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the technizal feasibility and the economic ixpact on the separations process
of using thoriuw oxide ia fuel elements in lileu of thorium for the production
ofgl?33. This memorandum summarizee the implications of such a asubstitution

on the peparations process to be es.loyed for processing the irradiated fuel
alements.

In additlon tog@he thorium metal {Q) slug, two types of fuel ed.eme t2 have
been conalidered.

The firet 1s composed of a sintered in
a4 conventional aluminu% al’log Je.\.lst. The second uses L neoun mure
of "J" alloy (aluminum - U232) ()

and thoria pellets and o jacketed w fth an
aluminum alioy.
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SUMMARY AND CONCLUSIONS ¢

Since very little expsvimental data ave avallable on ‘it diussolution
of thorium oxide, these ccnalusions are only tentative. Actual experiments

whish will be made in the naxt few menths should provide a bebber basls for
nfirm® extimates. *

L J
1) Based upon an assumed thorium aclde dissolution rate approximately
10~fold slower than that of thorium meial in HNOj-alwaimimecompl axed @
fluoride lon solution, it at;psa.r% that a 2 ton pe* day thorimm prouessing .
capacity could be attained by building a third dissoiver zell for the
thoria plant, one more thar requivred fur a plant processing thorium ”
metal slugs. Eash of the thrze thoria dlesolvers would be conzidsratbly
larger than the dissolvers required in a therimm metal plant (20=hon
total charge (slugs plus heel) instead of @ tons). It i3 estimated *hat
the additional dissalger cell and the largsr dissolver vessels required
for thoria dissolution would cost $1,000,000 to $1,500,000 mors than

the dissolver facllitles for a thorium metal plant operating at e
same thorium processing rate, ®

2) @If the ngn a].‘l.gy-'bho*':.a. pellst s‘ug iz adopted as the frel elemont for
a Thorex Plant instead of a thorium metal or thoria slug, it would be
econnmically feasible to build a B25% processing plant b Hanford _
either as a part of: or adjacent to.the Thorex Plant inztsad of trans- e
porting the disgolver solutian produced from ¥Jm metal to another site
for ¢§25% procesgng. Estimates developzd in the discussion below
indicate that the $10,000,000 to $i5,000,000 anmal cost of shipping
the dissolver solution would _pay for a $40,000,000 "25* facility in
2pproximataly thres yoars J@Tn addkion, the hazard of shipping large
volumes of "hot# solution“would be eliminated, ®
® e above shipping cost could be afreciably reduced if the ®g® alloye
ThO, pellst slugs were transperted offe-site for "J" metal 'hssolutian
The ThO5 pellets could then be shipped back to Hanford for Thorax pro=
¢ossing. This approach i3 not considered attrartive since the Thorex
Plant would be dependsmt upon other sites for its feed stock. Strikes

either at the cther s>t or in the transport facility could sericasly
a.t‘feca Hanford thoriuw prodwestion,

o
The dissolrar fasiiitles requived f:ir handilng the %“J" metal-ThOp pellst
fusl eiaments wonld he more «

complicated and costly than the caibined
aizsolver fegglilities raqgiired for geparata dlssolutlon of #*J® glugs
and thoria siugs., Estimates devel oped Jn the discussion below indlrate
that approximately 30 baloch disscivers wonlbd be required to atiain a

2 ton/day thorimm rate whien n**?wsing g metal-ThO, pellet slugs@
These dissolvlks

would reprire an sstimated additional expendiiuras o2
® 8-”()'JU QU‘J o su QUQ KK

QG r“rev* tha expernditure required for separate ¢
R meta’l siug and '[‘10) slag ddesolution 1&3.1.".1**19;,. (perating costs ®
fl)?" 1")’(4 u 1 uwf 1'} ’"‘"\' + ﬂ] Al 3“

diazelndion yould he B2 v e
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separat: dissolution cf "J" metal slugs . | ThO, slugs. It is estimated
that eix additional men (1 crane cperatc . 3 dissolver operators, angd 2
laboratory people) wculd be required at -

“1 apnual cost of $120,000 (4-snift
coverage). ®

AW-31261

4) If the decision were made to build & "24" Plant at Hanford, it would be

cheaper to build the plant as a part of ine Llhorex Building. If such a
dual-purpose Thorex-%"25" Plant were buil', manpower and material could
be utilized more efficiently during the comstruction program resulting
in lower capital investment costs than required for separate 25" and @
Thorex Plants. Similarly, when the plant is operated, overhead costs
wculd probably be reduced (e.g., I.M.B., Plant Protection; General Admin- R
istration). . Operating ccst data presented on Tablg 2 indicte savings of
approxmateq $1,000,000 a year by operating a "25"-Thorex Plaz% in place

of separate "25" and Thorex Plants.

DISCUSSION

Thoria Core S lugs

Processing of thoria-core fuel elsments through separations would differ ¢
from a conventional Thorex operatiocn using an aluminum-jacketed metallic thorium
core for fuel only in the dissolution procedure employed to produce a liquid
feed solution from the fuel elements. (However, any radical departure from
the nitric acid-trace flucride dissolution procedure discussed below could

affect subsequent processing steps.) Once the thoria is diseolved in @tric
a\-;d’ uhe ou‘uuiutn m., ul- rsdﬂe‘ 3

TA daa

processing conventional thorium (Q) slugs.

4r =
=

used in

The meager data availeble indicate t

t thoria and aluminum mixtures can
probably be dissolved in 60% HNO

spiked with mercuric and fluoriae ion (0.05 to .
0.1 M) to cat.alyze the acid~a1um}num and acid-thoria reactions, resp. cuively.

Thelle datall (on very small samples of 0.5 to 2 grams) indicate that the dissolu-
tion rates of thorie (sintering temperature unknown) in filurride jon-A0% HNO
solution are the same order of magnitude(t+ 3 fold)as for dissolving uranium
metal in 60% HNO However, more recent data(Q)snov that the rate of dissclution
@®is markedly influenced by the sintering temperature of the thoria. Relative
dissolution rates of thorium oxide which has been sintered at temperaturcs of
700, 1200, and i630%C. are 1, .. 5&»,‘nd 0.3 respectively. Although the central
core temperature attained qu"ir\;., pi irradiation of thoria slugs has not been
experimentally verified, it haa been rosiuliated to be in the region of 500 to

%
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700°C. 1. is not known whether dissolution ratea of irradiated thoria slugs

exposed to suth core tempsratures would be comparable to the diesolution
re.tes of thorla slugs sxposed to such temperatures in sintering operations
prior to p.le exposure. Also unknown, are anfdeleterious effects which might

result frai irradiation of thoria. However, O0.R.N,L., experience reveals that

a very ihanluble; "hlue® thorium is formed during ths irradiaticn
metal,

ef thorium
This material has been tentatively identified as a thorium oxide and
is thought to be soluble in large excesses of acld-fluoride mixtures.

In summAry, it might be said that although irradiated thoria dissoclu-
tion problems £o not appgar to b€ insurmountable, they do appear formidable.

It is estimat that 15 to 30 man months of research and development work

would be necessary to estabiish conceptual design criteria for the dissolu-
tion step in & new separatio‘s facility. ®

The attached Table®l summerizes and ¢

cxz.gares the operating characteristies
of uranium, thorium, and thoria dissolvef@.(*)

These dfta indicate that one
dissolver (a standby sggre would also probably be required) would be capable

of handling & uranium groduction rate of 100 tons/month or & thorium productim
rate of S50 tons/month.® Two dissolvers {plus a gtandby) would be necegsary
for a thoria production rate of 5U tonse/month. 3

From the above discussion, it appears that an additional dissolver cell
vould be required if thorium oxide were processed at & 50 ton/month rate
inetead of thorium., Based upon an estimated canyon cost of $30,00C per foot
and the canyon space (approx. 35 £t.) required for a Purex dissolver cell,

it appsars that an additional capital investment of approximately $1,000,000
would be required to procvide the additional dissolver cell required for thorium
oxide processing?

Each of the dissolvers uased tor thorium oxide processing
would be larger then the dissolvers used in a plant processing thorium metal.
Howe

r, the additiomal cost for larger dissolversgwould be expected to be
relat

ly small (less than $100,000) in comparison with the million dollar
extra cost of the dissolver cell and the equipment in it.

"J" Alloy-Tnoria Pellet Slugs

® ®
The use or "J" alloy-thoria pellet‘alugs in the piles would det'initely
.:tfect. the design of & separations plart

to process these slugs. In additiom,
here would be many fer reaching effects such a&s the involvement of *25"

separations facilities at other A.B.C..&itos. During the processing steps

- e D MR WR D D s T W A S Se W e - ave W AEn alh WP e e vew e e M

- e e e W aw s A e

n the uranium diesolver v!ile

(*) <Concentrated HNQ, is assumed u ed£
{ cencentration are used for the

concentrated HNO_ and™a low fluorid

dissolution of tﬁerm:a and thorium oxide.
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which would te require
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d,&gg separate the thoriur oxide pellets and p233
from the aluminum and U

» 8 dissglver soluticn is formed which would
1

ssing in a * plant. Trnis eolution could either
be processed in a newv facility built at Hanfor or shipped as diassolver

solution to cther A.B.C. sites (presumably Arco) for proceseing.

be suitable ror pro

S8hipping problems for this dissolver solutigpn would probably be
considerably more complicated than those encountered in sh ing slugs.
For example, in case of a rail or truck accident, rupture o

tanks con-
taining this dissolver solution would be likely to spread gross contamina-

tion over a considerable area. 1In a congested area, such an accident
would have seriocus and expensive consequences.

The cost of shipping the ®25% Jdissolver solution to Arco would be
extremely high. Calculations indicate that approximately 70 to 100

shielded “cask type" cars costing approximately $100,000 each and weigh-
ing 120,000 1b. each would be required for

s’nigging the dissolver solution
resulting froam the dissolution of 36 kg. of U°3” per day. A required
capital investment of $7,000

NN

,00C to $10,000,000 4s estimet:z3 for these cars
using the following bases.

1) Each car carries 3,000 lb. of dissolver solution in six 9-inch
° diameter tanks, each 20 ft. long.

2) car welghe approximately 12,000 1lb. Most of this wvelight
1s contributed by the lead shielding required. ®

A one-week round trip is assumed for each car. Ten cars a day
would be required to handls the 30,000 1b./day of *25" dissolver
golution produced when processing thorium at a 2 ton/day rate.

3)

Order-of-magnitude estimates indicate that shipping charges (amorti-

zation of tank cars not included) would be approximately $1,000,000 per month
or $.03 per pound of material (lead and golution) transferred to Arco.

Fram the above discussion, it appears that the cost of shipping "25"
dissolver solution to Arco would be $10,000,000 to $15,000,000 per year.
Assuming a capital investment of $40,000,000 is required for a new "25"

plant here at Banford, it appears that the plant could be amortized in a

3 year period. Building this plant in conjunction with the Thorex plant
it may be possible to betty the $40,000,000 figure.

Operating costs for the cMoined Thorex-"25" P.ant gould be less
than the sum of the cperating costas of two separate plants. Table 2 lists
estimated operating costis for separate Thorex and “25" plants and similar
coets for the combined plant. As noted on Table 2, annual operating cost
savings ci greater than $1,000,000 may te achieved in the combined Thorex-
"25% plant.

The major poriicn of this reduction occurs because of the more
efficient utiitzation of manpower, Py
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*J" Alloy-Thoria Pellet Dissciution Msthods

No "J" alloy-thoria pellpt slugs bave been fabricated sither@for piles

or laboratory testing. onsequertly, the dissolution methods developed belmb
are bases upon fragmentary date and ara subdbject to considerable modification
as research and development studiesgare made in the near future. In developing

the dissolution methods discussed telow, the following assumptiomas have been
madet

1) The camposition of the "J® alloy-thcria pellet fuel element has not
been spacified. The slug is sgsumed to b a combination of irradiated
"J* end thoria slugs having the rolloving avc.auey COmpositiua;

° C ompound Uoigt ’_
235
Us2:
233
ou
238
Fission Products

ThO 73.75
U 2 24,49
°

Processing rfes of 2.32 ton/dsy and 36 kg./dsy bave b‘en assumed
for thorium oxide and U 35, respactively. ° °®
2) Some crose-contaminmation of the U233 and U235 is inevitable, depend=
ing upon the relative dissolution races in nitric acid of *J” alloy
and thorium oxide {which contains the Pa-233 anc U-233). Studies
are planned to determine the cross-contamination experimentslic,
For present purposes. il is assumed that less than 1% of the U233formed
will be found in the y33> product. Since thorium oxé%g is ve
insoluble in nitric acid alore, protably only the Pa and 3
molecules oar the surrace of t.e pellets will dissolve along with the
J-netal, Calculations indicate that 1% of the volume of a sphere
is comtained in an outside shell with a thickness 0.33% cf the sphere
-] diameter,

3) It is assumed that the Trorex and “25% procesoix?g steps subsequent

to the dissoclu¥ion oreration would be unaffected by the dissolution
method employed. @

Batch Dissolutlon. Batca diescluticn, that is, HNO
",® alloy followecd by aluminun-campisxed luoride-ERQ, &
oxide in the same dissolver, would probahly be the modt coatly method of dis-
solution both from a capital inveatment and operating coet standpoint. Eow-
aver, the research, development, and design effort required far this type
dissolution vouldgbe considerably lese than for other schemes discussed later,

and hence initial design cn the tasis of batch dissclution may be dictated
by the timing involved.
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“te tiguxr <ijszolution rates of the "J* alloy and thoria pellets will
pruvat 1y fexr oy A facygr of et least ten. Therefore, in = batch-type
drepaiver e criticality considerations of th

the "J* alloy will establish
the volims o each dissolver and the slow thoria dissolution rate will deter-
=ine the -.=her o Jissclverg rsguired,

s

Critical mAass d4ata have nob been.ob tained for the “J@ alloy-pellet slugs.
in calculating the number of disaclvers required, it has been assumed that a
9-in,-diameter dissolver would bde safe from a slow neutron reaction {safe
geametry*; standpcint when processing these slugs. If the dissolver is made
20 ft. long, 1300 1b. of slugs may be charged to each dissolver. Assuming a
5-dey dissclver cycle, approximately 30 diassolvers are required for a thorium
processing rate of 2 \.ona/'d.ay. Assuming that 8 ft. of canyon length {connector
limiting)} would be required for each of these dissolvers, its associated
receiver-samplers and orf-ges handling equipment, approximately 240 ft. of
canyon would be required to house the batch dissolvers.

o
Cozparison of this 240 ft. of canyon length with the sum of the 100 ft.
of canyon length required for dissclving ThO, slugs in a Thorex Plant and

the 3 . of canyon length regquired for dissolving the "25® slugs in a “25%
Plant, shows approximately 10 to 130 ft. of additional canyon length required
for the bdatch dissclvers in the duasl-purpcge “J* alloy-thoria pellet plant.

The additional 110 to 130 f1. of canyon would necessitate an additional
investment o; approximately 3 to 4 million dollars.

This 3 to 4 miilior doliars additonmal construction cost would probably be
saved by bduilding a “25% plant at the same time the Thorex Plant is built.

By combining the coustruc@ion program of the $50,000,000 Thaorex Plant and the

@ $40C,00C, 200 25" riant, itgghould be possidble to reduce ths total cost
$4,000,000; i.e., enocugh tQ pay for the additional dissolver facilities
required for thorium-oxide pellet-"J™ allocy dissclution. The amortization

charge shown on Table 2 is based upon a dual-purpoee "25% Thoria Pellet Plant
ccat of $90,00.0,000. @

Alternate Dissolution Techniques

As is indicated in the discussion above, approximately 30 batch dissolvem
contained in a 240_ft., length of canyon apace are required for processing
thoria pellet-"J" ¥lloy slugs at a 2 ton/day thorium processing rate.

Appre-
ciable savings ($30,000/ft. of canyen) could be realized by a reductian in the
space used for dissolution, A few of the schemes considered are diacussed
briefly bvelow. ®
o
— S AR wine S s A S g ‘- ————————————————————————— -~ —

\*)0ak Ridge is currently jesigning a 9" diameter “25" dissolver. It ia
c.nsidered "safe™ tecause of "‘e dilution of the "25% with aluminum in the
siugs and in th@resulting ao
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o Continuous or Semi-Contiruous Mechanicef Dissolver.
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Remc:2 Dumper. <Tne " metal is relatively easfiy dissolved amy

from the pelleta with mercury catalyst and HERO Instead of dissdl

the slow-1i8Bclving thorium oxide in the same unit. in HENO3-fluoride cver

a 5-day poriod, the thoria pellete might be dumped from the *J" dissolver

by the crane into a large thoria pelle: dissolver. Before the pellets could

be ducped, an accountability check on the "25% would have 1o te made o
Oprevent discharge of “J" metal into the thoria dissolver. If "J" metal were

inadvertently dumped in the thoria dissolver, criticality

problems could
arise and gross cross-contamination could result, ®

With this type
dissolver, undissolved slugs would te fed Lo the dissolver on a conveyor

belt. After dissolution of the “J" metal, the thoria pellets would be
carried from t¥We dissolver by conveyor to a second dissolver. Althouzgh

designed critically safe, thie dissolver voul®ve considembl;i larger than
g *J" metal dissolvers.

® .
Jet Pellet Removal Dissolver. The "J® metal would te diss®ved in a

critically safe dissclver. Both the 25" dissclver solutiocn and the pellets
wvould be jetted to a centrifuge, from which the "25"

solution would be routed
to the "25% Plant and the Pellets would be removed to a thoria dissolvs
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® ° ESTIMATED ATNUAL SKPARATION COSTS, THOUSANDG OF DOLIARS 3
Bases: 6€CO toms [/yr.; 10,800 K.:. U23%/yr.; 2,350 Kg. 0233/yr. @
()] ~
— _Fa@ility
@ ® Thorex pisnts \=/ .
@ @ Thoriuw ©  "25" ©  Dual-Purpose
Thorium Metal Oxide Fuel Plant’ (2}  "25"-Thorex Plant
Fuel Elemen: Blement "J” Slugs “J" Metal-ThO, Pells
Fugy Element |
®® @® DRSS
. Material, Dﬁ-ec‘
Water Storage ® f
labor, Dffect ¢
Iabor, Indirect
Maintenance
Rent, Light, Heat
Process Steanm
® Water, Steam, Air, Sewvage
RadiationgMonitoring

Plant Eng. Service
Proceas Sub-Section
Process
® Analytical
Process Assistance ®
Operatinz Unit, General
Manufaciuring, @eneral
Freignt, HWHR
Rlectricity
Laundry
® Aree %ua Servéce
Other IMEB ®
8 @Plant Personnel & Protect
Direct © :
Indirect®
General Administration
Total Operatiftg Cost ‘
Amortization (16-2/3%&yr.)
Total Operating and i
Amortization Cost l
Unit Cost, %ton Th
$/ g "23" i
® $/em. "25" | |

A |
NOTES "
© ®

NOILI T30 HLIM

Soviaa-

@
1) Direct material, wRate storage, and processs eteam costs have been taken from
the Tentative No. 6 Thorex Flowsheet sliown in HW-31131. Iabor and indirect

® costs aregfor an assumed plant force of 150 people and are there@ée quite
o : @aimilar to Redox and Purex costs. @ :

. ® '
&) Direct material, waste storage, and process steam costs hate been calculated
from data preaen@ed in Reactor Science and Technolo

ogy, December 195¢ (TID-2011).
indirect coets are estimated on the basis of Hanford experience for .
n ce of § people. ' v
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