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THORIA TARGET ELEMENT FAILURES- ' i - , - -- _,,- ,

INTRODU_CTION

The thoria program at Hanford was initiated in response to an order placed by

the Atomic Energy Commission for the production of uranium=233 from the
irradiation of thorium or thorium oxide (thoria)o The initial orders called

for approximately 130 kg U-233 and subsequent orders have since increased

this figure° This report provides a brief history of the thoria program,

an analysis of the thoria target element failures which ocurred during the

irrs_iation phase 9 and the significant changes in the fabrication methods
and inspection criteria and techniques which were made in response to the

large number of failures that occurred in the early stages of the programo

CONCLUSION_..AS

To date_ the thoria program has sustained 23 thoria target element failures°
Eighteen of these failures are believed to have been caused as a result of

water entry throu6h fabrication defects in the closure weldo Two of the

failures were attributable to water entry through the cladding as a result

of charging machine damage _ and the remaining five failures were caused by

water entry in some undetermined manner°

The majority of thoria element failures occurred in the early stages of the

pro_Tamo Upon determining9 from the examination of several thoria failures_

the cause of failure t Production Fuels Section initiated programs to up_

grade the quality of the closure weld on thoria elements° Process improve=
ments resulted in the thoria element failure rate being reduced by about a

factor of ten from 0°035 percent (approximately twice the failure rate for

uranium fuel elements) to 0o00hl percent°

The current performance of thoria target elements is very satisfacSoryo No

future problems are foreseen that in any way should prevent the fulfillment

of thoria program goals° In the event of further requests for high purity

U_233z the equipment and knowledge exist with which these orders may he
filled with a minimum of effo_o

BACKGROUND

Irradiation of thorium 9 in metallic or oxide form 9 serves as a source of

secondary nuclear fuel2 uranium_233o The nuclear reaction responsible for
the conversion is_ Th_32(ng7) . Th233(8). . pa233(8) . U233_ in which a
thorium atom absorbs a neutron and emits a gamma ray in being converted to

thorium=233 and decaying to paladium-233 and uranium-233 by Beta emission°

By using high purity thorium or thorium oxide (thoria) and limiting the
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reactor exposure o the U©233 produced will contain very low levels of radio=

active contaminants_ primarily U_232o The incentive of the thoria program is

to fillo as economically as possible9 the Atomic Energx_ Commission's requests

for high purity U=233o Utilization of the oxide instead of the thorium metal

results in a 35 percent savings in process cost while producing a product of

" equivs_lent quality o

Several processes are known for rh- production of thoria from feed oreso
The method used for preparing the thoria irradiated at Hanford is known as

the Sol=Gel processo The thorium in the ore is nitrated_ concentrated and

purifled_ after which the thorium nitrate is converted to thorium oxide

(Th02)o The oxide is then dispersed in a hydrosol and reduced to a gel by

•evaporationo Further densification is accomplished by firing the gel at high

temperatureso The final particle size, and thus the density of the thoria
as a packaged composite of individual particles o is controlled in this step°

Thoria target element specifications I require that the oxide particles be

of such size that they may be compacted to 705 g/cc_ or about 75 percent of

theoretical density_ while still meeting the dissolution requiremen_so This

requirement is based upon a balance between the need for a dense material to

maintain good reactor control and minimize local variations in reactivity_

and a high surface=to=volume ratio for reasonable dissolution rates o

Thoria is classed as a target material_ it absorbs neutronso but the result®

ing reaction does not produce neutrons and as such_ thoria columns are not

self=sustaining but rely on surrounding columns of enriched uranium to

maintain adequate reactivity levels in the reactors o Thoria columns operate

at power levels of approximately l0 percent of the adjacent supporting uranium

tube powerso For fringe thoria, this is about 80 kw/column and core thoria

columns operate at approximately 200 k_r/coltmmo At these hea_ generation

rates_ it is not necessary to provide for internal cooling of the _arget
element o

The irradiation time for the thoria elements is dependent upon 5he U=232

impurity levels specified by the product customer of less than six parts per

million (ppm)o These specifications set exposures at four to six weeks for

core loadings and six to nine months for fringe loadingso The U_233 pro=

duced from the scheduled loadings of the pro@ram_ when blended_ will contain

less than 5 ppm U=232o

Due to the low powers at which thoria columns operate_ cladding material

presents no real problemo Corrosion is very mild with maximum cladding
temperatures of 70 C and coolant outlet temperatures of about _0 Co As no

internal support is provided by th_ core in thoria elements_ strength in the
clad is essential as is good formabilityo From the separations standpoint_

a very low nickel content (nickel retards dissolution rate of _horia) is
desirable° Aluminum alloy C=6h was chosen in view of these requirementso

This alloy has aluminum specified at 9903 percent minimum° Iron is the
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major alloying addition (0035 percent = 0050 percent) 9 with silicon at 0o17

percent maximumo All impurities are specified with much lower maximums than

an equivalent commercial grade alloy to minimize the parasitic neutron captures
occurring in reactoro

Early calendar year 196h marked the initial test irradiation of thoria target

elements in the Hanford reactors° These elements were fabricated by develop=
merit groups within what is now Battelle=Northwest Laboratorieso Initial

thoria testing was done in D Reactor using both thoria and metallic thorium

cores o After favorable results were obtained from these tests_ four tons of

thoria elements were fabricated for testing in F Reactor° In September_ 196h_

Production Fuels Section assumed responsibility for thoria target element
•production o

_s Yj, o__F Z_A O=N_P__RO

Four tons of thoria target elements were charged as a, :':±.ug_ _,cad!ng in F

Reactor in early September_ 196_49 under the authorization of Froduc_ion Test
IP=6h8=ACo A core loading at F Reactor containing about two tons of' elements

followed shortly thereaftero These thoria irradiations were very successful_

performing much as predicted_ and no failures were encounteredo The tests

reached the intended exposure9 which in some cases was greater than the

exposures encountered in later production thoria loadingso

Post=irradiation examination of _he thoria elements showed no significan_

damage or corrosion to the target elements0 In view of the favorable perform=
ance of these _ests and based upon the existence of orders for subst_ztial

amounts of U=2339 irradiation of _horia as a source of U=233 cn a production

basis began at KW Reactor in late September_ i96_o

FABRICATION OF THORIA ELEMENTS

The fabrication of thoria target elements involves no complex opera_iono

After material acceptance_ the thoria is placed in aluminum cans and

compacted by vibratory methods _ an al'_ninum cap is then inserted and welded

in place to effect the necessary closureo .'2"-,-'_.._g_.r..'t,quality _on'_roi is

necessary to ensure the integrity of the closur_ weldo Present spe=ifi_a=

tions require two visual inspections_ a helium leak tes_ and radiographing

of the weldo Shortly after the initiation of the _hcria pr_,gram_ high

failure rates resulted in the upgrading of fabrication methods and control

measures to _heir present leveio

THORIA ELEMENT FAILURES
......__ ..__ ..................

Since the initial thoria loading in early CY i964 through Ap___ " _ l_6c_
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approximately 1809000 thoria target elements have been irradiated in the
DUN=operated reactorso Twenty-five thoria failures occurred within this time

period, comprising 0o014 percent of the total number chargedo This figure
represents a failure rate which is about two times greater than the failure

rates experienced with uranium fuel elements fabricated by the AISi process°

The %horia failure picture gains considerable significance when calculated

for two different time periods o On about April i 0 1965, the Production

Fuels Section incorporated several process and control procedures into the

thoria canning process in an effort to reduce the high failure rate experi_

enced since the beginning of the program° These procedures, to be discussed

later9 and their effectiveness are vividly illustrated by the reduction in
failure rates experienced between the start of the program and April l,

1965, and from April lz 1965 to March 209 19669 of from 00035 percent to

0o0041 percent° These rates correspond to 20 failures in 57,800 irradiated
elements for the first period and five failures in 122_200 irradiated ele=

ments for the second periodo

DE_.CTION AND_CONSEq_UENCES .0F__THORIA,FAIL,URES

Suspect thoria failures are detected as gradual increases in the Panellit

readings for a process tube containing thoria or increases in the gamma

monitor activity of headers leading from regions containing thoria charged

process tubes° The following criteria have been proposed by the Process

Technology Subsection for reactor shutdown due to a suspect thoria failure_

l) excessive amounts of Krypton©87 present in the reactor coolant water_

2) a Panellit pressure increase of l0 pounds accompanied by a gamma monitor

trip_ 3) a Panellit pressure increase of l0 pounds accompanied by gamma
monitor activity which is insufficient to cause a trip9 and 4) a Panellit

pressure increase of 20 pounds with no gamma monitor activity° A final
decision is made based upon the indication received in conjunction with th_

present state of the reactor involved as these criteria are still informal
re commendations o

After shutdown due to one of these indications o the thoria is discharged

from the suspect tube at a cost of l0 to 12 hours unscheduled reactor outage

timeo Discharging and recharging of the tube plus reactor turnaround req,Aires

approximately seven hours_ three hours are attributable to non-equilibrium
losse_ and one to two hours are char=ed to incidental losseso Of the 2_

thoria failures recorded as of April 30 "" '_;,__.-_0 _-'have resulted in an

unscheduled reactor outage° The remaining nine* were classified as fai].ure

suspects during the course of their irradiation_ but did not give large
enough indications to merit reactor shutdown° As such, they were left in
reactor until the first scheduled outage following their detection_ during

which time they were discharged and confirmed as failures°

%_"In--two-ins£ances'-_ m_£ipie fai-iures have occurred in a single process
tube° See Table Io
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Thoria target elements have been observed to fail by one or a combination of

three distinct methods_ l) expansion due to internal gas pressure evidenced

by bulging of the can at its weakest point and consequent coolant flow restric-

tlon_ 2) weld porosity allowing entry of water into the element and the escape

of fission products_ often accompanied by fusing and swelling of the thoria,
producing flow restriction and further fission product release, and 3) mechan=

ical damage caused by improper handling and/or charging, producing surface

damage severe enough to allow penetration of the cladding by corrosion and

thus fission product release audwater entry prior to .attainment of goal
exposure (see Figures l, 2 9 3, 3a, and h)o Table I lists the 25 thoria

•failures with their respective lot numbers, reactor and tube number, percent
of goal exposure reached upon failure and failure classification°

Four of the elements are listed as "cause of failure unknowno" One of these

failures (#22 in Table I) was found to have had the cap completely severed
from the remainder of the elemento Some unsubstantiated indications that

charging machine damage may have been partially responsible were seen on

the element° No other causes for this failure were apparent upon examina_

tiono The failure listed as #8 in Table I was charged in tube 3098 at KE

Reactor which was equipped for non-poisonous flux traverses° At some

unknown time, either during charging or irradiation, a spline apparently

became lodged in the tube° Swelling of the failed element sad the presence

of the spline necessitated discharge of the column by tube removal° Upon

examining the failed element and the corresponding tube section_ water

entry appeared to have occurred through a hole in the cladding caused by

a type of fretting corrosion between the target element and the lodged
splineo The remaining two elements which failed for unknown reasons are

assumed to have failed by one of the established mechanisms_ as nothing
suggesting an alternate failure mode was apparent from their failure indi=
cations or subsequent examination°

THORIA TARGET ELEMENT EXAMINATION BY RADIOMETALLURGY

Initially_ ll thoria target elements were shipped to Radiometallurgy for an
analysis of their in=reactor performance and/or to determine the cause of

failure° Two of the failures _ from a central zone loading in KW process tube
h653_ resulted in an unscheduled reactor outage° Four additional elements

from this central zone loading were also included in this shipment° They

were discharged from tubes which indicated failure suspects° Upon discharge_
'the individual failures were identified and confirmed° The remaining five

elements examined possessed severe mechanical damage to the cladding° They

were examined to determine whether the damage occurred prior to or during
charging or upon discharging°

Upon examination of the six failed elements by Radiometallurgy, it was conclu=
deal that_
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"The cause of failure in all six examined elements was water entry

thr,)ugh pin holes and/or porosity in the closure weld [Figures 7 and

8]0 Three elements contained pin holes_ two porosity_ and one ale=
ment had botho_'2

During the examination_ the caps of the failed elements were ground_ polished

and examined in incremen_s_ starting at the exterior_ in an effort to trace

the path ,ofwater entry through the weldo Each of the six failures dls=

played at least one continuous 9 traceable path°

Examination of "the remaining five elements revealed _hat the severe mechanical

damage 5o the cladding was affected during or after discharge° The damage
•was severe enough _o allow water entz> and indicates the necessity of care=

fully handling the thorla elemen_so The thoria failure on December 30 9 1965_

at k_ Reactor was in fac:_ directly attributable to damage inflicted by the

charging machine° This failure resulted in an tmscheduled reactor outage o

Examination of subsequent thcria elements shipped to Radiometallurgy revealed
no failures due to causes o_her _han "c.hos_,pre_ously mentionedo

Whereas the cause of the three types of failures is _hought to result from

water entry into the fuel element9 the actual failure mechanisms are not

_,horoughly und_rstcodo The thoria target el=-men_ failures always display
either a swelling of _he welded end of the element .and/or an over=all type

of sweliingo Table II lists actual diameter measurements from ruptured
thoria elements exhlbi_ing the two types of Bwellingo

The presen_ underst_nding and ana_y_i_ of the swelling problems postulates
a distinct cause for each of the _wo _rpeso Upon examining failures dis=

playing end sw_lllng_ the thoria is s_ill present as a loose powder and
_he swelling always oc,_urs at the weld end° The irradianed _horia_ as a

powder_ displays no app_:.ent increase in volume and _hus the swelling must
be due to internal gas pr_s_ureo

Th.orla target elements experience a gradual increase in power_ and thus

_emperatura9 in propor_±cn to the U=233 buildUpo Water that has entered
will gradually be expelled to sa%isfy the conditions of pressu_e and increas=

_ng temperatureo If the path of water en_rF (escape) is blocked 9 the pressure
would _hen ±ncre:ase gradually to the point where the _-an co,'/Ldno_, sul.port

the in_ernal pre_sure vithou_ bulging at its weakest point° As most pin holes
are found to be funnel shaped with the mouth at the interior cap surface_ an

oxide particle could easily lodge in the funnel and block wa_er escape quite

effe-,tlvelyo Expansion of the aluminum cap could also seal the pin holeo

Cal_..alationsbased on samples of gas taken from non=failure irradiated thoria
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elements indicate that the pressure increase from absorbed and fission product

gases does not approach the pressure necessary to produce end swelling° Thus_
water entry through a defect is believed to be essential to produce the

required gas volume upon which the preceding explanation is basedo

_l_.efact that bulging always occurs at the _'_Ided end of the thoria element

is explained as follows: in attaining a go,:d closure weld_ i_ is necessary to

reach temperatures which are sufficient to cause chm_ges in the micro_

structure of the aluminum within the heat affected zone° These changes,

referred to as annealing, result in deterioration of the tensile properties
of the aluminum within this zone° The cladding within this region will thus

yield at lower internal gas pressures than the remainder of the cladding that
"is unaffected by the heat from the closure weldo

Examination of thoria failures exhibiting over_all swelling reveals that

the oxide is no longer in powder form° Instead_ it is in a fused state and

occupies a larger volume° The volume increase of the oxide occurs in some=
what of a uniform manner and produces what is referred to as over=all

sweilingo Burst tests on thoria cans welded under present process specifi_
cations indicate the magnitude of the pressures required to produce swelling

arid rupture of the claddingo No swelling was evident in this test at

internal pressures of 500 psig, and rupture of the cladding occurred at

internal pressures on the order of 1300 psig. 3

This type of swelling is often attributed to _horia exhibiting behavior

very much as would be expected of fire clays o_ The thoria_ containing only

0o15 percent H20 maximum as received at Hanford, absorbs some of the wa_er

entering the fuel element via pin holes or weld porosity° The water 9

probably absorbed as water of hydration, results in an increase in volume
which causes stresses to be exerted on the aluminum cladding° When the

stresses exceed the yield point of the cladding, over=all swelling will

occur° The fusing of the thoria, then, would be explained by a time ac

temperature effect sufficient to produce the fused mass°

Experimental work s has also related the fusing of irradiated thoria to the

firing temperature used in the Sol=Gel process° Firing temperatures of

600_ 8009 and 900 C resulted in the thoria_s fusing during irradiation_
whereas thoria fired at ll00 and 1500 C remained as a loose powder when sub=

jected to similar conditions° The thoria utilized at Hanford is fired at

approximately 1050 Co A direct relationship between this experiment and

_.horla performance at Hanford cannot be made due _o the low exposures used
in the experiment (2o4 x l0_3 Mwd/t) which may well be a factor in the fuslng

of the oxide powder° The experiment does indicate_ however9 that the

s_ability of the oxide powder _.ncreases with firing _emperatureso

The thoria elements rupturing sm a result of over_all swelling display

nothing else to suggest alternate mechanisms for the fusing and swelling of

the thoriao The cladding exhibits a ductile type of failure at the rupture
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(Figure 9)9 and the microstructure exhibits the expected distortion in grain
structure within the deformed region of the rupture° Elements displaying

over_all swelling may or may not exhibit additional swelling at the welded
end as a result of internal gas pressure@

The fused thoria 9 found in elements exhibiting over-ali swelling_ is charac=

_erized by the occurrence of color changes to the thoriao These colors
occur in circular bands running parallel to the longitudinal axis of the

element, with natural yellow colored thoria, dark blue 9 and pale blue bands
occurring from the outer diameter region to the center of the element

(Figures 8 and 9)o These color bands have been associated with definite

•grain structures 6 and are also dependent on adsorbed gases present at ele=

vated temperatures° Below 860 C, thoria exhibits its natural yellow color

and no grain growth has been observed at any lesser temperature o Between
860 and i000 C normal grain growth proceeds and the thoria generally assumes

a light blue color° Above i000 C grain growth occurs at m% accelerated
rate yielding abnormally large grains having a dark blue or purple color°

F_ilures at Hanford display the deepest blue color in a band occurring about

half way between the 0D and the center of the element instead of at the very
center as would be concluded from the above findings o This discrepancy m_y

be a result of inherent differences in the thoria in question, varying amounts

of adsorbed gases 9 and variations in irradiation conditions, or more probably_
some Combination of these factors°

The tendencies for thorium oxide to fuse appear to be best described as a

function of the firing temperature of the gel, and to be dependent upon the

presence of water in the fuel element° As the information on this subject

is limitedo as is the information gathered from thoria element failures at

Hanford_ over=all swelling cannot be attributed to any one definite mechanism
at this timeo

FelCAT!0N.PRO SSI  VEMENTS

The majority of thoria failures is a result of water entering the target
element through some type of closure weld defect° The failure rates sus=

rained from January_ 1965, through March, 1965 9 were intolerable from an

economic viewpoint of reactor operationo Upon recognizing the probable

cause of the high failure rate_ Production Fuels Section set about initiat=

ing both short and long range programs to reduce the fabrication defect
oriented failure rate of the thoria target elements to tolerable levels°

Prior to March l0 1965 _ thoria target element inspection consisted of bubble

_,'_:,": ' :,%_,_



testing* and visual weld examination° The high failure rates obtained with

these inspection criteria illustrated the need for more reliable methods

of weld integrity analysis° On March I, 19659 the following steps were
taken° I) ali welds were radiographmd, 2) all thoria elements were auto=

c!avedo and 3) tightened visual inspection was initiated including the

brushing of all welds prior to examination° The addition of the quality

oontrol measures resulted in increased reject rates°

Element reject rates in_res_ed further upon incorporating helium lea_ testing

into the methods for weld integrity analysis° Leak testing was initiated

on March 21, 1965, on which date autoclaving of fabricated thoria elements

was discontinued due to the capabilities and ccafidence obtainable from
"helium leak testing and radiographingo

The significant difference in reject rates for thoria elements manuf_actured

prior to and after March 31, 1965, is illustrated in Table III by ruas of
comparable sizes from these respective periods°

The effect of tighter quality inspection methods and techniques is irene=

diately apparent from both Table Ill and the decrease in failure rates o

The thoria target element failure rate was reduced from more than five times

the rate experienced by uranium fuel elements (_0o006 percent of uranium e!e=

ments fail) _o approximately one-half of the uranium f_Ael element fsilure
rate o

An effort was made in the summer of 1965 to utilize a 90 mil can w-l,1 '_hick_

hess in piace of the standard 45 rail can° It was intended that by providing

a step cut in the can wall for the use of two caps and two welds_ a closure
of higher integrity might be produced° A lack of time for complete develop=

ment_ and improved techniques and efficiencies of single weld clostu:es9
resulted in a return to the 45 mil can and a single closure weld during sub_

sequent canning runs° Further developments and process improvements have
resulted in increased efficiencies for thoria element fabricationo

In conjunction with the 90 mil can, a chill block was used in sn at_empt to

reduce the number of weld blowouts experienced° Its application p'zoved
somewhat successfUl in this area° Upon returning to the use of 45 rail caus_
use of the chill block was retained both to reduce the number .of weld blow=

outs and as a means of reducing the heat affected zone occurring as a res_Alt

of closure welding° "

.... _ _ _,, _i _ ___ _ _. , ..... _ ,__.,_ - --_ , __ , .

* Bubble testing consists of submerging a finished thoria element in water

and drawing a partial vacuum over the surface of the water° The reduced

pressure around the element should result in gas escape from the e!ement

if any pin holes or weld porosity exist° The test was found to 'be inade=

quate for the detection of fine leaks which proved to be significant to

reactor performance o
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TABLE III

REJECT DATA

Fabricated Before Fabricated After

__L 3L31/6_Lu , ...._,_3/31/.65......_,

Total number of elements 429242 hi_933

Elements accepted 389307 319068

Elements rejected by leak testing 103 19082
(bubble) (helium)

Number of weld rejects 2_25h I0 _865

(visual) (visual and X=ray)

The elements accepted plus the elements rejected are not additive in the

above table due to rewelding of weld rejects and the rejection of thoria
elements for other than the reasons listed above°
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FUTURE PERFORM_CE
, ,

Thoria target element fabrication efficiencies have steadily improved°
Product performance using the failure rate as a comparison is presently twice

as good when compared to uranium fuel elements. Past performance by Produc_

tion Fuels in handling problems which were a serious threat to the success

of the program gives confidence that future problems will be met and disposed

of with the same efficiency and results. Continuation of the thoria program

would be expected to be accompanied by improved performance of the thoria
elements as a result of continued process development°

Note_ See appendices for further information on thoria target element

performance °

Reactor Engineering Unit

Process and Reactor Development Subsection

Research and Engineering Section

ilo _ ....... .H-.

_/Po schmidt-

Ctor Engineering Unit)cess and Reactor Development Subsection

Research am_ Engineering Section
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SPECTROGRAPHIC ANALYSIS
• I I II I I II .........

The two ruptured thoria elements from KW tube 4653 were subjected to a spec-
trographic ansllysis of the thoria along with non-failure control samples
from the same fuel lotso A complete analysis for ali impurities as listed
in the Thorium Oxide Target Elemen_ Engineering Specifications (HL-REA-2177)
was prohibited by the high cost of this type of analysis. Ali impurities
which produced lines corresponding to concentrations that may have been
significant, however, were recorded and identified. Table IV lists the

•e_ements identified and their concentration, and Table V lists the speci-
fied impurity levels.

Examination of. the table reveals an increase in aluminum concentration by a
factor of 10 to 100. The source of this aluminum was undoubtedly the cladding°
The increase is considered insignificant as no problems resulted in processing
the irradiated thoria containing those ms_nitudes of aluminum, and no marked
reduction in can wall thickness due to internal corrosion was cbserved on

any of the failures. The concentrations of nickel, silicon and manganese
increased by a factor of from two to ten. The only one which could be detri-
mental at such concentrations would be nickel as it greatly affects the dissolu-
tion rate of thoria. The maximum concentration recorded in the analysis was

200 ppm nickel and was not considered as significant in affecting thoria
dissolution rates.

0
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TABLE V

_ALLOWABLELIMPURITIES IN THORIUM OXIDE -- THORIUM OXIDE TARGET-- --- - ii --' ....... j r _ m_

ELEMENT ENGINEERING sPEcIFI CATIONS'",(RL-REA_-21_77)

Uranium i0 ppm max°

Boron TNT _ content + 3 ppm max°

!i Chloride 50 ppm max°

_ Silicon TNT content + 50 ppm max°

Lithium, Cadmium, Samarium, Gadolinium 0 TNT content + 2 ppm max°

; Dysprosium, and Europium

Total Impurities TNT content + 500 ppm max°

Tot_l Impurities

To determine total impurities, analyses shall be performed for the follow=

ing elements: AI, Cd, Eu 0 Na, Smi B 9 C19 Fe, Ni, U, Be9 Co, K, P, Zn_ Bi 9

" Cr 0 Li9 Pb_ C_ Cug Mg, Si, Ca, DM, Mn, and Sn°

--- - .... _ _ I I _ _ r '

w Thorium Nitrate Tetrahydrate; Joe°, impurity content taken during Sol-Gel
process_ when thorium exists as TNT_ plus specified amounto Average total
impurity content obtained from TNT determination = _600-700 ppm°

,_ ,., _ _,_ ._"- _..... " " _ W,

" ' ........ -_: V!;' _: "



APPENDI X B

GAS A_ALYSlS

i volume determination and quantitative analysis of the gas content have been

performed on all unruptured thoria target elements examined at Radiometallurgyo
The gas samples are obtained by tapping the unruptured elements and evacuat_

ing them into a bulb under a partial vacuum of I00 mm Hg@ The volume was

determined for standard conditions of temperature and pressure (STP) and the

gas analysis was performed on a mass spectrometer@ The results from a repre-

sentative sample of these analyses is shown in Table VI@

I The contained" _as volume of a thoria element depends largely on the history
of the particular thoria within an element, its canning history, as well as
the temperatures and fluxes experienced within that particular element

during irradiation@ These factors affect the initial gas content of the

' thoria_ the amount of gases adsorbed during fabrication, and the amounts of

fission gas produced within that element during irradiation@

Using gas volume data from the element which contained the largest volume

of gases_ calculations showed that this volume of gas alone was insufficient

to result in deformation of the cladding° Thus_ water entry into the cladding

is necessary to provide sufficient gas pressures to exceed the yield point of

the cladding and cause swelling°
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Photo #I Photo #2

Photo #3

FIGURE 1

In Photo Number 1 the Thoria Fuel Element Rupture Displaying Overall

Swelling and Longitudinal Cladding Failure. In Photos Number 2 and 3
the Thoria Fuel Element Ruptures Displaying End Swelling



FIGURE 2

Longitudinal Cladding Failure as a Result of Overall Swelling. Note

that the cap had been Removed for Examination Before this Photograph
was Taken.



Photo #5A

FIGURE 3

Photos Number 5A and Number 5B: Close ups of Cladding Failure in

Figure Number 2. Note that Fused Thoria is Visible Through the
Failure,
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Photo #5B

FIGURE 3A



Photo #6

Photo #7 "_

FIGURE 4

Thoria Fuel Elements Exhibiting Mechanical Damage. The Damage

Shown here was InflictedDuring or After Discharge but is Indicative of

the Serious Nature of any suchDamage Occurring Prior to or During
The Charging Operation.
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Sample
Holders

Thoria Element

Cladding

FIGU RE 5

This Section of a Thoria Target Element Failure Displays the Colors
Observed when the Thoria is Found as a Fused Mass. The Photograph

was Taken Perpindicular to a Radial cut on the Element with the Color'

Bands Being Parallel to the Longitudinal Axis. The Sectio_ Shown is
one of the OD, Yellow Band, to near the Center of the [_lernent.





i

Photo # 11

FIGURE 7

These Photographs were taken of a Partially Ground Through Cap of a
Thoria Element Exhibiting Weld Porosity (Circled Area)• This

Particluar Weld Porosity Provided a Continuous Path for Water Entry

i to the Element Core Resulting Ultimately in a Thoria Failure.
,tll
t



Photo #12

| FIGURE 8

The Two Small Circular Areas on the left areP1nhol_es.In aThorla
Element Weld. The one Correspond/ng to the Blow up view Froviaea a

- Continuous Path for Water Entry to the Element. The Larger Circular
Area on the Right Contains an Addit/onal Type of Weld Porosity.
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Photo # 13 _"

FIGURE 9

A Cross Sectional View of a Typical Failure in the Aluminum Cladding.

Note the Fused Appearence of the Thoria and the Presence of Variously
Colored Bands Within the Thoria.



31

i
lE

!i P_oto_14
!
,I
i
_! FIGURE 10

,i A Cross Sectional View of a Typical Failure in the Aluminum Cladding.
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