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II.

TIE PALMOLIVE CYCIE AT HANFCRD

INTRODCTION

The Palmnlive program is directed toward the recovery of neptunium-237 and
production of plutonium-238. The neptunium {8 recovered during the chemical
processing of irradiated urenium and is purified and fabricated 1nto target
elements. The target elements are irradiated to produce plutonium~238 by
neutron capture of neptunium-237 and are processed to provide plutonium for
shipment to the final customer und neptunium for recycle within the systen.

The prodaction of plutonium»238 in this manner is currently in progress on

an interim basis as an integrated effort tetween the Hanford and Savannah
River I'iants. Hanford's contribution to the interim phase of the program

18 the recovery of neptunium from the Purex Piant and subsequent purifica-
tion and fabrication of the neptunium in laboratory facilities to provide
guitable target elements. The target elements are irradiated in the pro--
duction reactors at the Savannah River Piant and ther processz2d %o *he final
products at the Savannah River lLaberatory in epecisal interim facilities. long-
term manufacturing fecilities will be instalied as part of the Palmolive pro-

gram following accumilaticon of a large neptunium inventory and adcption of
long-range production goals.

" The production goals of the Palmoiive progrem have recently been reduced

from a long-range capability of 8 to 10 kilograms of plutonium-238 per year
to a FY 1962 capability of about 2 kilograms per year.(1){2) Relaxation of
these gonls has affected the magnitude of constriction effort and the vari-
ous program schedules previously estimated for meeting the high plutonium-
238 demands. Scope design of & project for installing long-term neptunium
recovery and purification facilitles in the Purex Plant has ‘herefore been
temporarily suspended to permit further engineering studies.(13) Similarly,
the bases for the pre-design studies previously made for long-term fabri-
cation and reprocessing of target elements have been revised with attendant

effects on the capital and operating costs estimated for undertaking the
Palmolive target cycle at Hanford.

The following report summarizes a prelimirary engineering study of the tech-
nical and economic factors involved in installing long-term Paimolive manu-
facturing facilities at Hanford to meet the reduced production geals. Prime
emphasis is placed on the process technology and plant equipmnent requirements
for fabricating and reprocessing neptunium targe%t eiements on a production
basis. The relationships of these phases of the target cycle to the regovery
and purification of virgin neptunium in the Purex Plant and irradiation of

target elements in the Hanford reactors are reviewed in the light «f the
reduced plutonium-238 demands.

SUMMARY

Target cycle manqufacturing facllities capable of meeting the 2 kilogram per year

plutoatum-238 produiction geala of the Palmolive program conld be installed at




an estimated capital cost of approximately $2,000,000. An integrated chemical l

processing facility is available at ilanford for conversion to a neptunium fab-
rication and reprocessing system. Thie facility was formerly emplnyed as a

Hot Semi-Worke 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, an equeous make-up building, a solvent treatment
building, ventilation and stack facilities, waste disposal and cribbing systems,
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 procese technology coupled with the reduced program goals would permit
production-scale processing for the Palmolive target cycle at Hanford at a capi-
tal cost lower than that previously estimated. Fabrication of the neptunium tar-
get elements, for example, would be based on the co-extrusion process success-
fully developed at Hanford for the interim program. In addition, the behavior

of neptunium in solvent extraction and anion exchange systems has been exten-
sively studied in support of the lanford neptunium recovery and purification
operations. The reduced program goals would involve much lower fabrication and
reprocessing thrcughputs than previous goals 8o that operations in the various
steps of the target cycle can be closely integrated. Preliminary estimates of
building modification costs to provide a wet chemistry and fabrication line and

8 reprocessing system are thus $900,000 and $1,100,000 respectively, totalling
$2,000,000 and thus approaching the more optimistic estimates made previously.

The capabilities of the proposed Hanford manufacturing facilities could probably
be expanded by at lcast 100 per cent beyond the current goal of 2 kilograms per
year plutonium-238 with essentially no further capital investment. The system
could be resdily employed for fabricating and reprocessing target elements associ-
ated with an irradiation program in either the Hanford or the Bavannah River re-
actors. In addition the facility could reasonably be employed for the purifica-
tion and concentration of virgin Palm recovered in the Purex plant, thereby po-

tentially reducing the capital investment needed.for long-term recovery at Purex
by as much as $200,000.
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The production phase of the Palmolive program could be initiated at Hanford
during the fourth quarter FY 1660 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 (19-21 months for beneficial use) to permit
receiving irradiated target elements. The building revisions for the wet chemia-
try and fabrication system could be completed during the second quarter FY 1962
(24-26 months) thereby reiieving 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 &nd fabrication could prob-
ably be initiated with the second reactor charge. If the demands for Olive should
exceed the capabilities of the Hanford 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.

STUDY BASES

The reduction of the production goals for plutonium-238 has correspondingly reduced
the neptunium throughput requirements for the over-all target cycle. Ip 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-
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 ylelds and costs of plutonium-238 from néptunium irradiation are dependent upon:
1) 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 plutonium-238, a lov 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 over-all unit costs with reduced program goals, however, a high nep-

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

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

The study bases chosen for the production of 2 kilograms per year plutonium-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 megawatts for enriched wranium, a
time operating efficiency of 75 per cent, and a uranium 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 y+ar. Assuming target
elements 1.4 inchea in outside diameter by 12 inches long, each containing 130

to 135 grams of neptunium, approximately 150 elements would be fabricated and
reprocessed each year, This throughput rate contrasts sharply with the 2,000 -
4,000 target elements per year needed to process 50 - 100 ¥kilograms per 'year

neptunium as 5 p?r cent weight alloys as assumed for the high demand goals of
earlier studies.(4)(5)
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B. Integrated Facilities for Fabrication and Reprocessing

Close integration of the target element fabrication and reprocessing operations
were -aasumed for study purposes. Eariler studies indicated that in a long-
range continuing program new facilities should be installed for fabrication of
target elements rather than campaign use of laboratory facilities.(u) In ad-
dition, order-of-magnitude cost estimates indicated an incentive to use oxide
target elements rather than alloy-type cores. These studies vere based on in-
stallation of enough shielding (1/2" - 5/8" of lead equivalenmt) to permit oper-
ation with equilibrium -levels of protactinium-233, the gamma-emitting daughter
of neptunium-237. Rapid processing of the neptunium after purification from
the protactinium would minimize shielding requirements to the levels required
for miscellareous 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 ciose integration of the fabrication oper-
ation with the purification system to minimize shielding requirements.

The most attractive alternate for reprocessing the neptunium target elements
was previously found to be modification of the Hot Semi-Works solvent extrac-
tion facility.(S)(G) This approach vas again employed with suitabie 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 cent by weight neptunium target elements represents approximately four
tube loadings in a K-type reactor., Reprocessing rates were therefore assumed
to be two tube loadings or a 1l0-kilogram batch every six montha. Separation
and purification of the plutonium-238 were sssumed to be performed relatively
rapidly. The neptunium, however, was assumed to be stored as a solutlon and
purified in epproximately l-kilogram batch sizes immediately prior to fabri-
cation so that hood shielding in the fabrication system could be mirimized,
Maximum utillization of equipment currently available in the Hot Semi-Works

Plant was assumed within the limits set by compatibility vith operating,
maintenance, and process technology needs.

PROCESS TECHNOLOGY

A, Target Preparation

Neptunium target elements suitable for pile {rradiation could be Trepared at
Hanford by a number of process and design alterratives. Processing methods
chosen for laboratory evaluation and pre-design cost estimating studies in-
clude: 1) the preparation of a neptunium-oxide aluminum powder element by
blending and co-extrusion, 2) the preparation of a neptunium-alumipum alloy
element by cryolite reduction and vacuum casting, and 3) the preparation of
a mixed neptuniwn-oxide magnesium-oxide element by blending and awaging.(“)
The co-extrusion process was succeasfully developed at Hanford and employed
in the ra?rgcation of target elements for irradiation in the B8avannah River
reactors.{7) The basic steps in the cryolite process have alao been demon-
strated in a laboratory program at Hanford. 8) 1n eddition, swaging of
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plutbnium-containing oxides is plamed for the plutonium recycle program.
The co-extrusion process, however, was chosen tor prelimipvary engipeering
studies since it represents the advaptages of a minimim capital investment

as compared to g8lloy prccesses and a minimum surface contamination control
problem as compared to swaging processea,

A tentative flowsheet for preparing neptunium target elements by co-extrusion
process 1s preseTted ip Figure 1, Neptunium-oxidey, prepared by celcipation

of neptunium-oxalate, is weighed and blended with alumiom powder (approxi- .
mately 100 mesh). A large diameter, “hick-walled alumimm billet with a ’
conical nose and an open end is clesned and painted with a strippable coat-

ing (for ease in subsequent decontamination). The billet is loaded with a

layer of aluminum oxide - aluminum povder mixture that is tamped and pressed

(at 25,000 psi) into the nose end. The inert layer is foilowed by layers of

the neptunium oxide and ajuminum povder mixture similarly compacted into place
and topped with a second layer of aluminum oxide - aluminum powder at the end.
The billet is clnsed with a velded cap and decontaminated by removing the sur-
face coatinpg. The pressed mixture is cutgassed at 550 to 6CO°C for 15 to 20
hours. The hot. biliet is then extrnded to the desired diameter in a large

press (150 tons). The cac wall thickness resulting from the extrusion pro-

cess 18 80 to 100 mils (as compared to 30 mils for present fabrication cans).
The neptunium 1s located within the extruded pilece by radiography and the

ends of the piece gawved off o leave 1/4" to 1/2" alumipum oxide - aluminum
powder as an Iintegral =nd closure. The erds are then counter-bored and an
aluminum cap welded in place to provide an alli-aluminun surface.

The feasibility of the co-extrusion process has been demonstrated by the suc-
cesaful development progrem at Hanford and the interim fabrication effort for
the Savannah River Plant. Adaptatioa to the Hanford reactors may involve pre-
raring a longer element tn prevent chattering ir the process tubes ard spot-
velding bumpers on the element for self-support in ribless tubes.(9) In ad-
dition, the welded cap end closure assuwned in the flowsheet may be stbstituted
for the integral end closure now employed at favarnsh River Plent. Fature
laboratory development efforts may be directed toward different end closures
(both integral and cap closures), different can alloys, closer control of can

vall thickness, and general procedural improvements |better lubricants, im-
proved temperature and pressure control).

B, Target Reprocessing

A number of potential process alternatives are available for the reprocesaing
of peptunium target elements due o the chemical similarity of plutonium, u-
ranium, and neptunivm. Many alternatives have been studied at Hanford in con-
Junction with reprocessing plutonium and vranium for the plutonium proguction
program, reprocesaipg plutoniuvm for the plutonium recycle program, and re-
covering neptunium from the Furex Plant. Thus, the tehavior of plutonium

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

of Furex Plant operationa. Anion excbnn%a methods huve been developed at
Hanford for neptunium purification{lC){ll) and at Savannah River for nep-

tunium-237, plutonium-238 reprocesaing.(lg){l3) Liquid amine extraction methods,

e e et > e i o=
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using tri-n-octyl and tri-n-lauryl amines are believed to be feasible based’

on preliminary laboratory tests.(1M) Solvent extracticn; however, presents
some major advantages over the other process methods. Procesa technology and
Plant operating techniques, for example, are more highly developed for solvent
extraction methods. Based on today's technology the problems associated with
controlling solids in the process system and maintaining the desired plutonium-
238 valence state (due to alpha bombardment) can-be met more readily in a sol-
vent extraction system than in an anion exchange system. 1In addition, the
relative equipment sizes, contact maintenance requirements, and essential ma-
terial needé_all favor use of a solvent extraction process. These factors,
‘pPlus the availability of solvent extraction equipment of appropriate size,

led to the choice of solvent extraction methods for co-decontamination, par-
tition, and plutonium-238 decontamination steps for the target reprocessing
system. Anion exchange was chosen for neptunium purification since the tech-
nology has been well developed, bighly efficient serarations are practical,

and the batch size (and therefore the equipment size) was intended to be
small.

OS2

Tentative flowsheets are presented in Figure 2 through 6 for dissolution of
the irradiated target elcments and preparation of feed solution, co-decon-
tamination and partiticn of the neptunium and plutonium, decontamination and
concentiration of the plutonium-238 product, and purification and concentration
of the neptunium. The target elements are dissolved in nitric acid with mer-
curic lon 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 large enough volume to
insure satisfactory column operation and neptunium-plutonium partition., The’
neptunium and plutonium are co-decontaminated in the 1A Column by co-extrac-
tion into a 30 per cent TBP solvent phase. The Plutonium 48 partitioned in
the 1BX Column by reduction to pluteniim III and back-extraction into the
-aqueous phase, The 1BS Column seives to scrub outh residual peptunium and

some fission products from the first-cycie plutonium product stream. The

neptunium 1is stripped from the solvent in the 1C Column and atored for sub-
sequent purification by anicn exchange.

The plutonium from the partiticn system is decontaminated and ccncentrated

by "reflux spinning" in a 2A and 2B Column system where the plutonium is ex-
tracted, scrubbed and stripped and then recycled to the 2A feed point for re-
extraction, scrubbing and stripping. After decontamination, the plutonium is
concentrated by a factor of 30 to 50 in a titanium evaporator for load-out as
90 g/l product. BSince chemizal {mpuritles showld not be introduced into the
product’ with such a large concentration factor, the final solvent stripping in
the 2B Column is performed with nitric acid and distilled water. A back~up 1F
stripping column is provided to insure minimum plutonium losses to the solvent.

The neptunium is purified in 1l-kilo
solvent extraction runa,

to 6 molar nitric acid and
ferrous ion and hydrazine.
column at 10 mg/min/cm?.

gram batches as compared to the 10-kilogranm
The product solution from the 1C Column is adjusted

the neptunium reduced to the four valence astate by
The neptunium is loaded onto the anion exchange
Plutonium is washed frcm the i1msin by a stabilfzed

Y ST AR W AR E RRE I | N FRETS TR e
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reducing agent in 6 molar nitric scid. Fission products are removed with
an 8 molar aitric acid wash containing .0l molsr fluoride ion and hydrazipe.
The neptunium is eluted from the coluwm with dilute acid and concentrated
for transfer to wet chemistry operations. Neptunium-oxide is prepared by
precipitation of neptunium-cxalate fi:om 3 molar nitric-acid solution, The

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

A maJjor portion of the process steps has been demonstrated as.part of the
interim Palmolive program. Thus, extraction and stripping of neptunium for
solvent extraction have been accomplished in the Purex Plamt-as part of nep-
tunium recovery operations.(15) The cobcept of decontaminating a given a-
mount of product by "reflux spinning" in the 2A - 2B system haa been demon-
strated in the Purex Plant with recovered neptimium. Purificetion and con-
centration of neptunium in kilogram amounts have been succesefully accom-
Plished in the interim program as have the pmeptunium precipitation and cal-
cination steps.(10)(11)" Areas of potential difficulties include solids con-
trol (for whicb an organic continuous 1A Columm may be adequate), partition’
control (for which further dilution may be required), plutonium-238 valence

PR |

contyal (to which a solvent extraction system should be less susceptible than

an anion exchange), solvent degradaticn (for which-the back-up 1F Column is
provided and a Purex-type solvent treatment flowsheet with an alkaline-per-
manganate-treating turbo-mixer, the acld 10 Column, and a carbonate-treating
turbo-mixer may be required). 7o provide a firm flowsheet, research and de-
velopment is also required in the areas of diseclution (to determine target
dissclution and hydrogen evolution rates), decontamination (to determine a
suitable oxidant and optimum column conditions), partition (to establish
ndequate reducing conditions), and plutonium-238 chemiatry and extraction
(to determine valence change kinetics and solvent degradation). Alterna-
tive process methods shculd also be evaluated for potentisl long-range ap-

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

PLANT EQUIPMENT AND OPERATION

An integrated chemical processing facility is available at Hanford for
fabrication and reprocessing of neptunium target elements. As shown in
Figure T, the Hot Semi-Works area contains a three-cell shielded building
for processing full-level irradiated fuel elements (201L-C), a plant control
and aqueous make-up building (271-C), a Bolvent treatment building (276-C),
ventilation and stack facilities (291-C), waste disposal (241-C) an? crib-
bing (216-C) syutems , inert gas (215-C) and demineralized vater (217-C)
systems, hot maintenance shop, ~o0ld mainterance shops (272-C & 2707-C), a
change house (2707-C) and an office building (2704-C), all within a sepa-
rate exclusion area. It is proposed that the 276-C Building be modified

as a vet chemistiry and fabrication building and that the 201-C Building

be modified to permit reprocessing and purification of neptunium-237 and
plutonium-238,

e B
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The 276-C Building proposed for use as the Palmolive wet chemistry and fabri-
cation facility 49 a8 multi-storied, unshielded structure forwerly employ=d
for trestwent and storage of solvent. The ground flocr has an area of about
900 Bq. feet and each of the three above grouad floorz haos an area of about
450 sq, feet. The equipment on the ground floor aud the second floor would
be removed while the remaining equipment would be retained for use in the
Palmolive -program. The existing 7,000 cfm ventilation system would be sup-
Plemented by an exhaust filtration system installed on the first floor roof
level with the second floor. The dock aree along the length of the building

would be enclosed vith insulated steel siding to provide solution transfer
and storage facilities.

As shown in Figure 8, the bulk of the process equipment would be installed on
the first floor with the remainder on the second floor. Approximately TO feet
of work stations would be required with roughly 75 per cent in sealed hoods and
the remainder in open-face hoods or open work areas. The neptunium would be
loaded into the system in transfer cans a3 concentrated nitrate solution from
the 201-C reprocessing building or from the Purex recovery and purification
system.- The solution would be transferred from the receiver tank to a pre-
cipitator tank for precipitation of the oxalate. The slurry would then be
filtered in a ooat station with 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 woulid be weighed, blended
with alumipum powder and pressed into an aluminum biliet, The billet would be
decontaminated, out-gassed, and extruded. The {inal steps wculd include radio-
graphing, sawing, counterboring, and welding the end caps. The finished ele-
ments wvould He stored in shielded unita., Hood sizes and equipment pieces as-
sumed for cogt estimating purposes are summarized in Table I.

The process operations in the 276-C Building would be closely integrated with
those in the 201-C to minimize shielding requirementa. The feed material re-
ceived into the system would thus be free of the gamma-emitting protactinium-
233 and would be processed rapidly to minimize the amount formed while handling
the elements, Time cycle studies based on the interim fabrication program in-
dicates that such a scheme is feasible, One kilcgram of separated neptunium
could be fabricated into seven slements wvithin two days so that tbe increase in
protactinium-233 would be less than 5 per cent of the equilibrium level. Bome
hood shlelding should be provided due to the protable accumulation of aged pov-
ders. The hoods could therefore be constructed of stainless steel sheet with
thin lead glase windows rather.than plastic siding. The final storage AvE<em
vould be shielded for equilibrium levels of protactinium-233 -- 1/2" to 5/8'
lead equivalent.

4
B. Nertunium Reprocesaing

The 202-C Building proposed for use as the Palmolive reprocessing facility is
a heavily-shielded, three-cell structure formerly employed for piloting the
Redox snd Purex processes with full-level irradiated fuel elements. The A
and C cells contain 880 sq. feet of process area each and the B cell T20 8q.
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feet, The shielding walls are three to five feet thick. The building con-

tains equipment suitable, with minimm modificatioms, for dissaoiwtion, co-
decontamination, particion, and purification of the reptunium and plutonium.

The hot maintenance shop would be modified to provide improved solution trans-

fer facilities and an exyjmnded vork space, A pew crib would be provided for -
disposal of wastes and a rev 5,000 galion undergroucd tazk veuld te in-

stalled for temporary storage of recycie solutions.

As shown in Figure 9 the high-level feed and waste %tanks are contaiped in

A cell, the solvent extraction columns in B cell and the intermediate and
low-level tanks in C cell, A nev charging machine would te required to load
the long elements into the dissolver, Diegsoluiicn and feed preparation would
be carried out in existing equipment. The extraction and stripping cclumns in
the co-decontamination and plutonium purification cycles wculd be replaced with
nev columns of st{milar size bu% with improved column internals. The existing
columna would be employed for the partition Aand solvent treatment steps. The
piping betwcan existing tanks would be rerouted to provide intercycle feed and
receiver syr ers. A nev receiver vould be provided for the first-cycle vaste
and a new tube pundle fcr the neutralizer and utility concenirator. Wastes
would be trapmsferred to existing underground storage tanks. Tvo existing
tanks would be provided with turbo-mixers for solvent ireatment., The pln-
toaium-228 product would be concentrated in a new titanium evaporatcr for
load-out. The neptunium-237 would te purified in a nev anion exchange column

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

neptunium for transfer to 276-7 Building would be accomplished in an existing
concentrator.

The equipment requirements asaumed for cost estimation parpcescs
are summarized in Table T,

The 201-C Building was designed as a remotely-operated, contact-maintained

plant and could not be employed othervise without a major capital expense.

The experiecqe gained in operation of the plant as a semi-works unit, however,
coupled vith the low operating efficiency needed to meet the Falmolive gcals,
should permit operation of the plant as a manufectiring facility within reason-
able personnel exposure and maintenance cost limitas. A numter of specific rec-
ommendations for equipment revisiorcs have been made by Bot Semi-Works personnel
for raising the oun-stream efr1c1en*i of the plant from approximately 35 per cent
to an estimated 60 or 70 per ccat.t T)\E) These revisions irciude installation
of stajnless steel floors in tLe cells, spot-shielding of critical tanrs and
sumps, velding of process and sampler liaes (rather than use of fittingsj,
compartmentalization of high-level equipment pieces, locating critical equip-
ment for rapid accesr and replacement, providing certair equipment pieces with
remotely-replaceable parta., A major fraction of the revisjons vere made upon
shutdown of the Semi-Works operations. The others are assumed to be required
Prior to star.-up for cost estimating purposes. In addition, further reviaions
may be desired for operation of the plant as a manufacturing unit including
cleaning and painting of cell walls, installatioa of hoods around the Olive
samplers. identiti:ation of Lines in the cells, replacemert of certala ipstru-
ments and pumps, expension of the cell lighting syatem, and provielon of an

outeide solution storege tuark. Such revislone have also teen assumed for cost
ertimating mrposen,

"
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In addit’on to adoption of equijment revisions for increased maintenance ef-
ficiency, use of the 201-C Building as a manufacturing plant is believed to

be made practical by the low operating efficiency needed to meet the Palm-
olive production goals. Proceesing the 10 kilograms of neptunium associated
with two reactor tubes should involve about one week procesaing time every

six months. Thus the solvent extraction system could be operated on a cam- -
paign basis probably with personnel borrowed from the main chemical processing
plants. Such infrequent operating campaigns would require pianned 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
10 kilograms of processing campaign would be preceded by a tvwo to three week
period of start-up maintenance and calibration work performed by the skeleton
operating crev normally aseigned to the plant, supplemented by a campaign
maintenance crew, Thers would then be one week of cold solvent extraction
runs performed by the normal operating crew. The skeleton crev supplemented
by the campaign operating crew would operate the system with cold and re ject,
elements for abcut a week and then with hot elements for a second week. The
plant would be shut down and the B cell decontaminated during the folilowing
three to four weeks by the skeleton crew («xtensive non-routipe decontamination
18 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 srew would perform
the parification, vet chemistry, and fabrication operations for 16 to 18 veeks
until start-up of campaign operations was again necessary. Such a schedule
permits extensive decontamination and maintenance work between campaigns 1

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.

COST ESTIMATES

Modification of the Hot Semi-Works Area to provide an integrated manufacturing
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 under-
ground storage tanks, .a wastz crib and the hot shop expansion. The estimated
capital cost is less than the conservative value of $3,000,000 prev%oual esti-
mated and approaches the previously optimistic value of $1,800,000. 2)(“1(6)
The reduction in estimated capital costs results from reducea progrem goals and
the existence of a firmer technical basis, especially with respect to target
element fabrication. The capabilities of the proposel manufacturing facilities
could probably be expanded by at least 100 per cent beyond the current goai of

2 kilograms per year plutonium-238 with essentially no further capital irvest-
ment. ¢

Activation of the Hot Semi-Works facility for the Palmolive program would in-
volve transfer of the building and equipment capitalized value t¢ the Palm-
olive account. The net book value of the facility as of April 30, 1959 was

P PN
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approximately $3,100,000. Of the total, $800,000 represents buildings and
$2,300,000 represents other structures and equipment.

The estimated annual operating costs for fabricating and reprocessing 20

kilograms of neptunium per year at the modified Palmolive facility are sum-
marized in Table IV. .

DECLASSIFIED

T4 DELETIONS

The total annual charges for the Palmolive fabrication and reprocessing program
would be dependen: upon the rate of depreciation assumed for existing and new
buildings and equipment. Asguning a depreciation rate of 2.5 per cent per year
for buildings and 5 per cent per year for equipment (approximately the current
rates), annual depreciation charges wculd te $200,000 per year for the trans-
ferred capital and approximately $100,000 per year for the construction capital
costs. Total annual charges would thus be $870,000 to $1,120,000 and the cor-
responding incremental annual charges would be $450,000 to $650,000.

SCHEDULING

The production phase of the Palmolive program cculd be initiated at Hanfor?
during *he fourth quarter FY 1950; fipal integration of all the manufacturing
facilities associated with the Program cculd be completed by the ena of the
second quarter FY 1962, A possible design and construction schedule for modi-
fication of the 201-C Building to a reprocessing facility and the 276-C Building
to a fabrication line is presented in Figure 10. The schedule ia based on the
availability of research and development amounts of Plutomium-238 at Hanford
prior to August, 1959 (recent cancellation of an MTR target irradistior test
has prevented obtaining plutonium-238 and thun hindered flowsheet development).
If design funds are authorized early in ‘he second quarter FY 1960, the 201-C.
Building modifications could be completed on an expedited basis during fourth

- A0z [DEL]

j

J
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quarter FY 1961 (19-21 months for bemeficial use) and the 276-C Building
modification during the second quarter FY 1962 (24 to 26 months). Fabri-
cation of the target element for tvo reactor tubes (76 elements) could be
performed during the fourth quarter FY 1960 ard first quarter FY 1361 in
existing laboratory facilities at Harford. The elements could then be

charged imto the Hanford reactors during first quarter FY 1961, irradiated

for approximately six months or more, and cooled for approximately eix months
prior to reproceseing in the 2C1-C Building. The recovery goals at the Purex
Plant are 11 kilograms of neptunium during FY 1959 and FY 1960 which would be
adequate, A standard over-all time cycle of 12 months for irradiation, three
monthe for cooling, and six mcnths for reprocessing and fabrication could prob-
ably be initiated with the secoad two-tube reactor charge. If the demand for
plutonium-238 should exceed the capatilities of the Hanford reactors for a
given inventory of neptunium, *the proposed fabrication ard reprocessing system
could be readily operated in conjunction with the Savannah River reactors until

a sufficiently large inventory of neptunium can be accumalated through the re-
covery program at Purex.

ACKNOWLEDGEMENT

The preliminary engineering study was based on the direct and indirect efforts

of many groups within HAPO. Major direct contirubtors included: C. R. Cooley,
E. A. Coppinger, W. S. Hartnett, J. R. laRiviere, R. L. Lysher, E. T. Merrill,
and R, J. Pence.



o : DECLASSIFED

1)

2)

3)

L)

*5)

6)

1)
8)

9)
10)

11)

12)

13)

14)

15)

16)
17)

18)

letter, JH Warren from JT Christy, "Production of Olive" dated June 10,
1959 (0S:EBJ)

CLVI-66AL, "Status Report on the Palmolive Program at Hanford" by
BF Judson, March 19, 19%59.

AW-57066, "Scheduling and Cost Factors in the Accelerated Production
of Plutonium«238 at Hanford" by BF Judson, R. Nilson, WH Swift,
August 6, 1958,

HW-58603, "Palm Fabrication at Hanford" by BF Judson and LE Kusler,
December 19, 1958.

HW-5794G, "Palmolive Frocecsing Facilities" by ET Merrill and EA
Coppinger, October 31, 1958.

(o
HW-%822L4, "Palmolive Reproceasing Facilities" by JH Warren, November 18,
1658.

R. W, Stewart. Personal Communi~ation

HW-59106, "Fabrication of Palm Target Elements" by WL Lyon, January 26,
1959.

A. C. Callen, Personal Communication

HW-58999, "Palm Purification Run - December, 1958" by JS Buckingham,
January 23, 1959,

HW-59193, "Concentration and Final Purification of Neptunium hy Anion
Exchange" by JL Ryan, February 10, 1959.

DPST-58-1-12, "Monthly Prcgress Repcrt Technical Division", Du Pont Atomic
Energy Division, December, 1958.

Letter, A. T. Jdifford frum W. K. MecCready, "Palmolive Program", da%ed
April 15, 1959.

Geneva 1958, "Tertiary Amine Extracticr. of Plutonium from Nitric Acid
Solutions!, AS Wilson, June, 1998,

HW-58236, "Palm Recovery - Purex Reflux Considerations™ by WH 3wvift, ¢
November 20, 1958.

W. 8, Hartnett, Personal Communication

Geneva 1958, "Operating Experience in a 'Hot' Sclvent Extraction Pilot
Plant™, GC Oberg and RJ Sloat, June, 1958.

C. R. Cooley, Personal Communication.




201-C A Cell

* Yessel Number

TENTATIVE SEMI-WORKS H

TADIE 1

WORK SBHEET

OT PROCES3 EQUIPMENT REQUIREMENTS

Size-Gallons

5k
25

6k
67

69

73

ga»

140

110

65
55

L70

FOR PAIMOLIVE PROCESSING

Function

Dissolver

Back cycle acid add tank

Feed adjustment

Disaolver off gas scrubher

Feed storage

Feed centrifuge

1AF

Condensate catch tank
Condennate storage

Neutralizer & utility
concentrator

1AW catch tank

2WW catch tank

1AW storage

2AW concentrator

Back cycle acid etorage

*In new vault adjacent to A Cell

Revisions
None

New piping to TK3 and from
TK82

New piping from TK2
None

None

Not used

None @
None

None

Modify vessel with remotable
tube hundle; gilmeut

None

New piping to TK82, TK57
and TK2

Replace existing TK69 with
existing TK22., Modify as
required to take agitator
and connect t¢ vent system.

New piping to condenser 67.
Nev piping to TK 67.

New



201-C B Cell

VYessel Number

75

81

1A Column

1C Column

1BX Column

1BS Column

2A Column
2B Column

1F Column

10 Column

XA Column

Size-Gallons
265
345
inches by 25 feet
inches by 15 rfeant
inches by 18 feet
inch by 12 feet

inches by 25‘feat
inches by 21 feet

inches by 38 feet

inches by 16 feet

inches by 5 feet

|

TABLE T. (CONTINUED)

Function

XAW

Co-decnntamination

Co-dernntamination

Fartition

Partition

Pu decontamination
Pu decontamination

2BW - strip

Sclvent Regovery

Np decontamination

Revisions
New piping to TK12 and
XA Column. Newv piping
from weigh tank 42,

New piping to TK55 end
TK12.

New, sieve plate column
New, sieve plate column
New piping for pulse

leakage. Weld flaggea.

New piping for pulse
leakage. Weld flanges.
@®

New packed column
New sieve plate column

New piping to TK1l.
Weld flanges,

New piping from TK52

New
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201-C C Cell

Vessel Number

Q

-

10

11

12

13
14
15
16

17

18
19

20

T

76
78
83

Size.sllons

60
370

805

k1o

1800
295
370
805

130

25

130
1430

90

180

210
8o
25

TABLE T (CONTINUED)

Function
None

Condensate catch tank

10F turbomixer

1CN catch tank

1CN storage tank
1BXF

1CW catch tank
100

Np product corcentrator

10R

Np product catch tank

None

10C turbomixer

2AF

None
Decanter
Pu product concentrator

Pu product catch tank

Revisions

None

New piping from E-17
condeneer

Nev »iping to TKS 55, 21,
10 Column and from AMU,
Modify tank to function as

‘a turbomixer,

Relocate TK13 pump to TK12
and provide piping to TKS
T5 and 7.

None

None

~ None

Nev piping from TK78

New piping from E-1T7 con-
denser to TK10. New piping
from TK17 to TK12.

None

New piping to load out
station

None

New piping to TI(78 and from

. AMU, Modify tank to function

as & turbomixem.

New piping from 1F & 2B
.Columns

None
None
Nev

Nevw

%



201-C Hot Shop

Hood

Neptunium product load out

Plutonium product load out

Recycle load-in

AMU_Butlding

Present chemical add tanks

Resin add tank

Distilied water supply

) é?éggggg‘;sga.qﬁiigjg%
TABLE T (CONTINUED) Ty B

— HW-60827 BELC]

Equipment o
Scale, hoist, vacuum transfer
system, decontamination 8tation.
Scale, hoist, vacunm transfer

system, decontamination station.

Hoist, receiver tank, vacuum trans.
fer system, da3contamination station

Activate for use; install vent
system.

New

New
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TABIE 1 (CONTINUED)
276-C 18t Floor

Approximate Size

Hood Feet Equipment
Load in 6 x2.5x 1L 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. supernatant tapk,
5 gal. vacuum trap.
Dry chemistry 8x2.5xkb Calcination furnace (600°C), 5
gal. acid catch pot.
Powder preparation 6 x 2.5 x b Balance and ball-mill
Compacting b x3.5xh 25,000 psai press
Billet preparation 8 x2.5xh 5 gal. catch pot, 580°C outgassing
furnace, vacuum pump, welding
machine.
Extrusion 8 x3.5x4 150 Ton extrusion press

276-C 2nd Floor

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

machine

Chemical makeup Existing tanks

NOTE: 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 finish and water-tight to permit ease in decontamination.
.1 .

¢
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PRELIMINARY ESTIMATES OF HOT SEMI-WORKS MODIFICATION COSTS

TABLE III

WORK SHEET

BECLASSIFIED

D AL

Building Modifications

Temporary Construction
Area Activation '
Building & Structure
Hoods & Shielding
Process Equipment
Instrument & Electrical

Direct Costs
Contractor Indirect

Fixed Price Contracts

" Hot Shop Expansion
Underground Storage
- Nev Crib System

Supervision of Construction (5%)
Project Start-up (5%) -
Contingency & Escalation (30%)
General Overhead (5%)

Management Services

Design Services

TOTAL ESTIMATED MODIFICATION
CcosT

Reprocessing
Modifications
{201-C)

$ 7,000
38,000

35,000
239,000
92,000

$ 410,000
130,000

$ 5k4O,C00

$ 48,000
45,600

6,000
$ 100,000

$ 30,000
32,000
205,000
45.000
40,000

110,000

$ 1,100,000

Fabrication
. Modification
-_(276-¢)
$ 8,000
15,000
18,000
48,000
316,000
59,000
$ L6L,000
912000
$ 555,000
$ 28,000
28,000
180,000
39,000
32,000

23,000

$ 900,000

HW-60827 T 0%
Page 22

$ 15,000
53,000
18,000
83,000

554,000
151,000

$ 874,000

221,000

$ 1,095,000

$ 48,000
46,000

6,000
$ 100,000

$ 58,000
58,000
385.000
8l,000
72,000
163,000

$ 2,000,000
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