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Metal Recov:ry ProcSee Comparisons

Introduction c ’ :
o)

In Doxumente Hw=12348 and HW=12496 cost data and construction details of

several possible metal recovery processes were presented in order to grovide

information on which to bsse dacisions relating to the future course of

action in process revision and expansion at Hanferd.

In this present document items on which conclusions as to process prefcrenca
ray be drewn have been listed for Proposals 5, 7, 9, and 1l of HW=-12496.
Un the basis of data and knowledge of t}o process propesals the crder of
oreference has veen assigned by letters on the attached tablss Proposal 1
would have substantislly the same order of preference on all items as has

bean assigned to Proposal 11, Ralative and qualitative evaluation is thus

presented. The items whtgh form the basis for comparisons have been arranged

in what is considered detending order of importance. Thess listings and ordars
of prsference were arrived at by discussions among all committee members.

Any mrenerical rating of proposals has baen specifically avoided. The sdwven-
tage of some proposals over others in some cases 1s extremely smell. However,
any such advantage has been considered in arriving at the order of prefmvuce.

It is probable that others outside the committen will have different points

of view and wiil have reasons for a different order of preference. Becausa
of differing »oints of view and the responsibility involved, the commitiee has
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Sl HW-12581 .

brenprequested to avoid maldng recommendations, since it has been the esaential
ass. znment of .he comittee to obtain data and facts for use by others in the
formaiation of recommendations and in the reaching of decisions.

Becguse of uncertaint, in the matter of whether or not fluorination would be
carried out at this site for the UAP processes in Proposals 5 and 11, we have
showm the order of praference lor situations involving no fluorination at

this site and with fluorination for UAP in Proposals § and 11 and unit coste
included *n the other pwoposals.

As in Document HW-124,96 we have further reduced the proposzals to Mumver 3, 7,
9, and 11. The reasoning for this was as follows:

The UAP process Proposals 1 and 3 were dropped in favor of 1ll. Froposal
11 is our modification of Carbide and Carbon®s UAP process proposal

of their latest report, K-=337. Proposal 3 was previously eliminated be-
cause of lack of experimental evidence to support it.

Proposal 2 and 4 were eliminated in favor of No. 9 which doss essentially
the same job cheaper. Proposal 2 was previously eliminated because its
solvent extraction process was a sufficiently potent decontaminating

procedure and cid not need the aging period as originally proposed.

With
the elimination of the aging step No. 2 was identical with No. 4.

Proposal 6 was eliminated in favor of Proposal 7 because the latter could
do the same job cheaper.

Proposal 8 was eliminated in favor of Proposal 9 because the latter could
de the same job chieaper.

Proposal 11, which comprised half of No. 7 and half of No. 9, was
eliminated because it has no features making it distinctly different

from other propnsals. Its costs were halfway between thoss of No. 7 and
of Ne. G.
< ®
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Latas aunlgstiong indicete Order of prefaramde caly. A 3
QSlFIFn . € disgunsicn Tor explazation of indicated proferencas.
ko o
PROPGSAL

e QUATTTMIIVE SIGHIPICARCE I8 BT ATTACHED TO IXTYER DESIGHATIONS
S 7T 9 1 5 7T 9 1
FIRAL PRODUCT EVALUATHD UNB UNE URH UAP Ul's'ﬂiém’g' urs
UAF
POTIT OF COMPARISON
[ @& ®
ASBURANCE OF Pu PRODUCTION \
Peollivles . ) @ B & ¥ c ¢ A& B
Process ¥ cC c B A cC ®¢ B A
ASSURANCE OF U PRADUCTION
Faollities A P B ] A B B B
Prooess B A A ¢ 3 A A [4
SATETY CONSIDERATIONS
B B D A 4 A A B
Waste Disposal B B B A c A A B
TINDNG CORIIRRATTONS
Date fstimated Constr. Completion A A A & B A A B
U Storwge c 8 3 A C B B Ane
wmmm o &
Eagineoring D C B A D B A [
Proocees ¢ A B P A c
» -
ECONRIC CONSIDERATIONS -
Potential U Tield A A AT A A A A a
Hanpowez i S
Peok (During Metel Decovexy) B A C D C & B D
Stahle (After Metal Necovery) A B C. D A B € D
Mitial Tlant Cost e ¢ B A b ) B A ~ c
Ten Year Total Cost B ¢ D A D B c~ A
Uranium Cost fur Ten Ysar feriod A B C Ci AD B D
Comtirand Ammal Cowt A A B 3 A B B
Urenfun Cost Aranal Tharsafter A A B ¢ A A C B
TPotential Decreese cf Oper. Cost B B A ¢C B B & c
Potential Fu Yield “A A B c A A B c
Bimplielty of Onerations B B 3 & 3 A A B
A A A A A A A A
Disruption by Shutloen cC D B A [ D B A
Runber of Irocesees® A A B A B A B B
ADAPTABILITY TO CHANGED REQUIRTMENTS
Pu Batch Size A A B ¥ A A ®» B
Pu Froduction
s A A DB B A M B 3
Decrease B B A A B B A A
U lroduction ®
Tnoreadss A A A 3 A A A B
Deacresse B ¢ ¢ A 3 ] c A
Better Tecontemination
Pu B B A A B B A L]
U 3 A & ¢ B A A ¢
* In these proposals, UNH is cmsidered to be

ths final BW product of colvent extrection
soms other gite. Finorinaticn ig also, of course
requived at Henford in Propesal 5 for aged waste which is procsssed entirely via the UAP
Trotess. Unit costs for conversion of UNH to TPy ere Included in the ecmwele somparisocns.

* In Pyoposal 11, & t#0 year invemtory of in-process uranium is maintained.
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Reasons for Prefercnces

1. Aasurance of Pluteniwm Production

1

ba

2. Asmrance of Urspium Production -

_to expand and epecify the camparisons.
‘advantage by having spare plants and facilities another prorosal may be

_Fluorimation does not influence this order of preference in this category

-y

g HW-1258)

Eacilition c

It is recognimed that certain proposals have advantages toward sssuring
that plutonium production will be uninterrupted by accident, forced
stmtdowt: or depreciation to the point of disuse.

o}

In this evaluation the heading is divided into two categories in order
Where one proposal may have
preferred because of the nature of the process.

Proposal No. 9 retains one 221 Building as a wable plant for the BiPO,
process., This process will continne in the other 221 Building amd
therefore the proposal maintains the present "mow how". Proposals 5
and 7 do not maintain this “imow how" becauss of the operstion of
entirely different processes, but do retain uvsable facilities. In
Proposal 11 the present process is undisturbed but in this case no
spare facilities will axist as in the case of No. 9. With or without

fluorination the preference is therefore in the iniicated order in
the facilities category.

Proceas

In the proceus category 11 is reted higher than 9 bacause the prasent
proved process is retained. It may be argued that 9 also retains

the proved aspects of the present procuss when it is considered that
it could with little change operate as the original Ko. 4 propossl
and would then leave the present plutonium process undisturbed. No. 9
and 11 should then be equal. We are, however, retaining in this
sresent evaluation No. G-as the more econamical original S. E.-BifO,
process of No. 4. With this view we prefer No. 11 over 9 followed

by 5 and 7 ss the proposals of squal and least proference becauss

an unproved plutonium process is involved in the latter. From the

plutoniom standpoint fluorination conld not change the order of
preference.

Eacilitise - @

Proposal 5 ie preferred here boeauio it has two methode o' recovering
uraniue. The others with only one method are considered equal.

Erocess

In Proposals 7 and ¢ iie solvent extrection process for urenium is

preferrsd becauss a similar process is commercially established. Such
can ot be said for the UAF process. We, therefore, consider ths UAP

proposals, No. 11, the least prefereble with No. 5 intermediate. With
fluorination, we indicate the same order of preference and consider the
fluorinatior of UAP as undemcnstrated, while recognising that fiuorinsti

DECLASSIFIED
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via W0, from UNH, the product of the solvent éxtrection Proposals 7, 9,
and part of 5,,,(‘,_;13 a oommercially demonstrated operation.

3. Jafaty Comaidexations
s Erocesa |

Proposal 11 is preferred bacause it avoids the use of the inflammable
solvent comson to the solvent extraction processes. With fluorination
Proposal 5 is least preferred because it has added to it the harardous
fluorimtion operstion. Because of the addition of the fluorimtion
operation Propoeal 11 has less preference than the solvent extrection
processes of 7 and 9 vh.’t(gh have equal and highest preferemce.

®

Propoeal 11 is preferred because it has no organic waste disposal .
problem, Its wastes are held in black iron lined tanks the same as at
present. Solvent extraction processes have been designed to use stain-
lesa wteel disposal tanks. The "foolproof" fabrication (welding) of
stainless steel for this service has not been demonstrated. It should
be nmderstood that in the Redax processes (solvent extraction) the
uncertainty of the materials to be processed determined the decision
to use stainless steel for waste storage. This decision has been retained
in this svaluation although for highly slksline aluminum nitrate wastes
black iron has been demonstrated in laboratory tests to be satisfactory.
Bluck iron ie laicwn to be satisfactory for sodium nitrete solutions
{the essential waste of the UAP and BiFO, processes) but this use should
be demonstrated for the UAP wastes in the proposed comsentrations which
will be saturated alkaline solutions. Fluorination shifts the pre-
ference so that Proposala 7 and 9 are preferred over 1l which is considered
leas safe because of the fluorination operation required for decontami-
nation which involves the added hazard of the disposal of radicactive

dusta. Proposal No. 5 is least preferred because it has hazards of
both {luorination and solvent procassing.

h. Timing ConBderations
a. Dats Betimated for Comolation of Construction

The preference here is also for the process which completes metal
recovery at the earliest date.

ithout Flvoripation

Propoeal 5 7 '] 5%
Date Metal Recovery Completed Feb.*58 Sept.?57 Sept.'57 Sept.t5
Preference c B B A®
4ith Fluoxination

Propoeal 3 Z ] il

Date Mdal Recovery Completed Feb. 759 Sevt.'57 Sept.t57 Mar.?57
Preference c B B An
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reduce activity.

recognised that all proposals requi ential development
- mhthommwmbé.mmwwtmpmdt

otdonlomtm:nm pntorm:’ i t ?
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g;i Solids - liquid sepsretion equipment,
b squipment,

pH control
¢) Jlurry transfer .
®
Exoponal 7

?cz Hot, controlled, metering transfer of fluids
b} Contactor

Disposal methods for organic wastes

Coating development for concrete

Stainless steel welding development

Poed solution clarification equipment

Other items same as im 11 for fosd preparation via the UAP- ©
mm%m.

@ -
Same as for 7 and 11
Exoponal 9

g:i Hiot matering of Fluids is less of & probles then in 7
ess of a ean
¢} Other problems same as 7 for uvranium recovery.

Our preference is for Proposal 11. Xo. 5 is preferred over 7 because
the solvent extraction problems in 7 also apply to plutonium processing
which is not the case with 9. ¥o. 5 is lesst preferred becsuse it has
all problems of both 7 and 11, Fluorinstion adds problems such as dust
disposal, remote operetion and disposal of dry hot waste to 11 and 5 to
lower their praferance.
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2) EBrogesa

Ercooeal 11

(a) Demomstrate that recycle does not interfere with decon-

nation
%b; trete yleld
e

Demonstrate that ons UAP procipitatun 'on current acid waste
plus two years of aging plus a second UAP precipitation
gives the required decontemination obtainable by two years
aging of alkalins waste followed by two UAP precipitations.

Erononal 7

28) Demmistrate material balances

b) Demonstrate concurrently U snd P@yield, recovery and'-
decontamimation

(¢) Develop a feed preparation process from aged wast¥
(d) Investigate mass throughput effacts on decontamination and

{o) Den% an economical source or process for alumimm nitrate

Exonosal 5
Same as 11 and 7 (except feed preparation from aged waste not re-
g m in 5).

(a) Demomstrate closed cycle extractor
(b) Other iteme of 7 that relate to uranium processing only.

3) Statua of Develomment Woxk

Experimental facilitiss are operating on solvent extmtion and
Redax processes at Argonms u%Oak Ridge.

The Ouk Ridge pilot plant for ‘UAP investigation will be ready by
April 1, 1949, Fluorination investigations have already been made
o and are being contimied.

Process develomment work on No. 9 is considered to be nearer to
completion than any of the others since it is 50 much like the
uraniun end of the Redox process which has received consideradle
attention. UAP still requires study, therefore, 11 is setond in
preference. Nos. 7 and 5 are of least preference becauss of the

develomment work which is yet to be done in the plutonium emd
of these Redax processes,
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. Scanomis. Considerations

4

the basis of acoumlated costs an economic comparison is shown on the
greph for the proposals with amd without fluorimation. The first

the family of curves indicates the costs accumlated in operating

¢ ton rate. The rapid change in
1950 indicates the experditure
construction required by each proposal. The slope from them on to
wastes remmine constant am

5 8
iii
2
i
&
¢
:

T
i
§
:
;

for each proposal, at same year the
. llnee will cross st shich point the same .

expenditure will lave accunmlated
for the wvhose coct curves are in

proposals tersecting. Ia cases without
fleorima’ion intersecting points am in the future and cutsid
of the greph. In the cases with fluorimstion Proposals have equal
sccumulated costs in 1960-~1961. Proposals 7 amd 1} are equal in about

]

1963. Specific items of economies for comparison of proposals are
discussed below. C s

a) Potegtial Upsnioe Xiedd

No proposal is considered to have any substantial uraniva yleld ®
afvantage, thersfore, there is no preference; they are squally rated.

b) UNanoouer Beguiranenia

The preferences were bassd on the manpower requiraments. Those
proposals with the least requirement were favored.

. Elihout Flnorinaticn Hith Fluerination

Pn;(nul 5 7 9 N 5 7 9 n
Peak {During Metal Recovery) 1410 1390 1483 1665 1563 1390 L83 1987
Frefearence B A c D H A B D
Stable (After Metal Recovery) 1158 1167 1376 1399 1158 1157 1376 18al
Preference A B c D A B c 1]

¢) laitial Flant Cost

The preference in this category was, of course, for the proposal with
the cheapest construction costd The initial construction costs
axclusive of vaste storege were as follows: ,ﬂ..

A

Proposal 5 "7 9 E‘l 5 T 9 n
c“;. IWM 62, 9 63 0 53.3 %09 80,5 6300 5303 72.2
Preferwncey c c 8 A n B A c

= DECLASSFD




d)

Propoeal

9 n $ 7 9 1

® Preference

e® Ten Ysar Cost of Urenium ®

P

Prefarence

1)

Propoasl 5

Preferemce

0] (3]

was preferred.

- ¥ith Muorination
Proposal 9 1n 5 7 9 11
Anmual Cost in$per ib, U 6.35 6.35© 7:30 7.3

Proference
h)

roposal 5 7
Ten Year Coet in $§ per 1b.U 7-89 8.15 8426 8.39

-G
< -12581

o . o IRIUSYE

Tan Year Total Coat

The cheapest proposal was preferred accordirg to the following
figures:

292.0 287.1 290.5 278.6
D A D B c A

In this category it should be noted thet the cost per pound o
uranium igcludes ¥ plutoniwm cost. The lowest cost pro

was preferred.
? @ 1 50# gy

9.65 9.h9 9 60 10696

Itﬂ.mldbealaondndmtinthetonwporlod proposal 11 has
mtumumchm“hubmremmwmootm
proposals, 11,560 metric tons versus 13,750~ (See slsc Item b,
under Timing Consideretions).

B c

Contiruad Armmal. Cost ®

The with the lowest ssmual cost after the mml- resovery
sasigment has been campleted was the preferred proposal.
Without Flyerination

7 9 u' 5 S Shacai;, |

A A B - 10]

Hore agein as in Itém o above the cost perdound of urenium makes
no sllowance for the cost of plutonium. The lowest cost propossl

T8l 7.84 8.80 8.50
A 5 A c B

mmmnmmm

Proposal 9 was considered to have the greater potential far decrease
in operating cost. By this it is not meant that it will have the
lowest cost. Proposal 7 axi 5 also have potential for tost reduction
but thsee are already lower cost processes. The opportunity for
major cost reduction therefore favors 9 particularly from the
standpoint of plutonium processing. The posaibility of eliminating
the thixd uraniwm cycle is alsc greater in the case of 9 dacsuse
of the better comdition for decontaminatica in the firet cycle in
comparison with the first cycle in the Redax aystans.
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Proposal
Number of
Processes

Preference

Te

®
preference 1s not altered by including fluorimation.
e. mmm ’ ®
The pntemo favors the propoesal with the least rarbar of kinds of
Opolg!,tiom at this site.
®
5 7 7 9 )
{Sol..ﬂxta Sol.Ext. SOI.M. Sol.Ext. Sol.&t -M.
2L UAP 3 UAP-Met. 3} BiFO, UAP [ UAP uap-ﬁot.
UAP-ﬁct -kot. \\om.
A A
Adontahilityin Chantad Beouirsments ®

- o DFTLSSFE

.. =10= £

HW-12581 ®

Ecocens Conaig-veidons .

>/

®
Solvent extraction processes were mideed to have the greater potential
for attaining the highest yleld., The order of preference therefore
favored 7 and 5 followed by 9 which retains some advantage in potential
Yield via the closed qyole extractor to achieve contcentration of the
lutonium into & smallar volums which should gseist in yield improvenent

the BiFO, process. Fluorination does not oteoungydm’gothe
nuuintktsuhpw. *

b Simalicity of Operatim

(®

Because of the bateh operation and the "coemon imow how™, proposal 11

is favwored. The other proposals are rated equal. Fluroination malees
5 ard 11 leas attractive with 7 and 9 favored equally.

3. On=Stream Ffficiency

With the conception that "on-stream efficiency" is the rutio of batches

procnud r batches possible to process in a givin time or the time
to total time, it vasgomsidend that our batch processes
were cenp.nblo with contirmmous processes. All proposals are rated

equal with no prefarence including the situations with fluworination.
d. Qlaoption Wx Shuldom

Batch processes ware considered to be less disrupted by skmidown than
the contimous extraction processes of proposals 5, 7, ami 9.
Proposals 7 and 5 having solvent extraction processss on both uranium
and plutonium streams were lsast favored but with 5 having the advan-
tage with two separate means for uranium recovery. The order of

It is recognized that some proposals may have sdvantages of adoptability

or flexibility toward new conditions which might appear. For example, proce
preference 1s certain to axist in & case where production increase is )
required, whers production decresse is requircd or where better decontomima$
of either product is required. :




b Ewonim Proteie
1) lnaresss

2) Dagrmsas
Batoh

oampa
sar wale of to be increased; thms imtroduc
e ot Tt Pabhi Pl T
Fluorination does not apply 4o oategory.
1) Ingresse

A2 for plutoniux above, solvent extraction, cuontismows processes
were favored. nm-ummmwmmwxﬂfm

2) Racreses

.nfc;’glmmmmmm. RNuorination
does change the order of preference. ;
Babs D il inasd

1) Pintoslm %

Beotues of pressnt "know how plutonium decontemimtion vis the
present batch proocesswms oonsidered more favorebly. Fiworimation
doss not upply to this category.
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2)

Craniim.

Solvent extraction processes were coneidered to Mave greater
_afaptability tcsard increased decontamination than the datch UAP
g

which already s final fluorimtion step to
vield a mut&m:y decontamivated product. The order of

preference is not altered by the situvations imcluding fiuorinatiom.
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_Revisions % Doctment B-12 s

L] L
&

- q- Ky,

Some of the economic factors used in this Socumemt 4o not agres
semted in BW-12h06. Corrections in the data of that document shouldche malde as follows
be chsnged

l@

Uoder Propossl 11°(Finovimstion at IV}

‘o)
5 The Waste Stozege Ligme 13,100,000 should 17,900,000
The Construction Cost Subtotal g.&, thn becomee 2+ 100
The Grend Totsl (W) Ligure 4%00,000 then becomss 278,600,000
Total Cost, dollar . U tignre m. then beoowes .
e Avnunl Cost; 1959 andl thavesftor i
Vaste Stcrage Cort figuve 1,500,000 should be w to 1,850,000
Jrend Total Pigure 20,5%00,000 then beocsws 20,750,000
Undex Proposal 11 (Fluorinstion Step (mitted)
~ he Waste Storege Tigure 13,700,000 should be chengad to 17,900,000
o ha Ownstrustion Cost Budtotal fizures 50,600,000 then beoomss ,800
Thy Zavor, Repalr Fower figuvres 73,600,000 should de changed to 72,300,000
& The Security, overhesd figure ,600,000 should bo chenged o 300,000
The wug Cost Subtotal £ lss,ooo,ooo then becomms 156,600,000
The Orend Total (UF¢) figure 211,400,000 then becomas 213,200,000
The tota} cost aﬁu par 1b. U tigure 6 31 | them becomes .
The Avreml Cost; 1959 and thereafter
Wasts Storage Cost figure™ 1,500,000 should be changsd to 1,850,000
s  Opersting Cost £igure 16,000,000 should be changed to 218,480,

mmmmmm 1959~&mm,aonmmn.ﬂ‘>m
“be chemged as follows:

®
L (rm;umun &t m--) Qwun sw oxm-é?
m‘ [®) ? 5
B-12496 figare 5.6 X.70,8.70 5.a8 5.08 b.'eo 3.81 3.81 239 bt @
Povised Tiguves ® 9.09 7.8 7.84 8.808.60 7.8% 6.3 6.3 7.3 7.3
@
”'5,@ [} N
o 'Q,;
© .
)]
)
@ ©
@
& &
& @ C
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