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I. INTRODI :,JT[ON

The Palr,ollve program is directed toward the recover7 of neptunium-237 and .....

productlon of plutonium--238. The neptunium is recov'ered durin_ the chemical

processing of irradiated urani'_n and is purified arid fabricated into target
elements. The target elements are Irradiated to _roduce plutonium-2]8 by

neutron capture of nep:_unium-2_'? and are processed to provide plutonium for

shi]_meut to the final customer and neptunium for recycle within the system.

The prod,.,ction of plutonium-238 in this manner is current]y in progress on
an Inte_'_m basis as an integrated effort between the Hanford and Savannah

River }"iants. Hanford's contrlb_ttlon to the interim phase of the program

Is the r'-_covery of neptunium from the Purex Plant and subsequent purifica-

tion and fabrication of the neptunium _n labor_tory fac11_tles to provid_

suitable target elements. The target elements are irradiated i_ the pro-.

ductlon reactors at the Savannah R_ver Piant and then processed to +.he final

products at the Savannah l{i,rerbaborator_r in epeciai interim facilities. Long-
term mnnu.'_acturing facilities wlJ.i be installed as part of the Palmolive pro-

gram fo_o'Ing accumulation of a large neptunlum inventory and adoption of
long-ran&e production goals.

The production goal.s of the Palmolive program have z_cently been reduced

from a long-range capability of 8 to l0 kilograms of p].utonlum-238 per ,%mar

to a FY 1962 capability of about 2 k.il.ogr_ms per year. Q1)f,2) Relaxation of

' these _oals has affected the magnitude of constz_ctlon effort and the vari-

ous program schedules previounly estlmated for meeting the high plutonium-

238 demands. Scope design of a project for installing loz_-tez_ nept,mlum

recovery and v._rlfleatlon facilities in the l_ex Plant has therefore beem

temporarily Suspended to permit further en%ineerimg studies. (,13) Si,,lla_'ly,
the bases for the pre-deslgn etudles pre.viously made for long-term fabri-

cation and reprocessing of target elements have been revised wlth attendant

effecl,._ on the capital and operati_ costs estimated for undertakin_ the

Palmolive target cycle at Ilanford.

The following report summarizes a prelimlrmry en_ir_eerlng study af the tech-

mlcal and economic factors involved in Installln_ long-term PaLmolive manu-

facturing facilities at Hanford to meet the reduced production _o_ls. Prime

emphasis Cs p].aced on the process technology and plant equlpmeut r_qulrementa

for fabricating and reprocessing neptunium target elements on a production

basis. The rei_tlonshlps of these phases of the target cycle to the recovery

and purification of virgin neptuni_un in the l_arex Plant and irrad[_tlon of

target elements In the Hanford reactors are reviewed in the light _:_ the

reduced plutonium-238 demauds.

II. SUMMARY

Target cycle man_act_J.rl.ns.,fac133.tles capable of me,_.tlng the 2 kllogr_m per year

plutontum-.2_8 pr_,l,:ct,io_ g_,al.sc.f the Pa kmo._dve,program co;tld be InstaLled at
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an estimated caDital cost of aDDroxlmately SP_jO00,OOO : A._.4_+ .....+_A chemical

processing facility in available at Hanford for conversion to a nept_tn_lum fab-

rication and reprocessing system. This facility wBs former].y employed aa a

Hot Semi-Works for piloting the Redox and Purex processes with full-level ir-

radiated fuel elements. The area therefore contains a fully-shielded solvent

extraction process building, mn equeous make-up building, a solvent treatment

buildlr_, ventilation and stack facilities, waste disposal and cribbing eystems_

• maintenance shops, a change house, and an office building all within a separate

exclusion area. It is proposed that the former solvent treatment building be

modified as a wet chemistry and fabrication plant and that the solvent extrac-

tion building be modified to permit reprocessing and purification of neptunium-

237 and plutonium-238.

Improved process technology coupled with the reduced program goals would permit

productlon-scale processing for the Palmolive target cycle at Hanford at a capi-

tal cost lower than that previously estimated. Fabrication of the nept,lnium tar-

get elements, for example_ would be based on the co-extr_zsion process success-

fully developed at Hanford for the interim program. In addition, the behavior

of neptunium in solvent e×tractlon and anion exchange eyetem_ has been exten-

elvely studied in support of the Hanford neptunium recovery and purification
operations. The reduced program goals would involve much lower fabrication and

; reprocessing throughputs than previous goals es that operations in the various
steps of the target cycle can be closely integrated. Preliminary estlmatea of

I building modification costs to provide a wet chemistry and fabrication ]_Ine and

a reprocessing system are thus $900,000 and $1,100tO00 respectively, totalling
$2,OOO,000 and thus approaching the more optimistic estimates made prevlouely.

The capabilities of the proposed Hanford manufacturing facilities could probably
i

be expanded by at least I00 per cent beyond the current goal o£ 2.kilogre.me per
year plutonium-238 with essentially no further capital investment. The system

co_Id be readily employed for fabricating and reprocessing target elements aseocl-

ated with an irradiation program in either the Hanford or the Savannah River re-

actors. In addlt_on the facility could reasonably be employed for the p,_riflca-

tion and concentration of virgin Palm recovered in the Purex plant, thereby po-

tentially reducing the capital investment needed, for long-term recovery mt Purex

by _s much as $200,0OO.
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The production phase Of the Palmolive program could be initiated at Hanford
during the fourth quarter FY 1960 by preparation of target elements for charg-
ing into the Hanford reactors. Assuming authorization of design funds early in
the second quarter FY 1960, the reprocessing building modifications could be com-

pleted during-fourth quarter FY 1961 (1.9-21months for beneficial use) to _ermit
receiving irradiated target elements. The building revisions for the wet chemis-

try and fabrication system could be completed during the second quarter FY 1962
(24-26 months) thereby relieving laboratory facilities of their target element

preparation load. A standard time cycle of 12 months for irradiation, three
months for cooling, and six months for reprocessing and fabricatiou could prob-

ably be initiated with the second reactor charge. .Ifthe demands for Olive should
exceed the capabilities of the ]lanford reactors for a given inventory of Palm, the

proposed fabrication and reprocessing system could be readily operated in conjunc-
tion with the Savannah River reactors until a sufficiently large inventory of Palm

can be accumulated through the recovery program at Purex.

III. STUDY BASES

The reduction of the production goals for plutonium-238 has correspondingly reduced
the neptur_ium throughput requirements for the over-all target cycle. In addition,
improved process technology has become available that permits reducing the capital
investment needs for a Palmolive program at Hanford. Thus in a reduced demand pro-

. gram the bases chosen for a preliminary engineering study of fabrication and repro-
I

i cessing systems can be less conservative in terms of throughput assumptions and

more optimistic in terms of process and plant'equipment assumptions.

A. Throughputs for Fabrication and Reprocessing

The yields and costs of plutonlum-238 from neptunium irradiation are dependent upon:

. i) the neptunium content of the element, 2) the neutron flux to which the elements
are exposed, and 3) the length of time the target elements are irradiated. The
over-all magnitude of these effects has been discussed previously for Hanford-type
reactors.(2_(3) To achieve maximum production of pluto nlum-238, a low neptunium

content, a short tube loading and low reactor residence times would be employed,
resulting in a high throughput rate for the fabrication and reprocessing systems.
To minimize owr-all unit costs with reduced program goals, however, a high nep-

tunium content, full tube loadings and a high reactor residence time would be em-

ployed, resulting in lower throughput rates for the fabrication and reprocessing

systems.

The study bases chosen for the production of 2 k_lograms per year plutonlum-238

were: a target element 20 per cent by weight in neptunium, full reactor tube
loadings, and a reactor residence time of one year. The calculated yields for
Hanford K-type reactors would be 107 grams of plutonium-238 produced per kilogram

of neptunium-237 based on a tube power of 1.4 mega_atts for enriched u_anium, a
time operating efficiency of 75 per cent, and a _ranium integrated exposure of

800 MWD/T. Thus the throughput rates for the fabrication and reprocessing systems
would be approximately 20 kilograms of neptunium-237 per 2_.ar. Assuming target
elements 1.4 Inche_ in outsido diameter by 12 inches long, each containing 130

to 135 grams of neptunium, approximatel_ 150 elements wo_Id be fabricated and

reprocessed each year'. This throughput rate contrasts sharply with the 2,000 -
4,0OO target elements per year needed to process 50 - lC<)kilograms per "year

neptmllUmearlierstudiesas5 ._rh)cent(.q)weight alloys as assumed for _he high demand goals of
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B. Integrated Facilities for Fabrication and Reprocessing

Close integration of the target element fabrication and reprocessing operations
were-aseumed for study purpooes. Earlier studiee ind_tcated that in a long-

range continuing program new facilities- should be installed for fabrication of
target elements rather than campaign use of laboratory facilities.(4) In ad-

dition, order-of-magnitude cost estimates indicated an incentive to use oxide
target elements rather than alloy-type cores. These studies were based on In-

stallation of enough shielding (1/2" - 5/8" of lead equi_mlent) to permit ope.r-

ation with equilibrium-levels" of protactinium-233, the gamma-emittlng daughter
of neptunium-237. Rapid processing of the neptunium after Imlrificatlon from
the protactinium vould _L[nlmlze shielding requirements to the levels required

for miscellaneous accumulated powders. The present study for fabricating re-

duced numbers of target elements is based on the use of an oxide-type element
to minimize capital investment and close integration of the fabrication oper-
ation with the purification system to minimize shielding requirements.

The most attractive alternate for reprocessing the neptunium target elements
wss previously found to be modification of the Hot Semi-Works solvent extrac-

tion facility.(5)(6) This approach was again employed with suitable revisions

in process and equipment requirements to account for the reduced throughput
rate, the close integraticn with fabrication operations, and newly developed
process technology. The irradiation of 20 kilograms per year of neptunium as

20 per ce_t by weight neptunium target elements represe'nts approximately four
tube loadlngs in a K-type reactor. Reprocessing rates were therefore ass,Atonal
to be two tube loadlngs or a 10-kilogram batch every slx months. Separation

and purification of the plutonium..238 were assumed to be pe-rforbed relatively
• rapidly. The neptunium, however, was assumed to_be stored as a solution and

purified in approximately 1-kilogram batch sizes immediately prior to fabri-
cation so that hood shielding in the fabrication system co,tldbe mlrimized.
Maximum utilization of equipment currently available in the Hot Semi-Works
Plant was assumed within the limits set by compatibility with operating,
malntenance, and process technology needs.

IV. PROCESS TECHNOLOGY
-- , ,=,

A. Target Preparation

Neptunlu_.1target elements suitable for pile Irradiation could be prepared at
Hanford by a number of process and design alternatives. Processing methods

chosen for laboratory evaluation and pre-design cost estimating studies in-
clude: i) the preparation of a neptuni'_m..oxldeal_mLinum powder element by

blending and co-extruslon. 2) the preparation of a neptunlum-alumlnum alloy
element by cryolite reduction and vacuum casting, and 3) the preparati6n a:

a mixed neptuniu_-oxlde magnesium-oxlde element by blending and swaglng.t4)
The cO-extrusion process was successfully developed at Hanford and employed

in the fa_r$cation of tarKet elements for irradiation in the Savannah River
reactors.k7) The basic steps in the cryolite process have also been de_non-

strated in a ]Aboratory program at Hanford.(8) In addition, swaging of
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plut0nium-coutai_ing oxides is planned fort_e pluto_i'_u recycle program. I

The co-extr_ion proceg_, howe_._r, va_ chosen for pr_iimi_aryengineering i

studies _ince it rep_sents the advantages of a mini_zn capital investment
as compared to a]_.oy Trocesse._ and a minimum s_rface contamination control

"- problem as compacted to _-w_gir_g1,roceBses. I
I
I

A tentative flovsheet for puepa_'Ing neptu_It_ target elements by co-extruslon

process is pre_e._ted in.Figure I. Neptu_!lum-oxid_ p_pared by calcination

of neptunlum-oxalate, is weighed and blended vitJ_ alum.lm._npowder (approxi-
mately 100 mesh). A large diameter_ thick-waLl_d altu_Inum billet _'Ith a

conical nose and an open end is cleaned and painted _Ith a strippable coat-
ing (for ease in subsequent decontamination). The billet is loaded vlth a

layer of aluminum oxide - alumln',_mpovder mixt_?z_ that is tamped and pressed
(at 25,000 psi) into the nose end. The inert layer is followed by 1_yera of

the neptunium oxide and a]._mlnum powder _Ixt.ure _Imilar].y compacted into place
and topped with a second ]ayer of a].untin._moxide - a.l._nin,,mpowder at the end.
The billet is clo_ed with a velded cap and decontaminated by removing the sur-
face coating. The pressed m.txtuze i._outgassed at 550 to 6CO_C for 15 to 20

hours. The hot billet, is then extraded to the desired diameter in a l_rge

]_resa (150 tons). The can va]]. thicknes_ x_.sultlng from the extrusion pro-
cess is 80 to 100 mils (as compared to 30 mils for present fabrication cans).
The neptunium is located within _&e extruded piece by 'radiography and the
ends of the piece sawed off to ]eave 1/_" to 1/2" aluminum oxide .-aluminum
powder as an integral end closuze .. 'IT_eends are then co_.Ler-.bored and mn
aluminum cap welded In place to provide an aS_!-al,mnln?__urface.• .

The fea_Ibillty of the co-extrusion process has been demonstrated by the suc-
cessful development program at Has,ford aud the interim fabrication effort for

the Savannah River Plant. Adaptation to the Hanford reactors may involve pre-
paring a longer element to prevent chatteri_.g ID.the process tubes and spot-
welding bumpern on the e].ement for self-support _n rlbless tubes.(9) In ad-

dition, the welded cap end close,re asettmed in the flow_neet may be substituted
for the integral end c].ost,x_. now emplc_ mt _.a'_mz_nah River Ple.n_. Fat'_r_
laboratory deve.lopment efforts may be directed toward different end closures

(both integral and cap c].oau_es), different can alloys, clo_er control of can

wall thlcknmms, and general procedural improvements (better lubrlcmnts_ im-
proved temperature and pressure control).

B. Target RePr_occessin__

A number of potential process alternatives are available for the rmprocesslng
of neptunium target e].eme'ntsdue.._.othe chemical almlla'rityof plutonium, u-
ranium# and neptunivm. Many alte_mati_ms have been studied at Hanford in com-

Junction with reprocessing plutonium and _,_a_lum for the plutonium pre¢uctlom

program, reprocessimg plutonium for the plutonium recycle program, and re-
cov_rlng neptunium from the Purex Plant. Th,_s, the behavior af plutonium

and neptunium in a TBP solvent extraction system has been studied in supl_rt

of Purex Plant opezatione. Anton exc_@nge methods have been developed at
Hanford for n_ptunlum ur_fic_tion'lO)(l[) and at Sa- , p ._ . . , ,,., ,, . vannah River for nel>-
tunium-237, plutonium-238 reproces_in_._l_.J-,13) Lfiq_.d amine ext.rsct.lonmethoda.
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using tri-n-octyl and tri-n-.laur_l amines are hollered to be feasible based" I

on preliminary ]_borat:ory tests .[i_) Solv_n_ extraction 7 however, presents isome major advantages over the other process methods. Process technology.and

plant opera, ing technlql,es, for e_ample; are more highly dev_loped for solvmn't

extraction methods. Based on today's technology the problems associated'wit/1

controlling solids _n the process system and maintaining the desired plutonium-

238 valence state (due to alpha bombardment) can-be m_t mor_ readily in s sol-

vent extraction system thau in an anion exchang_ system. In addition, the

r_latlv_ equipment sizes, contact maintenance r_quirements, and essential ma-

terial needS.all favor use of a solvent exZq_ction process. These factors,

plus the availability of solvent extrBctlon equipment of appropriate size,

led to the choice of solvent extraction methods for co-decontamination, par-

tition, and plutonlum-238 decontanLination steps for the target reprocesslng
system. Anion exchange was chosen for neptunium purification since the tech-

nology has been well developed, highly efficient separations azo practical,
and the batch size (and therefore the equipment size) was intended to be
small.

Tentatlvm flowsheets are presented in Figure 2 th.rou_ 6 for dissolution of

the irradiated target elements and preparation of feed solution, co-decon-

tamination and partition of the neptunium and plutonium, decontamination and

concentration of the plutonium-2B8 product, and purification and concentratloz_

of the neptunium. The target elements are dissolved in nitric acid with mer-

curic ion present, as a catalyst. The dissolver solution is diluted with acid

(recycled from the solvent extraction system) and an oxidant (such as dichro-
mate ion) to provide a feed solution approximately 4 molar nitric acid and 0.2

molar aluminum nitrate. The solution is diluted to a l_rgm eno,Ag_ volume to

insure satisfactory column operation and neptunJum-plutonlum partition. The

neptunium and plutonium are co-decontamlnated in the IA Column by co-extrac-

tion Into a 30 per cent TBP solvent phase. The plutonium is partitioned in
the IBX Columm by reduction to plutcnd:ann III and back-.extraction into the

•aqueous phase. The 1BS Column se:7es to scrub out residual neptunium and

some flselon products from the first-cycle plutonium product stream. The
neptunium is str_pped from the solvent in the lC Column and stored for sub-

sequent purlflcation by anion exchange.

The plutonium from the partition system is decontaminated and concentrated

by "reflux spinning" in a 2A and 2B Column system where the plutonium is ex-

tracted, scrubbed and stripped and then recycled to the ZA feed point for re-

extraction, scrubbing and stripping. After decontamination, the pl, tonium Is

concentrated by a factor of 30 to 50 in a titanium evaporator for load-out as

90 g/1 product. Since chemL_al Imp_rLtlee sho,'_Id not. be intz_duced into the

product' with such a ]_rge concentration factor, _he final sol_nt strippin@ in

the 2B Column is performed with nitric acid and distilled water. A bac_-up IF
stripping column is provided to insure minimum plutonium losses to the solwnt.

The neptunium is purified in 1-kilogram batches as compared to the ].O-kilogram

solvent extraction runs. The product solution from the lC Column is adjusted

.. to 6 molar nitric acld and the neptuni_ r_daced tO the four valence state by

ferrous ion and hydrazine. The neptunium la loaded onto the anion exchange
column at i0 mK/mln/cm 2. Plutonium is washed from the _sln by a stabilized
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reducing agent in 6 molar nitric acid. Fission products are removed with i

lm

an 8 molar nitric acid rash containimg .01 molar fluoTide ion and hydrazine.

tThe neptunium is eluted from the column vlth dilute acid and concentrated

for transfer to vet chemistry operutions. Neptunlum-oxide isprepared by
pr_ciplt_ticm of ne1_vnli'Jm-cxalate i_.'_r3 moJar n/trlc acid .o].utlon. The

precipitate is filtered, dried, and calcined to the oxide for fabrication

operatlous.

A major portion of the process steps has been demonstrated as.p_rt of the

interim l_Imolive program. Thus, extraction and stripping of nept_nitum for

solv_rt extraction have been accomplished in the Pur_x Plant-as part of nep-

%uniusm recovery operations. (15) The concept of decontaminating a given a-

mount of product by "r_flux splnnlng" in the 2A - ?_B system has been demon-

strated in the Purex Plant _ith r_cover_d neptuzLium. Purification and con-

centratlon of neptunitun in kilogram amounts have been successfully accom-

plished in the interim program as have the 1_epttuui._ pr_clpitation and cal-

cination steps.(lO)(ll) Areas of potential difficulties include solids con-

trol (for %fnlch an orgarLic continuous lA Colmnn may be adeqttmte), partition'

control (for which further dilution m_y be_ _quired), plutonl_-2B8 valence

control (to which a solvent extraction system should be less susceptible ths_
an anion exchange), solvent degradation (for whlch the back-up IF Column is

provided and a Purex-type solvent treatment flowsheet with an alkaline-per-

manganate-treat{ng' turbo-mixer, the acld ].0 Column, and a carbonate-treatlnK

turbo-mlxer may be required). To provide a f:,rm flowsheet, research and de-

velolmment is also required in the areas of dissolution (to determine target

dissolution and hydrogen evolution rates), decontam_tion (to determine a

suitable oxidant and optim_un column conAltlons), partition (to establish

adequate reducin_ conditions), and plutonlum-238 chemistry and extraction

(to determine valence change kinetics and solvent degradation). Alterna-

tive process methods should also be evaluated for potenti_l long-range ap-

plication such as use of amines for extraction and possible pyrochemical
methods.

V.' PLANT EQUIPMENT AND OPERATION

A_ integrated chemical processing facility is available at Hanford for

fabrication and reprocessing of neptunium target elements. As shown in

Figure 7, the Hot Semi-Works area contains a three-cell shielded building

for processing full-level irradiated fuel elements (201-C), a plant control

and aqueous make-up bulldin_ (271-C), a solvent treatment _r/llding (_76-C),

ventilation and stack facilities (291-C), waste disposal (24L-C) an,'.crib-

bing (216-C) sy_ms , inert gas (2-15-C) and dem/neralized water (?-17'C)

systems, hot maintenance shop, cold maintenance shops (_2-C & 2707-C), a

change house (2707-C) and an office building (270_-C), all within a sepa-

rate exclusion area. It Is proposed that the 276-C Building be modified

as a vet chemistry and fabrication buildin_ and that the 201-C Building

be modified to permit reprocessing and ptLriflcation of neptunium-237 and
plutonium- _38.
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A. Wet' Chemdstr_ and Fabrication

The 276-C Building proposed for use as the Palmolive v_t chemistry and fabri-

cation facility i_ a m,.lti-storied, unsh_elded etruct_ formerly employ_.d
for trm_ut and storage sf solvent. The gruumd floor has an a_a of about --
900 sq. feet and each of the three abov_ grouud floo_ hns am ar_a of about

450 sq. feet. The equipment on the ground floor au_ the second floor would

be T_muvmd while the r_msiuing equipment vuuld be rmtalned for use in the
Pa]m_li_ qrrogram. The existing' 7,000 ":fm ventilation system would be sup-
?l_mmuted by mn exhaust filtra_iou system .installed on the first floor roof

level with the second floor. The dock arms. alonE the length of the buildlnE
_uld be enclosed wlth insulated steel siding to provide solution transfer

and storaET facilities.

As mhov_ in Figure 8, the bulk of the process equipment would be installed on
the first floor with the r_mainder on the second floor. Approximately 70 feet
of w_rk stations would be required with r_ly 7lr'pcr cent in sealed hoods and

the remainder in open-face hoods or open york areas. The zeptunium would be

loaded into the system in transfer cans a, concentrated nitrate solution from
the 201-C r_processing building or from the Purex recovery and Imariflcatlon

system.- The solution would be transferred from the receiver tank to a pre-
cipitator tank for precipitation of the oxalate. The Blurt-# would then be

filtered in a ooat station vlth the supernatant solution accumulated for re-
cycle to the 201-C purification system. The filter cake would be dried and

calcined in a furnace. The resulting neptunium oxide would be weighed, blended
with alum/zum powder and pressed into an aluminum billet. The bl]let would be

" decontaminated, out-gassed, and extraded. The final steps wo'uld include radio-.
graphing, sawing, counterboring, and welding the end caps. The finished ele-
ments would _e stored in shielded units. Hood sizes and eqttipment pieces as-

sumed for coQt estimating purposes are summarized in Table I.

The process operations in the 276-C Building would be closely integrated wJth
those in the 201-C to minimize shielding requirements. The feed material re-

ceived into the system would thus be free of the gamma-emittin@ protadtinlum-

233 and would be processed rapidly to minimize the amount formed while handli_

the elmment_. Time cycle studies based,gp,the interim fabrication program in-
dicate| that such a scheme is feasible._ IO ] One kilogram of separated neptunitum
could be fabricated into seven elements within two days sO that the increase in

protactimtum-233 would be less than 5 per cent sf the equilibrium level. Some
hood shielding should be. provided due to the probable accumulation of aged pow-
ders. The hoods could therefore be constructed of stainless steel sheet with

thin lead glass windows rather, than plastic sidlnE. The final storage system
would be shielded for equilibrium levels of protactinium-233 -- 1/2" to 5/8"
lead equivalent.

B. Ner_t,,_nlumReprocessing

The 201-C Building proposed for use as the Palmolive reprocessing facility is
a h<avily-ehielded, three-cell structure formerly employed for pilotlng the
Redox and Purex processes with full-level irradiatad fuel elements. The A

and C cells contain 880 sq. feet of process area each and the B cell 720 ag.
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feet. The shielding ",rmLlm are three to five feet thlc_. The building com-

talns equipment suitable, with mlnln_nn modifications, for dlsaoiutlon, co-

decontaminatlon, paz_ci_lon, and p=rlfication of the neptaniam and plutonium.

The hot maintenance shop would be modified to provide improved sol,ition trans-

fer facilities and an exq_nded work apace. A new cz_b would be provided for

disposal of wastes and a new 5,003 6_kiou 'Andezgrc'u_d tar_ v_.ilS Le !n-

stalled for temporary storage of recycle solutions.

As shown in Flgur_ 9 the hlgh-level feed and waste +_nks are contained lm

A cell, the solvent extraction colmmus in B cell and +.ht intermediate and

low-level tanks in C cell. A new chargln 6 machine would t_ req'aired to load

the long elements into the dlssolver. Dissolution and feed p,_paration would

be carried out in existing equipment. The extraction and strlppln 6 columns in

the co-decontamIDation and plutonium purification cycles wo'_Id De replaced with

new columns of similar size but wlth improved column interr_als. The existing

columns would be employed for the partltloD and solvent treatment steps. The

plpln 6 betwcen exlstir_ tanks wo,ild be reroute4 to provide intercyc.Le feed and

I_celver sy[ eta-:. A ne'_ receiver wo_id be provided for the flrst-cycle waste

and a new tube o,m:dle for the neutraiizer and utility concentrator. Wastes

would be transferred to existing underground storage tanks. Two ex_.stlng
ta_ks wo_id be provided vlth turbo-mlxers for aolven_ treatment. The pbi-

tonlum-238 product would be concentrated in a new _Itarilum evaporator for

load-out. The neptuni,Am-237 would be purified _n a new anion exchange column

using existing equipment for feed and waste tanks. Final evaporation of the

neptunium for transfer to 276-Z Buildln 6 would be accomplished in an existing

concentrator. The equipment requirements asa,lmed for cos_ estlmat._,:n p,irp(._cs
are auum_arlzed In Table I.

The 201-C Buildln_ was deslgned as a remotely-operated, contact-zaintal_ed

plant and could Dot be employed otherwise without a major capital expenue.

The experien_ _alned In operation of the plant as a se_i-works _ntt, however_

coupled with the low operatlt_ efficiency needed to meet the Palmolive goals,

should permit operatlon of the plant aa a manufact'_i-t116 facillty within reason-

able personnel exposure and maintenance cost limits. A number o_ specific rec-

ommendations for equipment revisions have been made by Hot Semi-Works personnel

I for raising the on-stream eff_clencY c_ vhe plant from approximately 3.5 per cent

to an estimated 60 or 70 per cent.(lV)t ]-8) These revisions include _ns:.al/atlon

of s_aizl/esa steel floors in the cells, spot-sh_eldin 6 o_ crl_Ical t_nrs and

sumps, welding of process and sampler ___nes_(rather than use of fi_tings ),

compartmentalization of hish-le_el equlpmeut p_eces, locat!:_3 criTic._! equip- .
ment for rapid acceB_ and replacement, providing certain equipment pieces with

remotely-replaceabLe parts. A major fraction of the re.vls_ons were made upon

shutdown of the Semi-Works operations. The others are assumed to be required

l_rior to start-up lo; cost estimating purposes, lm addition, f_-Xher revisions

may be desired for operation of the plant as a manufacturing um_t Including
cleaning and paIntlng of cel.] walls, Insta].lmtloa of hoods around the Olive.

samplers: Identt_i..'ation o¢. ].Lm_, in _he ce]_l_, repL_cemeut of ce.-_.aln IvmtmA-

me.nta and pumps, a_l_.nalon of the ceL_ 3_ht.in@ sy,_tem, arid I,rovisloa of an

outside so]lztlor, stor_.6_ t_,A.. S_u-h re-ci.l(,t:_ I',a.ve _i_o h_en a_sumed for oust

• sti._tlt_ im-_oses.
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In addition to adoption of equi_nt revisions for increased maintenance el- I

ficiency, use of the 201-C Building as a _nufacturing plant is believed to |
be made practical by the low operatlng efficiency needed to meet the Palm- I
olive production goals. Processing the IO kilograms of neptunium associated

}vith two reactor tubes should involve about one _ek processin_ time every

six months Thus the sol_ent extraction system could be operated on a cam- -

paign basis probably with personnel borrowed from the main chemical processln_

plants. Such infrequent operating campaigns would reqaire planned start-up
maintenance and cold run-in programs. The processing schedules and personnel
needs assumed for cost estimating purposes are summarized in Table II. Each

i0 kilograms of processing campaign would be preceded by a two to three week

period of start-up maintenance and calibration work performed by the skeleton
operating crew normally assigned to the plant, supplemented by a campaign
maintenance crew. Ther? would then be one week of cold solvent extraction

runs performed by the normal operatin_ crew. The s_eleton crew supplemented
by the campaign operating crew would operate the system with cold and reject
elements for aoc.uta week and then with hot elements for a second week. The

plant would be shut down and the B cell decontaminated during the foilowlng
thz_e to four weeks by the skeleton crew (extensive non-routine decontamination
is assumed 'to be required once a year). Neptunium purification runs would
then be started in B cell with each batch processed on through the element

fabrication prior to starting the next batch. The normal crew W(TAidpe.rfore

the _,Ariflcation, wet chemistry, and fabrication operations for 16 to 18 weeks
until start-up of campaign operations Mms again necessary. Such a schedule

permits extensive decontamination and maintenance work between campaigns if
it should be required. The high maintenance costs associated with such de-
contamination programs, however, should be minimized by the equipment revisions

assumed as plant modification costs.

VI. COST ESTIMATES

Modification of the Hot Semi-Works Area to provide an integrated man,xfacturlng

facility for Palmolive fabrication and reprocessing is estimated to involve a
capital cost of about $2,000,000. As shown in Table III approximately 0.9
million dollars would be required for modification of the 276-C Building to a

vet chemistry and fabrication facility and 1.1 million for modification of the
/ 201-C Building for reprocessing the target elements and installation of _nder_

ground storage tanks, a _aste crib and the hot shop expansion. The estimated

capital cost is less than the conservative value of $3,000,0_9 previously eBtl-
mated and approaches the previously optimistic value of $1,800,0OO.(2)(4)(6)
The reduction in estimated capital costs results from reduces program goals and
the existence of a firmer technical 5asis, especially with respect to target

element fabrication. The capabilities of the proposed manufacturiD6 facilities
could probably be expanded by at least i00 per cent beyond the current goal of

2 kilograms per year plutonium-238 with essentially no further capital i_vest-
sent. d

Activation of the Hot Semi-Works facility for the Palmolive program would in-
volve transfer of the building and equipment capitalized value tc the Palm-
olive account. _he net book value of the facility as of April 30, 1959 was
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. approximately $3,100,000. Of the total, $800,000 representB buildlngs and
$e,3o0,0oo represents other structures and equipment.

The eetlmated ann_ml operating costs for fabricating and reprocessing 20
kilograms of neptunium per year at the modified Palmolive facility are _um-
marlzed in Table IV.

.   C$SiF!ED
" O.ETJOflS

The total annual charges for the Palmolive fabrication and r_proceesing program
would be dependen_ upon the rate o£ depreciation assumed for existing and new
buildings and equipment. Assuming a depreciation rate of 2.5 pe.rcent per year
for buildings and 5 per cent per yp.arfor equlpme_t (approximately the current
rates), annual depreciation charges wetLidbe.$200,000 per year for the trans-

ferred capital and approximately $100,OO0 pe.ryear for tbe construction capital
costs. Total annual charges would thus be $870,000 to $i,120,0CO and the cor-

responding incremental annual charges wo,xld be $450,OOO to $650sOO0.

VII. SCI_.DULING

The production phase of the Palmolive program c¢,_ld be inltimted at Hanford

during the fourth quarter FY 1960; final integration of rollthe manufacturing
facilities associated wlth the program could be comp.lated by the end of the
second quarter FY 1962. A possible design and construction schedule fsc modi-

fication of the 201-C Building to a reprocessing facility and the 276-C Building
to a fabrication line le presented in Fi_tre 10. The schedule is based on the

availability of research and development amounts of plutonium-238 at Hanford

prior to August, 1959 (recent cancel_lation of an MTR target irradlatioz test

has prevented obtainiz_ plutonlum-238 and thuL,hindered flowsbeet developm@nt).
If design funds are authorized eaz'l:rin the second quarter FY 1960, the 201-C.

Building modifications co,xldbe completed on am expedited basis duria@ fourth
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quarter FY 1961 (19-.21months for beneficial use) and the 276-C Building
modification during the second quar_,erFY 1962 (24 to 26 mouths). Fabri-

cation of the target eleme,nt for tvo reactor tubes (76 elements-) could be
performed during the fourth qua r_.erFY 1960 and first quarter FY 1961 in
existing laboratory facilities at HaT,oral. The elements could then be

charged into the Hanford reactors during first quarter FY 196i, irxadiated
for approximately six months or more, and cooled for approximately six months

, prior to reprocessing in the 201-C Building. The recovery goals at the Purex
Plant are ll kilograms of neptunium daring FY 1959 and FY 1960 which vo_Ald be "

i adequate. A standard over-.ali time cycle of 12 months for irradiation, three

! month_ for cooling, and six months for reprocessing and fabrication could prob-
ably be initiated vlth the second two-tube reactor charge. If th_ demand for
plutonlum-238 should exceed the capatilities of the Ha=ford reactors f-ora

given inventory of neptunium, the proposed fabrication and rmprocesslng system
could be readily operated in conjunction with the Savannah River reactors until
a sufficiently large in'lentory of neptuni,Am can be accwmxlated thrmlgh the re-
covery program at Purex.
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TABLE I

WORK SHEET

TENTATIVE SEMI-WORKS HOT PROCES3 EQUIPMENT REQUIREMENTS
FOR PALMOLIVE PROCESSIIIG

201-C A Cell

'Vessel Number Size-Gallons Function Revisions

1 - 140 Dissolver None

2 Ii0 Back cycle acid add tank New piping to TK3 and from
@ TK82

3 270 Feed adjustment New piping from TK2

5 275 Dissolver off gas scrubber None

6 255 Feed storage None

G-6 9 Feed centrifuge Not used

7 170 1AF None _

8 300 Condensate catch tank None

54 805 Condensate storage None

55 700 Neutralizer & utility Modify vessel with remotable
concentlmtor tube b,Andle; gilm,'ut

64 65 IAW catch tank None

67 55 2WW catch tank New piping to TK82, TK57
and TK2

69 470 lAW storage Replace existing TK69 with
existing TK22. Modify as
required to take agitator

and connect to vent system.

73 i00 2AW concentrator New piping to condenser 67.

New piping to T_ 67.

82* 5000 Back cycle acid storage New

*In new vault adjacent to A Cell
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201-C B Cell

Vessel Number Size-Gallons Function Revis_ons

75 .. 265 _ New piping to TKI2 and

XA Column. New piping
from weigh tank 42.

81 345 XAW New piping to TK55 and
T/_12.

]A Column 3 inches by 25 feet Co-decontamination New, sieve plate column

lC Column 3 inches by 15 fe.t Co.-d_,'ontamlnatlon New, sieve plate column
@

IBX Column 4 inches by 18 feet Partition New piping for pulse

leakage. Weld flangms.

IBS Column I inch by 12 feet Partition New pipln_ for pulse
leakage. Weld flange.

@

2A Column 5 inches by 25 'feet _h_decontamination New packed column

2B Column 2 inches by 21 feet lh,decontamination New sieve plate colunt_
I

IF Column 4 inches by 38 feet 2BW - strip New piping to TKII.
Weld flanges.

: IO Column 5 inches by 16 feet Solvent Recovery New piping from TKS_

XA Column 8 inches by 5 feet Np deco.utamination New
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201-C C Cell

Vessel Number Size,.CBllone Function Revisions

9 60 None None

iO 370 Condensate catch tank New piping from ETl7
condeneer

ii 805 10F turbomixer New :.Iping to 'I_S 55, 21,
i0 Column and from AMU.

Modify tank to function as
a turbomixer.

12 410 1CN catch tank Relocate TK13 _,Amp to TKI2
and provide piplzlg to TKS
75 and 7.

13 18OO ICN storage tank None

14 295 ]BXF None

15 370 ICW catch tank None

16 805 100 New piping from TK_8

17 95 Np product concentrator New piping from E-17 con-

denser to TK10. New piping
from TK17 to TK12.

18 130 10R None

19 25 Np product catch tank New plpln6 to load out
statlon

20 130 None None

2_I L430 10C turbomlxer New piping to Tk'78 and from
AMU. Modify tank to function
as a turbo_lxe_.

"_I 57 90 2AF New piping from IF I,2B
•Columna

76 180 None No_

78 210 Decanter None

83 80 Pu product concentrator New

8_ 25 _ product catch tank New
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TABIE "[ ( CONTINUED/_ " "_'_ _ _ .{_..,._..;!....::i

2oI-c Hot Sho_£

Hoo___dd Equipme_nt- --

Neptuni_um product load out .Scale, hoist, vacuum transfer
system, decontamination _tatlon.

Plutonium product load out Scale, holst, vacuum transfer
system, decontamination station.

Recycle ioad-ln Hoist, receiver tank, vacuum trans-
f_-r system, d_contamination station

AMU Buildln_

Present chemical add tan_:s Activate for use; install yen%
sys%em.

Resin add tank Nev

Distilled _ater supply Nev
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TABt .z (CONTINUED)

276-C Isr Floor

Approximate Size

Hoo___dd Feet

Load in 6 x 2.5 x 4. Hoist, 20 gal. receiver, vacuum

transfer system, decontamination
station. "

Wet chemistry 12 x 2.5 x 4. 20 gal. precipitator, agitator,

filter station, 3-2 liter filter
boats, 20 gal. supernmtant tank,

5 gal. vacuum tral>.

Dry chemistry 8 x 2.5 x 4 Calcination furnace (6OO°C), 5

gal. acid catch pot.

Powder preparatlnn 6 x 2.5 x b. Balance and ball-mill

Compacting _ x 3.5 x 4 25,000 psi press

Billet preparation 8 x 2.5 x 4 5 gal. catch pot, 580®C outgassing
furnace, vacuum pump, welding
machine.

I Extrusion 8 x 3.5 x 4 • 150 Ton extrusion press276-C 2hd Floor

Open face finishing hood 16 x 3 x _ X-Ray machine, saw, lathe, welding
machine

Chemical makeup Existing tanks

N_: All hoods are of stainless steel construction with lead glass viewing ports.
Glove ports are shielded and equipped with leaded rubber gloves. Surfaces

are smooth finnish and water-tight to permit ease in decontamlnatlon.
d
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__._,._}_._
- WORK SHEET

PRELIMINARY ESTIMATES OF-HOT--_-E_WORKS MODIFICATION COSTS

Reproce ssing Fabrlcatlon
Modifications Modification

(201-c) , - (276-c) Total

Building Modifications

Temporary Construction $ 7,000 $ 8,000 $ 15,000

Area Activation 38,000 15,000 53,000
Building & Structure - 18,000 ]8,000

Hsods & Shield ing 35,000 48,000 83:000

Process Equipment 238,O_X) 316,000 554,000
Instrument & Electrical __ 92_0OO _ 59,000 151,000

Direct Costs $ 410,000 $ 464,000 $ 874,000

Contractor Indlrect _ 130tO00 --_-- 91,__ 221_000

$ 5_o,¢_ $ 555,0oo $ z,o95,ooo

Flxed Price Contracts

Hot Shop Expansion $ 48,000 = $ 48,000
Underground Storage 1_5,COO - 46,O30
New Crib System _ - 6,000

$ i00,000 $ i00,000

Supervision of Construction (5%) $ 30,000 $ 28,000 $ 58,000

Project Start-up (5%) " 30,COO 28,000 58t000
Contingency & Escalation (30%) 205,000 180,000 38.$:000

General Overhead (5%) $5:0OO 39,000 84,00_
Management Services 40,000 32,000 72,000

Design Services _ _ 53;000 !63,000

TOTALESTIMATEDMODIFICATION

COST $ 1,100,OOO $ 900,OOO $ _,ooo,ooo
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