%30

1. AEC RESEARCH AND DEVELOPMENT REPORT

__ ;'B’“NOT m EASE o







A 6% Y

Dp-930

Chemical Separaticns Processes
for Plutonium and Uranium
(TID-4500, 32nd Ed.)

RADIOCHEMICAL SEPARATIONS PLANT STUDY

Limited Maintenance - Case VI

by

Robert J. Christl
John E. Crawley
Clifford S. Otto

Manufacturing Divisilon - Preocess Section
Wilmington, Delaware

September 1964

Issued by

£. 1. DU PONT DE NEMOURS & COMPANY
SAVANNAH RIVER LABORATORY
AIKEN, SOUTH CAROLINA

CONTRACT AT(07-2)-1 WITH THE
UNITED STATES ATOMIC ENERGY COMMISSION



ABSTRACT

A conceptual design and estimate for

a "limited maintenance" radiochemical
separations plant for processing irra-
dilated nonproduction reactor fuels have
been prepared to supplement the cases
presented in Report DP-566.
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RADIQCHEMICAL SEPARATIONS PLANT STUDY
Limited Maintenance - Case VI

. SUMMARY

A. General |
|
This work, requested in AEC Directive 28(AP), consisted
of studies and an evaluation estimate for a io-ton—pernday
Radiochemical Separations Plant. §

This study and estimate supplement the six previous
Radlochemical Separations Plant Study cases requested by AEC
Directive T(AP) and reported in DP-566. The. same labor and
material indexes were used in preparation of all estimates
so that they can be compared directly. The estimates contaln
no escalation allowances for labor and material.

The principal differences between thils éase and the
Base Plant Case I are the features of "limitéd maintenance”
and greater use of in-line instrumentatlon. !|Raw metal feed
clarification was alsc eliminated as 1in the Case II - Confact
Malntenance Plant.

The estimated cost for the total plant is $58,000,000,
as compared to $60,000,000 for Case I, indicating a lower
invegtment but at the expense of plant process flexlbility
and extended shutdown time 1n the event of maJor equlpment
fallure.

The major porticn of the investment savings was realized
in the separationg facilitles, the cost for which was lower
than Case I by about 7 or 8 per cent.

B. Conclusion

A lower plant investment ls indicated for the Case VII;
however, it is st1lll withln the range of accuracy of the
Case I estimate. More extensive design and development would
be necessary to firmly establish a cost differentlal.

The annual cos8t of operating the plant 1s expected to be
abcut the same as the cost of operating the Contact Malnte-
nance Plant (Case II), reported in DP-566 as being $6,380,000,




1. DISCUSSION
A. General

On May 14, 1959, the AEC by Dirkctive T{AP) requested
the Du Pont Company to conduct enginkering studles and pre-
pare evaluatlion estimates for six different cases of
Radlochemical Separations Plants for recovery of flsslonable
materlials contalned 1n irradiated fuel from power reactors.

A deflinlition of these cases and regults of the studle
were reported in DP-566 issued in Mapch 1961. '

The collection of data from a plant featuring "limited
maintenance"* resulted in the requegt by the AEC on
November 11, 1962, by Directive 28(AP), to add a Case VII
to the RSPS (Radiochemical Separations Plant Study),
which would incorporate (1) major deslgn features of the
"limited maintenance"” plant and (2) advances in U.S. tech-
nology developed since the R8PS report which were consldered
worthwhile from the standpoint of reduced plant investment.

This report covers the engineering study and evaluation
estimate for only the first phase oﬁ thils work assoclated
with incorporating "limited maintenjnce“ features. Incorpora-
tlon of advanced U.S. technolegy woyld require further study.

B. Design Basis

All of the feed material, proceéss flows and final product
for this Case VII are the same as for the DP-566 Base Plant
Case I. The aluminum element cladding is removed chemically
wlth an NaOH solution and the uranium ccre is dissolved in-
HNOz. The Purex process 1s used for separating uranium and
plutonium from various impurities with the ligquid-liguid
extraction being performed in mixer-gettlers.

*Limited Malntenance 1l1s taken tc mean provliding for the
replacement of equipment with moving parts and some
selected iteme without moving parts where susceptiblility
to fallure from wear, pluggage, or other factors 1=
significant. All cther equlpment items and plping are to
be deslgned and bullt to specifications which would make
them likely to last indefinltely in the intended service.
No provisions are made in the design to facllitate thelr
repalr or replacement.




The plant is capable of processing, on a sustalined basis,
10 tons* per day of irradlated uranlum-aluminum reactor fuels,
having a maximum reactor exposure of 5,000 MWD/ton and a
minimum cooling perlod before processing of 180 days. The
waste is stored underground in carbon steel tanks. The
finished products leaving the plant ccnsist of a 43 wt %
solution of uranyl nitrate, and a plutonium nitrate sclution
containing 250 grams plutonium/liter.

The only variations In the design basis from the Base
Plant Case I are these requlred by the substilitution of the
"limited maintenance" concept for remote maintenance and
greater use of in-line Instrumentation to reduce the require-
ment for process solution storage to obtaln analytical
results prior to further processing 1in the se@arations plant.
A Plant Materlal Fiow Diagram is shown in Exhlbilt 1 and a
Simplified Process Flcw Diagram wlth location of in-line
instrumentation 1s shown in Exhibit 2. For comparison the
Case I Simplified Process Flow Dlagram is shown in Exhibit 3.

C. Design Procedure

The design procedure followed in arriving at a descrip-
tion ¢f Case VII sufficient for estimating wds tc make maximum
use of the Base Plant Case I and develop only those parts
directly affected by the defined concept charijges. This
meant that no design work was necessary 1in arneas such as
the laboratory, sand filiter, control room, cHange room, and
office building. !

In scme cases bullding arrangement and eguipment design
were not develeoped in sufficient detall to establlah compat-
ibility with the base case ground rules, particulariy wilth
respect to ensuring at least 80% on-gtream capability. It
was assumed that such problems could be overcome 1n final
design without major cost penalty.

Ill. DESCRIPTION OF FACILITY
A. General

The only facilities described herein are those which
represent changes from Case I. Exhibits 4, 5, and 6 are
taken from Case I and show the Plot Plan, building arrange-
ment, and canyon equipment arrangement for Case I.

#The 10~ton-per-day is based on natural uranium. The plant
can also process higher enrichment but at a reduced capacity.
( DP~566) .




Process FEgquipment Requlrements

1. The raw metal adjustment tank, 24 feed tank, and the
head end centrifuge were eliminated from the process.
The first two are consldered,unnecessary as a result
of more accurate in-line analysis and application of
contlnuous solution adjustmept. The centrifuge was
eliminated as it was in the #ontact malntenance Case
II. The penalty of schedulefl shutdown for 1A mixer-
settler flush-out of sollds would therefore have to
be accepted. i |

2. A third dissolver and off-gas filter were added as
installed spares. Thls unif was consldered necessary
to guarantee an acceptable ocn-line time with the
anticipated relatively high maintenance of dissolvers.

B. Process Equipment Design Concept

All process equipment, such as mixer-gettlers and blend-
ing tanks that require mechanical devices for successful
operation, 1s deslgned to permlt easgy removal of mechanical
parts. which, in turn, are driven by motors positioned ocutside
canyon cell barriers. :
|

Process equipment wlth heatingbelements, such as evap-
orators, 1s designed tc operate under vacuum to reduce
operating temperature and thereby to minimize corrocsion. 1In
addition, all hot walls of these v@ssels are fabricated of
either heavy plate or extra heavy wall pipe.

|

The dissolver was degigned to 'recelve elements directly
from shlelding casks rather than being charged by a remotely
operated crane.

The use of all welded permanent type comnectlons as
process and servlice lines to process vessels completely
eliminates the need for fabricatlion %to close tolerance. This
reduces somewhat the cost of conventional equlpment such as
tanksg; however, oppoged to this, there is the need to design
and fabricate the equipment to a higher quallty.

C. Separations Builiding Arrangement

The general arrangement of the separations building is
specifically adapted to the "limited maintenance" concept.
Exhibits 7 to 10 show plans and sectiocns of thils bulilding.



The principal part of the bullding is the canyon, which
contains the malin process equipment. This section 1s never
entered during processing operations and is separated from
all adjacent operatlng areas by a b-foot concrete radlation
shield or equivalent. Contamination is contalned within
the canyon by maintalning alr pressure several inches of
water below that of surroundlng areas so that leaks or
openings wlll result in alr flow toward the canyon.

The canyon 1s subdivided into three dissclver cells,
one c¢ell containing mixer-settlers and other extractlon
equipment, and one cell containing evaporation equipment.
The three dilssolver cells contaln two on-stream dilssolvers
and one operating spare. They are separated from one another
by 5 feet of concrete shlelding so that maintenance work
can be performed on one unit without interrupting normal
production In the others.

The extraction area is separated from the evaporation
area mainly for economlc reascns since in doing so the
ventilation alr quantitles can be greatly reduced. High
alr flow for cooling would otherwlse be needed to keep
solvent temperatures below the flash point.

The equlpment pleces in the canyon are spaced closer
together than they would be in a Contact Maintenance Plant
because only infrequent and minor repalre are provided for
in thils concept, and no provisions are made to facilitate
the removal and replacement of major equipment units.

The area below the canyon is consldered a limited access
cperating area and contalns mainly that equipment assoclated
with the flush-out of canyon equipment.

The areas above and to the sides of the canyon are normal
operating areas and except for the bulges* this area 1s
consldered free of contamlnaticn.

All electrical drives for canyon equiprment (Exhibilt 11)
are located on the canyon covers directly above the particular
equlpment served. The extended shafts pass through the
concrete cover and directly to the process equlpment, such
as mixer-settlers and mix tanks. The shafts are provided
with 1iquid seals to eliminate air flow through these points
of entry. ‘

*The bulges (Exhibit 11) are enclosures used to house selected
amall equipment items in radloactive service, such as Jets,
samplers, and Instruments which are expected to require
periodic malntenance. Thelr constructlion 1s such that,
after decontamination of the equipment wlithin them, the
bloclogical shield can be removed to permit essentlally
contact malntenance.
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Agltator removal 1s accompllished by using the service
crane to 1lift the drive and a shield plug. The contaminated
shaft and agitator are deccntaminated in place and sprayed
during removal through the cell cover, and are lifted directly
intc a shielded shipping box for transfer tc the malntenance
shop.

The charging of disgsclverg ig performed by lowering
elements directly into the digsolver from a shlelded transfer
cask. The cask 1s lifted from the element storage hasin by
the large charging crane and placed directly above the
disgolver. Cask valves and dlssolver cover valveg are then
opened and the element charged directly to the dlssolver. .

D. Services

Instrumentation

The basglc premlse for instrumentation to measure essential
process variables is to provide equipment so deslgned and
installed that all necessary functional tests can be made
routinely without the need for acceps to the measuring
assemblies, but with provislons foriready gccess under non-
hazardous conditions when routine tests indlcate need.

Conatant rate sample streams will be brought to measuring
agsemblles located 1n shielded instprument bulges and then
returned to the main process stream. Functlonal testing
facilitles will be located Jjust ouﬁside the bulges and means
will be provided here for decontamination of equipment when
maintenance access is required. Read-out gignals only will

be transmitted to a remote control center where alarm
annunclators, recorders when required, and data logging
equipment will be located. Only the remote control equlpment
required to make process adjustments will be located here.

All manipulations for testing and malntenance of the measuring
devlces will be located at the intermediafte instrument stations
away from the contrel center.

This approach permits use of minimum panel space at the
main contrel center leading to optimum concentratlon of
canyon process control equipment. ; This wlll result in
maximum operating labor effectliveness and savings to offset
any additional investment costs which may be reaquired due to
this measurement and control concept. When equipment depend-
abllity has been established, further savings plus operating
continulty advantages should be achievable through minimizing
the necesslty for routine samplling and laboratory analysis.

- 10 -



Exhiblt 2 indicates wvarlcus locations and types of
measurements required to monltor the process for control
purposes. Essentlally all the devlices indlcated have been
developed and can readily be adapted to the "Iimited
maintenance" concept.

It 1s entirely possible that some addltional operator
labor savings can be achlieved by bringing necessary Ilntel-
ligence and required operating facllitles from process steps
located cutslde the main separations area tc the one main
control center. Thls should be possible singe the concen-
tration of remote control gear permits an arrangement
requiring relatively small control room area.

Heatlng and Ventilating

The only other major revislon to service facilities from
the Base Case is that assoclated wlth the reduced supply and
exhausting of air from the canyon. The Case I flow diagram
is shown in Exhlblt 12. The canyon alr flow was reduced by
more than 50 per cent, thereby reducing in proportlon the
area of the sand filter and the diameter of the 400-foot
exhaust stack.

E. Plot Plan

The rearrangement of buildings whlch regulted from the
revised separations building concept is shown in Exhibit 13.
In this rearrangement, the separation of regulated and non-
regulated areas provided in earlier work was preserved but
bulldings were relocated te talke hetter advantage of the
smaller canyon bullding.

IV. ESTIMATE

The comparlson of estimated cost is shown in Exhibit 14.
Thege estimates were prepared on the following basls:

1. Construction would be performed by a competent and
gqualified contractor under commerclal conditions.

2. The costs cover only those facilltles located within
the plant coperatling fence. That is, nc allowance 1is
included for facllitles or malntenance of facllitles
located on land surrounding the operating area fence
which may be owned or controlled by the plant operator.

3. The egtimate 18 based upon the general slte data
glven in DP-566.
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4. No costs are included for the purchase'of land either
within or arcund the plant operating fence line.

5. No costs are included for bringlng the service
faclllitles and utlilities to the operating area
fence line.

€. An average welghted wage rate of $3.14 per hour has
been assumed.

7. A Bureau of Labor Statistics Bulldings Material
Index of 135 has been assumed - 1947 to 1949 Index
taken as 100.

8. A Bureau of labor Statistics Metals and Metal
Products Index of 155 has been agsumed - 10947 to
1949 Index taken as 100.

9. No allowances have been included for premium time
to complete construction on an accelerated achedule.

10. No allowance is included for advances 1n labor and
materlals costs.

11. Normal allowances are lncluded for undeveloped
design and for assistance to an operating group for
placing the plant in operation.

12, No provision is 1ncluded for prototyping or testling
of speclal egqulpment.

13. Estimates on a conceptual design only. They are
sultable for comparlson and evaluatlon but neot for
authorization of conatruction.

V. COMPARISON OF CASES | AND Il WITH CASE VI

A. Cases | and VI

The lower cost for Case VII results malnly from the
reduced size of the canyon bullding and reduced canyon piping
and equipment costs.

The lower plplng cost resgults mainly from elimination of
Jumpers and thelr connector blocke and balling which are a
necessary part of the remote malntenance plant. Outslde
facilities such as filters, stacks, etc., were also reduced
in cost because of reductions in canyon ventllating ailr
quantities brought about by the smaller bullding and revised
concept of alr requirements.

- 12 -




Extra machinery costs are reduced since it is not neces-
sary to provide as many spares when many pleces of equlpment
can be mere easily repaired in place than remcved and replaced.

Cost increases were noted ln areas such as chemical
storage, cold feed preparation and decontamination sclution
atorage. These costs result from the additiconal facllltles
required to decontamlnate process equipment 1n place and then
safely store or dispose of the resultant contamlnated sclution.

As to the relative operating advantage of the separate
plants, thls depends largely on the intended service of the
plant. It is to be expected that the "limilted maintenance”
plant would have far lesgss day-to-day maintenance, partlculariy
with eliminaticn of the numerous canyon Jumper ¢onnectlons.
This same feature would be expected to greatly reduce the
canyocn contamination resulting from leaks. However, when a
majJor equlpment failure occurs the time required to replace
or repair it and the resulting production outage could be a
major item.

The "limited maintenance"” plant also adapts itself better
to a set process which 18 not expected to change for a long
period of time. The remote maintenance plant can be more
rapidly adapted tc major process changes involving production
rate changes and even product changes.

The greater use of 1n-line instrumentation :and resulting
equipment reduction would probably be a major advantage for
the "limited maintenance" case.

B. Cases Il and VIl

These cases are g8imilar In that they both represent plants
which reguire direct centact with canyon process equipment
for repalr or replacement.

The major difference which shows up as a slzable cost
differential 1s the ability of the contact maintenance Case II
plant t¢ continue to be operable even through pericds of
repalr to majJor equipment.

To attain thls objective, 1t was necessary 1n Case II to
duplicate a large portion of the process equlpment and to
install this equipment in a large number of Iindividual cells.

The wall effect of the multiple cells, the added space
for the lngtalled spare equlpment, and the large space
provided on both sides of the canyon for shielded access to
equipment resulted 1in a canyon cubage nearly twice that for
the "limited maintenance" Case VII.

- 13 -




The added canyon space also resulted in larger ventilating
requirements and these together wilth the cost for extra process
equipment constituted the mejJor portion of the cost differential.

In both Cages II and VII, there was a savings over Case I
in equipment plping by elimination of Jumpers and an added
cost allowed for storage of fresh and used contaminating
golutions.

C. Operating Costs

The manpower requirements for the plant described herein
wlll be essentlially the same as those estimated for the
contact maintenance plant (Case II) reported in DP-566,
since the same services must be provided. While there might
be some reduction in personnel assigned to the control labora-
tory because of the extensive use of in-line instrumentation,
there must of necegsity be an Increase in the number of
instrument mechanics and 1n the cost of decontaminating and
repairing the instruments. The total personnel requirement
would remailn at about 285, and the annual cost at about
$6,380,000. As stated in the original study, actual plant
operating costs may vary *20% with individual items being
subJect to even wider varilaticn.

- 14 -
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1.

3.

Enginesring Design & Inspection
Design
Administrative Expense & Inspection

Constryction Cost
X Improvements to land
eneral Grading, Roads, Parking

Area, Railroads, Fence, Walks,
Burial Ground

Total

B, Bulldings

Fuel Element Receipt & Storage

¥Fuel Element Basin Water Treatment
Separations

Plutonium Solution Processing
Laboratories

Decontamination Solution Storagse
Chemical Storage & Cold Feed Prep.

Solvent Purif, Acid Recov,,C.P.
Evep. & U Soln.Proe,

Service Buildings - Administration
Shop, Warshouse, Cha House,
laundry, Garage, Guard House

Total -
Buildings 15,950,000

C. Other Structures |

D. Utilitdes X
Sewera, Culverts |
Steam, Water, Air, Effluent, De

layinf Basin Fire Protectlon
Electric Substations, Grounding‘\

E. FEgquipment

Fuel Element Recelpt & Storage

Fuel Element Basin Water Treat.

Separations

Plutonium Sclution Processing

Laboratories ,

Chemical Storage & Cold Feed Frep.

Decontamination Solution Storaie‘

Solvent Wash. Acid Ree., G.P. Evip.
& U Soln. Proc. '

Service Buildings

Underground Waste Storage Facillties

0.8. Vent, Ducts, Fans, Sand Filter,Stack
Non-Operating Equipment H
Extra Machinery :
Total -
. Equipmént

fotal -
Construction Cogta

Contingencies
Total Project Cost

EXHIBIT 14 COMPARISON OF ESTIMATED COSTS

. Total -
| Utilities 1,650,000

TASE T
Hlemote™
Maintenance Maintenance
5,100,000 5,900,000
00, 00 1,800,000
, 600, 7,700,
400,000 400,000
3,450,000 3,450,000
300,000 300,000
7,500,000 13,500,000
1,390,000 1,290,
1,200,000 1,100,000
100, 000
250,000 250,000
980, 000 980,000
~280,000 980,000
21,650,000
None None
200, 000 200,000
880,000 880,000
420,000
1,650,000
1,500,000 1,500,000
1,280,000 1,280,000
11,600,000 13,606,000
1,500,000 1,500, 0
2,260,000 2,260,000
870,000 1,100,000
70,000
3,500,000 3,500,000
1,040,000 1,040,000
4,150,000 4,150,000
3,500,000 ,500,0
750,000 750,000
450,000 0,0
32,400,000 35,100,000
50,400,000 58,800,000
3,000,000 3,500,000
£0,000,000 Z0,000,000

TR

UfAl - 10 Tons/Da
CASETIT
*Contact™ Limited"

Maintenance

122507600
8,750,000

400,000

3,450,000
300, GO

250,000
980,000

980,000
15,400,000

None

200,000
880,000
4]

,500,000
"0L07000
»

900

* 7561000
4007000
31,350,000

18,800, D00
3,050,000

58,000,000



