 
the blend cup. No play existed between the fuel rod and the cladding tube. 

. General descriptions of the SNAP 10A system are given in references Mi65, Di67, St67, AN76, and An83. 

8.2 10FS-3 REACTOR AND FUEL IDENTIFICATION 

Reactor: 
Also Identified As: 

SNAP 1OA Ground Test Reactor (1OFS-3) 
SNAP 1OA FS-3 Ground Test System 
SNAP 10 Flight System 3 Reactor (SlOFS-3) 

Core fuel Identification: 3OFS-3 (same as reactor name) 

Note (Sa64d): fuel elements were originally fabricated for three SNAP 1OA cores with core 
'designations FS-1, FS-3, and FS-4. Data from FS-1 operation showed that SNAP JOA operating. . 

characteristics could be improved. with the fabrication of some.new low-NH, high7Sm,0, fuel 
.elements -and the redistribution. of elements  if^ the three cores. The. revised cores were . 

. redesignated as the FS-3, FS-4, and FS-5 cores. Thus the core designati,ons for the .fuel elements . - in the original data packages.do not correspond to the final distribution of fuel elements. See 
. ' below under Fuel Fabrication for identification of those fuel elements incorporated in the final 

* 

1OFS-3 COR. 

.. Reactor designer, builder, operator: Atomics .International 
Reactor .owner: Atomic Energy Commission (now DOE) 

* Fuel designer, builder: Atomics International 
' Fuel owner: Atomic Energy Commission (now DOE) . . . 

8.3 * 1OFS-3 DESIGN REACTOR PHYSICS ANID CORE DESCRIPTION . 

Fuel elementdassemblies: 37 fuel elements m 6 5 ,  Go67a) 
Design neutron flux: 
Design neutron energy: Mean neutron fission energy near 0.18 eV (G067c) 
Core map and element locator: , 

Mi65 Fuel loading 'table (Table 6) and core loading configuration (Fig. 7) 
(3067, Go67a, Go67b: 

. I Core maps showing.locations of individual fuel elements (Fjig. 1)t Go67a includes table 
identifying fuel element numbers and core locations 

8.4 10FS-3 FUEL FABRICATION INFORMATION 

Fuel specifications and drawings: 
' Sa@, Sa64a, Sa64b, Sa64c, S a m :  

Reference the engineering drawings and the engineering design specifications for the fuel 
elements, fuel rods, and raw materials (such as the cladding materials) 

Go67 Sketch of fuel element with nominal design information wig. 2, Table 1) 



-7% Go67b: 
Schematic.of the fuel element (Fig. 2); fuel element design criteria (Table 1; probably 
average of the 37 in-core elements) 

Drawing 7580-18020 Drawing for fuel elenients 136, 150,190 
Drawing 7573-18002 "Element Assembly - 1OA Fuel'' (04/63; covers other 34 fuel elements) 
Drawing 7573-18004 "Rod - Fuel Element" 

Fuel fabrication and quality control: 

. .  

. 
Bu64 General fuel element information and schematic diagram 
Ki63 Melting, casting, and extrusion process procedures for SNAP 1OA and 2 ZrU fuel 

materials 
Sa63 Quality control planning document for fuel cladding, fuel rod, and fuel element testing 

and inspection. Contains examples of all source data forms prepared. 
Ca63a, Ar63: 

Sequentid manufacturing planning sheets for fuel cladding, fuel rod; and fuel element 
fabrication. These documents complement Sa63. They reference engineering drawings 
and specifications for the SNAP 1OA fuel. 

Fabrication quality control (test and inspection) data packages for the SNAP 1OA fuel. 
elements used for the FS-1, FS-3, FS-4, and FS-5 cores. These data packages cover $e 
raw makrials through the finished fuel-elements. Examgles include dimension data, 
chemistry, hydrogen leak rate, raw materials traceability, visualand non-desmctive.testhg . 
data. and process.traceabiIity. Reports Sa64, Sa64a, Saab,  and'.Sa64c c o n h  fuel 

. element pre-assembly core loading assignments for the FS-1, FS-3, and FS-4 cores that 
were later changed. For example, Sa64b covers the fuel elements .for the originally 
planned 33-3 core, none of which were used in the final 1OFS-3 core. 

. 
Sa@, Sa64a, Saab,  Sa&, Sa64d: 

. 
. a 

S a m  
Data obtained from the' FS-1 System .test showed that the long-term operating 
characteristics of'the SNAP 1OA.reactors could be improved by increasing the SqO,. 
content b d  decreasing slightly the average NH of the core. This required fabrication of 
several new low-NH, high-Sm20i fuel elements (including 525,528, and 529);and the 
redistribution of elements in the FS-I, -3, and -4 cores. .These cores were then 
redesignated as the FS-3, -4, and -5 cores, respectively. 

. 

A sumniary of the fuel elements used 'in the 10FS3 ground-test reactor (from Sa64d) and the 
appropriate reference for the data package for each is given in the table below: 

I 

Fuel cladding, inner coatings, and other non-fuel materials: 
Sa@, Sa64a, Sa64b, Sa&, Sa64d: 

Full data packages on all fuel element materials 
Bu64 Hastelloy-N cladding with chromized surfaces; Solaramic S14-35A ceramic coating on 

cladding inside surfaces 

Potential %e1 chemical reactions: 
Potential RCRA-regulated materials: 
Quantities of materials: 

See shipping spreadsheets (fuel rods, U, 235U) 
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Identifications and Dak Package References for the 1OFS-3 Fuel Elements 

~~ 

Cork Element ’ Refereme 
Position 1 No. I 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

422 Sw64a 

486 Sw64a 

529 sw64d 

484 Sw64a 

528 S W M  

440 Sw64a 

525 S W M  

482 Sw64a 

331 Sw64a 

332 . Sw64a 

456 Sw64a 

435 Sw64a 

418 Sw64a 

Position 

14 365 Sw64a 

15 ,421 Sw64a 

16 441 

17 . 459 

18 336 

19 334 

20 345 

21 136 

22 333. 

23 479 

24 . 419 

25 390 

26 393 

Sw64a 

Sw64a 

Sw64a 

Sw64a 

Sw64a 

sw64 

Sw64a 

Sw64a 

Sw64a 

Sw64a 

Sw64a 

Position 

27 190 sw64 

28 150 sw64 

29 337 Sw64a 

30 350 Sw64a 

31 349 Sw64a 

32 338 Sw64a 

33 439 Sw64a 

34 442 Sw64a 

35 348 Sw64a 

36 364 Sw64a 

‘ 37 352 Sw64a 

Fuel assembly identification methods: 

removal 
Go67 ’ Fuel elements were scribed to show reactor. orientation. with respect to centerline before 

Drawing 7573-18004 calls out identification by electric etching on the of the rod . 

8.5 1OFS-3 OPERATIONAL HISTORY 

Core Operating History: 
Mi65 Report on first 90 days of power operation;. graph of core.thennal power vs. time Fig. 

24), decreasing from 4 1  kWt to -37 kWt 
Go67a 10,028 hours of continuous operation; 970 9 coolant outlet temperature 
St67 Systeis operations summary (Tables 18, 19) 

Core neutron flux profile: 
Operation abnormalities: 
Core shut-down date: 

Go67a March 16, 1966 

Core discharge date: 
Do67 Reactor core removed from facility and placed in shipping cask on May 21,1966 
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8.6 . 10FS-3 POST-IRRADIATION PROPERTIES AND EXAMINATION 

Available Source data include extensive individual element-by-element fuel element data trace files for 
gamma scans, hydxbgen retention, etc. These data are contained in individual file folders rather than in 
report format, Also included in these files are several original photographs and negatives. 

. 
. 

References .Do67 and-Kr67 descrii the disassembly and post-irradiation examination of the reactor, 
components, including metallography, for those reactor components other than the fuel, 

Go67 All 37 fuel element subjected to post-irradiation screening examination. On removal from the 
core, each' fuel element. was cleaned with Dowanol to remove residual NaK, in a nitrogen . 
atmosphere.. 6 elements were selected for detailed post-irradiation examination: 442, 331, 529, ' 
440,482, and 422; .results given for 422,331, and 529. 

Go67a Post-irradiation screening examination results 
Go67b Post-irradiation detailed (destructive) examination of six selected fuel elements; elements 422, 

331, and 529 were declad 

Visual observations: 
. . Go67 Visual examination results, concluding that there were apparent cladding or weld defects. . . 

Go67a Photographs of typical fuel element surfaces (Fig. 10 - 12); Fig. 12 shows identification 
of the fuel element number. 

Go67b Photographs of 'typical fuel elerrent surfaces 

. 

-Dimensions: 
. . Go67 Summary of-fuel elemerit.length (Table 2) and diameter (Table 3) change data 

. . Go67a Summary of fuel'element length (Table 2) and diameter (Table 3) change data; detailed 
fuel element dimensional data (Appendix A) 

. . . Go67b ... Declad fuel rod dhiexision and density measurements (Figs.. 4-6, Appendix A) 

Metallurgical states of materials: 
.: Go67b Fuel metallography for elements 331,529,422; some examples of minor microcracking 

' (not considered significant) 

Cladding defects 
. ' . Go67 'No defects or.imexpected re'sults were observed, i d  the examination supported. the 

conclusion that a l l  the fuel elements completed reactor operation in good condition; 
deseriptions of metallography for selected elements 

Go67b cladding metallography (Fig. 8); no visual signs of damage 

. 

Corrosion or chemical contamination: 
Go67b Evidence of light contact of fuel-to-coating along'the side of the fuel rods in some areas; 

as would be expected where rods and cladding tubes were not held straight throughout 
their lifetimes 

Hydrogen effects: 
Go67 Hydrogen analysis results for 3 detailed-examination elements 
Go67b Hydrogen analysis results for 3 detailed-examination elements . 
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Burnup: 
. ,Go67 Fuel bumup for fuel element 422 (Table 5), including mass spectrographic results (0.0177 

to 0.0235 metal-atom 96) 
Go67b Fuel bumup for fuel element 422 (Table 3), based on gamma scan (Fig. 7) 

' Transuranics: 
(can be calculated porn available reactor infomtion) 

Fission products: 
Go67 Fission gas sampling from fuel element 440; gamma scan data to c0unt.~5Zr activity, 

summarized by core location wig. 13) and including typical gamma scan '(Fig. 12) 
Go67a Typical gamma scan (Fig. 13: same as Go67); . core map showing gamma scan .activity 

of each fuel element (Fig. 14) 
Go67b Fission gas sampling from fuel element 440 

Activation products: 
Decay heat generation: 
Radiation level decay curves: 

Do67 Radiation 1evels.of system components at time of disassembly; core radiation level . 
approximately 200 mr/h 'general', 400 mr/h maximum 1 inch from bottom, and 50 mr/h 
maximum at 1 meter 

Alpha contamination: 
(not relevant for the decladjiiels) 

* '8.7 1OFS-3 ON-SITE STORAGE HISTORY 

:. The reactor &re was removed from the SNAP SETF facility 2 months after shutdown and transferred to 
. the AI Hot Laboratory for post-irradiation examination (Do67). A photograph of the intact 1OFS-3 reactor 

' ' ' assembly as received at the AI. Hot Laboratory is reproduced in Ref. Go67a. The only fuel disassembly 
that took place was' for hot ceIl examination, which is covered in the post-irradiation examination section. 

. . The SNAP fuel elements were stored in air at the RMDF in dry storage vaults following Hot Laboratory 
e examination, in preparation for shipment to INEL. There were no wet-storage'facilities available at 

Atomics International. No detailed storage history documentation is available. 

~ 

* . 
: 

* 

8.8 10FS-3 SHIPPING RECORDS 

The shipping records for the 1OFS-3 fuel shipments to INEL were reviewed in detail. The osginal records 
are difficult to read, and were transcribed onto the 1OFS-3 spreadsheet that is reproduced at the end of this 
section. The spreadsheet lists the core 10cati011, fuel rod identification, unclad fuel rod mass, total uranium 
mass, and 235U mass for each fuel element, plus the shipping document numkr, shipment date, Atomics 
International can number, and probable INEL, aluminum can numkr. The latter is base on document 
copies received from INEL as part of the current review activity. A total of 37 irradiated 1OFS-3 fuel 
elements, of which 4 were declad and/or sectioned, were shipped to.INEL. 

' , 

The shipping documents have typographical errors for five fuel elements: E-332 (recorded .as E-322), E- 
421 (recorded as E42), E-338 (recorded as E-388), E-136 (recorded as E-316), and E 4 2  (recorded as 
E-440). Our corrected identification is based on fuel element number comparisons with documentation. 
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for fuel element core allocations, as tabulated in the final QA data package (Sam)  and in the post- 
irradiation screening examinationq.mts (G067a). Fuel rod identification numbers were obtained from 
the fue1,element QA data packages (Sa64, Sa64a, Sam).  

The mass totals shown on the spreadsheet were calculated from.the individual recorded fuel element data. . 
' They were compared with the 1OFS-3 Fuel Data mass summary sheet that was filed with the shipping 

documents. This comparison showed one 1-g mass discrepancy, for 23% in AI Can No. 13, which has 
not been resolved. The 1OFS-3 Fuel Data summary sheet also contains a few identified recording errors: 
the total material available included 33 (not 34) complete elements, and ID #18 (AI Can No. 18, as 
identified on the 1OFS-3 Fuel Data summary sheet) included element E529 (not element E524). 
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1OFS-3 SHIPPING RECORD SUMMARY Pagelof2 .  

shipprng shipment AI Fuel klentification RJeI - (grams) Rob. INEL 
Document Date &No. Element Rod Location Undad 1DtalU U-235 Notes Can No. 

MEJWA-6 Y167 13 E-486 6686 2 1355 139 129 sectioned SN-11 
E-150 608-6 28 1359 138 129 
E337 659-4 29 1356 137 128 
E-352 664-4 37 1354 135 126 
E-350 664-3 30 1354 135 126 
E332 661-5 10 1357 139 . 129 seenotel 

SMpmenttotak: 6 elements 8135 823 767 
Transfurfuddafatotals: 6 elements 8135 823 768 

see nore 2 

LAE-JWA-7 5/%7 . 16 E-439 682-1 33 1357. . 138 129 
E419 677-1 ' 24 1357 . 139 129 
E390 666-1 25 1356 138 129 
E364 661-2 26 1358 140 130 
E493 663.5 26 1356 138. 129 
E-484 6742 4 1357. 140 130 

SN-14 

. Shipmnttotals: 6 ' elements 8141 833 ?76 
Transfer fuel data totals: 6 dements 8141 833 776 

LAE-JWA-8 . 5667 15 E-336 660-2 18 1357. 138 .129 SN-13 
e .  E334 659-3 19 1356 137 128 

E449 664-2 31 . 1354 135 126 
E421 678-2 15 1357 139 129 seenote3 
E345 658-5 20 1356 137 128 

shlpmenttotals: 6 elements . 8137 826 770 
Transfer fuel  data totals: 6 elements 8137 826 . 770 

E-456' 641-1 . 11 ' 1357 140 130 

. .  

~~~ ~~ ~~ 

ME-JWA-9. !XI67 . '14 E438 659-5 32 1355 137 . 128 seenote4 SKI2 
E-365 661-1 14 1358 140 130 
E-I36 6155 21 1357 136 127 seenote5 
E448 659-2 35 1355 . 137 128 
E-333 W-6 22 1358 140 130 
E479 673-2 23 1355 139 129 

SMpmenttotals: 6 dements 8138 829 772 
Transfer fuel data totak: 6 elements 8138 829 772 

WE-JWA-IO Y11E7 17 E 4 1  6824 16 1357 .138 129 SN-15 
E-440 682-2 6 1357 138 129 
E-528 595-5 5 1364 1 37 128 
E-435 678-6 12 1357 139 129 
E-190 613-4 27 1358 137 128 
E 4 2  683-6 34 ~ 1357 139 129 seenore6 

Shipment tot&: 6 elements 8150 828 772 
Transfer fuel data totals: 6 elements 8150 828 772 r 



1OFS-3 pase20f2 

Rob. INEL Shlpplng Shlpment AI Fud ldentificam Fuel Masses (grams) 
Document Date CanNo. Element Rod tocation Undad M U  U-235 Notes Can No. 

YE-JWA-11 5/13167 19 ' E-529 583-1 3 98 10 9 Pi= SN-18 
(piecesofelements I E 4 2 2  6783 1 84 9 8 Pi= 
from next group) E331 6614 9 70 7 7 pieces 

. Shlpmenttotals: 3 pieces 252 26 24 
Tnnsfer fuel &ta totals: 3 pieces 252 26 24 

E-529 -1 3 955 95 89 dedad/.se& SN-18 ME-JWA-12 5/16/67 18 
(see element pieces E331 661-4 9 954 98 91 declad/sect 
in shipment above) E 4 2 2  678-3 1 885 . S I  84 dedad/sed.. 

E 4 8 2  680-5 8 '1344 137 128 sectioned 
E-459 680.6 17 1358 139 129 
E-525 610-5 7 1365 139 129 
E418 677-2 13 1357 139 129 

' Shlpmenttotals: 7 elements 8218 837 779 
Transfer fue/ data totals: 7 elements 8218 837 - 779 

1OFS-3 recrctor totals: . . 37 elements' 49171 5002 4660 
Trtrnsfer fuel data totals: . ., 37 . elements 49171 5002 4661 

see note 2 

. .  

References: Data transmibed from archiied copies of original shipping recoIcls 
Mass totats and element IDS compared with lOFS3'fuel data summary shipping sheet 

' - . .. Fuel element MentificaW conelated with pwt-imdiation examination doarment Go67a (NAA-SR-MEMO-12338) * . . . .  ' * and find (addendum) data package Sa64d (NAA-SR-MEMO-10815); note post-irradiation reports provide best 
identification of im're elements because of redistribution between 1OA cores after first FS-1 tests. 

Fuel rod identifications from'QA data pkkages Sa64 (E-1 001s). Sa& ( E W s  and 400's). arid Sa64d (E-500's). . 
. . . .* . . 

Notes: 
e .  

1. Shipping document inconectty identilies as E-322; i m  elements-dentified by cross-comparison with Go67a 
2.' For AI Can No. 3,l-g diiepancy behveen U-235 mass sum and fuel data summary sheet enby not resolved 
3. Shipping document imrrectty identifies as E-42; i m  elementsidentified by cross-comparison with Go67a 

4. Shipping document incorrectty identifies as E-388; irrcore elements identified by cross-comparison with Go67a 
5. Shipping document icOnecUy*dentifies as E-316; in-core elements -dentified by cross-comparison with C&7a 

6. Shipirq document incorrectly identifies as E-M;,in-core elements identified by cross-comparison with Go67a 

* .  
' . . . .  

1OFS-3 Fuel Data transfer summary sheet has two addibbnal typos: 
Total material available indudes 33 (not 34) complete elements 
Element list for ID #18 should list E529 instead of E524 
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9. . SNAP-8 EXPERIMENTAL REACTOR (SSER) 

Date went critical: 
Initiation of testing: 
Date of shutdown: 
Thermal power: 
Thermal energy: . 
Time at power 'and temperature: 
Operating location: 

9.1 

May 1963 (Di67) 
November 22, 1963 (0167) 
April 15,1965 (0167) 
600 kWt (Di67) 

. 5.1 x 106 kWt-h (Sw69, Di67) 
365d>400kWt&lCKldat600kWt,at13~ (Di67) 
SSFL Building 010 

SSER GENERAL DESCRIPTION 

The SNAP-8 reactor program represented an extension of zirconium hydride technology from the 5O-kWt, 
12W"F, one-year life design of the SNAP-2 reactor to a 6Oo-kWt, 13Oo0, 10,000-hour life reactor. pi671 

. In order to achieve the higherpower .and temperature, the core size was increased and the fuel.diameter 
reduced: The S8ER reactor consisted of a homogeneously combined fuel and moderator (a hydrided 
zirconium-uranium alloy) with movable beryllium reflectors for control and liquid NaIS as the heat transfer . 
medium. The subsystem was a direct extension of the technology developed and tested for the lower 
poweied SNAP-2 reactors. The reactor contained 211 fuel-moderator elements arranged in a triangdqr 
pattern on 14.5-mm (0.57-in.) centers. The assembly resulted in a hexagonal right cylinder, with slightly 
chopped.comers, 20.3 cm (8 in.) across flats and 36.75 cm (14.47 in.) long. . 

Each.fue1 element consisted.of an individual fuel rod, a hydrogen diffusion barrjer containing burnable 
poison,.exterior cladding, end caps, and,grid plate indexing pins. The rods were.composed of enriched 
(93.15% 235u> fuel-and hydrogen moderator in the form of a solid zirconium-uranium alloy (10% 
uranium) Kyaded to a hydrogen density of 6 x 1022 atoms/cm3.. The rods were 13.5 mm (0532 in.) in 
diameter and 0.356 m .(14 in.) long. The hydrogen diffusion barrier was a 0.0776-mm- (0.003-in.-) thick 

.ceramic coating applied on the inside surface of the cladding to prevent the loss of the hydrogen 
mdderator. A Sm203 bumable poison (1.3 mg/cm) was added'to the ceramic coating to compensate for 
the reactivity loss caused by the buildup of fission-product poison. The cladding consisted of 13.7-mni- 
(0.43-b-) ID Hastelloy N (a nicke€-base alloy) tubing with a 0,25-m (0.01-ia) wall thickness. The 
cladding envelope was completed by Hastelloy N end caps seal-welded to the tubing. :The manufactking 
process ensured that a continuous diffusion barrier was provided on the inside surface of the claddNg. 
The finished fuel element was 14.2 mm (0.56 in.) in diameter and 0.368 m (14.47 in.) long (excluding 
the positioning pins located at the ends of each element). . 

Post-test examination of the SSER revealed that 79% of the 211 fuel elements had cladding cracks, even 
though the reactor had met or exceeded all test- objectives. Detailed examination of selected fuel elements 

. indicated that the cracks resulted primarily from over-temperature swelling of the UZrH fuel, coupled with 
the low irradiated ductility of the Hastelloy N alloy cladding material. 

General descriptions of the S8ER are given in references Di67, AN76, and An83, the latter including a 
design data summary table and schematic drawing. Schematic drawings are also given in Mi66. 
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9.2 SSER REACTOR AND FUEL IDENTIFICATION 

Reactor: SNAP-8 Experimental Reactor (S8ER) 

Core fuel Identification: S8ER ( m e  as reactor name) 
. e  . 

Reactor designer, builder, operator: Atomics International 
. Reactor owner: Atomic Energy Commission (now DOE) . 

Fuel designer, builder: Atomics International 
Fuel owner: Atomic Energy cornmission (now DOE) 

9.3 SSER DESIGN REACTOR PHYSICS AND CORE DESCRIPTION 

Fuel elementslassemblies: 211 
Hu64 211 fuel elements were in the core; 215 fuel elements were delivered 

Design neutron flux: 
Design neutron energy: Mean neutron fission energy near 0.26. eV (Sw69) 
Core map and element locator: 

0167 
An original (legible) vellum of the core loading was located in a.separate source data file 

Core maps sliowing location of elements selected for detailed post-irradiation examination . . 

9.4 SSER 'FUEL FABRICATION INFORMATION, 

Fuel specifiqtions and drawings: 
. ' Ca63 Page 4 tabulates the fuel element engineering design drawings 

(most drawings and specs available through Rocketdyne Advanced Power Systems Technical Data) 
. .  Hu64 Table 1 abstracts fuel element specification requirements 

, .' 

Drawing 7570-18011 
Drawing 7570-18010 "Fuel Rod" (02/62) 

"Fuel Element Ass'y" (04/62) 

Fuel fabrication and quality control: 
Ca63 

Na62 

Na63 

Hu64 
a64 

Manufacturing planning document fabrication process flow sheet forms (Manufacturing 
Travelers). Completed flow sheets are not available. 
Compilation of original certified inspection and test reports for fuel elements delivered for 
the S8ER core (215 elements delivered for the 21 l-element core). Contains dimensional, 
chemical, and hydrogen leak data; non-conformance information, manufacturing 
traceabsty, and nondestructive test results for all components of each fuel element. This 
includes cladding (end caps, coating, tubing) and fuel material. 
Quality control program flow sheet forms used for fabrication of the S8ER fuel elements. 
The body of th is  report lists all engineering drawings and specifications used for the fuel 
element fabrication. 
Fuel alloy impurities 
Overall summary of S8ER fuel fabrication (including photographs of equipment and parts) 

. 

. . 
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Fuel cladding, inner coatings, and other non-fuel materials: 
Na63 Includes quality control for fuel cladding, etc. as well as fuel rods, 
Hu64 Desbiption of he1 element cladding, coating (AI 8763D), end caps. .properties of 

cladding raw materials. 
Qqalitalive composition of AI 8763D ceramic co&g Bu64 

- Potential fi~el chemical reactions: 
Potential RCRA-regulated materials: 
Quantities of materials: 

See shipping spreadsheets (fuel rods, U, 235U) 
Hu64 Extended table conelates fuel element serial number with fuel rod serial number. 

provides net weights, hydrogen leak rates, dimensions, uranium enrichment, carbon and 
hydrogen concentrations, etc. 

Fuel assembly identification methods: 
Fuel elementand rod identification marking methods and locations are given on the engineering 
design drawings. 

9.5 SSER OPERATIONAL HISTORY 

Core Operating History: . 0167. Testing ocixrred from November 22; 1963 to.Aprill5.1965, for a total of 12,000 hours, 
with 5 x la6 kwh eneigy release, of which 6760 hours were between 400 and 600 kWt. . 

0167 S8ER operatinghistory timel&e (Fig.' 1) . 

Core neutron flux profile: 
Operation abnormalities: 

' 
0167 . As of Apiil28,196;4, there:were 37 reactor scrams. ThescraIIis were associated with test . 

support'equipment and inskentation not ,intended for use in an actual flight system. 

Core shut-down date: 
0167 April 15, 1965 

Core discharge date: 
Mi66 S8ER cask meived at AI Hot Laboratory for post-irradiation examination July 28,1965 

9.6 SSER POST-IRRADIATION PROPERTIES AND EXAMINATION 

Pe66 S8ER fuel element post-irradiation evaluation review of the entire test program 

Visual observations: 
Mi66 Highly detailed screening examination data for all 211 core fuel elements, including 

visual, macro photographic, gamma scanning, mass, and some dimensional data 
Mi66a Comprehensive detailed examination data for selected S8ER fuel elements and fuel 

material. Includes fuel element and fuel material weights, length and diameter 
measurements, gamma scans, longitudinal distortion, hydrogen leak testing, density 
measurements (fuel material), fission gas analyses, bumup analyses, fuel metallography 
for microstructure, coating adherence testing, cladding tensile testing and metallography 
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’ Mi66b Summary of AI66a book volume vs. core location for Kolhorgan and stereo photographs 
AI66a Complete set of Koltmorgan and stereo examination photographs (over 2000) taken of all 

AI66b Source screening examination stereo data sh&ts for all fuel elements 
of the core ‘elements - 
Summarizes, and provides analysis of, highly detailed infomation prdvided in Mi66 and 
Mi66a. Table 1 summarizes fuel element cracks by ring number (167 of 211 elements, 
79%) had observable cracks. Locations summarized in core layout drawing in Fig. 5. 
The text provides an analysis of all of the data with extensive photomicrographs, visual 
observations, detailed data measurements, and methods. .of inspection and testing. 
Appendix I includes selected fabrication data. Appendix II contains photographs of the 
condition of every fuel element examined. Data summaries, including photomicrogram 
of all elements examined, are given in Appendix IiI; these data include diameter changes, 
density, hydrogen content, sample locations for burnup analysis etc., and relative gamma 
activity plots. 

’ 0167 

Dimensions: 
Mi66 Some dimensional data 
AI66c Source screening examination length measurement data sheets for all fuel elements 
AI66e Source screening examination diameter measurement data sheets for all fuel elements. 
Mi66a Detailed dimensional data on selected de-clad fuel material 
0167 Post-irradiation dimensional analyses 

’ 

’ AI65 Source data sheets of fuel element post-irradiation dry weights 

Metallurgical states of materials: 
U66 . Studies of.dehyridmg and rehydriding of unirradiated fuel to pr0vide.a baseline for 

inadiated fuel studies (may be useful if it becomes necessary to dehydride the SNAP 
fuels) 

. Mi67 Photomicrographs and analysis of metallurgical structure shown 

.: 

. .  9 .  Mi66a Fuel metallography for microstructure; includes color photomicrogmphs 

0167 Detailed photomicrographs 

Cladding defects: 
Mi66a Cladding tensile testing; cladding metallography 
0167 Detailed examination of cladding cracks 

Corrosion or chemical contamination: 
. .  Mi66a Coating adherence testing (to cladding) 

0167. Ceramic coating adhesion to fuel rods, including contamination information (Table 5) 

Hydrogen effects: 
AI66P Source screening examination hydrogen analysis data sheets for all fuel elements 
Mi66a Hydrogen leak testing and hydrogen analysis of fuel rod samples . 

0167 Average hydrogen loss (Table 11) 

Burnup: 
Mi66a Burnup analyses for selected elements (24 samples from 8 rods). Ranges from 0.04 to 

0.22 metal-atom % by mass spectrometer analysis at INEL, and 0.099 to 0.234 metal-atom 
% by radiochemical analysis. 
Burnup analyses (Table 10 and Fig. 50) 0167 
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Fission products: 
. . Mi66a Fission gas analysis 

0167 

Mi66a Gamma scans across fuel elements of 95Zr photopeak 
AI66d Source screening examination gamma scanning data sheets for all fuel elements 

Fission product release fractions (Table 10, based on samples of the NaK coolant during 
three periods of S8ER operation 

Transuranics: 
(can be calculated porn available reactor itformation) 

Activation products: 
Decay heat generation: 
Radiation level decay curves: 
Alpha contamination: 

(not relevant for the declad fuels) 

9.7 SSER ON-SITE STORAGE HISTORY 

. Post-irradiation examinations took place in the AI Hot Laboratory (AIHL) follomg reactor shut-dow. 
. Reactor power test operations terminated on April 15,1965 and the S8ER cask was received at the AML 

on July 28,1965 (Mi66). The only fuel disassembly that took place was for hot cell,exmination, which . 
'- is covered in the yost-irradiation examination section. . SNAP fuel elements were subsequently stored in 

air at the %MDF in dry storage vaults in preparation for shipment to INEL. There were no wet-storage 
' 

facilities available at Atomics International.. No.detailed storage history documentation is available. 

. ., 
. 

. .  
, .  

* ,  
. .  

9.8 SSER SHIPPING RECORDS 

The shipping records for the S8ER fuel shipments to INEL were reviewed in detail. The original recqrds 

. section. The spreadsheet lists the core location, fuel rod identification, unclad fuel rod mass, total uranium 
. mass, and 23% mass for each fuel element, plus the shipping document number, shipment date, Atomics 

. International can number, and probable INEL aluminum can number. The latter is base on document 
copies received from INEL as part of the current review activity. A total of 211 irradiated S8ER fuel 
elements were shipped to INEL. 

. 
. . are difficult to read, and .were transcribed onto the S8ER spreadsheet that is reproduced at the end of this . .  

' 

The fuel element 8nd fuel rod identifications were compared with QA document HUM. Transcription 
errors were found for two fuel element numbers in the shipping documents and are noted in the 
spreadsheet, Fuel element locations in the core were obtained from 0167 and an original velum of the 
core loading found 'in archived Atomics International Hot Laboratory files. The mass totals shown 011' the 
spreadsheet were calculated hm the individual recorded fuel element data. No summary fuel data sheet 
is available for mass sum comparisons. 

9.9 SSER REFERENCES 

AI65 Atomics International, "S8ER Screening Examination'Dry-Weight Data Sheets in Sequence from 
Ring I to Ring E," Atomics International binder of source data sheets 
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Data Sheets in Sequence from Ring I to Ring IX," Atomics International source data book (1966) , 

I .  AN76 Anonymous, "Zirconium Hydride (SNAP) Reactor Space'Power Programs. .Summary of Major . .  
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Ca63 D. C. Campbell, et al., "SNAP 8ER Fabrication Process Sheets and Auxiliary. Forms,'' Atomics 
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SBER SHIPPING RECORD SUMMARY P e  1 Of 5 

ShiMng shi&t AI Fuel Identification Fuel Masses (grams) INEL 
Document Daie CanNo. Element Rod Location Undad btalU U-235 Notes Can No. 

YEJWA-15 4/8168 7 E-458 
E323 
E-508 
E-506 
E421 
E353 
E-530 
E481 
E429 
E-501 
E422 
E-526 
E348 
E477 
E-532 
E-456 
E400 
E-531 

* Shlpmntfota/~: 18 

562D-1 
56582 
563C-2 
55552 
536c-4 
mD-3 
5nD-2 
582C-3 
568A-1 
538(=4 
55684 
556A-3 
56x-1 
S A - 2  
58284 
565A-1 
595A-5 
54OD-4 

elements 

VII-2 
VIl-35 
Vlll-24 
VIM2 
VI-13 
VI-14 
VI-15 
VI-16 
VI-17 
VI-1 8 
VI-1 9 
VI-20 
VI-21 
VI-22 
VI-23 
VI-26 
VI-28 
VI30 

309 30 
310 31 
312 31 
310 31 
308 30 
310 31 
310 31 
309 30 
310 30 
308 31 
309 31 
309 30 
305 30 
310 30 
308 30 
310 30 
31 1 31 
308 30 

5 5 6 6 . 5 4 8  

28 
29 
29 
29 
28 
29 
29 
28 
28 
29 
29 
28 
28 
28 
28 
28 
29 
28 

512 

5n-15 

UE-JWA-16 41 168 4 

Shipment fofols: 

E488 
E-449 
E470 
E-283 
E446 
E-457 
E-191 
E478 ' 

E-274 
E-141 
E-389 
'E440 
E463 
E-516 
E-310 
E-384 
E-437 
E-367 

18 

534D-4 VII-23 . 
58x3 VIl-25 
537A-2 VII-26 
537A-4 VII-30 
561D-1 VII-31 
568A-4 Wl-33 
5SD-2 IX-12 
58283 Vlll-5 
557A-3 Vlll-4 
563D-2 VIll-22. 
%A-2 VI13 
549D-4 VIl-9 
56353 VIl-11 
562A-4 VII-16 
565C-3 VII-18 
56584 VII-20 
56083 VII-21 
56084 VII-22 

dements 

308 30 
309 30 
307 30 
310 30 
310 30 
310 31 
310 30 
309 30 
310 31 
311 31 
310 30 
31 1 30 
310 31 
310 30 
310 ' 30 
310 30 

. 310 ' 31 
310 30 

5575 545 

28 
28 
28 
28 
28 
29 
28 
28 
29 
29 
2 8 .  
28 

. 2 9  
28 
28 
28 
29 
28 

.509 

5n-13 

ME-JWA-17 4/16/68 3 ' E-372 5634-2 VIlI-21 310 31 29 
E-402' S A - 3  Vlll-26 309 31 29 
E-187 563- VIII-28 310 31 29 
E-439 567D-2 Vlll-30 310 30 28 
E-174 572C-3 Vlll-32 310 31 29 
E-433 562W Vlll-34 311) 31 29 
E-153 56581 VllI-35 310 30 28 
E-150 56453 Vlll-37 3iO 31 29 
E-286 532D-2 VllI-39 309 33 28 
E-154 56783 Vlll-40 310 30 28 
E 4 2  559D-1 VIIl-41 305 30 28 
E-247 571A-4 Vlll-42 310 30 28 
E475 568W VICl 310 31 29 
E-431 558- VI14 309 30 28 
E-483 57lD-2 VII-6 310 31 29 
E 4 3  S A - 1  Vll-7 310 31 29 
E-359 555C-4 VI14 310 31 29 
E 4 1  550C-2 VII-12 310 31 29 

Shipping document, listing element nurnbet as E-412, is incorrect 

Shlpnmnttotals: 18 elements 5572 551 515 

5k12 
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S8ER Page 2 of 5 

shipping Shipment AI Fuel Idenh'fication Fuel - (grams) INEL 
Document Dam ' CanNo. Element Rod Location Undad btalU . U-235 Notes Can No. 

LAE-JWA-18 41- 11A E412 S D - 3  Vlll-8 31 1 31 ' 29 5n-17 
E415 562C-4' Vlll-9 310 31 29 
E430 562D-2 .VllI-12 310 30 28 
E397 549D-2 VllI-13 310 31 29 

. E479 '559(=-2 Vllf-14 310 30 28 
E 4 1  568B-3 Vlll-15 309 31 29 
E-272 561C-4 VIII-16 31 1 31 29 
E 4 2  571A-2 VIlt-17 310 31 29 
E-453. 58251 VllI-19 308 30 28 
E411 55781 VllI-20 309 30 28 

' E428 56761 V-16 310 30 . 2 8  
E499 . 556C-3 V-17 309 31 29 
€417 562A-1 V-20 310 31 29 
E422 555D-2 Vlll-7 31 0 31' 29 
E-529 5701)-2 IV-8 310 31 29 
E-445 549(=-2 VI-9 309 31 ' 29 
E360 58252 VII-14 309 30 28 
E449 57OA-2 VI-11 310 31 . 2 9 .  

Shlpmmitotals: 18 elements 5575 552 516 

LAE-JWA-19 4/23/68 6 . E-503 5 S D 1  IX-2 305 30 
E~192 55743 IX-37 310 . 31 
E419 ' 54941 Vll-5 310 31 
E-484 57GD1 VlI-10 310 31 . 
E-454 '56743 VII-13 31 0 31 

. E413 567-81 VllI-31 310 30 
E-523 555A2 VlI-15 310 30 
E-504 56141 VII-24 312 ' 31 
E466 56743 Vll-34 31 0 30 
E443 555D3 VI-1 310 31 
E-513 58244 VI-2 302 31 
E-505 555-A4 VI4 310 31 
E-177 -A4 VI-5 310 31 
E-369 56144 VIS . 310 31 

. 'E-536' 557-A1 VI-7 310 30 
E357 555Al V I 4  310 31 

'E-517 55964 VI-10 31 1 31 
E448 W D 3  VI-12 31 1 30 

' Shipping dccurnent appears to list as E-536; should be E356 

28 
29 
29 
29 
29 
28 
28 
29 
28 
29 
29 
29 
29 
29. 
28. 
29 
29 
28 

5n-14 

Shlpment totals: 18 elements 5571. 552 516 

LAE-JWA-20 4/25/68 1 E-249 568C-2 IX-8 310 ' 30 ' 28 5n-11 
E-212 535A-1 IX-13 308 30 28 
E471 55653 . IX-16 310 31 29 
E-281 53OD-1 IX-18 308 30 28 
E-146 57OA-3. IX-19 310 30 28 
E-164 56953 IX-20 308 31 29 
E-149 57052 IX-26 310 31 29 
E-245 558D-4 IX-27 310 30 28 
E-237 57051 1x42 309 30 28 
E-383 571A-3 1x45 310 30 28 
E-291 555C-2 IX-40 310 31 29 
E-137 56984 1x43 309 30 28 
E-292 568D-2 1x4  305 31 29 
E-280 556A-4 1x45 309 30 28 
E-311 56452 1x46 310 31 29 
E313 SOD-1 1x47 306 31 29 
E350 561C-3 VIII-1 31 1 31 29 
E424 567A-2 VIlI-3 310 31 29 

Shipment totals: 18 elements 5563 549 513 
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S8ER 

Shipping shlpment AI Fuel Identification Fuel Masses (grams) . INEL 
Document. Date CanNo. Element Rod Locatlan Undad t W U  U.235 Notes Can No.. 

YE-JWA-21 5668 8 E330 555B-4 V-l 310 31 29 
E-289 570A-4 V-2 310 31 29 

28 
29 
29 
29 
29 
28 
29 
28 
29 
29 
28 
28 
29 
28 
29 
29 

E415 
E-201 
E-443 
E482 
E-361 
E-370 

E487 
E472 
E-496 
E461 
E-489 
E427 
E-434 
E-392 
E-509 

E-518 

56OC-1 
569D-2 
53OA-1 
56Oc-4 
57lB-2 
557D-1 
57a-2 
582A-2 
561G2 
532C-2 
56052 
568C-1 
568A-3 

559A-3 
564A-1 

55oD-3 

V-3 
V-4 
V-6 
v-7 
V-8 
v-9 
v-11 
v-12 
V-13 
V-14 

I V-15 
v-18 
v-19 
V-22 
V-23 
V-24 

310 
810. 
307 
310 
310 
309 
310 
309 
310 
308 
310 
310 
310 
310 
310 
310 

30 
31 
31 
31 . 
31 
30 
31 
30 
31 
31 
30 
30 
31 
30 
31 
31 

5n-16 

Shlpmenttotals: 18 elements . 5573 552 516 

LAE-JWA-22 5/8/68 9 E420 
E-31 9 
E-423 
E-490 
E-308 

~ 1 E-271 
E-303 
: E-522 

E-408 
E-1 55 
E-278 
E-336 
-E-352 
E416 . 
E-521 
E425 
E-500 
E-51 1 

Shlpmenttotals: 18 . 

558C-3 
555c-3 
572D-1 
57251 
557D-4 
559(=4. 
S A 4  
568A-2 
557c-4 
5696-4 
S A - 2  
559A-2 
569D-4 
555P1 
567D-3 
57lD-3 
5578-5 
571 Pl 

elements 

1x4 
Ix-21 

VllCll 
Vlll-27 
1v-2 
IV-3 
IV-4 

' IV-5 
IV-6 
IV-7 
IV-9 
IV-10 
IV-11 
IV-14 
IV-15 
IV-16 
IV-17 
IV-18 

310 
310 
31 0 
310 
310 
305 
303 
310 
310 
310 
310 
310 
310 
309 
310 
310 
307 
309 

5563 

~~ 

30 28 
31 29 
31 29 
30 28 
31 29 
31 29 
30 2 8 -  
30 28 
30 28 
31 29 
31 ' 29 
31 29 
.30 . 28 
3 0 .  28 
30 28 
30 28 
30 28 
31 29 

548 512 . 

5n-16 

L- 

~ ~~ ~ ~~~ 

10 E-464 
E-231 
E-485 
E-520 
E447 
E-394 
E442 
E-347 
E-436 
E-337 
E-426 
E493 
E-524 
E429 
E-287 
E-346 
E-379 
E-514 

ME-JWA-23 7/29/68 

Shfpment totals: 18 

~~ 

-1 
571 C-3 
571 B 4  
56OA-3 
5a2A-4 
56553 
56352 
567c-4 
567A-4 
56952 
567C-2 
5 6 4 A 3  
55551 
557A-2 
SlC-3 
S A - 3  
569A-2 
569D-1 

elements 

~~ ~ 

Ix-14 
Vllt-33 
Vi-27 
VI-29 
Vll-17 
VI3 

Vlll-23 
v-21 
Ix-36 
111-1 
111-4 
111-6 
Ills 

Ill-IO 
111-1 1 
111-12 
11-1 
113 

~ ~~ 

310 
311 
310 
31 1 
309 
310 
310 
310 
310 
310 
310 
311 
309 
309 
308 
310 
310 
309 

5577 

31 
31 
30 
31 
30 
31 
31 
31 
30 
31 
31 
31 
31 
30 
30 
30 
30 
30 

550 

~~ 

2 9 .  
29 
28 
29 
28 
29 
29 
29 
28 
29 
29 
29 
29 
28 
28 
28 
28 
28 

514 

5n-19 
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S8ER -40f5 

Shippfng shipment AI Fuel Identification Fuel Messes (grams) INEL 
Document Date CanNo. Element Rod Location Undad totalu U235 Notes Can NO; 

IAE-JWA-24 8/21168 13 E304 571D-4 IX-31 310 30 28 SN-19 
E-176 562A-2 D(-24 310 31 29 
E-244 572E4 E-39 310 30 28 
E-527 56481 1x48 309 31 29 
E-288 571C-4 IX-23 311 30 28 
E-197 55053 K-22 310 30 28 
E-510 556B-3 111-5 309 30 ' 2 8  
E-450 56361 V-10 31 1 30 28 
E-268 57x1 Ix-30. 310 31 29 
E318 567D-4 IX-3 310 . 30 28 
E358 -1 11-2 310 30 28 
E496 57151 Vlll-10 310 31 29 
E-109 55052 . Vlll-2 310 '30 28 . E-182 57162 IX-11 306 31 29 
E-175 57OC4 Vlll-38 310 31 29 
E-307 55%-1 111-7 310 31 29 
E-533 531D-4 IX-34 310 30 28 
E-236 564c3 IX-48 310 30 28 

t 

DDE 

Shipmenttotals: 18 d m t s  5576 547 51 1 

.lAE-JWA-26 9/18/68 - 14 

irrad. '-1 
' irrad. cpsl 

. irrad.cpsl 
irrad. cpsl 
irrad. cpsl 

E-474 
E-378 
E-293 
E476 
E-486 
E309 
E-332 
E-206 
E-1 88 
E-525 
E-1 1 1 
E-342 
E-519 
E398 
E-232 
E 4 2  

' 117-1 
1 17-1 
1152 
1152 
82-1 

ShIpmenf totals: 16 
5 

572A-3 11-4 
54951 Ix-28 
531c-4 IX-29 
57252 VIl-19 
582G2 111-3 

' 559G3 v-5 
565c-2 v11l-25 
572C-4 D(-15 
532D-3 Vlll-6 
55OA-1 Vll-28 
531c-1 IX-42 

.549@-2 1-1 
56454 IV-1 
559B-1 IV-13 
565G5 VI-24 
56782 VllI-29 

(NAA iri-pile expt). 
(NAA in-pii expt) 
(NAA in-pile expt) 
(NAA in-pi-le expt) 
(NAA in-pile expt) 

elems 
in-pile capsules 

140 
228 
176 

14 
22 
17 

74 7 
276 27 
162 16 
129 13 
239 24 
121 12 
140 14 
111 ' 11 
250 25 

17 
I$. 6 
112 11 
167 16 

515 51 
86 9 
117 12 
155 15 
1149 118 

4577 457 
2022 205 

13 
20 
16 
7 
25 
15 . 
12 
22 
11 
13 
10 
23 
16 
6 
10 
15 

48 
8 
11 
14 
110' 

425 
191 

DDE SN-20 

DDE 
DDE 
DDE 
DDE 
DDE 
DDE 
DDE 
DDE 

' DDE 
DDE. IS 

DDE 

P- SN-20 
pieces36 SN-20 
pieCY3slP SN-20 

SN-20 

Pi- SN-20 

LAEJWA-30 2/26169 12 E a 1  
E491 
E-340 
E335 
E-31 6 
E-341 
E302 
E388 
E492 
E-181 

Shlpmenf totals: 10 

582A-1 
567A-1 
565D-3 
559A-1 
57'1C-1 
m-4 
57253 
565D4 
558D-1 
558E-4 

elements 

IV-12 
Vll-29 
Ix-7 
11-5 

VI I E36 
IX-10 
Ix-5 

VI-25 
I 11-2 
11-6 

275 
288 
288 
313 
289 
266 
299 
299 
265 
282 

2864 

27 
28 
28 
31 
29 
26 
29 
29 
26 
28 

281 

25 
26 
26 
29 
27 
24 
27 
27 
24 
26 

261 

IS SN-19 
TT 

DDE 
IS 
IS 
TT 
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S8ER 

Shlpplng Shlpment AI . Foel Identification Fuel Msssas (grams) INEL 
D O C U M t  Dab. &NO.’ .  Element Rod ’Location Undad botalU U-235 Now Can No. 

LAE-JSB-02 6/20/73 lO(S8DR) E439 562A-3 VC36 310.00 3050 . 28.41 . AClO 
E410 561D-2 MI-27 299.00 29-60 27.57 IS 
E-515 %A-2 MIL18 31200 30.48 28.39 
E-528 53lA-1 111-9 128.00 1268 11.82 

Paclcagd 

can #10 E-171 549c4 K-6 100:00 9.88 9.20 
with S8DR 

Patilalshlpment totiris: 5 e(emenls 1149.00 113.14 105.39 

211 elements 64301.00 6345.14 5925.39 

Refsrences: Data transcribed from archived copies of original shipping records 
Fuel element and fuel rod serial numbers crosschecked with .QA document H M  (NAASR-8589,03/01/64) 

Notes: DDE = detailed desbuctive examination, lT =tensile tests, IS =interface s W i  

Fuel element idehtikations from shipping records compared with. and in a fey cases meted to, 

No S8ER Fuel Data sheet available f& mass sum comparisMIs 
tabulation in QA document HUM 
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10. 

.Date went critical: . Date of shutdown: 
. Thermalpower: 

Thermal energy: 
Time at power and 

operating location: 

SNAP-8 DEVELOPMENTAL REACTOR (SSDR) 

June 1968 
December 1969 (Li70, Li71) 
600-1OOO kWt 
4.3 x 1$ kWt-h . 
6688 h at 600 kWt (5575 h at 1200?F,1670 h at 13OOOF), 
429 h at loo0 kWt (115ooF) 
SSFL Building 059 

temperatwe: 

10.1 SSDR GENERAL DESCRIPTION 

The SNAP-8 developmental reactor assembly included the fuel elements, the core vessel assembly, and 
the reflectorand control components assembly. The S8DR core contained 211 fuel elements cooled by 
eutectic NaK flowing axially between them. Each fuel element consisted of a cylindrical rod of fuel 
moderator, clad in Hastelloy N tubing. 

.The fuel-moderator material was composed of a hydrided alloy of zirconium and fully enriched (93.15 f 
. 0.15.% 23%Q The uranium content constituted 10.5 f 0.3 wt. % of the unhydrided alloy. .This material 
. I ’ also’contained 0.15 & 0.05 wt. % carbon, added in the form of zirconium carbide (ZrC) prior to,the initial 

. arc melting of the zirconium-uranium alloy. This carbon additive resulted in a refinement of the alloy 
grain structure and .a consequent improvement in the production yield during the hydriding process.. 

. 

. 

The fuel rods were hydrided to hydrogen atom densities between 5.97 and 6.15 x ld2 atoms/cm3, with 
an average for all 211 rods of 605 x ld2. At the operating temperatures characteristic of S8DR, 
hydrogen pressures in the range to 0.1 or 02 h4Pa were produced in the annulus between the fuel rod and . 
the cladding. To minimize hydrogen loss from the fuel element, the interior surface of the cladding was 
coated with a ceramic material. This coating reduced the leak rate of hydrogen through the cladding wall 
by a factor of about 1OOO. The ends of each cladding tube were enclosed by Hastelloy N end caps. These 
end closures were welded to the tubing. The ceramic coating on the final end closure was fused to that 
on the tubing to form a continuous hydrogen seal. 

. 

. 

The active length of the S8DR fuel.element (i.e., the length of the fuel rod) was 0.427 m (16.825 in.). 
An axial gap of 6.1 mm (0.24 in.) between the top surface of the fuel rod and the ceramic layer on the 
end cap was’ designed to accommodate axial fuel swelling and to minimize the heat transfer effect due to 
fission gas accumulation. The 13.4-mm- (0.529-in.-) diameter fuel rod was separated from the 0.05-m- 
(0.002-h-) thick ceramic layer on the cladding by a nominal hot diametral gap of 0.19 mm (0.007 in.) 
that sexed to accommodate fuel swelling. The Hastelloy N tubing had an ID oi 13.7 x m  (0.540 in.) and . 
a nominal thickness of 0.287 mm (0.011 in.). 

Changes in the fuel rod design from S8ER, including increased radial and axial clearances between fuel 
rods and cladding to accommodate fuel growth, and redesigned fuel element end caps, to alleviate stress 
cracking, were based on the post-irradiation observations of cladding cracks in the S8ER fuel elements. 
The S8ER post-irradiation evaluation also resulted in a change in the fuel element hydrogen permeation 
barrier to a ceramic coating more resistant to thermal cycling. One of the major differences between the 
S8ER and S8DR fuel elements was the closure end.plug. For S8ER this was a two-piece assembly, while 
for S8DR it was a single piece. 

. 
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Post-irradiation examination of S8DR showed-72 of the 211 fuel elements had small cladding cracks 
typical of stress-rupture. These were attributed to excessive cladding strain due to excessive fuel swelling, 
resulting from fuel temperatures an estimated 100% higher than the design values in localized core 
regions. The higher temperatures were attributed to the agglomeration of entrained gas bubbles in the 
coolant and fuel element clustering. There was xm damagek regions of nominal coolant flow. 

General descriptions of the S8DR are given in AN76 and An83, with a schematic drawing and. a summary 
table of reactor characteristics in An83. 

10.2 SSDR REACTOR AND FUEL IDENTIFICATION 

Reactor: SNAP-8 Developmental Reactor (S8DR) 
Also identified as: SSDS (earlier designation, as noted in Sw67) 

Core fuel Identification: S8DR (same as reactor name) 

. Reactor designer, builder, operator: Atomics International 
Reactor owner: Atomic Energy Commission (now DOE) 

Fuel designer, builder: Atomics International 
Fuel owner: 'Atomic Energy Commission (now DOE) 

.- 

. .  10.3 SSDR 'DESIGN REACTOR PHYSICS 'ANH) CORE DESCRIPTION 

Sw67 Reanalysis of the S8DR reactor to redesign core (after fue1:manufacture. but before cladding and 
core assembly) to incorporate information gained from S8ER test and new fuel irradiation test data 

. 

Fuel elements/assemblies: 21 1 fuel elements 
Design neutron flux: 
Design neutron energy: Mean neutron fission energy about 0.26 eV (Sw69) 
Core map and element locator: 

Li71 Core map (Fig. 26) 
Li70 Core map showing locations of cracked fuel elements 

10.4 SSDR FUEL FABRICATION INFORMATION 

Fuel specifications and drawings: 
Do68 Complete list of engineering drawings, specifications, test procedures, and manufacturing 

instructions for the S8DR fuel fabrication (Table 1,46 documents) 
Mo69 Fuel element drawings (provided as reference for post-irradiation analyses) 
(Most are available from the Rocketdyne Advanced Power Systems Technical Data Center; they 
should be ordered by revision number) 

Drawing S8DR-18001 
Drawing S8DR-18008 
Drawing S8DR-18011, Rev. A Engineering release drawing.- fuel element configuration 

"Fuel Element Assembly" (01/67) 
"Fuel Rod-Fuel Element" (01/67) 

. 
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Fuel fabrication and quality control: 
. Ma64 Fabrication sequence and pmesses for vacuum arc melting and extruding the Zr-U alloy 

La67 Fabrication sequence and prr>cedures for fabricating the hydrogen barrier ceramic powder 
De67 Specification for chemically etching the SSDR fuel to reduce its diameter 
Mc67 Process flow sheets - S8DR final fuel element assembly (manufacturing planning sheets 

and procedures to be used) 
Do68 List of dimensional discrepancies in accepted fuel rods (Table 2) 
Do68 Appendix IX Fuel element assembly closure weld and element proof tests part l), final 

acceptance tests and inspections (Part 2), and fuel rod inspection and 
traceability record (Part 3) 

Appendix X Fuel element hydrogen leak rates 
Appendix XI Completed fuel element release notices 
Appendix XII Fuel element closure weld process and operator qualifications 

for required application) 

' 

. Sw70 Film radiographic method for determining H/zr in S8DR-type fuel (not sensitive enough . 

Fuel cladding, inner coatings, and other non-fuel materials: 
Mc67a Pmcess flow sheets - S8DR cladding tube fabrication (manufacturing planning sheets and 

Ma67 Process flow sheets - closure (cup) plug fabrication (manufacturing planning sheets and 
procedures to be used) 

procedures to be used) 

. 'Do68 Appendix I . HastelloyN supplier.end cap bar stdck chemistry, mechanical properties, 

. . .  . .Appendix E.' Hastelloy'N supplier clad tubing chemistry, mechanical properties, and 
and internal soundness 

. .  . .  . 

. *  

- .  . . . .  

.. 

. .  

- -  
internal soundness 
Tube-to-fint end cap inspection'and raw material traceability data. Appendix IlI 

. Appendix IV ~ Chromized cladding tube assembly inspection and traceability 
Appendix V . Ceramicaatedtube assembly test and inspeihion data . 
Appendix VI . Ceramic coating and as-machined closure end plug test, inspection, and 

. . . traceability records (incL S q 0 3  and boron contents - other information 
was omitted due to'classification) 

... . 

. 
. . . .  

.. . Appendix VII 'Chromized closure end plug test, inspection, and traceability records 
Appendix Vm . Coated closure end plug test, inspection, and traceability records 

Mc69 Fuel rod fabrication sequence and procedures from raw material through finish- machined 
and hydrided fuel alloy 

Mc69a Summarizes the overall fuel element fabrication (informationin the manufacturing process 
flow sheets, with yields, after fuel element fabrication) 

Da70 Cr2C embrittlement of Hastelloy-N cladding during chromizing operation (identifies 
certain elements having this problem, shown in core map) 

Potential fuel chemical reactions: 
Potential RCRA-regulated materials: 
Quantities of materials: 

See shipping spreadsheets (fuel rods, U, 235U) 
Mi70b, Sc71 Some fuel .losses o c c m  during hot-laboratory cutting for post-irradiation 

examination, with the calculated waste assigned to scrap cans; calculated values 
given in Mi70b 
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Fuel assembly identification methods: 
An7 Specification for marking parts and assemblies (dated 1977 but replaces a specification 

that may have been used for the fuel element components of several of the SNAP cores) 

Drawing S8DR-18008 Calls out fuel rod identification by electric etching on the pJ of the * 

small-diameter portion of the rod 

10.5 SSDR OPERATIONAL HISTORY 

Core Operating History: 
La68, La68a, La68b 
Ha69 Selected operating parameters for 1-19-69 to 4-28-69, including reactor power and 

reactivity data 
Li71 Summary.of operating history @g. 6); 'power operating histoe (Fig. A-1); hydrogen 

loss history (Fig. A-2); inlet and outlet temperahue history (Fig. A-3) 

S8DR Operations Manual (little relevant information) 

Core neutron flux profile: 
.Operation abnormalities: 

Li71 Scrams included in operating history Fig. 6) 

Core shut-down date: 
Li70 Shut down around the middle of December 1969, to investigate an observed reactivity loss 

rate and a fission product inventory in the NaK coolant 

Core discharge date: 
Li70 Allowed to cool for a few months after shut4own and delivered to the AI Hot Laboratory ' * 

- (=).on March 22,1970 

10.6 SSDR POST-IRRADIATION PROPERTIES-AND EXAWATION 

Available sou~ce data include extensive individual element-by-element fuel rod and fuel element 
dimensionaldata (length, diameter, ovality, length, bow), visual examiwtion information, gamma scan data 

individual file folders rather than in report format. 
* (strip charts), and crack data from pre- and post-irradiation examinations. These 'data are contained in . . 

Tr69 
Mi69 
Mi69a 

. Sc70 
Li70 
Li70a 
Mi70 
Mi70a 
Li71 

Visual 

Computerized selected pre-irradiation quality data from Do68 for use by post-irradiation analysts 
Preliminary planning and cost estimates for S8DR hot cell examination 
S8DR examination planning document for AI Hot Laboratory 
S8DR fuel element sample numbering system (for sectioned samples) 
SSDR screening examination 
S8DR screening examination weekly status reports (No. 1-16) 
Selection of S8DR fuel elements for detailed post-irradiation examination, with core map locations 
SSDR detailed examination progress reports (No. 1-10), including graphs, photos, scans . 
Fuel-growth data table with extensive pre- and post-test fuel properties 

observations: 
Li70 Screening examination cell-window and in-cell photographs of fuel elements with 

tabulations of results 
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Dimensions: 
Mo69 Pre-irradiation dimensional and density data for selected fuel elements 
Li70 Screening examination measurements of length, diameter, and longitudinal bow of fuel 

elements 
Mi7k 'Screening examination fuel rod dimensional data from neutron radiography 
Li71 Fuel growth, density, dimensions 

Metallurgical states of materials: 
Li71 Summary of metallurgical phase infomation 

Cladding defeds: 
Li70 Screening examination of clad cracking, including core map showing locations of cracked 

fuel elements 
Li71 Summary of cladding condition 
Bu70 Statistical evaluation of fuel-clad gap and crack length from SSDR fuel elements 

Corrosion or chemical contamination: 
Li71 Summary of locations where coating contacted fuel material 
Va70 'Initial report on metallic coating that developed on outside of the fuel cladding 
Ei70 More detailed discussion of coating that developed on outside of the fuel cladding 
(371 Electron microprobe x-ray analysis of three irradiated S8DR fuel specimens, providing 

.chemical analysis of glass-fuel interface 

. 

Hydrogen effects: 
Li71 Fuel element hydrogen leak rates 

Burnup: 
Ro70. Fuel bumup calculations, core average for 23%J and 238U 

Fission products: 
Li70 Screening examination gamma scans of fuel elements . 

Transuranics: 
Ro70 Fuel bumup calculations, including estimates 03% and 23%u 
(can be calculated fiom available reactor information) 

Activation products: 
Decay heat generation: 
Radiation level decay curves: 
Alpha contamination: 

(not relevant for the declad fuels) 

10.7 SSDR ON+TI'E STORAGE HISTORY 

The SSDR fuel elements were delivered from the reactor facility to the Atomics International Hot 
Laboratory (AIHL,) on March 22, 1970 (Li70), about three months after shut-down. The only fuel' 
disassembly that took place was for hot cell emination, which is covered in the post-irradiation 
examination section. The disassembled components were then stored at the AI'S Radioactive Materials 
Disposal Facility (RMDF) in dry storage vaults following post-irradiation examination prior to shipment ' 

. 
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to INEL. They were stored in air at both facilities; there were IK) wet-storage facilities available at AI. 
No detailed storage history documentation is available. 

Ke70 Criticality study for fuel element transfer from core t0,AIHL for post-irradiation analysis 
Ke71 Criticality study for dry storage of S8DR fuel elements in RMDF vault no. 2 

Mc71, Mc7la, Sc73: 
Information on the batchhg, canning, and shipping of S8DR fuel from the .AML to the RMDF, 
including a listing of all elements by core position and whether each was disassembled for 
examination 

10.8 SSDR SHIPPING RECORDS 

The shipping records for the SSDR fuel shipments to INEL were reviewed in detail. The original records 
are difficult to read, and were transmid onto the S8DR spreadsheet that is reproduced at the end of this 
section. The spreadsheet lists the core location, fuel rod identification, unclad fuel rod mass,.total uranium 
mass, and 23%J mass for each fuel element, plus the shipping document number, shipment date, Atomics . 
International can number, and probable INEL aluminum can number. The latter is base on document 
copies received from INEL as part of.* current review activity. A total of 21 1 irradiated and 2 archived 
(unirradiated) S8DR fuel elements were shipped to INEL. 

The fuel element and fuel rod identifications were compared with QA traceabiity documentDo68. Three 
transcription errors were found on the shipping documents and ak noted in the spreadsheet (Notes 1,4,6). 

The mass totals shown on the spreadsheet .were calculated from the individual recorded fuel element data. . 
They were compared with the transfer document mass summaries that were filed with the shipping 
documents. The transfer document mass summary was found to have two- typographical errors 
(spreadsheet Notes 5,7) and two offsetting 2-g miis errors (spreadsheet NOF 8). One remaining 
discrepancy is a 0.06-g difference in the AI Can No. 7 total fuel mass, where the slim of the individual 
fuel rod masses is 0.06 g lower than the transfer document summary value (spreadsheet Note 2). This 
difference is also reflected in the total S8DR fuel mass sum. This is likely to be due to an addition or 
transcription error in the transfer document sum, but we cannot rule out a 0.06-g recording error in an 
individual element mass. 

. 
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S8DR SHIPPING RECORD SUMMARY Page 1 of 6 

ShlppIng Shipment AI Fuel fdentification Fuel Masses (grams) Rob. INEL 
* D o C u ~ t  Date CanNo. Element Rod Location Undad l0talU U-235 Notes Can No. 

LAEJSB-01 6/11/73 1 E720 
E116 
E m  
E650 
E730 
El01 
E655 
E710 
El46 
E471 
El68 
E108 
E402 
E408 
E419 
E403 
E557 
E409 
E252 
E702 
El49 
E705 
E708 
E603 

Shlpplng Can 1 totals.- 24 
Transfer dwament summaty: 24 

7066-2 
698D-3 
70504 
7OlA-2 
700A-3 
698D-2 
69383 
702A-1 
698A-4 
7ooC2 
705A-4- 
70351 
695c-3 
696A-3 
695D-2 
699C-1 
703A-1 
696A-2 
699D-1 
701 C-1 
704D-3 
708A-2 
701 C-2 
713C4 

elements 
elements 

111-2 
111-3 
IV-2 
IV-3 
IV-10 
IV-15 
VA2 
V-3 
V-4 
V-8 
V-14 
V-20 
V-22 
V-23 
V-24 
VI-5 
VI-8 
Vl-9 
VI-1 6 
VI-1 9 
VI-20 
VI-22 
VI-24 
VI-25 

364.98 
364.38 
364.18 
363.90 
364.40 
364.72 
364.97 

. 364.52 
365.05 
364.38 
364.63 
364.56 
364.70 
364.67 
364.70 
364.63 
364.15 

:365.72 
364.67 
364.53 
364.71 
364.49 

, 364.94 

8751.14 
8751.14 

364.56 

36.94 
36.69 
36.64 
36.68 
36.73 
36.76 
36.46 
36.74 
37.09 
3720 
36.75 
37.22 
36.87 
36.1 0 
37.05 
36.79 
37.1 4 
36.16 
36.90 
37.34 
36.93 
36.40 
37.32 
37.30 

88420 
88420 

33.98 AWAl-4 
33.66 
33.81 
33.88 
33.90 
33.75 
33.64 
34.00 
33.n 
34.24 . 
33.79 
3429 
33.84 
33.22 
34.16 
33.82 
34.31 
33.31 
33.78 . 
34.48 
33.96 
33.64 
34.53 
34.54 

814.30 . 
814.30 . 

ME-JSB-01 6'1 1n3, 2 E675 
E293 

, .  E509 
€428 
E652 
E435 
El 64 
El  75 
E584 
E326 
E319 
E525 
E484 
E570 
E376 
E234 
E324 

1 
Shfppfng Can2 totak: 17 

Transfer document summaryr 17 

.703c4 VI30 
695D-4 Vll-1 
693D-4 vll-3 
712D-1 VIl-7 
70484 VII-10 
694D-3 VI-21 
708B-3 VlI-22 
W8C-2 VII-27 
700A-1 VII-29 
69352 MI-32 
707A-3 Vlt-36 
707C-1 VIll-6 
7ooc3 Vlll-9 
708A-1 VIII-25 
704C-3 VIII-36 
7OlD-3 VI1142 
706D-1 IX-8 

364.43 
364.67 
364.19 
364.71 
365.12 
364.19 
364.77 
364.87 
364.40 
364.98 
365.00 
364.73 
364.62 
364.38 
365.43 
364.46 
364.93 

6199.88 
6199.88 

37.10 
3720 
36.78 
36.91 
36.84 
36.35 
36.91 
37.1 8 
36.95 
36.61 
36.54 
36.98 
37.4s 
3681 
37.05 
37.17 
37.70 

62823 
62823 

34.31 A1-8/A1-11. 
34.29 
33.62 
33.92 
33.89 
33.51 
34.32 
34.23 
34.33 . 
33.59 
33.66 
33.91 
34.63 
33.37 
34.01 ' 

34.36 
34.76 

578.78 
578.78 

LAE-JSB-01 6/11/73 3 E137 69552 11-1 364.51 36.31 
E414 7016-3 IV-14 364.44 37.03 
E394 695A-1 V-12 364.99 36.83 
E M  708A-3 VI-12 365.40 36.47 
E697 . 697A-1 VI-13 364.19 36.60 
E700 6946-3 VI-17 364.99 36.54 

33.42 
3420 
33.88 
33.78 
33.70 
33.74 

At-9 
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S8DR Page 2 of 6 

shipping shipment AI. Fuel Identification Fuel Masses (grams) Rob. INEL 
Document Date CanNo. Element Rod Locah Undad waIU U-235 Notes Can No. 

LAEJSE-01 6/11/73 3 E703 
(con.) (cbn.) E493 

E138 
E572 
.E366 
E467 
E494 
E265 
E244 
E224 
E197 
E517 
E316 
E213 
E333 

ShrpPrng Can 3 totals: 21 
Transfer document summary: 2l 

70053 VI-18 
702W VIM1 
69452 VIl-12 
685D-3 Wl-15 
713A-2 Wl-19 
705D-1 Wl-20 
7 0 x 2  Vil-24 
701A-4 VIII-1 
69954 VI118 
701D-2 Vlll-14 
699A-3 Vlll-16 
71253 Vlll-17 
713C-2 11-5 
705A-2 Vlll-20 
706A-2 Vlll-21 

dements 
dements 

364.47 37.18 
364.40 36.91 
364.51 362% 
364.55 37.18 
364.83 36.77 
365.08 37.42 
364.59 36.93 
365.73 37.16 
365.61 36.85 
364.62 37.19 
365.08 37.06 
364.98 3723 
365.45 37.50 
364.93 37.04 
365.20 36.92 

766255 775.68 
766255 775.68 

3425 
34.00 
33.79 
34.34 
33.78 
34.50 
34.1 6 
34.23 
33.92 
34.34 
34.17 
34-34 
34.71 seenote I 
34.26 
34.03 

715.54 . 
715.54 

LAE-JSE-01 6111/73 4 E314 
E251 
E205 

. E 2 9 4  
E563 
E355 
El 96 

. E532 
E315 

. E 2 9 6  
E372 

. E561 
E345 
E539 

. E237 
E420 
E560 
E374 
E228 
E489 
E363 
E219 
E51 1 
E305 

Shbping Can 4 totals: 24 
Transfer document summary: 24 

697C-1 ix-31 
696C-1 IX-32 
698A-1 K-34 
706c4 ix-35 
702B-3 K-37 
700P1 1x42 

70%-2 1x43 
70852 ix-46 
'697B4 1x47 
704C-1 Vlll-30 
703D-1 Vlll-33 
70151 Vlll-34 
700A-4 . ' Vil!-35 
704D-4 Vlll-37 
6961)-2 V-16 
71154 IX-3 
704C-2 VIll-22 
70tE-4 Vlll-27 
702C-1 ' VlIl-31 
700D-3 . Vlll-2 
70551 VIIl-11 
693c-4 VIII-38 
705A-1 Vlll-40 

698A-3 1x44 

dW2k 
dements 

364.52 . 36.45 
365.66 
365.46 
364.93 
364.56 
364.52 
365.20 
365.21 
364.96 
365.00 
365.39 
365.45 
365.00 
364.71 
365.1 8 
365.00 
364.55 
365.53 
364.81 
364.47 
364.62 
364.71 
364.44 
365.07 

8758.95 
8758.95 

33.55 
37.11 34.35 
37.42 34.45 
37.30 34.40 
37.11 3421 
37.29 34.39 
37.40 34.55 
37.03 3420 
37.08 . 3425 

,3624 33.55 
37.05 34.26 
37.93 34.93 
37.38 34.49 
37.05 34.34 

'37.14 3428 
36.76 33.83 
36.97 34.11 
37.06 3424 
37.36 34.47 
36.99 34.10 
37.23 34.31 
36.98 34.13 
37.06 3421 
37.05 34.16 

890.44 821.76 
890.44 821.76 

AI-l/A1-3 

LAEJSE-01 6/11/73 5 E706 
El 65 
El 20 
E413 
E449 
€424 
E401 
E425 

71352 
698c-3 
698- 
708D-3 
709A-2 
709C-2 
709D-2 
709B-3 

111-4 36522 
IV-7 364.17 
IV-16 364.37 
IV-17 364.75 
IV-18 364.89 
v-10 364.55 
V-11 367.13 
Vl-3 364.77 

36.96 
36.98 
36.91 
36.99 
3627 
36.60 
36.90 
36.44 

33.96 
33.99 
33.97 
34.23 
33.40 
33.71 
33.92 
33.58 

AI-7/AI-8 
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SBDR Page 3 of 6 

ME-JSB-01 6/11/7’3 6 . E505 698D4. 
E404 69581 

E434. 70582 
E!37 714A-3 

Shipping Shipment AI Fuel Identification . FuelMasses(grams) Rob. INEL 
Document W e  CanNo. Element Rod Lacation Undad tDtalU U235 Notes Can No. 

IAE-JSEOl 6/11/73 5 E254 

El  90 
E512 
E427 
E513 
El 52 
E490 
E387 
E447 
E530 

, E649 
E574 
E264 
E232 
El 26 

(con.) ( a . 1  
694c-3 
709A-1 
708c-3 
710D-3 
70981 
71OD-2 

702D4 
701D-1 
70881 
70481 
704D-1 
702A-4 
699c4 
704D-2 
70751 

71OA-1 

v14 
VI-28 
Vll-9 
vll-23 
VIl-26 
vlll-13 
IX-39 
IX-48 
111-10 
lll-11 
111-12 
IV-11 
VI-11 
VIl-13 
Vll-14 
VIl-35 

364.52 36.49 33.59 
364.58 36.35 33.45 
364.61 36.83 33.95 
364.93 37.33 34.45 
364.90 36.53 33.58 
364.66 37.38 34.60 
364.63 - 36.50 33.60 
364.77 37.39 34.56 
364.37 36.84 33.67 
365.32. 36.71 33.57 
366.08 36.68 33.79 
365.11 36.84 33.79 
364.51 36.82 33.64 
365.91 36.99 34.10 
365.07 37.05 34.13 
364.31 36.58 33.35 

ShlppfngCan5totals: 24 , elements 8758.13 883.36 812.58 
Transfer document summary: 24 elements 8758.13 883.36 81258 

E327 
E41 1 
E430 
E354 
E483 
E464 
E379 
E538 
E338 
EO18 
E422 

‘ E439 
Eo10 
E322 
E256 
E378 
E371 
El  57 
E250 
E320 

Shipping Can 6 totals: 24 
Tmnsfer document summary: 24 

69354 
713D-3 
714c-3 
6970-3 
705D-4 
712C1 
713A-3 

706C-1 
70482 
712D-3 
712C-2 
697D-2 
69M-4 
697E-3 
71 3A-4 
7-2 
695D-1 
69%-1 
695A-2 

elements 
elemen& 

7OOA-2 

IX-27 
IX-28 
IX-29 
IX-30 
IX-38 
V-13 
VI-10 
VliI-4 

VIII-10 
VIIl-26 

111-8 
Vll-5 
IX-2 
IX-6 
IX-7 
IX-11 
Ix-12 
IX-14 

. Ix-15 
IX-16 
IX-18 
IX-19 
IX-23 
IX-26 

364.39 37.09 
364.31 36.76 
364.64 37.41 
364.52 37.04 
364.44 .36.74 
365.41 . 37.67 
364.38 
364.48 
364.58 
364.80 
364.43 
364.56 
365.37 
365.04 
365.30 
365.18 
364.38 
364.96 
365.02 
364.73 
365.61 
365.16 
365.38 
36427 

8755.34 
8755.34 

36.98 
37.07 
37.44 
37.1 0 
36.48 
36.97 
37.34 
37.02 
37.1 1 
3721 
37.13 
36.42 
3625 
36.91 
37.40 
37.39 
3723 
37.05 

88921 
88921 

3423 AWAI-5 
33.97. 
34.47 
34.14 . . 
34.16 
34.67 
34.22 
34.1 8 
34.48 

-34.25 
33.38 
34.08 
34.33 
34.26 
34.24 
34.63 
3427 
33.70 ’ 

33.46 
34.05 
34.46 
34.45 
34.47 
34.19 

820.74 
820.74 

LAE-JSB.01 shipment totals: .134 elements (S8DR) 48885.99 4951.12 4563.70 
Transfer document: 134 elements 48885.99 4951.12 4563.70 
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S8DR Page 4 of 6 

. Prob.lNEL Shipping Shipment AI Fuel Identification Fuel Masses (grams) 
Document 'Dab .CanNo. m t  Rod Location undad IDMU U-235 Notes Can No. 

7 E133 712W 
El28 693D-1 
El l0  696E-1 
E631 703C-2 

E391 695A-4 
E383 713B-3 
E463 703D-3 

.E267 69963 
E711 71254. 

. El99 699A-1 
E230 701C-4 
E526 701A-1 
E365 700D-4 
E m .  707E-3 
E571. 706A-1 
E233' 701D-4 
E321 706c-3 
E274 69951 
E454 712A-1 

E302 699A-2 

v1-26 
VI-29 
lV-4 
v-7 
V-17 
V-18 
v-21 
VI-14 
Vll-6 
VIC17 

!!Ill-15 
VUI-19 
Mil-23 
!!Ill-29 
VllC32 
Vlll-28 
IX-24 

VIIi-41 
IV-12 

view 

29750 30.05 
364.48 36.74 
363.37 36.45 
36263 36.81 
36234 36.56 
363.02 36.63 
363.33 36.88 
363.27 3 7 s  
364.36 36.84 
36286 36.94 
363.55 36.83 
363.16. 37.33 
363.70 36.95 
363.17 37.08 

.36285 ' 36.50 
36276 36.68 
364.56 37.19 
365.06 37.31 
364.34 36.73 
360.05' 36.55 

27.69 
33.84 
33.41 
33.90 
33.62 
33.40 
34.04 
34.95 
33.97 
34.04 
34.00 
34.24 
34.03 
34.10 
33.84 
34.02 
34.30 
34.37 
33.92 
33.79' 

Sbbplng Can 7 totals: 20 elements 7200.36 730.58 673.47 seenote2 
Transfer~mentsummary; ' 20 elements. . ; 7200.42. 730.58. 673.47 19sectioned 

LAE-JSB-02 W 3  . 8 '  ~ E386 
E131 
E657 
E396 
E412 
.E673 
E472 
E531 
E699 
El 40 
EO61 
E738 
E151 

' E334 
E545 
E328 
E723 
E271 
E l l 1  
E l  27 

Shbplng Can 8 totals: 20 
- Transfer document summary: 20 

70152 VI-1 
693D-3 IV-13 
697C-4' . VI-23. 
71252 :' 111-1 ' 

693D-2. IV-5 
705c-3 . Y-6 
706A-4 V-19 
703D-4 v1-6 
694A-4 .VI-15 
706D-3 Vll-2 
698B-4 . Mil-5 
702h-3 . !!Ill-39 
696D-1. .IX-lO 
695G2 1x43 
704A-2 1x20 
69653 1x40 
69oB4 Vlll-3 
699A-4 Vll-8 
698D-1 VI-2 
69553 :-1 

dements 
dements 

'223.91 . 
325.84 
267.77 
356.90 
359.46 
359.86 
36244 
363.91 
361.70 
30127 
326.67 
361.73 
36220 
362.45 
304.21 
301.95 
253.27 
364.22 
327.46 
36298 

6610.20 
6610.20 

22.84 21.12 
3271 I 30.40 
26.59 24.46 
36.08 33.15 
36.09 33.47 
36.09 33.14 
36.57 ' 33.54 
37.59 34.63 
36.03 33.26 
31.00 28.65 
33.16 30.48 
36.68 33.92 
36.80 33.92 
36.93 34.26 
30.94 28.49 
30.59 28.22 
25.61 23.65 
36.90 33.96 
33.14 ' 30.57 
36.15 33.30 

668.49 616.59 
668.49 616.59 

AI-2 

~~~ ~~ ~~~ ~ ~~ 

LAE-JSB-02 W/73 9 E132 6956-4 Vll-25 363.31 36.88 33.87 2pieceS AI-lO/AI-12 
E426 70952 VII-33 36293 36.33 33.50 IF 
El85 71451 VII-34 325.78 33.07 30.46 7Pcs 
E335 69351 archive 236.39 24.82 23.12 8Pcs 
E564 703A-3 archive 265.05 2825 26.32 10 pcs 
E144 71OD-1 V-5 254.79 25.96 23.88 2Opcs+6wafers 
E416 708D-4 IV-8 291.17 29.52 27.29 23pcs+3wafers 

. -  



S8DR Page50f6 

Fuel Masses (grams) Prob. INEL shlpping shipment AI Fuel Identification 
Doatmt Date CanNo. Element R d  lpcation Undad. L3talU U235 Notes Can No. 

hE-JSB-02 6/20/73 9 EO61 698B-4 Vlll-5 1203 1.22 1.12 seenoted 
(con.) E529 693C-3 IX-36 364.13 37.10 34.35 intact 

intact E573 693G2 IX-13 364.42 37.13 34.42 
E562 71351 IX-5 364.79 37.32 33.95 =note4 
E486 70483 IX-4 365.01 37.01 34.18 intact 
E536 697A-4 111-9 178.02 17.80 16.37 21 pcs+8wafers 
E268 699D-3 MI-31 170.80 1727 15.94 18pcs+15wafers 
E452 709A-3 V-15 363.14 36.13 33.36 5pc5 
E389 711B-1 11-6 266.98 26.75 24.61 13pcs+3wafers 
E398 71251 111-7 36297 36.70 33.64 I p c  
E141 707A-2 Vlll-24 337.09 33.81 31.41 7 P= 
E337 702D-3 IX-22 33825 34.67 31.98 6pc5 
E226 m7C-3 IX-21 337.79 33.78 31.09 6pc5 
El95 70054 VII-16 248.23 25.37 . 23.31 11 pcs 
E397 710A-3 111-6 363.54 35.95 33.08 I p c  
El03 708C4 111-5 36252 36.36 . 33.67 I p c  
El56 704- ' Vlll-12 363.09 36.82 33.98 3pc5 

* (@w 

Shipplng Can 9 subtotals: 21 
1 
2 

Tmnsfer document subtotals: 18 
4 

'2  

Shipping Can 9 totals: 24 
Transfer document summary: 24 

elements 
segment (EO61) 
a r & i  

elements (cut) 
elements (intact) 
~ a r c h i i  

items 
items 

6748.75 681.73 628.34 
1203 

501.44 53.07 49.44 

530243 534.39 .49256 
1458.35 14856 136.96 seenote5 
501.44 53.07 49.44 

1.22 1.12 seenote3 

726222 736.02. 678.90 
7262.22 736.02 678.90 
see note 7 see note 5 

ME-JSB-02 6120/73 * 10 117-1 
E236 702D-1 Vlll-7 

El34 694D2 VI-21 
E466 707D-4 V-9 
E433 709C-3 VI-7 
El04 70352 Iv-9 

E568 713C-2 Vlll-18 
E395 695A-3 114 
E453 708A-4 11-3 
E707 646C-3 11-2 
E492 713A-1 VI14 
E653 70202 V-1 
E142 69852 VII-28 
E368 71202 VII-30 

~ 6 3 2  7 0 6 ~ 2  VI-27 

~ 7 0 4  699n2 1v-6 

E701 694A-1 IV-1 
NAA-121 ExP#l69451 E4570 
NAA-121 Expfn 69454 E 5204 
NAA-121 Exp#3694c4 
NAA-121 EXw644A-3 

63.00 
364.78 
365.18 
365.37 
364.47 
364.64 
364.53 
364.46 
365.05 
364.51 
365.49 
364.84 
351 -67 
307.49 
245.53 
304.1 2 
338.46 
178.88 
178.88 
167.88 
191.20 

6.29 
37.32 
37.50 
36.39 
36.59 
36.68 
37.1 5 
36.63 
37.09 
36.63 
3626 
36.56 
35.45 
31.27 
24.87 
30.78 
33.61 
18.75 
18.60 
17.46 
19.88 

5.86 5 PCS AI-lOIAI-12 
34.39 intact 
34.56 intact 
33.52 intact 
33.81 intact 
33.89 intact 
34.13 intact 
33.47 intact 
34-05 seenote6 
33.56 . intact 
33.58 intact 
33.52 intact 
3271 2pcs.dad 
28171 15 Pcs 
23.08 12 pcs 
28.1 2 17 P 
30.71 24 Pcs 
17.46 10 Pcs 
17.33 10 pcs 
16.26 10 pcs 
18.52 10 pcs 

pieces of 623P7,626D-7,62485,62481 
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Page60f6 

shipplng shipment AI Fuel identification Fuel hbsses (grams) Rob. INEL 
Document Dab CanNo.  Ekment Rod Lacation Undad btalU U-235 Notes Can No. 

Shlppfng Can 10 subtotals: 16 elements 5560.59 560.78 515.81 seenote8 

4 NAA-121 remnants 716.84 74.69 69.57 seenote8 
Pkrs S8ER elements: 5 S8ER elements 1149.00 113.14 105.39 seenote9 

1 NAA-1'17-1 pieces 63.00 629 5.86 

Transferdocumentsubfotals: .16 SBDR elements 5560.59 560.78 517.81 seenote8 
. 1 NAA-117-1 63.00 629 5.86 

4 .NAA-121 remnants 716.84 74.69 67.57 seenote8 
' 5 S8ERelements . 1149.00 113.14 105.39 seenote9 

Shlpplng Can .10 tota'ls: 26 items 7489.43 754.90 696.63 
. Tmnsfer document summery: 26 items 748ti.43 754.90 696.63 

LAE-JSE42 Shipment Totals: 

S8DR-lmdlated: 77 . elements,segments 26119.9 2641.58 2435.33 
S8DRamhIves: 2 a r ~ h ~ e s  501.44 53.07 49.44 

. S8ERelements: 5 . dements . 1149.00 113.14 105.39 
Imdlatedln-plle specimens: 6 in-pile segments 791.87 822 75.43 

items .2856221 2889.99 2665.59 . LAE-JSB-02 shipment totals: 90 
Transfer dbcumsnt: 90 items . 28562.27 2889.99 .2665.59 

see note 2 

S8DR m o r  totals:.. . 211 kradiated elements '75005.89 .75927 6999.03 
. 2 archivedelements 501.44 53.07 49.44 

References: Data b.ansaib6d from a~h~ed copies of on'ginal shipping records 
. ' . Mass sums compared with S8DR transfer document summary sheets for the two shipments 

. Fuel element and fd rod i#3ntificatbnsampared with QA traceability document Do68 (AI-AEC-TDR.l2702,3/21/68) 
Disassembly status of elements in Cans 7-10 from North American Rocinvell Internal Letters Mc7la, Sc73 

Notes: -. 4. Element E316 in AI Can No. 3 was in m e  location 11-5; location VllI-18 listed in shipping document is incorrect 
2 Undad fuel total mass for AI Can No. 7 is 0.06 g lower for the spreadsheet sum than the transfer document sum. 

Thii could be an addition error in the transfer document, a transcription errcr in a transfer document sum 
(recording 5385.36 g for dass 38 instead of 5385.30 g), or an element mass error. Thii difference is 
also the 0.- difference in the spreadsheet vs. transfer document total masses  for shipment LAE-JSB-02. 

3. One small segment of E061 was shipped in AI C2!! No. 9; m t  (in 2 pcs) was in AI Can No. 8. 
4. Shipping records for AI Can No. 9 incorrectly list E562 core location as IV-5; IX-5 is correct. Element shipped intact. 
5. Transfer document summary for AI Can No. 9 Ux total for 4 intact elements has a typo: should be 136.90 g 

6. Element E568 in AI Can No. 10 was in m e  location Vlll-18; location 11-5 listed in shipping document and Hot Cell 

7. Transfer document summaty for Ai Can No. 10 lists Net UZrH2 as 126222 g instead of 7262.22 g, a typo. 
8. Transfer document summary has two offsetting 2-g errm: total for 16 S8DR elements should be 517.81 g, 

9. S8ER fuel elements are documented in S8ER Shipping Record Sum- spreadsheet. 

, 

insbad of 136.96 g. Transfer document sum (678.90 g) is cwrect. 

records is incorrect. Element shipped intact. . . 

and total for NAA-121 remnants should be 69.57 g. 
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11. SHIELD TEST FACILITY (STF) . 

Initial criticality . Date of shutdown: 
Thermalpower:. 50 kWt 
Operating location: SSFL Building 028 

October 9, 1962 flo62) 
July 1964 (then rebuilt as STIR with MTR-type fuel elements) 

11.1 STF GENERAL DESCRIPTION 

The Shield Test Facility (STF) was a'pool-type reactor used primarily to generate radiation fields for 
shielding tests of SNAP reactor components. It initially had a 50-kWt core fueled with SNAP reactor fuel 
elements, and was operated at this power level between 1961 and 1964. In 1964 $e reactor was modified , 

to raise the power ratingto loo0 kWt, by installing a new co,re type fueled with Materials Test Reactor . . 
(MTR) type fuel elements. This rebuilt configuration was renamed the Shield Test and Irradiation Reactor 
(STIR), which operated between 1964 and 1972. The fuel elements.of interest for the present 
investigation are those fiom the original STF 50-kWt SNAP- core, which had hydrided zirconium- 

. 
. 

* 

uranium fuel rods. The uranium was 7 wt.%, with a nominal !?? %J content of 93+ it%. 

I . There were two core loadings using SNAP fuel (To62). The initial loading consisted of 60 fuel rods. It 
' 

wasnot effective for driving the facility's fission plate, the purpose for which the reactor was constructed, 
. and thus the reactor core loading was reconfigurd. The second loading consisted of 56 fuel rods and 

' several Be0 reflector elements. This is the INEL-stored SNAPreactor fuel for which the least information 
was obtained. However, sinde the facility was fueled with reject SER fuel rods, a description of the fuel 

' rods may be taken from the SER documentation. 

. . 

.: I *  

. 

. . : An overview description of the facility is given in 0191, and a pre-operation.descriptio,n in Jo61. 
1. 

11.2 STF' REACTOR AND F'UEL IDENTIFICATION 

Reactor: Shield Test Facility (STF) 
, Also identified as: Shield Test Reactor (STR) 

SNAP Shield Test Experiment (STE) 

Core fuel Identification: STF (same as reactor name) 

Reactor designer, builder, operator: Atomics International 
Reactor owner: Atomic Energy Commission (now DOE) 

Fuel designer, builder: Atomics International 
Fuel owner: Atomic Energy Commission (now DOE) 

11.3 STF DESIGN REACTOR PHYSICS AND CORE. DESCRIPTION 

To62 There were two SNAP-* core loadings. The first core used 61 reject SER fuel rods, clad in 
Type 6061 aluminum alloy. No hydrogen barher was used. The second core loading used 56 of 
the reject SER fuel rods, and included several Be0 reflector elements. 
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Jo61 Pre-operation reactor physics parameters (Table m), for 45-element core 
To61 Pre-operation reactor physics parameters (Table VI), for 45-element core 

Fuel elementdassemblies: 
To62 61 in first core loading, 56 in second 

* Design neutron flux: 
Design neutron energy: 
Core map and element locator: 

To62 Initial core map (Fig. 1,60 fuel rods) and second core map (Fig. 2,56 fuel robs) 
(Note: we have not correlated the two core maps to venfi that the same fuel elements were used 
in both core loadings.) 

. 
. .  

11.4 STF FUEL FABRICATION INFORMATION 

Fuel specifications and drawings: 
J06l Fuel element drawing and some composition information (B.1.a) 

. To61 Brief description of fuel element chemistry and design 

Fuel fabrication and quality control: 
Fuel cladding, inner coatings, and other non-fuel materials: . 

Cladding was Type 6061 aluminum alloy,with no inner coating 

Potential fuel chemical reactions: 
Potential RCRA-regulated materials: 
Quantities of materials: 

See-shipping spreadsheets (fuel rods, U, 235v> 
Fuel assembly identification methods: 

11.5 STF OPERATIONAL HISTORY 

Core Operating History: 
Core neutron flux profile: 
Operation abnormalities: 
Core shut-down date: 
Core discharge date: 

* 11.6 STF POST-IRRADIATION PROPERTIES AND EXAMINATION 

(There was no post-irradiation examination of these fuel elements.) 

Visual observations: I 

Dimensions: 
Metallurgical states of materials: 
Cladding defects: 
Corrosion or chemical contamination: 



' Hydrogen effects: 
Burnup: 
Fission products: 
Transuranics: 

, Activation produck 
Decay heat generation: 
Radiation level decay curves: 
Alpha contamination: 

(not relevant for the decladfuels) 

11.7 STF ON-SITE STORAGE HISTORY 

SNAP fuel elements were stored in air at the RMDF in dry storage vaults in preparation for shipment to 
INEZ. There were no wet-storage facilities available at Atomics International. No detailed storage history 
documentation is available. 

11.8 ' STF SHIPPING RECORDS 

The STF fuel shipping records for shipments to INEL were reviewed ig detail.. The.original records are 
difficult to read, and were transcribed onto the STF spreadsheet that is reproduced at the end of this 
section. The spreadsheet lists the fuel rdd (tinclad), total uraniupl, and 235U masses for: etich fuel element, 

' plus the shipping document number, shipment date., Atomics International can number, and probable INEL 
aluminum can number. .The latter is base on document copies received from INEL as part of the current 
review activity. 61 STF fuel elements were shipped to INEL. 

I 

. . The mass tot& shown on the spreadsheet were calculated from the individual recorded fuel element data; 
They' were compared with a Shiela Test Fuel Data mass sheet .dated.7/27/64 &d filed with the shipping . 

' records. This comparih shows a slight discrepancy for AI Can No. 3, where the.data sheetlists. the total 
. uranikn mass as 275 g, instead of 269 g as obtained from the shipping records (with a corresponding tutal . ' 

' uranium for STF of 2883 g instead of 2877 g). The fuel data sheet is probably in error, but we cannot 
verify. 

' 

11.9 STF REFERENCES 

J06l* R. P. Johnson, "SNAP Shield Test Experiment Operations Manual," Atomics International Report 
NAA-SR-5897 (June 1961) (196 pages) 

0191 R. D. Oldenkamp and J.. C. Mills, "Nuclear Operations at Rockwell's Santa Susana Field 
Laboratory - A Factual Perspective," Rockwell International, Rocketdyne Division Supporting 
Document N001ER000017 (September 1991) (95 pages) 

To61* R. L. Tomlinson, "SNAP Shield Test Experiment Final Hazards Summary," Atomics International 
Report NAA-SR-5896 (March 1961) (173 pages) . 

To62* R. L. Tomlinson, R. P. Johnson, and S. G. Wogulis, "SNAP'Shield Test Experiment Reactor 
Physics Tests," Atomics International Report NAA-SR-7368 (July 1962) 
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STF SHIPPING RECORD SUMMARY Pagelof2 

Fuel Massas (grams) ' Prob. INEL shipping shipment AI Fuel Identification 
Doarmt . Dab -NO. .Dement Rod LDcation Undad lotalU U-235 Notes Can No. 

CAE-JZA-21 !X!OS 3 A-51 648 45 ' 4 2  7 
A31 644 45 42 
A-19 641 45 42 
A-52 644 44 41 
A 4  649 45 42 
A-37 647 45 42 

Shipmenttoiak: 6 elements 3873 269 251 

CAE-JZA-22 542766 1 A-1 T 
A-1 6 
A-2T 
A-7 
A-13 
A-18 

644 44 41 
672 47 44 
644 44 41 
647 45 42 
651 46 43 
615 43 40 

7 

Shipmenitoiak: 6 elements 3873 269 251 

CAE-Ja-23 6/4/66 5 A-50 
A-24 
A-23 
A30 

, . A S  
A-17 

651 45 42 
644 45 42 
644 45 42 
646. 45 42 
615 43 40 
648 45 42 

8 

CAEJZ4-24C W-p . 4 C1 . 693' 69 64 
83 629. ' 43 40 

A-38 649 45 42 
A-9 644 45 42 
A-21 647 45 42 
A-1 0 648 45 42 

Shipmenttotak: 6 dements 3916 292 272 

8 

CAE-JZA-25 6/10166 6 A-3T. 
05 

A36 
A-5 
A41 
C5 

639 44 41 
618 42 39 
678 47 44 
643 45 42 
640 45 42 
704 70 65 

Shipment totals: 6 elements 3922 293 273 

8 

CAE-JZA-26 6/14/66 2 A-20 650 46 43 7 
A-33 645 45 42 
A-34 651 46 43 
A35 652 46 43 
A-39 649 45 42 
A 4  648 45 42 

. Shiwnttotak: ' 6 elements 3895' 273 255 
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STF Page 2 of 2 

shlpping Shipment AI Fuel ldentificaikm Fuel Massas (grams) hob. INEL 
Document ' D a b  CanNo. Element Rod Locah Undad tDtalU U235 Notes Can No. 

CAE-JZA-27 a1666 8 A-15 
B 4  

A48 
A-26 
A-1 1 
c4 

648 
635 
669 
640' 
648 
762 

45 42 
43 40 
47 44 
45 42 
45 42 
75 70 

Shlpnmktotals: 6 dements 4002 300 280 

9 

CAEJZA-28 W/66 7 C 2  
A32 
A-27 
A47 
A 4  
A-1 2 

Shlpmenttotals: 6 elements 

702 
648 
652 
644 
641 
649 

70 
45 
46 
45 
45 
45 

296 

65 
42 
43 
42 
42 
42 

276 

9 

CAE-JZA-29 6/22/66 9 A 4  
A-25 
A 4  
E 2  

A42 
C3 

645 45 42 
646 45 42 
669 47 44 
643 44 41 
644 45 42 
708 70 65 

Shlpmenttotakt: 6 delnents 3955 296 276 

CAE-JZA-30 W466 10 A-22 
A-28 
A 4 3  
A-14 
A-29 
A-6 

Shlpmenttotals: 6 dements 

645 
643 
647 
644 
645 
679 

3903 

4 5 .  42 
45 42 . 
45 42' 
45 42 
45 42 
48 45 

273 255 

10 

CAE-JZA-31 6128166 11 A-49 685 4 8 .  

Shlpmenttotals: 1 elements 685 48 

45 

45 

10 

SlFreactor totals: 61 elemenk 39808 2877 2684 

Reference: Data transcribed from archiied copies of Original shipping records 
Comparison made with Shield Test Fuel Data sheet dated 7/27/64 

Notes: 61 fuel elements received by INEL per BUC41-66A 
Fve fuel elements (C -1,2,3,4,5) have higher uranium concentrations (1Owt %instead of 7wt %) 

For AI Can No. 3, Original shiekl test fuel data sheet lists total U mass as 275 g (instead of 269 g) and total U 
for STF as 2883 g (instead of 2877 g). The indviduat rods total 269 g (shown on spreadsheet). 
data sheet is probably in enor, but cannot ven'fy. 

fuel 
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IN-PILE FUEL EXPERIMENTS 
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12. NAA-82-1 IN-PILE FUEL EXPERIMENT 

Placed in reactor: 

Thermal power: Not Avaiiable 
Irradiation location: NRTS (INEL) MTR 

April 10,1964 0 
August 16,1965 (l3u67) *. Removed from reactor: 

12.1 NAA-82 GENERAL DESCREC'ION 

The objective of the NAA-82-1 experiment was to determine the irradiation behavior of a prototype 
zirconium-uranium hydride SNAP .2 fuel element at peak temperature and bumup conditions for 125 kWt 
operation of a SNAP 2 core (Kr66). The single fuel element was irradiated in the Materials Test Reactor 
(MTR) for 8760 hours at an estimated peak fuel temperam of 1490 9 to a burnup of 0.09 metal- 
atom %. 

. 

12.2 NAA-82 FUEL IDENTIFICATION 

Reactor type: SNAP 2 
Fuel identification: NAA-82 

Fuel Specimen Identification: Single fuel element E2004 (Kr66) 

, Experiment designer, builder: Atomics International 
Reactor .owner: Atomic Energy Commission (now DOE) 

Fuel designer, builder: Atomics International 
Fuel owner: Atomic Energy Commission (now DOE) 

12.3 NAA-82 REACTOR EXPERIMENT DESCRIPTION 

Bu67 Irradiation capsule schematic (Fig. 2) 

* Experiment design parameters: 
Design neutron flux: 

Bu67 MTR calculated positiondependent relative thermal and fast fluxes wig. 8) 

Design neutron energy: 
' Core element locator: 

Bu67 M'TR cross section mockup for nuclear analysis with capsule location noted (Fig. 7) 

12.4 NAA-82 FUEL FABRICATION INFORMATION 

Fuel specifications and drawings: 
Kr66 Experiment assembly drawing (Fig. 1) 
Bu67 Fuel rod and fuel element assembly schematic drawings (Fig. 1) 
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Fuel fabrication and quality control: , 

Sc65 Reference SNAP 2 fuel element 
Kr66 Fuel element dimensions (page 5); fuel rod information (page 6 including dimensions, 

U, Zr, H, C, and total impurity content, density, NH, weight, 2 3 4 J  weight 
Bu67 Fuel rod Zr-10 wt.%U alloy; fuel element and fuel rod data in Table 1 

Fuel cladding, inner coatings, and other non-fuel materials: 
Kr66 Hastelloy-N cladding and AI-8763D hydrogen barrier coating (page 5) 
Bu67 Chemical composition of Hastelloy-N cladding (Table 2); NaK sumunded fuel element 

Potential fuel chemical reactions: 
Potential RCRA-regulated materials:' 
Quantities of materials: 

See shipping spreadsheets (fuel rods, U, 235v) 

Fuel assembly identification methods: 
Kr66 Identification markings on lower end of fuel rod shown in Fig. 6b 
Bu67 Identification markings on lower end of fuel rod shown in Fig. 23a 

12.5 NAA-82 IRRADIATION HISTORY 

Experiment Operating History: 
Sc65 Irradiated to 125 kWt SNAP 2 conditions 
Kr66 Irradiated for 8,760 hours at peak fuel temperature of 1490 9 
Bu67 Irradiated for 23 reactor cycles in the MTR, starting April 9, 1964 (cycle 207) and 

discharged August 16,1965 (end of cycle 229); design peak cladding maintained at 1300 
. f 15 OF for 93.4% (8479 h) of full-power operation 

Neutron flux profile: 
Operation abnormdities: 

12.6 NAA-82 POST-IRRADIATION PROPERTIES AND EXAMINATION 

Sc65 Diagram of planned sectioning for future post-irradiation examination 
Kr66 Fuel rod sectioning diagram for post-irradiation examination (Fig. 9) 
Bu67 Fuel rod sampling plan (Fig. 25) 

Visual observations: 
Sc65 Element exterior appeared to be in excellent condition with no observable defects 
Kr66 Photographs of fuel element (after NaK removal; Figs. 4A, 4B), fuel rod (Fig. 5, 6), 

inside surface of cladding (Fig. 7, 8) 
Bu67 Photograph of fuel element (Fig. 20, no defects observed), fuel rod (Fig. 22, no damage) 

Dimensions: 
Kr66 Post-irradiation fuel element diameters (Table I), fuel element length measurements (page 

15), fuel rod diameters (Table III), fuel rod length measurements (page 24), density 
measurements (Table MII and Appendix III), fuel element dimensions (Appendix I), fuel 
rod dimensions (Appendix n) 
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Bi67 Percent volume change of 3.samples (Table 6); diametrical fuel growth (Fig. 3,5-11); 
volumetric fuel growth Fig. 13,14) 

Bu67 Fuel element diameters (Table 8) and length measurements; fuel rod di.ameters (Table . 
lo), densitiesvable ll), and dimensional changes (Table 13) 

’ Metallurgical states of materials: 
. Kr66 Photomimgrapb of fuel alloy Fig. 13,  and cladding plus ceramic coating (Fig. 16) and 

metallography analysis (Appendix IV) . 
Bu67 Photomicrographs of cladding (Fig. 24) and unirradiated plus irradiated fuel rod material 

1 -  (Fig. 29) 

Cladding defeds. 
Kr66 No cladding defects found 

Corrosion or chemical contamination: 
Kr66 Photograph of ceramic adheiing to fuel rod (Fig. 6b) 
Bu67 Some transfer of ceramic coating from inside of end caps to ends of fuel rod 

Hydrogen effects: 
Kr66 I Hydrogen analysis results (Table IX) 
Bi67 Initial and final hydrogen content for 8 samples (Table 6); H/Zr ratios (Fig. 20) . 
Bu67 Fuel hydrogen analisis (Table 12) and distribution (Fig. 26), and variation of.zkconium 

hydride density with hydrogen content (Fig. 27) 

Burnup: 
Sc65 
Kr66 

0.08 metal-atom % bumup at peak fuel temperature’in excess of 1500 OF 
Calculated bumup of 0.08 metaldatom %; mass spectrographic bumup results (based on 
analyses at Phillips Petroleum), giving an average of 039 metal-atom %, and compares 
with calculated value of 0.08 m-a% (Table MI) 

Bi67 Bumup for 3 samples (Tible 6); diametric fuel growth vs. burnup (Fig. 3,6) 
Bu67 Gamma scans & autoradiographs of bumup data (Fig. 30); fuel bumup analysis (Table. 14) 

. 

Fission products: 
Kr66 Fission gas release data (Table n); Gamma scan data (Tables V, VI and Fig. 10, 1.1) 
Bu67 Fission gas release measurements 

Transuranics: 
Activation products: 
Decay heat generation: 
Radiation level decay curves: 
Alpha contamination: 

(not relevant for the declad fuels) . 

l2.7 NAA-82 ON-SITE STORAGE HISTORY 
-. 

The N U  82-1 experiment was received at the Atomics International Hot Laboratory (AIHL) on 
September 28, 1965 (Kr66). It was shipped to AI full of NaK, and declad in the AIHL in an 
inert (nitrogen) atmosphere to prevent NaK fires. The fuel element was stored at the AIHL while 
post-irradiation examinations were proceeding, and then shipped to AI’S Radioactive Materials 

. 
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Disposal Facility (RMDF) in a shipping cask for temporary storage before shipment to. INEL. 
It was always stored in air at both the RMDF and the AIHL. 

; 12.8 NAA-82 SHIPPING RECORDS 

The NAA-82-1 fuel rod material (from one irradiation capsule) shipped to INEL is listed in the S8ER 
Shipping Record 2i'ummary, where it is included under shipment LAE-WA-26. . . 

12.9 REFlERENCES 

..Bi67* .K. .R. Bimey, "An Empirical Study' of SNAP Reactor Fuel Irradiation ,Behavior," .Atomics 
. International Report NAA-SR-12284 (August 1967) 

Bu67* J. S. Buck, W. E. Kmpp, and T. A. Park, "Irradiation Performance of a Full-scale Prototype 
SNAP.2 Reactor Fuel Element," Atomics International Report NAA-SR-12030 (August 1967) (82 

Kr66 W. E. Knrpp, "Post-Irradiation Examination of the NAA 82-1 Experiment," Atomics International 

. . 

. pages) , .  

' Technical Data Rek~rd NAA-SR-MEMO-11891 @larch 1966) (51 pages) . .  

. Sc65 A. R. Schmitt, "Post4rradiationExamination of NAA-82-1," Atomics International IntemalLetter 
dated 27 October 1965 (4 pages) 
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13. NAA-115-2 IN-PILE FUEL EXPERIMENT 

Irradiation start date: Not available 
Not available 

Thermal .power: Not available 
Irradiation location: Hanford K-East Reactor 

, Irradiation end date: 

13.1 NAA-115 GENERAL DESCRIWION 

. NAA-115-2 was one of three similar irradiation experiments (NAA-115-1, NAA-115-2, and NAA-117-1) 
.that were Statistically designed to test and evaluate sub-length SNAP 8 fuel elements. NAA-115-1 and . 
NAA-115-2 were nearly identical in design \irith the exception that NAA-115-2 contained a newer 
hydmgen.barrier (Sa-1) which .was to be used for SSDR fuel elements, and the closure cup plug 
component was changed to the S8DR design (Fo67b). Both NAA-115 experiments contained 12 sub- 

. length fuel elements with target bumups ranging from 0.3 to 0.4 metal-atom %. The NU-115-2 elements 
* (for which fuel material is in storage at INEL). were formed into six separate experimental capsules which 

were connected in series to form a 12-foot-long test assembly. 

' Additional information is available'for the separate experiment NAA-1151, including a report compilation 
of NAA-1154 photographs. 'A summary of several of the in-pile experiments is provided in Bi67. 

13.2 NAA-115 FUEL IDENTIFICATION 

\ 
Reactor type: S8DR 
Fuel identification: NAA-115 

Fuel Specimen Identification: . 
. 

I * 

.F067b Sublength fuel elements Fig. 2); identification of fuel elements in each capsule (Fig.. 1); . 

F068 
fuel elements identified *.IS 21 throughJS 32 . ,  

Fuel element identification/fuel rod number identification (with compositions) 

Experiment designer, builder: Atomics International 
Reactor owner: Atomic Energy Commission (now DOE) 

Fuel designer, builder: Atomics International 
Fuel owner: Atomic Energy Commission (now DOE) 

13.3 NAA-115 REACTOR EXPERIMENT DESCRIPTION 

Experiment design parameters: 
F067b 12 test fuel elements, contained in 6 capsules Fig. 1) 
F068 ' Reports intentionally do not disclose information that might. disclose Hanford production 

information 

Design neutron flux: 
Design neutron energy: 
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Core element locator: . 

. F067b 12 test fuel elements incorp0rated.h experiment 

13.4 N U - 1 1 5  mJEL FABRICATION INFORMATION 

Fkl  specifications and drawings: 
F068 . Engineering drawing of a four-fuel-element capsule (Fig. 8); engineering dkwing of a 

single-fuel-element capsule Fig. 9) 

Fuel 'fabrication and quality control: 
F067b Schematic cross section of a typical fuel element Fig. 1); schematics of instrumented and 

F068 

iminstrumented fuel elements-(FCg. 2); fuel rod Gmposition (v, Zrc, H, NH, density; 
Table I);, fuel rod dimensions (OD., length; Table 11) 
.S8DR Sublength fuel element; schematic comparing fuel element with full length S8DR 
fuel element design.(Fig. 3); 15 were fabricated and 12 irradiated, where the 3 
unirradiated elements were used in the hot cell to develop disassemblyprocedures. (This 
. suggests that some anirradiated pieces might also have been shipped.) Design materials 
and dimensions (Table 1); chemical composition of hydrided.Zr-U alloy material (Table 

-6); photographs of pre-irradiation capsule parts, including fue1.element.s and fuel rods 
(Appendix I) 

Fuel cladding, inner coatings, and other non-fuel materials: 
. 

. . F068 
F067b Cladding was Hastelloy-N@g. 2); coating was SCB-1 

Chemical composition and mechanical prbp;erties of Hastelloy-N used in the experiment 
. (Tables.2; 3); composition .of SCB-1 hydrogen.barrier' (Table 4); chromizing and 

hydrogen barrier coating thicknesses (Table 5). 

Potential fuel chemical reactions: 
Potential RCRA-regulated materials: ' 
Quantities of materials: 

See shipping spreadsheets (fuel rods, U, 235v) 

Fuel assembly identification methods: 
' F067b . Photograph showing fuel element ID scribed on end (Fig. 7) 

1 3 5  NAA-115 IRRADIATION HISTORY 

Experiment Operating History: 
F067b Approximate 10,OOO-hour irradiation time; cladding temperatures varied from 970 ?F to 

1335 "F, with calculated fuel centerline temperatures ranging from 1290 "F to 1620 ?F 
F068 Detailed cladding thermal history data (Table 16) 

Neutron flux profile: 
Operation abnormalities: . 

F067b Experiment was discharged from the Hanford K-East reactor after it experienced a full 
reactor scram at design temperatures. It was cooled from design temperatures (1300 ?F 
to 1600 OF fuel centerline) to coolant temperature (-250 "F) in 80 seconds. 

. 
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13.6 NU-115 POST-IRRADIATION PROPERTIES AND EXAMINATION ' 

F067b Detailed post-irradiation examination report 
F068 Summary and detailed analysis of information from F067b, plus additional design and 

instrumentation (including dosimetry) details; comparisons with NAA-115-1 and NAA-117-1 
experiment results; post-irradiation photographs of each specimen with data summaries, including 

7 
J locations from which samples were taken (Appendix n) 

Visual observations: 
* 

Fo67a A large volume of post-irradiation photographs 
F067b Visual and photographic results of capsules and the fuel elements they contained, visual 

and photographic results of the fuel rods after disassembly 
F068 Representative photographs of post-irradiation fuel elements and .fuel rods . 

Dimensions: 
F067b Cladding & fuel rod dimensional measurements, fuel rod densities . 

Metallurgical states of materials: 
' F067b Photomicrographs of the fuel and .cladding (including color photomicrographs. and . 

identification of fuel material phases); 
cladding tensile strengths 

fuel and cladding hardness measurements; . 

F068 Photomicrographs and hardness data for fuel and cladding . . 

Cladding defects: 
. F067b Photographs.of cladding cracks in fuel.elements IS 22,29,30 (Fig- 4) 

Corrosion or chemical contamination: 
F06lb .Photograph of coating adhering to fuel Fig. 13) 

Hydrogen effects 
F06?b Hydrogen analysis 

Burnup: 
.. 

I F067b Calculated'bumu~ based on thermal history 0.33 to 0.37 metal-atom %; bumup analysis _. 

. provided; fuel rod autoradiograph profiles for bumup analysis 

Fission products: 
F067b Fission gas analysis 

Transuranics: 
Activation products: 

F067b Fuel element gamma scan results 

Decay heat generation: 
Radiation level decay curves: J 

Alpha contamination: 
(not relevant for the declad fuel) 
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13.7 NAA-115 ON-SITE STORAGE HISTORY 

. *  The NAA-115-2 tkst assembly was sectioned at Hanford and the s& 'capsules were shipped to the.Atomics 
Interhational Hot LaMratory (AIHL). They wefe received at the AIHL in two different cask shipments 

examinations wefe proceeding, and then shipped b AI'S Radioactive Materials.Disp0sal Facility (RMDF') 
for temporary storage before shipment to INEL. They were always stored in air at both the RMDF and 
the AIHL. 

., in December 1966 (F067b). The fuel materials were stored at the AIHL while post-irradiation . 
. 

. 

33.8 NAA-115 SHIPPING RECORDS 

' The NAA-115-2 fuel rod material (from two irradiation capsules) shipped to INEL is listed in the S8ER . 
Shipping Record Summary, where it is included under shipment LAE-JWA-26. . 

. 13.9 REFERENCES 
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14. ~ ~ ~ ~ i i 7 - i  IN-PILE FUEL EXPERIMENT 

Irradiation start date: Not available 
Not available 

Thermal power. Not available 
Irradiation location: Hanford K-West Reactor 

, Irradiation end date: 

14.1 NAA-117 GENERAL DESCRIWION 

’ NAA-117-1 was one of three similar irradiation experiments (NAA-115-1, NAA-115-2, and NAA-117-1). 
that were’ statistically designed to test and evaluate SNAP 8 fuel elements. NAA-117-1 differed from the 
NAA-115 experiments in’ that it contained 16 sub-length fuel elements wit€r target bumups ranging from 
0.3 to 0.8. metal-atom % (F067). The measured burnup (0.37 to 0.77 metal-atom %) is the highest of any 
of the SNAP fuels. The NAA-117 fuel element pieces were shorter rods taken from the S8FR production 
inventory and imdiated at the Hanford K-West reactor. Fabrication data, compositions, etc. would thus 
be as‘ described for the S 8 a  he1 rods. The fuel. elements were formed into 6 separate experimental 
capsules which were connected in series to form a 15-foot-long test assembly. 

1 

, 

’ A good general’ description .of the experiment, its objectives, and the results is given in Co67, and a 
summary of several in-pile experimentqis proyided in Bi67. . 

1 4 3  NAA-117 FUEL IDENTIFICATION 

Reactortype: S8ER 
Fuel identification: NAA-117 

Fuel’ Specimen Identification: M-1 through M-18 (Co67) 

’ Experiment designer, builder: Atomics International 
Reactor owner: Atomic Energy Commission (now DOE) 

Fuel designer, builder: Atomics International 
Fuel owner: Atomic Energy Commission (now DOE) 

14.3 NAA-117 REACTOR EXPERIMENT DESCRIPTION 

Experiment design parameters: 
C067 List of parameters (Table 8) and experiment description; specimens enclosed in six 

capsules, arranged in series. 
Fo67 16 fuel specimens in 6 capsules, .schematic layout in Fig. 1 

Design neutron flux: 
Design neutron energy: 
Core element locator: 
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14.4 NAA-117 FUEL FABRICATION INFORMATION 

Fuel specifications and drawings: 
co67 Design of fuel element specimens (Fig. 2B, 3) 
F067 Design of fue1,element specimens (Fig. 2) 
(367 Dimensional and compositional data (Table 'l), compared with S8ER fuel elements 
Fo67 Fuel composition ("able 1) 

Fuel fabrication and quality control: 
Co67 Fabrication description in Section II . 
Co67 Listing of fuel element specimen numbers (Table 5), along with chemanalyses for C,U,H 
Co67 Dimensional data and hydrogen 1eak.rates (Tables 6,.7) 

Fuel cladding, inner. coatings, and other non-fuel materials: 
' Co67 Fabrication description of cladding, end caps, and plugs in Section II: Hastelloy N; 

chemical analyses and mechanical properties in Table 2 
Co67 Cladding inner surface chromized and oxidized.for adherence of inner coating to the 

cladding 
Co67 Coating = AI-8763D,-composition given (Table 3); Coating thicknesses in Table 4 I 

' ' 

Potential fuel chemical reactions: 
Co67 NaK in contact with cladding outside surface 

Potential RCRA-regidated materials: . I  

Quantities of materials: . 
See shipping spreadsheets (fuel rods, U, 235U) 

Fuel assembly identification methods: 

. 14.5 N U - 1 1 7  IRRADIATION HISTORY 

Experiment Operating FIistory: 
. .  Fo67 Total irradiation time about l0,OOO hours. Centerline temperatures varied from 1300 "F 

Co67 Vague irradiation data (originally classified): thermal data in Fig. 50 - 65 
. . to 1500 9. Cladding temperatures varied from 895 to 1315 "F. . 

Neutron flux profile: 
Operation abnormalities: 

14.6 NAA-117 POST-IRRADIATION PROPERTIES AND EXAMINATION 

Fo67 A detailed description of the post-irradiation examination results 
Fo66 A two-volume collection 'of the photographs from the post-irradiation examination 
AI66 8 laboratory notebooks covering the post-irradiation hot-cell examination: Book 6 includes color 

photomicrographs 
Co67 Post-irradiation examination analysis, with results excerpted from F067. Includes summary figures 

of post-irradiation data and photographs of each specimen (Fig. 50 - Fig. 65), except for 
specimens M-4, M-8 
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. .  

Visual observations: 
Co67 Visual notations; photographs of heavy spall 
F066 Books of post-irradiation.examination photographs (2 volumes, 774 pages) . 
F067 Visual and photographicdts, from all states of disassembly; a “frosty” surface-was 

observed on the outside of the as-received fuel elements, thought to be due to water 
residue on the hot surface of the experiments after they were moved (at Hanford) from . 
the reactor core to the water pit 

- 

Dimensions: 
Co67 Comparison pre- and post-irradiation lengths, diameters; pre- and post-irradiation density . 

measurements . 
F067 Dimensional measurements 

Metallurgical states of materials: 
Co67 Discussion of fuel material after irradiation, showing spalling of some specimens; 

extensive fuel metallography (including photbmicrographs) 
F067 I Metallographic analysis, including numerous photographs; hardness measkements 

Cladding defects: . 
’ C067 Cladding photomicrographs showing cladding failures and poor adherence of hydrogen 
- ’ barrier coating in some instances. Cladding metallography, hardness testing, and grain . 

I size. 

Corrosion or chemical contamination: . 1 

Co67 Photographs of contamination of. fuel material by cladding; plus visukl descriptions .of . 
. contamination from NaK and cladding by specimen number (M-1 through h-18). . 

Hydrogen effects 
. Co67 Pre- and post-irradiation hydrogen analysis; tabulation of H/zr effective. 

F067 Hydrogen analysis 

Burnup: 
Fo67 Bumup analysis; calculated bumups were 0.37 to 0.77 metal-atom .% 

. Co67 Bumup analysis from dosimetry and mass spectrometry; 9sZr gamma activity -. 
. 

Fission products: 
F067 . Fission gas analysis; autoradiographs; gamma scan profiles 
Co67 Fission gas analysis (’%) 

. 

Transuranics: 
Activation products: 

, Decay heat generation: 
Radiation level decay curves: 
Alpha contamination: 

(not relevant for the declad fuels) 
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'.14.7 NAA-117 ON-SITE STORAGE HISTORY 

The NAA 117-1 test assembly was sectioned at Hanford between each of the six capsules andship@ .to 
the Atoinics Intemational Hot Laboratory (AIHL) for destructive post-imdiation'analysis. They were 

. received at the AIHL in two different cask shipments in the early part of July 1966 (F067). The fuel 
materials- were stored at the AIHL while post-irradiation examinations were proceeding, and then shipped 

. to AI'S Radioactive Materials Disposal Facility (RMDF) for temporary storage before shipment to INEL. 
They were always stored in air at both the RMDF h d  the AIHL. Reference F067 indicates some. 
underwater storage of the irradiated test assembly at Hanford on removal from the core and prior to . 
shipment to AI. 

, 

.. 

: - 

' 14.8 NU-117 SHIPPING RECORDS 

The NAA-117-1 fuel rod material from two irradiation capsules, shipped to INEL with the S8ER fuel. 
elements under. shipment.LATZ-JWA-26, is listed 'in the S8ER.Shipping Record Summary. Five pieces 
were shipped to INEL, with the S8DR fuel elements in AI Can No. 10, shipment LAE-JSB-02, and zire 

' . 
. 

included in the S8DR Shipping Record Summary. . .  
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15. NAA-121 IN-PILE FUEL EXPERIMENT 

Irradiation start.date: 

Thermal power: 
Irradiation location: 

. Discharged: 
October 15,1967 ("0) 
July 4, 1969 (Le70) . ' 
Not available 
Hanford K-East Reactor. 

15.1 NAA-121 GENERAL DESCRIFMQN 

The NAA-121 experiment was a reactor fuel element performance test ofeight Uranium zirconium hydride . 
fuel rods clad With Hastelloy N and coated with an SCB-1 glass hydrogen barrier. Four of the elements 

. were irradiated in the Han€ord K-East reactor 071).  The primary objective of the in-pile experiment was 
to evaluate the performance of three full-length SSDR-tYpe fuel elements under approximated S8DR 
reactor operating conditio&. A fourth test'element was included in the irradiation for in-pile phase 
transformation studies (Fo70). . The uranium concentration in the irradiated fuel rods ranged from 10.32 
to 10.58 w t  % (Le71): The four out-of-pile fuel'elements were the same as the in-pile elements except . 

. 

. 
. 

that they contained nanual uranium. 

The NAA-121 in-pile experimental assembly included four indiviclual experiments, denoted -1, -2,--3, and 
.: -4, designed to.operate at three different power levels. In some reports these expe&ents are identified. 
I * separately,.sixhm NAA-121-1, and were called capsules (instead of experiments).during post-irradiation . 

e examination. Report Le71 identifies the overall experiment as NAA-121-1, but covers all.four irradiated 
capsules. 

.15.2 NAA-121 FUEL IDENTIFICATION I 

Reactor type: S8DR 
Fuel identification: ' S8DR-type, four full-length elements (Le71) 

Fuel Specimen Identification: NAA-121-1, -2, -3, -4 

Experiment designer, builder: Atomics International 
Reactor ownee Atomic. Energy Commission (now DOE) 

Fuel designer, builder: Atomics International 
Fuel owner: Atomic Energy Commission (now DOE) 

15.3 NAA-121 REACTOR EXPERIMENT DESCRIPTION 

Experiment design parameters: 
Le70 
Le71 In-pile neutron irradiation experiment 

As-built fuel element data and reference heat generation rates 

Design neutron flux: 
Design neutron energy: 
Core element locator: 
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15.4 NAA-121 FUEL FABRICATION.INFORMATI0N 

Fuel specifications and drawings: 
Le70 
Le71 Schematic drawing of the fuel element Fig. la) . 

Sketches of fuel element wig. 1) and capsule.@3g. 2) design 

Drawings available from loose files 

Fuel fabfication and quality control: . 
. Le71 Fuel element asbuilt dimensions and uranium content .(Table 1); fuel 'alloy chemical. 

composition, including U range of 10.32 to 10.58wt.96 (Table 2) 

Fuel cladding, inner coatings, and other non-fuel materials: 
Le71 Hastelloy-N cladding, SCB-1 coating; see S8DR 

Potential fuel chemical reactions: 
Potential RCRA-regulated materials: 
Quantities of materials: 

See shipping spreadsheets (fuel .rods, U, 235U) , 

Fuel. assembly identification methods: 

15.5 NAA-121 IRRADIATION .HISTORY 

Experiment Operating History: 
F070.. Detailed infomation on the operational history not reported because of its security 

classification (see Le70) 
Le70 Opektionssummary flable 2), including 15,000 hours in-pile time and 11,457 hours time. 

. at power, charts of time-temperature history for each thermocouple (Appendix 1); power 
graph showing complete time power history of the experiment (Appendix 4) 
Experiment ran for 12,000 hours at cladding temperatures up to 1300 "F and fuel 
temperatures up to 1450 "F at the Hanford K-East reactor. In-pile operations summary 
(Table 4). 

. .  

. .. . Le71 
' 

Neutron flux profile: 
Operation abnormalities: 

* 15.4 NAA-121 POST-IRRADIATION PROPERTIES AND EXAMINATION 

Le71 Schematic (Fig. 16) of the sectioning of the fuel rods for post-irradiation examination (hydrogen, 
metallurgical, and .bumup), plus the identification system 

Visual observations: 
Fo70 Post-irradiation photograph of Elements 1-4 (Fig. 5 - 8) 
Le71 Fuel element and fuel material'sample photographs 
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Dimensions: 
Fo70 Fuel element dimensional prome scans Fig. 11); density measurements of sections from 

the four fuel rods (Table VI) 
Le71 Density summary (Table 6) 

Metallurgical states of materials: 
Le69 

Fo70 

Discussion of possible fuel phase changes in Element 4 based on early temperature profile 
information 
Neutron radiographs showing fuel-& cracks ind distortions within the cladding (Fg. 10); . 
photographs of fuel rods from Elements 1,23 after cladding removal (Fig. 12-14); 
Element 4 cross wtion photographs (Fig. 15, approx. 19.pieces); photomicrographs of 
fuel rods 1,2,3,4 (Fig. 22 - 25) 

. 

Cladding defects: 
Fo70 Element 4 cracked and shows evidence of NaK contamhation fig. 8) 

' Corrosion or chemical contamination: . .  
. Fo70 Element 4 cracked and shows evidence of NaK contamination (Fig. 8) 

Hydrogen effects: 
Le70 Pre- and post-imdiation fuel rod hydrogen content 
Fo70 Hydrogen analysis from-EIements 1,2,3 (Table WI) 
Mi71 Hydrogen analysis (Table I) 
Le71 Hydrogen retention summary (Table 6); barrier performance (hydrogen loss; Table 7) . . 

* .  1 . 

, .  .. . 

Burnup: 
Fo70 Calculated bumups based on temperature history (Table II) .. 
Mi71 Fuel, bumup analysis (Table JI); .source analytical chemistry data sheets by .m&s 

spectrometry are available 
Le71 Peak bumup of 0.32 metal-atom %; bumup summary (Table 6) I 

Fission products: 
.Sw69a preliminary fission gas release computation for Elements 1,2,3 
Le71 Fission gas release summary (Table 8) 
Fo70 Gamma scan profiles of the 4 elements wig. 9) 

, Transuranics: 
Activation products: 
Decay heat generation: 
Radiation level decay curves: 
Alpha contamination: 

(not relevant for the declad fuels) 

15.7 NAA-121 ON-SITE STORAGE HISTORY 

The NAA-121 test assembly was sectioned at Hanford between each of the four experiments and the 
shroud tubes were removed. The experiments (capsules) were then shipped to the Atomics International 
Hot Laboratory (AIHL) for destructive post-irradiation analysis (Fo70). This analysis began in August 
1969. The fuel materials were stored at the A I H L  while post-irradiation examinations were proceeding, 
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and then shipped to AI'S Radioactive Materials Disposal Facility (RMDF') for temporary storage before 
shipment to INEL. They were always stored in air at both the RMDF and the AIHL. 

, 15.8 NAA-l21SHIPPING RECORDS 

.The NAA-121 fuel rod material (from Experiments 1,2,3, and 4) shipped to INEL is listed in the S8DR 
Shipping Record Summary' where it is included under shipment LAE-JSB-02. 

15.9 

Fo70 

Le69 

Le70 

. Le71 

L 

Mi71 
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16. NAA-67 IN-PILE FUEL EXPERIMENT 

8 

Rebecca Lords of WII’&ZO’provided the’infonnation during her visit to EXEC on 22-23 September 1994 
that two SNAF NAA-67 fuel pieces were also in storage at INEL. We have not located any documented 
evidence of this experiment; and have no descriptive information on it at this time. . However, based on 

’ Ms. Lords’ input, we have reviewed our archived shipping records and have identified shipments of NAA- 
* 67 i d a t i o n  capsules both to and from INEL (Phillips Petroleum Company). This indicates that some 

NAA-67 materials were sent to INEL.for one or more irradiation experiments and subsequently returned 
to AI for analysis. These shipments are summarized’as follows: 

9 

Shipments to INEL: 

Date 

04/26/62 
05/07/62 

Totak: 

Shipments from INEL: 

Date 

10/02/62 
11/19/62 
09/17/62 
11/23/62 
08/10/62 
0311 5/63 

* 03/15/63 
03/15/63 
08/10/62 

. 11/23/62 
10~26162 
11/27/62 
03/15/63 
03/15/63 
03/15/63 
03/15/63 
11/19/62 
11/08/62 
09/17/62 

’ .03/15/63 

Totals: 

Sample Identification Uranium 

NAA-67-13 NO. 1,2,3,4,7,8,9,10 203 g 
NAA-67-13 14 rod pieces 457 g 

22 samples 

Sample Identification 

NAA’-67-1 
NAA-67-3 
NAA-67-4 
NAA-67-5 
NAA-67-6 
NAA-67-7 

, NAA-67-8 
NAA-67-9 
NAA-67-1 0 
NU-67-1 1 
NAA-67-12 
NAA-67-13 
NAA-67-14 
NAA-67-15 
NAA-67-16 
IUA-67- I7 
NAA-67-18 
NAA-67-19 
NAA-67-21 
NAA-67-22 

20 samples 

660 g 

Uranium 

46.0 g 
46.0 g 
42.0 g 
46.3 g 
46.3 g 
5.8 g 
5.8 g 
5.7 g 
5.7 g 

46.2 g 
46.2 g 
41.5 g 
41.5 g 
41.5 g 
41.5 g 
41.5 g 
41.5 g 
5.8 g 
5.7 g 
5.7 g 

608.2 g 

235v 

190 g 
425 g 

615 g 

235v 

43.0 g 
43.0 g 
39.0 g 

I 43.0 g 
43.0 g 
5.5 g 
5.5 g 
5.5 g 
5.5 g 

43.0 g 
43.0 g 

. 38.7 g 
38.7 g 
38.7 g 
38.7 g 
38.6 g 
38.6 g 
5.3 g 
5.2 g 
5.2 g 

566.7 g 

The return shipping documents account‘ for 20 of the 22 samples shipped to INEL. The two samples that 
. were apparently not returned to AI, based on the numbering sequence of the samples that were returned, 
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. we= samples NAA-67-2 and NU-67-20. The material mass not returned, based on the differences 
' between the two sets of totals, was 51.8 g of uranium, of which 48.3 g was 235U (neglecting differences 
.in round-off conventions). .Based on the masses of samples with neighboring identification numbers, one 
. 'would guess that NAA-67-2 weighed 46 g (43 g of 235v> and NAA-67-20 weighed 5.7 g (5.2 g of 235v>. 

. '. Their sum accdunts for the difference between the AI-shipped and AI-received total NAA-67 uranium . 
. , 

masses, within round-off differences. 
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APPENDIX i 
COMBINED LISTING OF REFXWNCE DOCUMENTS 

+ Ad74 T. Adamson (Aerojet Nuclear), in Atomics International Telephone Conversation Record to V.J. 
Schaubert (AI) dated 28 January 1974 

AI65 Atomics International, "S8ER. -Screening Examination Dry Weight Data Sheets in m e m e  from 
Ring I to Ring M," Atomics International binder of source data sheets 

AI66 Atomics International Laboratory Notebooks "M NAA 117-1," covering NAA-117-1 hot cell 
examinations: Book 1 (B 326601, July 1966), Book 2 ( B 335101, August 1966), Book 3 
(B335051, September 1966), Book 4'(B 326801, September 1966), Book 5 (B 335251, October . 
1966), Book 6 (B 345401, December 1966), Book 7 .(I3 345601,. January 1967, and Book 8 
(B345551, January 1967) 

AI66a Atomics International Hot Laboratory Staff, "[S8ER] Post Irradiation Screening Examination 
Photographs," Atomics International Technical Data Records NAA-SR-MEMO-12011 , Volumes 
I to XIV (1966) (volumes not labeled with NAA number) 

AI66b Atomics International Hot.Laboratory Staff, "S8ER Screening Examination Stereo Data Sheets in 
Sequence from Ring I to Ring E,!' Atomics International source data book (1966) 

AI66c Atomics International Hot Laboratory Staff, "S8ER Scikening Examination Length Measurement 
Data Sheet in Sequence from Ring I to Ring IX," Atomics International source data book (1966) . 

AI66d Atomics International Hot Laboratory Staff, "S8ER Screening Examination Gamma Scanning Data 
Sheets in Sequence from Ring I to Ring IV, from Ring .V to Ring VII, and from Ring Vm to 
Ring IX," Atomics International source data books, 3 vol&nes (1966) 

AI66e Atomics 'International Hot Laboratory Staff, "SSER Screening Examination Diameter 
Measurements Data Sheets in Sequence from Ring I to Ring V, and from Ring VI to33ing IX," 
Atomics International source data books, 2 volumes (1966) 

AI66f Atomics International Hot Laboratory Staff, "S8ER Screening Examination -Hydrogen Analysis 
Data Sheets in Sequence from Ring I to Ring IX," Atomics International source data book (1966) 

Am68 C. B. Amberson (Idaho Nuclear Corporation), "SNAP Fuels from A.I. in 1967-1968 Fai-9-68," 
lntemffice Comspndence 

AN76 Anonymous, '%.conium .Hydride (SNAP) Reactor Space Power Programs. Summary of Major 
Activities and Accomplishments," Rockwell International Energy Systems Group (June 1976) 

An83 R. V. Anderson, et al., "Space Reactor Electric Systems. Subsystem Technology Assessment," 
Rockwell International Energy Systems Group Report ESG-DOE-13398 (March 1983) 

Ar63 J. R. Amstrong, et aL, "SNAP 10 A FS-3, -4, and -5 Fabrication Process Sheets'and Auxiliary 
Forms," Atomics International Technical Data Record NAA-SR-MEM043809 (July 1963) (41 
pages) 
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Ar74 J. R. Amstrong, "Uranium-Zirconium Fuel Alloy, Hydnding of," Atomics International 
Specification NAO611-001 (January 1974) (11 pages) 

A177 D. V. Arnold, C. C. Woolsey, and W. H. Friske, "Specification for Marking," Atomics 
International Specification NOO1AO1O4OO1 (June 1977) (7 pages) 

Be62 J. P. Beall and M. W. Hulin, "SNAP-:! Experimental Reactor Operation and Test Program," . 
Atomics International Report NAA-SR-7088 (April 1962) (76 pages) 

Be94 C. L. Bendixsen, in Proc. I994 International High Level Radioactive Waste Management 
CoMerence, American Nuclear Society, 22-26 May 1994 

Bi67* K. R Birney, "An Empirical Study of SNAP Reactor Fuel Irradiation Behavior," Atomics 
International Report NAA-SR-12284 (August 1967) (51 pages) 

BE9 M.. Bloomfield, "Tentative SER Fuel Element Inspection Specification," Atomics Internatiqnal 
Memorandum NAA-SR-MEMO463 (June 1959) (8 pages) 
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APPENDIX 2 
REPORT CONTRIBUTORS 

D. W. Kneff 

Dr. Kneff is a senior member of the Rocketdyne (and former Atomics International) technical staff 
who has been at Rockwell for 19 years. He has a background in nuclear physics and has 
conducted many nuclear measurement and radiation dosimetry experiments in reactors and particle 
accelerators. He was a contributor to the investigation of self-radiation effects in proposed 

. crystalline high-level waste forms for repository emplacement Dr. Kneff is a company expert on 
space power system survivability, and current. activities include lethality analyses for theater. 
missile defense and technical support to ETEC’s decontamination and decommissioning 
development programs. 

\ 

W. E. Nagel 

Mr. Nagel was hired by Atomics International in July 1961 for me specific purpose of establishing 
a quality engineering and test function for SNAP fuel fabrication. He was made supervisor of the 
SNAP Fuel Quality Test Unit in January 1962, which he managed until he was assigned as 
Quality Engineering Manager for all of A I ’ S  fuel fabrication in June 1963. In late.1965 Mr. Nagel 
was reassigned as a research engineer responsible for developing nondestructive test methods for 
advanced nuclear fuels and in-core components. He was Fuels Quality Engineering Manager 
again from mid-1967 until 1970, when the S8DR fuel fabrication was complete and he became . 
manager of quality engineering for reactor systems. Mr. Nagel retired in 1991 q d  was recalled 
for the present work. 

H. Pearlman 

Dr. Pearlman was Atomics International’s Group Leader of Chemistry during the initial SNAP 
development work, and was in charge of the early work on zirconium hydride. He became 
Manager of Component Development and (later) the AI Fuels and Materials Division, where he 
was responsible for fabrication of the first SNAP fuel elements. He retained close association 
with the SNAP fuel element development and performance activities throughout the active phase 
of the reactor operation program. Dr. Pearlman also managed the later AI radiation effects 
investigations on proposed crystalline high-level waste forms. He was recalled from retirement 
to contribute to the present work. 

V. J. Schaubert 

Mr. Schaubert was part of Atomics International’s Nuclear Materials Management Unit during 
SNAP development which had primary responsibility for nuclear material control, including 
procurement, receiving, shipment, internal transfers, product storage, and accounting records. He 
was Manager of the unit beginning in 1968, which included management of the Radioactive 
Materials Disposal Facility (RMDF). Mr. Schaubertwas responsible for shipping all of the spent 
SNAP fuel to INEL. He is presently retired, and was recalled for participation in the present 
work. 
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