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ABSTRACT

Three cyclec of solvent extractioh are used at the Idaho Chemical
Processing Plant (ICPP) for purifying highly-enriched uranium generated
from reprocessing highly radiocactive fuel elements in various headend
facilities. The first cyele of extraction usually employs TBP in this
multi-purpose plant, and is followed by two extraction cycles using
MIBK. Use of different sclvents permits advantage to be taken of
their respective characteristics for separating fission products from
uranium; MIBK. is more effective for zirconium whereas TBP is more

ef. ctive for rutheniunm.

Five headend systems are currently available for dissolving spent
fuel elements. Currently, these systems at the ICPP are operated se-
quentially, along with a waste solidification facility, to permit optimum
use of manpower and facilities £o result in lowest possible reprocessing
costs. For instance. the continuous aluminum process and the first
extraction cycle are operated concurrently while the other facilities
are in standby and the first cycle product is being collected and stored.
Then the second- and third-extraction cycles and product denitration unit
are operated concurrently. Wheﬁ these fuel processing facilities are
in standby, the waste solidification facility is operated to convert the
radioactive waste solutions from the solvent extraction system to a
safer, more compact granular soiid. This type of alternating operation
is believed ideal for a multi—phrpose plant and in fact wculid be highly
satisfactory for a 51ngle-purpose plant. In such a case, it is
highly probable that only the fuel processing and waste solldl?lcatlon
facilities would be operated alternately, hewever, to yield the most

i
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INTRCDUCTION

[}

Numerous reprocessing plants for spent nuclear fuels will be re-

quired in the 1980's to handle the increasihg amounts 6f spent fuel

from commercial installations. ‘' The U.S.A. already has three commercially-

owned reprocessing plants that are operati’g or being constructed, in

addition to three government-owned reprocessing plants being operated

for the U.S.A.I3.C. by contractor personnel. One of these plants, the

Idsho Chemical Processing Plant:(ICPP), is a ﬁighly versatile multj«

purpose plant having & brosd range of capabilities to handle many

different types of fuel.

+
h

Multi-purpose fuel reproceésing plants are designed to maximize flex-

ibility, and a common method to achieve this is to use seversal headend

dissolution systems wjth commonfextraction, packaging and waste storage

systems. ' Little has been repor?ed heretofore about how multi-purpose

plants are operated to achieve optimized performance.

The ICPP is capsble of pro?essing a wide variety of reactor fuels

- including aluminum, zirconium, ﬁnd stainless steel alloyed fuels, clad

. ) u"n 3 - 3
fuels, and thorium fuels contaihing uranium of various enrichments and

concentrations. PFurtherzore, this plant.has fecilities to handle special

shapes of fuels, to convert waste solutions to solids, and ‘to recover

some isotopes and rare gases when desired. Although the plant was
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originally designed for high-enriched fuels, modest quantities of low-

enriched fuels can be readily processed; however, plutonium can not

currently be recovered because the ICPP lacks packaging facilities and

ventilaetion safeguards necessary for this material.
The purpose of this paper is to describe the ICPP and the techniques
. |
used in its operation. 1In brief, sequential-type operation employed at

ICPP with various sysiems permits optimum use of manpower and facilities

resulting in lowest poésible reprocessingvlosts. This type of operation

i

also appears ideal for other multi-purpose!plants, and should be highly

satisfacto;iffor\g\gingle-purpose plant.

~

THE ICPP PROCES{ES

During fuel’element reprocessing at tile ICPP, & series of aqueous

processing steps arc generally employed, ai} shown in Figure 1. The

first involves dissolution of the fuel in :n acid, after which the

resulting solution is sent through several |cycles of countercﬁrrent
solvent extraction to separate and purify the uranium. The product

from £he final extraction cycle is ur#nyl nitrate sclution with fission
products removed almost to background level. This solution is generally
denitrated irn a fluidized bed to uranium trioxide for shipment.

Usually, but notnecessariiy, the first extraction cycle at ICPP
employs tributyl phosphate (TBP) in a kercsene diluent as the extractant
because the composition reéuirements-of a suitable dissolver product
stream for TEP are léss stringent than.for méthylisobutyl ketoné (MIBK).

This :is followed by two extraction cycles using MIBK. Use of different
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Papge Four
solvents permits advantage to be taken of their respective characteristics
for separating fission products{frdm uranium; MIBK is more effective for

zirconium, whereas TBP is more effective'for yuthenium,
4 .

Dissolution : i

Dissolution requirements, ?eagent compositions, and dissolving
conditions are highly‘dependention the metals used in the fuel element
cladding and metrix; the metals;generally consist of aiuminum, zirconium,
or stainless steel. TFive headeﬁd systems are ‘available at the ICPP for
dissolving spgnt fuel elements.é The most commoﬂly used is the con-
tinuous ritric-acid system having a capacity of 500 kilograms of aluminum
per day. The other dissolver s&stems inelude an.hydrofluoric-acid
system (600 kg of zirconium per{éay), & sulfuéic-acid system (50 kg
of stainless sizel per day), a #itric—acid system (5 kg unalloyed
uranium per day), and a second Knoncontinuous) aluminum alloy-nitric acid
system. A sixth headend systemécurrently being installed is an electro-
lytie dissolution process for s%ainless steel-clad or matrix fuels. A

seventh system, which is a non—équeous headend process for graphite-~

based fuels, is in-the development stage.
'

oo
First Cycle Extraction i
i 1

The uranium in the dissolvér product solution, which in the case
of aluminum fuels consists of uranyl nitrate, aluminum nitrate, and

fission product nitrates, is isolated by contacting the liquid with TBP
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in countercurrent extraction columns. The liquids from the hydrofluoric
and sulfuric acid dissolutions ;re complexed with aluminum nitrate and
nitric acid, respectively, so thaf they may be processed without excessive
corrosion through the same staihless steel extraction system. The uranyl
nitrate.is preferentially dissolved in the organic material which is
subsequently coniacted with watér to remove the uranyl nitrate. A
schematic diagram of ﬁhis extracticn cycle is shown in Figure 2.

Dissolver solution from the various headend systems enters the top
of the first extraction column wheée the uranium and some acid are ex-
tracted away from the alvainum and the bulk of the fission products.
For MIR-type aluminum fuels the extractant is fivé percent TRP in a
kerosene diluent. The organic stream, containing the urapium, flows
to the scrubbing‘COlumh where it is contacted with aluminum nitrate
solution to remove fission products and nitric acid. The spent scrubbing
stream, containing a small amouht of uranimm, is recycled to the extrac-
tion column feed. Uranium in tﬁe brganic stream leaving the scrubbing
column is back-extracted into thne agueous phase in the stripping column
with a dilute nitric aecid strea@. Prior to conéentration, the stripping
colunn éroduct stream is washed in a fourth column with kerosene to
remove dissolved TBP. The ccncéntrated product from the'evaporator may
Pe fed directly to the éecond e%traction cyclé or placed in irtercycle
storaée. :

Nuclear safety is maintainéd in the first extraction cycle oy making
frequent rate checks of the organic stream o thﬁﬁﬁtraction column,

limiting the U%235 throughput to 1.6 kg/hr (befbre burnup basis), and .

ARy g s
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limiting the TBP concentration. The contrclliné,item is the head of

the extraction column which has a minimum critical U-235 concentration

limit of approximately 26 g/l. .This is barj2d on an eight-inch thick

layer (approximately 60 1) of solvent in the head. The solubility
of U235 in five percent TBP in;kerosene is apprbxiﬁately 20 g/1 so
safety is assured.

Aluminum nitrate is used as a scrubbing agent in the scrubbing
column rather than nitfié acid, equally suitable for scrubbing fission
products, because it is desirable to minimize the amount of uranium
that is recycled and a%?%?;%%riéd over ty tﬁe organic stream to the
stripping column (the presence of significant quantities of acid in the
column would make it difficult to strip uranium into the agueous phase
and the capacity.of the existiné stripping column is marginel for existing
processes). Separate extraction and scrubbing columns are used rather
than a single combined extractién-scrubbing coluﬁn because of limited
cell heights. Pulsed sieve pla%e columns are used although mixer-'
settlers and other contactors wéulq also be applicable. Calculated
and actual lengths for the colu%ns are given in Table I.

Plutonium and neptunium présent in the dissolver product stream in
the tetravalent state are extraétable under the TBP first cycle conditions.
These materials are reduced wit? ferrous sulfemaie in later extraction
cycles ‘and are part.tioned from%the'uranium at that time.

Aluminws nitrate waste solution from the TBP extracticn column is
stored for eventual célcipation; The TBP in kerosene from the stripping.
column is continuously washed.ié three mixer-settlers for recycle to the

process. The first and third washes use 0.0k M nitric aecid; the second




TABLE I

CALCULATED AND ACTUAL LENGTHS OF ICPP
SOLVENT EXTRACTION (TBP) COLUMNS

Calculated Height of a Active ength I.D.,

Column Pransfer Unit (HTU), feet ° of Column, feet Incres
Extraction 2.1 23 10
Serubbing >2.3 10 8
Stripping . “ <1.3 . 14 9

wash uses 0.5 M sodium carbonate. The contact time in each mixer-settler
 is ebout 30 minutes. Spent kerosene from the wash colwnn and spent
TBP-kerosene from extraction are steam-siripped to remove fission products

and plutonium, and then they are burned in an incinerator.

c '

Intercycle Product Storage

Intercycle storage for the TBP cycle product is composed of
geometrically-safe vesséls (12.7 cm I.D.) for agueous uranium solutions.
The storage capacity -is approxi@ately 4800 liters which is equivalent
to about 50 days of holdup based on processing MIR~type aluninum fuel
and storing intercycle solution?at a uranium.concentration of 200 g/l.‘
Soluticn from this storage is fed to tﬁe MIBK extraction system.

Second and Third Cycles of Extrﬁction

The second and third extractlon cycles at ICPP utilize MIBK as the

extractant. The aqueous product stream from 1ntercyc1e storage is fed
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to the first column of the secoﬁd cycle at about midheipght, as zhown in
AFigure 3. The agueous stream then flows down the column countercurrent
%o a stream of MIBK flowing up the column and extracting the uranium.
The MIBK stream entering the bottom of this cOmpound column passes first
through an extraction section and then a serubbing section. A relatively
large ;olume of serubbing solution.introduced at the top of the column
provides ‘a salting agent, aluminwi nitrate, to furece the uranium in the
extraction section of fhe column into the organic phase. Also entering
with the scrubbing solution is sufficient ammoni um hydroxide to create
ap acid-deficient condition in the extraction pa&t of the column for
improving decontamination of wranium from fission products. The uranium
in the MIBK phase leaving the first column flows to a stripping column.
Here, fhe wranium is back-extracted into an aqueous phase with a dilute
nitric acid stream; Feed is prepared for the third extraction cycle by
concentrating the agqueous stream in an evaporgtor. The third extraction
cycle is similar in mos? respec&s to the second cycle.and includes” an
evaporator in which thevproductzsolution is concéntrated to gbout 1.5 M
‘uranyl nitrate for convenience En shipping and denitration.

Plutonium and peptunium foilow a path similar to that of the fission
products in the second and third extraction eycles. TFerrous sulfémate
is added to the second cycle sc%ubbing stfeam to reduce ithe plutonium
and neptﬁnium to relatiﬁely,ine;tractable valence states. Similar reducing
agents may also be used in the ?hird extraction cycle for the same pur-
pose if additional aipha decontamination is. required 'to meet uranium

. g .
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product specifications; however; an available fourth extraction cyecle

free of ferrous ion is necessar& in this case to prevent the product

from béing contaminated with irbn. |
Spent MIBK from the columns is treated with a small volume

of 3.0 M sodium hydroxide and then steam distilled to remove decomposi-

i

L]
tion products and fission product contamination. The solvent is then

recycled to the process. %
Tpe cblumns in the second and third cycles are packed with 3/8-inch
by 3/8<«inch stainless-steel raséhig rings. All of the columns are 5-inch
O.D.; sméll enough in diameter #o be nuclearly safe under all sperating
conditions. - Calculated and actuval.lengths of the columns are given

in Table II. Aqueous outflow from the columns is controlled by air

pressure applied‘to-a discharge loop on each column.

TABLE II

CALCULATED AND ACTUAL LENGTHS O 7pP
SOLVENT EXTRACTION (MIBK) coLuMns(e

. 'lCalculated Height of =2 Active Length
Column Transfer Unit (HTU), feet of Column, feet
Extraction/Scrubbing - 2.75 ' 31

i
|
Stripping ' f 1.75 ' T 21
: | _
|
| are essentially identical.

(a) The second and third cycles

'
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Waste Storage 5

Aqueous waste soluticns frgm the extraction cycles and other fuel
processing operations are transferred to lagge volume stainless steel
tanks for interim storage of three to five years before bzing calcined
to a solid., The high-activity-ievel waste solutions from the first
extraction cycle are kept separated from the low-activity-level waste
from the second an& third qycleé; Various types of wastes are further
segregated acccording to the acié type, ie, ni§ric acid, hydrofluoric

|
acid, and sulfuric acid.

Weste Calcination

At the ICPP, the Waste Calcining Facility (WCF) is used to convert
radioective waste solutions into solids which are more economical and

significantly safer to store. Solution storage is now viewed as an interin
means of storing wastes, and calcination is viewed as a means *

of converting fission products to a form desirable for long-term storage.
The heart of the WCF is a well—fluidized, heated bed of granular solids.
The waste solution is'sprayed ipto the fluidized bed and coats the
particles; water vapér and vola?ile gases flash from the spréy droplets
leaving the residu;l metal oxidés uniformly deposited on bed partiecles.

The spher01dal granular partlcles, ranging in diameier from 0.1 to 1.5 mm,
are contlnuously removed from the caleiner and pneumaulcally transported

to storage facilities. With calclnatlon, waste volumes are consistently

decreased by a Tfactor of about ten. Net processing rates are usually

around 250 to 350 liters per hour.
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SEQUENTIAL OPERATION

For a number of years the ICPP extraction facilities have been
operated sequentally to qchieve:optimﬁm use of manpower. With sequential
operation, the continuous aluminum dissolution process and the first
extraction cyecle (TBP), for ins%ance, are operated concufrently until
the intercycle product storage %anks are filled. Then the second and

‘ third extraction cycles (MIBK) ;nd product denitration and packaging are
i
opergted concurrently until the?intercycle storage is emptied. During
this time, the dissolution syst;ms and first extraction cycle are in
standby. When a fuel processing campaign is completed by alternate
operation of the dissoiution-TBf extraction and the MIBK--product packaging

t

systemg, the WCF is operated tojconvert waste solution to solids. This
type of alternating operation, éepicted schematically in Figure &,
is believed ideal for a-mmlti—pﬁrpose plant because maximum use is maede
Bf manpower; the operatipg crewfis sized solely for sequential-type
operation of the fuel processin% facilities.

Dgring operétion of the WC%, extra operations people are usually'
available. During this time, césual fuel processing operations can
be accomﬁlished. At ICPP, casuél fuel processing can involve the dis-
solution of significant quantities of fuel that require special handling
because of hazardous or insolubie additites, special accountability re-
quirements, or_slow~reaction rates. BatchAdissolver systems as well as
a hot cell with remote manipulaﬁors and shielding windows can be used

at ICPP for fuels requiring speéial hindling. The resuliing dissolver
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solutions and salvage solutions‘from.decontamination 0pérations can
be prccessed through the necessary extraction cycies as part of the
casual operations or stored for a reguiar extraction cémpaign. In
addition, the extraction systems might be operated on a casual basis to
recover Np-237 from waste raffinate solutions.

At some point in time, the anticipate% fuel load and waste inventory
aé ICPP will be sufficiently large to make’concurrent operation of the
fuel and waste processing facilities necesJary to keep waste inventories

within bounds. At that time, %the operatinﬁ-crew will be enlarged

"sufficiently-to permit operation of the WCF,.simultaneously with sequential
operation of the ;;;i\ifocessing faeilities| Thus, a dissolution head-

end and the first cycle extraction systems hould be oﬁerated simultaneously
with the WCF until the intercycle storage wis filled. Then, the WCF oper-

ation would continue while the MIBK extract|{on and product packeging systems

. were operated.

Sequential operation of a cingle-purpoge plant ‘is possible also. In
- this case, it is highly probable that only the fuel processing and waste
solidification facilities would be operated alternately, however, to yield

the mest efficient-type operation. 1In this case, the waste solisification

facility would probably be designed to process the necessary waste Eolution.

in about two.mcnths time; during waste processing, necessary maintenance,
repairs, and modifications to the plant facilities could be made.
Commercially-owned fuel reprocessing plants for power reactor fuel
must be designed and built iith over-~capacity to eventually be ecoﬁomic.
Thus, for a time, they will have tc be operated at a reduced rate ;ntil

a sufficient fuel load is available for full rate. During this early
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_period, sequentisl-type operation of the extraction and dissolution

facilities could be economically advantageous because manpower could

be minimized.

OTHER STRATEGIES

In addition to sequential operation and casual processing, various
other strategies are Used to maximize output at ICPP. The techniques
include (1) testing dissolver solutions for extrection behavior, (2) pre-
paring individual dissolution ;nd extraction flowsheets for each type |
of fuel, (3) clarifying extraction feed solutions, (4) co-processing fuels,

{5) minimizing non-scheduled maintenance, and {6) preparing long-range

planning and operatirg schedules.

Testing for Extraction Behavior

At the ICPP, fuel processiﬁg campaigns are characterized by fre-
quent variation in the activityllevel and composition of the solvent
extraction feed solution, due in part to the non-uniform nature of the
fuels and the frequency with which unusual fuels are processed. Two
simple‘and inexpensive tests have been used to study those feed solutions
which cause difficﬁlties in the pulsed solvent extraction columns aﬂd

to predict operating problems prior to processing "off-spec” solutioms.

The first of these tests is designed for the detection and diagnosis
of the various forms of flooding of the pulsed sieve plate columns.
This test is known as a dispersi: n-coalescence test and involves mixing

equal éliquots of the aguecus feed and organic extractant by means of
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a perforated plate agitator, which moves vertically across the intgrface.
The quantitative measurement coﬁsists of observing the time required‘to
‘achieve & given degree of dispersion of both phases. In general, the
tinme for coalescence is‘of greater sensitivity and significance than

the dispersion time. Usually it is equally valuable to be able to see
the naéure of the emulsion that may be formed in the columns, and to ob-
serve the effect of any solids which may be present in the solutions.

The most frequenq%pplication of. the dispersion-coalescence test occurs
vhen & column gives evidence pfﬁflooding. Then, dispersion-coalescence
characteristics of the feed-solvent system from the plant are determined.
If stable emulsion formation is' experienced--indicative that flooding

is actually occurring in the plant column--gelatin treatment 1s tried

in the feét. If .the results are favorable, gelatin is added to the plant
feed. ‘

The second test is designe& to detect a qarked reduction in the
distribution coefficien?s for either extraciion or stripping of acéﬁal
process solutions. 1In general,;two stages of extraction and two stages
of stripping are performed in aatest using apfropriate plant feed, soi-
vent, and scrubbing'and étrippiég reagents. The phase ratio of the
second extraction or stripping stage is adjusted until the uranium loss
is less than one percent as indicated by the uranium distribution
coefficiént. If the distributién coefficientsgfor both stages of ex~
traction and stripping are as p;edicfed by pasic equilibrium data for

the processes, no serious loss of uranium due to chemical interference

.

-4
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is indicated. This test is particularly ureful for the detection of a
pinch in the operating diagram for the strilpping operation; such a

pinch is often caused by dibutyl phosphate jor a similar complexing sub-

stance. Based on the results of this test,.suitable process flowsheets
are brepared and plent operating conditions are adjusted to achieve an
optimum recovery of uraniuﬁ.

These two tests have been routinely used in conjunction with normal
plant control and continuing surveillance of the fuels being processed,
as well as with specizal anaxyse; of any “off-speec” solutions or pre-
cipitates. In vhis manner, theée two simple tests offer valuable diag-

rostic help in minimizing plant operating difficulties.

Separate Flowsheets

Because of the diversity of‘aluminum and zipconiﬁm type fuels pro-
cessed at ICPP, a custom flowsheet is prepared for each fuel to guarantee
complete safetly whiie minimizing processing costs and uranium losses.
Separate chemical flowsheets fof the first cycle of extraction are nec-
eSsarj 40 increase the éxtractién; scrubbing, and stripping efficiencies
while staying within the operating limits of the equipment. In.addition,
waste solution volumes and uranium losses can be minimized by preparing

separate flowsheets.

Clarification of Extraction Feea

Refractory zirconium’ dioxide from the surface of zirconium-clad fuel
elements and insoluble surfactant materials such as silica from aluminum-

alloy fuels have been a troublesome source of solids in extraction feed
j
solutions. About a year ago a solid-bowl centrifuge was installed %o
i
:
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remove the larger solids from the éissolver solution upstream of ihe
TBP extrection systeﬁ. The solids have caused significant downtime
because of plugging in the feed lines to the extraction columns and

flooding in the columns. Operation has been noticeably improved since

the centrifuge was installed;

‘Co~Processing

Several years ago it wsas récognized that processing of fuel at ICPP
could be improved by operating the aluminum and zirconium headend dissolutiﬁn
systems simultaneously and mixing the resulting dissolver solutions.

The dissolver producé from aluminum fuel can be used to complex and adjust
the zirconium-fuel dissolver préduct. Preéiously, s&luminum nitrate solution
and nitric acid were purchased and used for complexing and adjusting the
zirconium dissolver proéuct prior to extra%tion. ‘Thus, with co-processing,

~ less operating time is required and much léss chemicals are regquired:

* the latter 4a_turn reduces‘the emount of waste produced and hence the

WCF 6perating time and “the requireq_storagg volume for radiocactive waste
solids. An added improvement résulting frch_co—prdceésingﬁs that the
fluoride in the zirconium dissoiver product| preyents surfactancy caused by

insoiuble silica (from aluminum dissolver pl-oduct) in the extraction columns.

' Minimizing Non-Scheduled Maintenance

Non-scheduled maintenance Has been minimized at ICPP, which uses a

direct maintenance philosophy, by replacing or modifying mechanical or

peorly designed équipment and bj installing critical equipment items

(such as jJets and transfer lines) in pairs. Where possible, air lifts and

i
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Jets are used in placé of pumps, eductors in place of blowers, and pneumatic
pulsers in place of ﬁechapicali&—operated pulsers. Equipment with a high
~maintenance potential is placédjin shielded cubicles outside hot cells to
limit the decontamination efforfs when maintenance is required. The

design of all new processes or modifications to existing processes is
critically examined for simplicity, reliasbility, and decontaminabi}ity;

in addition, intensive'nonradioactiVe testing and operation are employed,

and this has resulted in minimum equipment failure during initial radio-
‘active operation. Process downfime and personnel exposure are also Xept in
check, and direct maintenance, ﬁhen required, is accelerated by employing

(1) in-cell photographs of equipment to orient maintenance personnel with cell
layout, {2) mockups for trairing maintenance personnel, (3) permanently
installed ladders and platforms around process equipment, (k) unattended auto-
matic saws for cutting in-cell piping, and (5) using leakproof, quick-

fisconnects in shielded cubicles.

Long~-Range Planning

Through effective long-range planning, it will be possible to make
better use of avai;able capacitf at.the ICPP té permit the reprocessiné
of many problem-type nuclear fuels for which there are no existing pro-
cessing faciiities in the U.S.Aé fhe fuels involved are the wide
varieties of reactor fuel eleﬁeéts that are being used or plenned for use.
Most of these fuels-will becomefavailable iﬂ guantities economiecaily

Justifying recovery of residual fissionable material, but in quantities

too small to justify individual processing facilities. When examined
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individually, the reprocessing economics zre marginai, at best; however,
on a collective basis when capi;al, research and development, and
‘operating costs can be prorated against several fuels, the economic
picture at ICPP is very‘attractive. This is trusz, in part, because -he
versatile solvent extraction and other equipnent, cell spzce, and man=
power éan be used to advantage for'problem-type fuels to produce a more
attractive cost situation than ﬁould otherwise exist. In order to
produce an attractive cost situation, however, it is also imperative to
employ effective long-range planning techniques.

To determine a near optimum Operating schedﬁle, as well as to deter-
mire the priority for processing any particular fuel load, the economies
of fuel reprocessing and waste aisposal for numerous alternative cases,
in which a ten~to-fifteen year pericd is considered, are being examined
using a cash flow fechniquq. With the cash flow technique, total yearly
expenditures~-capital, operating. research and deveiopzent, and any other
costs related to a prog?am--are:subtracted from the gross annual ‘
receipts to yield a cash flow. ;All cash flows are diScounte&--put on a
present value basis--so that thé net.effect of various program perturbations
cah be interpreteq in terms of today's dollars. The discounted cash flow
concept places a greater value én current than on future dollars in acecordance
with an assumed interest rate. :In this way, dollars to be received or spent
in the_fﬁture are discounted toétheir lower equivalent value as of today.

These present worth values then.can be compared direectly with dollars to

be received or spent today.




In addition to and as part of the economic analysis, the totzl
program is reviewed to determine the long range needs for research and
development efforts. IZach fuel that might be processed is reviewed for any

special requirements, such as new or modified headend or exiraction

facilities.

CCNCLUSIONS

The ICP?P uses sequeatial-type operalion, whereby only a portion of
the plant extraction znd other facilities i¢'re operated simultaneously, and
other strategies to permit optimum use of nvailable time, manpower, ana
facilities. This type éf operation is belﬂeved ideal for a multi-purpose

plant and could also be highly satisfaciory for & single-purpose plant.




