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LEGAL NOTICE

This report was prepared as an account of Governmant sponsored work. Neither the United States,

nor the Cammission, nor ony persan acting on behalf of the Commission:

A. Makes ony warranty or rapresantation, expressed ot implied, with respect to the accuracy,
cémpluaness, ar usefulness of the information contained in this repert, or that the use of
any information, apporatus, method, or process disclosed in this report: may not infringe
privately owned rights; or ;

B. Assumes any liabilities with respect to the use of, or for damoages resulting from the use of
uﬁy information, apparatus, method, or peocass disclosed in this report.

As used in the above, "'person acting on beholf of the Commission® inclodas any employee or

contractor of the Commission, or employee of such contracter, 1o the extent that such employee

or contractor of the Commissien, or employes of such contractor prepares, disseminates, or
providas access to, any infarmation pursuant to his employment or contract with the Commission,

or his employment with such contractor,
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1.0 SUMMARY

Capital cost and operating cost estimates have been prepared for two
en-site Tluoride volatility processing plants. The respective plants are
designed to treat 1.2 and 12 ft3/day of an lrradiated LiFvBerwThFhwUFg
fuel from a Molten Salt Converter Reactor (MSCR) which has a conversion
ratio of about ¢.5. The uranium-free fuel has the composition 68-23-9
mole % LiF-BeF,~ThF, ; approximately 0.66 mole % UF, is required for crit-
icality in the eguilibrium reactor.

The assumed reactor and chemical processing plant environment is a
1000 Mwe (ggc 2500 Mwt ) central power station. This power is generated
in a single reactor which is 1% £t in diameter by 15 ft high. The one-
region system is 90 vol % graphite and 10 vol % fuel contained in an
TNOR-8 shell. Heat is removed by circulating the molten fuel salt through
the core and external hsat exchangers at an average temperasture of approx-
imately 1200°F. Spent fuel is removed semi-continuously every 3-5 days
for reprocessing; make-up fuel (U-235 + Th) is added on the same schedule.
Total fuel volume is 1780 ft-.

The chemical reprocessing plant utilizes fiuoride velatility to re-
cover decontaminated uranium. Neither thorium nor the carrier salt
(1iF + BeF.) is recovered; both are discarded as waste with the accom-
panying fiésion products. In one phase of this study the waste salt was
retained 135-17% days to allow Pa-233 decay apnd recovery by a second
fluorination. In a second phase of this study protactinium was discarded
with the waste salt immediately after fluorination. After flvuorination,
all of the rec@vered,UFé is burned in a HQmFé flame for reduction to UFh
which is dissolved in make-up liFwBngwThFh and returned to the reactor.
Make-up uranium {U-235) is also added at this point.

The accuracy and confidence level of any cost estimate depends upen
the amount of design detail. In this study all of the process operations
were considered in enough detail for preliminary designs of vessels and
equipment; complex vessels were considered more carefully to permit more
relisble cost estimation. The process building was lald cut for conven-
ience of process operations and maintenance and was patterned after de-

gigns of other remotely operated plantsl that are the products of several



years experience and study. Cognizance was taken of the fact that the
reactor and chemical plant are an integral operation and can share cer-
tain facilities.

The treatment of protactinium in this study was wmade in the two
ways mentioned above to determine if there were sufficient value in the
protactinium to justify its recovery from the waste. The capital cost
of the 1.2 ft3/day plant was estimated for the cases of complete Pa-233
discard and for Pa retention until the undecayed Pa amounted to only
0.1% of the bred uranium. The ecconomics favored complete Pa discard
since considerable process equipment and huilding space were reguired
for this "dead"” storage. A more complete evaluation of the process might
reveal that more favorable economics result from s nominagl extension of
the prefluorination storage periocd allowing more Pa-233 decay at this
point. Incressed precess equipment; building and inventory charges would
have to be compared with the value of additionsl Pa recovery. This lat-
ter analysis was not made in this study.

The estimated capital costs cof the twoe fluoride volatility plants
are $12 556,000 and $25,750,000, respectively, for the 1.2 *t3/day and
1z £t /day plants for the case in which the waste is retained for Pa-233
decay and recovery. For the case of complete Pa~-223 discard, a capital
cost of $10,188,000 was estimated for the 1.2 fts/day plant. A summary
of the cost data is given in Table 1.1, and these same data are plotted
in Fig. 1.1. 1In drawing the curve, it is assumed that the cost data can
be represented by a straight line on a log-log plot. The slope of this
curve is 0.312 which may be compared with a value of 0.6 that is custom-
arily associated with a capital cost vs capacity curve for a chemical
plant. The lower value for the slope suggests that more favorable re-
ng sconomics will be realized with large processing plants.

Direct operating costs for each of the plants employing Pa recovery
were calculated and are summerized in Table 1.2. The labor charges corre-
spend to 104 employees for the 1.2 ft3/day plant and 133 for the 12 ft3/day
plant. It is of ioterest to note the relationship between operating and
capital costs for sach of the plants. When the operating cost is divided
by the corresponding capitel lovestment; the operating charge rate be~

comes 8.77%/year and 8.61%/year for the 1.2 and 12 ft3/day capacities,



respectively. These charges may be compared to a value of l5%/year that
has been found to be generally applicable in the chemical industry.

In the analysis of the 1.2 fta/&ay‘planﬁ employing Pa~-233 discard,
the on-site, interim waste storage time was optimized. The optimization
was carried out by considering on-site storage costs versus sall mine
permanent storage costs as a function of the age of the waste salt. The
lowest total storage cost appeared to occur for an on-site holdup of aboutk

1i00 days before shipping to pesrmansent storage.



Table 1.1. Summary of Capital Costs for Cn-Site,
Flucride Voletility Plants

1.2 ft3/Day Plant 12 £t~ /Day Plant 1.2 ft3/Day Plant

with Pa-233 with Pa-233 with Pa-233
Recover: Recovery Discard
Tetal Instelled BEquipment and

Building Cost 7,458,100 15,294,700 6,052,000
General Construction Overhead (22%

of Total Znstalle& Bgquipment and _

Building Cost) 1,640,800 3,364,800 3,331,000
Total Construction Cost 9,698,900 18,659, 50C 7,353,000
Architect Bngineering and Inspection

(15% of Total Constructicn Cost) 1,364,800 2,798,900 1,107,000
Subtotal Project Cost 10,463,700 21,458,500 8,590,000
Coutingency {20% of Subtotal Project 4

Cost ) 2,092,300 4,291,300 1,698,000
Total Project Cost 12,556,000 25,750,000 10,188,000

(€)Y



Table 1.2. Summary of Direct Operating Costs for
Two Fluoride Volatility Plants

Chemical Consumpticn
Utilities
ILabor

Maintenance Materials

Total Direct Operating Cost

Ratio of Operating Cost:
Capital Cost

7

Cost ($/year)

1.2 £t5/da 12 1t /aay
10,340 68,950
34,930 185,500

757,200 900, 300
300,100 1,085,800
1,102,600 2,240,600
8.77 %/yr 8.61 %/yr
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Fig. 1.1 Fluoride Volatility Processing Plant Cost for an On-Site Facility to Process MSCR Fuel.
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2.0 INTRODUCTION

' The utilization of thorium as a reactor fuel is being investigated
in several reactor systems which show promise of having & breeding ratio
greater than unity or at least a high conversion rabio, that is, a

ion ratio grester than about 0.5. This report covers thal portion
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of a study concerned with processing spent molten fluoride salt from a

one-region, convertsr rveactor for recovery of decontaminated uranium,.
E Y

It is the purpose of this study to develop capital cost data for fluoride

T
{

.

volatility processing plants capable of processing 1.2 and 12 ftﬁ/day of

‘luoride fuel.

g.;\
f—J

2.1 Reactor Descripiion

The reactor for which the chemical plant has heen designed is
fueled with a molten sal® mixture that is basically 68-23-9 mole %
LiF-BeF,~ThF), contalning sufficient UFy, ca. 0.66 mole %, to maintain
eriticality. The reactor is a one-region assembliy whose core has the
approximate composition of 1C vol % fuel sclution ard 90 vol % graphite;
the geomebry is a »ight circular cylindesr aboubt 15 £t diameter by 15 ft
high, Fission energy is removed by circulating the fuel solution through
the core and an intermediste heat exchanger which is cooled by a barren
salt solution. The barren salt irn turn dissipates the heat in a steanm
gener&tor which produces 1LOO0CF steam at 2000 psia. The average reactor

emperature is 1200°F,

The assumed environment for the reactor is that of a central,
power~-producing facllity generabing 1000 Mwe at a thermodynamic efficilency
of approximately 42.3%. This load is committed to one reactor supplying
gteam to two turbo-generator sets. The calculated fuel volume for the
station is 1780 42, The total uranium inventory, which includes all
igotopes from U-233 to U-238, is about L4200 kg; of this total the
fissionable component, U-233 + U-235, is in the range 2627 to 2815 kg
depending upon the processing rate. In addition the system contalns
52,000 kg Th and 9C¢.7-95 kg Pa-233, Por this study it was assumed that
the system had a nominal conversion ratic of 0.8, the remainder of the

ion
fuel being supplied by purchase of fully enviched U-235.



10

2.2 Design Bases

In any study of this type the accuracy and confidence level of the

results depends upon the amount of design deta

More or less arbitrary

il
design bases were established to govern the extent of the study and to

augnment those design conditions which were more firmly established. In

this respect the following rules were Followed:

1.

The chemical processing plant and reactor power statlon would

be an integrated facility; i.e., on-site processing.

The design would be based as wuch as possible on existing tech-
nologys extrapolation of technology would be done only when

absolutely necesssary.

A cost estimate would be made for each of two plantg~-one
processing fuel at a rate corresponding to an estimated optimum
reactor cycle time, and a second processing fuel at an estimated
minimun reactor cycle time. These two estimates would then be
used to determine processing costs alt other processing rates by
interpolation or extrapolation. In doing this it would bte
agssuned that the capital cost versus throughput data could be
represented by a straight line on a log-log plot. For this
stﬁdy the processing rates were 1.2 and 12 ftﬁ/day of fuel
containlng respectively 2.83 and 28.3 kg U/day.

The fluorids velatility process would be used to recover
uranium which would be returned in toto to the reac%or. No
thorium or LiFmB@FE sarrier salt would be recovered but would
be discarded as waste with the accompanying Tission products.
This was a necessary decision because no developed process

existg for separating LiFmBngmThFu salt from fission products.

The waste salt, which contains Pa=233, would be held for Pa
decay and recovery unbil the undecayed Pa amounted to only
aboul O,l% of the bred U-233, After the second fluorination,
waste salt would be held 1000 days for flssion product decay

before transport to permanent washe storage. (See Secticon 7.0

for a modification of this basis.)
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6. The chemical processing plant would share certain facilities
with the reactor plant; e.g., cooling water, potable water,

stack, =lectrical services, steasm, compressed air, storm and

cre agsumed avail-
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on the Savanunsh River type plant were referred Lo for design of

several areas of the bullding.

5.0 PROCESSING MOLTEN FLUORIDE SALIS

The fluoride veolabtility plant for processing the irvadiated fusl

chenics

can be made by appropriately hesisd pipe

coryvied out according to

the process opsrations

Figs. 3.1 and 3.2 for

kS
the 1.2 and 12 £17/day plasts; r

two flowshests are gquite similar and incorporate the ne process shteps.

There are slight differences, howaver, brought about by the quankity

rocess equipment, for examp) in preflor-
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The Tuel solution is & rather complex mixbure of mulien fluoride

altes of fertile, fissionable, and flsslon product nuclides. The major
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components are LiF, BeF,, ThF;, wmﬂamiﬁﬁw
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3.1 Frefluorination Storage
Extr@mﬁlv radioactive fuel solulion, which will be only & few

mirmutes old, must be allowed be desay before fluorivstion bo preclude
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Fig. 3.2 Molten Salt Converter Reactor. Process Flowsheet for a 12 :E‘t3day Fluoride Volatility Plant.
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extremely stringent design requirements on the fluorinator. Because of

a rather high corrosion rate of about one mil per hour of fluorination
time, it is desirable to have the fluorinator designed as inexpensively

as possible and accessgible for gquick replacesment. If the fluorinator were
required o dissipate excessive quantites of fission product decay heat
plus heat from the exothermic fluorination reaeﬁimnj the vessel would have
to be constructed somewhat like an expensive heat exchanger;” frequent
replacement of such a vessel would create an inbcolerable expense. Conse-
quently, a basis of design was that fuel would be held until fthe Tission
product activity was low enough that the fluorinaitor could dissipate its
heat load by radistion and convection to the cell enviromment. For the

two plants the fcellowing prefluorination conditions were established:

1.2 £t°/Day Plant 12 £1°/Day Plant

Batch size (ftﬁ) 3,6 60
Withdrsw batch from reactor every 5 days 5 days
No. storage vessels 2 6
Average storage time (days) 4.5 27.5
Average storage temperature (OF) 1200 1200

3.2 Flucrination
After prefluorination cooling the molten salt mixture is fluorin~

hatehwise at aboub )OG C te gquantitatively remove uranium a5

Lle UF6° Relatively few fission produsts form volatile Tluorides
so *the decontawination factor inm fluorination is quite high., The
principal fisgslon product fluorides that volatilize are those of Ru,
Nob, Zr, Cs, Mo and Te. Fuel from the swall plant {4.5-day cooling)
would also contain some 8-day I-131 which would be exhausted with the
product in fluorination. However, laboratory tesh ] have shown that

icdine can be effectively separated from QF/ in the Na¥ absorption step.

*Note > Figs. 4.3 and 4.4 for examples of cooling equipment for radioactive

molten salt solutions
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Little, if any, protactinium is expected to volatilize during
fluorination so that the barren waste salt contains potentially fissile
material.. The waste stream is retained to allow Pa-233 4o decay to a.

tolerably low level; U~233 is then rescovered in a second fluorination.

3.3 Washbe Storage

After the second flucrination, barren salt contalning the bulk of
the fission products is held in interim storage for about 1000 days to
permit fission product activity to decrease Lo o level that does nol
complicate transportation to permanent waste shorage, During this period

cntainers of waste salt would be stored in thimbles in a canal for hesat

[ed

o

issipation to the canal water. The chosen storage period is a more or
less arbitrary figure and might be shortened apprecisbly by appropriate
waste carrier design. After 1000 days cooling, it should be possible
to transport the wasite combainers without auxiliary cooling facilities

on the carrvier.

At this point it sh d ke noted that all carrier salt plus thorium

}.J

ol
is discarded as waste. This is necessary since there is no developed
process for removing fission products from the mixture. Lithium is the
most veluable component since it is 99.995 at. % Li~7; however, the
larger amount of thorium present makes it almost as important in terms

cf teotal cost.

3.4 NaF Absorptilon

After leaving ths flmuvlnatarg UF6 and the accompanying veolatile

ission products pass to a NaF abscorption system., This system basical-

ly consists of two distircet zones defined according to function: Zone 1
is a high temperature (~ 400°C) zone {the so-called CRP or Complexible
Radioactive Producis trap) for removal by complexing or filtration of
Tission or corrosion product fluorides and enbrained salt. Zone 2 is
the UF6 absorption-desorgtion zone operated ab 100 C for avsorption
and at 400°C for descorpbion. Chromium is guite effectively removed in

the CRP trap, ruthenium is distributed throughout the NaF beds with some



passing into the F_, disposal system, and zirconium, niobium, cesium,

2
strontium and rare earths are quite effectively removed in the CRP trap

and the NaF absorption-desorption system

Uranium hexafluoride absorbs on sodium fluoride by formation of

the UF6’5 NaF complex. However, the complex does not form at temperatures
as high as hOOOC, 50 UF6 passes through the CRP trap and is caught in
the 100°¢ absorption zone. AL the completion of the batch fluorination,
the 100°C absorption zone is heated to 400°C at which temperature UF6

s desorbed and moved from the bed with fluorine carrier gas. Fission
product flnorides are not so easily desorbed and remain on the bed.
Decontamination factors of the order of 1000 are obserxrved in the

L
abscrption-desorption step.

The CRP trap and absorpblon zone may be integrated into a single
unit for convenience of disposing of spent NaF by discharge into the
fluorinator and then to waste storage. This method of disposing of NaF
has heen employed in pilot plant operation where there is no protactinium
in the salt. For these plants in which proftactinium recovery ls necessary
it may not be practical to use this design. Instead it may be necessary

to discharge NaF into the waste salt after the second fluorination.

The design capacity of NaF for UF6 is 21 kg UF6 per cublc foot of
NaF. For large batch fluorinatioans, the CRP trap and UF6 apsorber

sections may for convenience be separated,

The gecond fluorination after Pa-233 decay storage is not followe
by NaF absorption {see Figs. 3.1 and 3.2) for two reasons. First, at
this pcint thers are no volatile fission product flucrides to contaminate
the product; second, the quanitity of UF( is smail and can be caught in a

cold trap.

3.5 Cold Trap

During the desorption cycle UF/ is moved from the absorber in &
stream of fluorine into a cold trap maistained at about 45000. Uranium
hexafluoride desublimes and is collected; fluorine is recovered for

reuse or discarded. A convenlent means of dis sposing of flunrine is by
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reaction with charcoal. When a batch has been collected on the cold
trap, tempersture and pressure are raised to slightly above triple

point conditions and UFG is drained into a collection cylinder.

3.6 Reduction and Fuel Mske-up

The fuel cycle is completed by reducing UF6 Lo UF& and reconsti-
tuting the tetrafluoride into molten salt reactor fuel. The hexafluoride
is evaporated from the collection cylinder into a H2~F2 flame in the

presence of excess hydrogen where reduchtlon occurs.
UF,. + H, = UF;, + 2HF
& 2 4
By~-product hydrcgen fluoride may be recovered or sbsorbed in 2 caustic

solution.

Green salt (UFh) falls directly into a dissolver contalning
molten LiF~BeF2*ThFu-UFa make-up salt. Before entering the dissolver,
make-~up salt is glven a pretreatment H2~HF sparge lasting about four days
as a purification measure to remove oxides. Oxides are detrimental to
molten fluoride fuel stabllity in that'thcy cause precipitation of

uranium oxide.

After recycled UFL has dissclved, the fuel mixture 1s fed directly

to the reactor fuel systenm,

.0 PROCESSING PLANT DESIGN

4.1 Decay Heat Removal

A major problem in the design of all process vessels which contain
short~cooled, highly irvadiated fuel 1s that of heat removal. Heat
densities are so high that large cocling areas have to be designed into
relatively'small volumes. In the case of the molien salt system the
temperature of the heat source is cansiderabl§ greater than that of a
conventional heat sink such ss cooling water, a fact which Introduces
design problems in thermal stress and maximum allowable heat transfer
rates. An alternate cooling sysbem that can be considered is an
intermediate heat transfer medium éapable of convenient use up to molten

flucride salt tewperatures, thereby considerably lessening the problems
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mentioned above. Such a cooling medium could be molten NaK alloy,
sodium or barren salt. Since & considerable quantity of heat is
associated with the decaying fuel (Note Tables k.1 and 4.2), it is
pertinent to consider whether or not the heat should be rejected or
recovered., The large plant has an average heat release rate of about
3.6 Mwt; the small plant, 1.8 Mwt. These rates represent 0.14% and

0.07%, respectively, of the nominal 2500 Mwt power station output.

The choice of the cooling system depends upon the decision to
reject or recover heat, and, if recovered, to what ultimate use will
the energy be put. A logical choice would be to use the heat in the
reheat or superheat cycles in the power station or, perhaps, as preheat
for boiler feed water. In the first instance s high temperature coolant
such as NaK would be required to transport the heal at an elevated
temperature level, For heating feed water either cooling water or
liguid metal transport of the heat should be satisfaciory. TIn this
design it was decdded that all decay heat would be rejected and that
cooling water would be used for transport around all vessels except the
fluorinators which would be air cooled. It did not appear to be economic
to design a ligquid metal cooling and heat recovery system into the
chemical plant ~ reactor plant cowmplex in the case of elther of the two
plants in this study. Furthermore, this study indicates that a process-
ing rate of 12 ftB/day is uneconomic for a power station as small as
2500 Mwi; a chemical plant of this size would be built only in conjunc-
tion with a much larger power-producing complex - perhaps 5 to 10

times as large. In such a mulbtl-megawatt system, 1t 1s reasonable to

think of this waste hest being recovered in one of the reactor stations.
The complete cooling system for decay heatl removal from both

plants is shown schematically in Fig. 4.1, For the most vart heat is

transferred across an air gap,for secondary containment of either leaking

salt or water;into cooling water surrvounding the secondary vessel or

thimble. The principal heat transfer mechanism i1s radiation; coanvechtion

coounts Tor perhaps 5 to 10 percent of the traunsfer. The fluorinators

o

are cooled by air cireculating through the cell. Only in the case of the

initial catch tanks in preflucrination storage is it necessary to use a



TABLE k,1

DECAY HSAT IN MOLTEN SALT CONVERTER REACTOR

FUEL WITEDRAWN FOR CHEMICAL PROCESSING

Z
1.2 Pt7/Day Plant

Length of Time Fuel
Has Been Qut of Tank Volume Meximum Heat Release Average Heal Release
Tenk No. Reactor (days) (£47) BTU/hr ke BTU/or =

Pre - Pluorination Storage

1 0-3 3.6 9.748 x 10° 286 2,000 x 10°  58.6
2 3a5 3.6 1.552 x 10 k5.5 1,356 % 10 39.7
Total 7.2 11,300 x 107 3315 5,356 x 10°  97.3
Pa«233 Decay Storage
1 Ga12 7.2 2k, 39 x mlL 71.5 23.1h x 10“ 57.8
2 12-18 7.2 19.91 x 10h 58.3 19.18 x 104 56.2
3 18-2L 7.2 17,21 x 108 50.4 6.6 x 100 8.9
N 2k.30 7.2 15.29 x 1oh 4i, 8 14,91 x Iol+ 3.7
5 30-36 7.2 13.84 x 10t ko, 6 13.55 % 10“ 39.7
6 3Eal2 7.2 12,71 % 10h 37.2 12,47 x 10IL 36,5
7 4248 7.2 11,79 x 10h 34,5 11.59 x 10h 34,0
8 L8-54 7.2 11.03 x lo“ 32.3 10.85 x 10h 31.8
9 5450 7.2 10,38 x 1oh 30.4 10.23 x 10k 30.0
10 60-66 7.2 9.82 x 10" 28.8 9.69 x 10 28.k
11 5672 7.2 9,33 % 104 27.3 9.22 x 1oh 27.0
12 72-78 7.2 8.90 x J_olL 20,1 8.80 x 10h 25.8
13 78-84 7.2 8.50 % 10Lt 24h.9 8.4 x 101+ 24,6
14 8490 7.2 8.1% x 10“ 23.8 8.06 x 10“ 23.5
15 90-96 7.2 7.82 x w0t 22,9 T.Th x 10" 22,7
16 95-102 7.2 7.52 x 104 22,0 T.45 x 1oh 21.8
17 102-108 7.2 7.2% x 10u 21.2 7.18 x 10h 21.0
18 108-114 7.2 6.99 % lo“ 20.5 6.93% x 1oh 20.3
19 114-120 7.2 6,75 % mLL 19.8 6.69 x 104 19.6

6T



Tank No.

20

22

Total

13
25
38
50
63
75
87
100
112
125

Total

Length of Time Fuel
Has Been Out of
Reactor (days)

120-126
126-132
132-138

138-146
23k-ph2
330-328
L3l Lo
530-538
5354542
730-738
826-834
930-938
1026-103k
1130-1138

TABLE 4.1 - contd

Tank Volume Maximum Heat Release
(£13) BTU/ o kv
7.2 6.52 x 1oh 19.1
7.2 6.31 x 0% 18.5
7.2 6.12 x 101‘ 171.9
158.4 236 x 10 693
Interim Waste Storage
9.6 7.8651 x 1»:)1L 23,0
9.6 5.167 x 10“ 15.1
9.5 3.809 x 10" 11.2
9.5 3.029 x 1 N 8.9
9.6 2.517 x 10? n
9.6 2.175 x 10 6.4
9.6 1.919 x 10" 5.6
9.5 1.723 x 10)+ 5.0
9.6 1.569 x 10h 1.6
9.6 1403 x 10" 4.2
9.6 1.339 x 10" 5.9
1200 351 x 10 1028

Average feat Release

6.47 x 10h 19.0
6.26 x 10 18.3
6.07 x 10" 17.8
232 x 10 678
7.845 x 10“ 23.0
5,160 x 1ou 15.1
3.805 x 1oh 11.1
3.027 x 10? 8.9
2.515 x 104 7.4
2,173 x 1olP 6.4
1.917 x 1oh 5.6
1.723 % 10t 5.0
1.569 x 10" b6
1,603 x 10% b2
350 x 10 1085

0c



TABLE 4,2

DECAY HEAT IN MOLTEN SALT CONVERTER REACTOR

FUEL WITHDRAWN FOR CHEMICAL PROCESSING

12 Pt /Day Plant
Length of Time Fuel
Has Been Out of Tenk Volume Maximum Hest Release Average Heat Release
Pank No. Reactor (days) (£t3) BTU/hr T BT/ ar K
Pre - Fluorination Storage é 6
1 0-5 &0 7.126 x 10 2087 1.071 x 10 314
2 5-10 60 0.812 x 106 238 0.757 x 106 222
3 10-15 60 0.627 x 10° 184 0.598 x 10° 175
b 15-20 60 0.522 % 10° 153 0.502 x 10? 1l
5 20-25 &0 0.448 x 10° 131 0. 434 x 10° 127
Total 300 9.535 x 10 2793 3.362 x 10 985
Pa~23%3 Decay BStorage

1 25-30 60 3.935 x 107 115 3,720 x 10° 109
2 30-35 60 3.505 x 102 103 3,336 x 107 97.7
3 35-40 60 5.166 x 10 92.8 3.026 x 10° 88.7
L 40-k5 60 2.886 x 10° 8is.6 2,770 x 10° 81.2
5 45250 60 2,655 x 10° 77.8 2.557 x 10° 74,9
6 50-55 &0 2,459 x 10° 72.0 2,57k x 107 69.6
7 55-60 60 2.290 x 102 67.1 2.217 x 102 55.0
38 60-65 60 2,14k x 10 62.8 2,080 x 10 60.9
9 £5-70 60 2.016 x 10° 59.1 1.959 x 10° 57.4
10 70-75 0 1.902 x 107 55.7 1.851 x e 54,2
11 75-80 60 1.800 x 107 52,7 1.754 x 10° 51,k
12 80-85 50 1,707 % 100 50.0 1.665 x 10° 48.8
13 85-90 &0 1.625 x 10° 7.6 1.585 x 10° 6.4
14 90-95 60 1.547 x 10° bs.3 1.512 x 10? Lk, 3
15 95-100 60 1476 x 10° 43.2 1.4k x 107 2.3

12



Total

50
100
150
200
250
300
350
400
450
500

Total

Lengtn of Qime Fuel
tas Been Out of

reactor {days)

100-105
105~110
110-115
115-120
120-125
125-150
150-135
135-140
1ho-145
145~2450
150~155
155-17°0
150-185
155-170
170-175
175-180
180-185
18%-190
190-195
195-200

200-202
300-302
400-L0o2
500-502
500-502
T00-702
800-802
900-~902
1000~1002
1100-1102
1200-1202

TABLE b.2 - contd

Tank Vglume Maximum Heat Release
(££2) BiC/ar o
50 1,412 x 107 1, u
60 1.352 x 100 39,6
o 1.296 x 10° 38.0
50 1.243 x 10 36,k
60 1,190 x 105 35.0
50 1147 x 100 23,6
0 1.0k x 107 52.3
50 1.063 x 10° 51,1
50 1,02k x 105 30.0
o 0.988 % 10° 28.9
a0 0.953 x 10° 27.9
50 0.920 x 10° 27.0
‘0 0.888 x 10° 26.0
50 0.858 x 10° 5.1
50 0.8%0 x 105 24,3
‘0 0.808 x 107 23.5
€0 0.776 x 105 22.7
50 0.752 x 105 22,0
£0 0.728 x 10 2.3
0 0.706 x 10° 20.7

2100 55.1 % 107 1615

Interim Waste Storage
24 2.737 x 104 3.02
oy 1.584 x 10° 4.6h
gl 1.040 x 10" 3.05
2k 0.749 x 1ou 2.19
24 0.571 x 1oh 1.67
2k 0.k5i % 10" 1.33
2h 0.377 x 20" 1.10
ol 0.721 % 10" 0.9%
o 0.278 % 10" 0.51
ok 0.246 x 10" 0.72
2k 0.222 x 10" 0.55
12000 355 x 10% 1040

Average Heat Release
BTG/ hr v
31.382 x 10° 40,5
1.3k x 107 38.8
1.270 x 10° 37.2
1.218 x 10° 5.7
1.170 x 10° 34,3
1.126 x 10° 33,0
1.08% x 107 31.8
1.088 x 10 30.5
1.006 % 107 29.5
0.971 x 10° 28.4
0.935 x 10° 27,4
0.90%F x 105 26.5
0.87% x 10° 25.5
0.829 x 10° b3
0.816 x 107 25.9
0.789 x 10° 23.1
0.764 x 10° 22. 4
0.THO x 10° 21.7
0.717 x 10° 21.0
0.695 x 10° 20,4
55,5 x 10° 1568
2.720 x 10% 7.97
1.576 x 10" b
1.036 x 104 3,04
0.747 x 10u 2.19
0.570 x 10" 1,07
0.455 x 10" 1.53
0.376 x 10% 1.1
0.320 x 10" 0.94
0.278 x 10L 0.81
0.246 x 104 0.72
0.202 x 10° 0.65
354 x 10 1037

e
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different design for removing heal,. For these tanks a triple-walled
vayonet arrangement is used to vaporize water in a large number of

these bayonets immersed in the salt.

4,2 FEquipment Design

Inasmuch as possible process equlpment for this design study was
patiterned after previcusly designed and tested equipment for the ORNL
volatility pilet plant as described by Milford end ca—workers6 and Carr
and couworkers,b In cother instances, equipment and deslgn experience
at ORGDP and ¥-12 were closely followed, Extrapolations in sizes were
made in some cases Tor the large oplant; however, it is believed that

the limits of current technology have not been exceeded.

Pertinent data on process equipment for both fluoride volatility
plants are given in the Appendix on the equipment flowsheets, drawings
E-4C081 and E-L6059.

Prefluorination Storage Tanks., Seven of these tanks are regquired
>y

for the 12 ftﬁ/day lant and two for the 1.2 ftB/day plant. Because of

the large amount of fission product decay heat in "green" fuel which is

only a few minutes old, these vessels are in effect heat exchangers.
z

The proposed des 1gn) Tor the Molten Salt Reactor Experiment drain tanks

as been adopted for the tanks which receive salt directly from the

reactor. The MSRE d n, shown in Fig. k.2, was suitable in a scaled-
4

sigr
down version for the 1.2 ft)/
Z
~

day plant but further wmodification was
necessary for the 12 £t /day plant as shown in Fig. 4.3 because of the
xceptionally high heat relesse per unit volume of salt., Heat is

o

dissinated by bolling water in the interior annuli the bayonets

which penetrate the vessel heads. The outer annulus of each bayonet
contains an inert gas which ig monitored Tor leak detection. Details

of the bayorets are shown in Figs. 4.4 and 4.5, The bayonet in Fig, 4.4
corresponds to the vessel design of Fig. 4.2; the design of Fig. L.5
corresponds to the vessel of Fig. 4.5, The 2 1/2 in. NPS, sch 10,
sleeve surrounding each bayonet in Fig. 4.5 is required to maintain g

sufficiently thin salt layer around each bayonet.
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Fig. 4.1 Decay Heat Removal System for 1.2 ft3/day and 12 ft3/day'Fluoride Volatility Plant.
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Fig. 4.3 Pre-fluorination Storage Tank 12 fts/day Plant.
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The 1.2 ftﬁ/day plant containsg two of the MSRE type tanks in the
prefluorination storage system. The two tanks are used alternately.
The 12 fta/day plant contains two bayonet-filled tanks of 30 ftB capaclty
each and five other tarnks of 60 ftB capacity each. The five tanks are
cooled Dy radiation and convection to water-jacketed thimbles as shown in
Fig. 4.1. Four of the group of five tanks are for fission product decay
storage and the fifth is a feed tank for the fluoriretor., In operation,
fuel is held for five days in the two 30-ft5 tanks and then transferred

to one of the other storage tanks for the remaining 20 days storage.

A brief description of the tanks required for preflucrination

P
. . , - 5 .
storage is given in Teble 4.3 for hoth the 1.2 and 12 ft‘/day plants.,

Table 4.3. Prefluorination Storage Tank Requirements

Nominal Size
Deys Storage No. Tanks Method of Cooling {rt)

1.2 £t7/Day Plant

0-3 2 4% bayonet tubes 1.94D x 1.94x*
12 £+°/Day Plant
0«5 o*¥ 295 bayonet tubes 5.5D x 5.5H#
5-15 2 water-jacketed thimble 3.2D x T.6H
1525 2 water=jacketed thimble 3.2D x 7.6H
Fiuorinator feed 1 water~jacketed thimble 3.2D x 7.6H

.}(4 .

Does not.include steam dome
These two tanks have 30 it5 capacity. The large dlameter lz necessary
to house the large number of bayonet tubes in the inefficent salt

storage arrangement required by the high heat release of the salt,

Fluorinator. The fluorinator design5 is shown in Pig, 4,6; this
is the vessel that has been successfully cperated in the ORNL fluoride
volatility pilot plant. The vessel is shaped like & dumbhell having a

Llower Tlucrination chawber and an upper de-entrainment section; the
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lower assembly is enclosed in an electrically heated furnace, and the
upper assembly is heated with electric strip‘heaters. Similar designs
wvere used for these two studies; the large plant fluorinated 6—ftj

2

bateches, the small plant flucrinated 5,6~ft3 batches.

The principal design criterion for the fluorinator is that the
vessel be able to dissipabte fission product decay heat and heat of
reaction by radiation and convection to the cell environment. Whereas,
the vessel might be constructed like the prefluorination decay tanks
with a large heat transfer capacity, it is undesirable to do so because
of the high corrosion rate during Tlucrination. It is advisable to
construct the vessel as simply and chbeaply as possible since it mush
be rather frequently replaced. The vessel is made with thick, l/2~inch,
walls with a corrosion rate allowance of one mil per hour of fluorination

time.

The preferred materials of construction for the fluorinator are
either INOR-8 or Alloy 79-4 (79% Ni, 4% Mc, 17% Fe). Le-nickel has been
used for fluorinator construction, but this material is quite susceptible

to intergranular attack,

CRP Trap and Absorpers. The CRP {complexible radioactive products)
trap6 may be an integral psrt of the NaF absorber or the two units might
be sepsrated. In either case, operation of the units is a bateh process
and the choice of an inlegral or separate installstion depends upon the
physical size of the units. In this case the 1.2 ftﬁ/day plant could
employ the integral unit: the 12 f”5/d 3y plant regquired separate units
The CRP trap and abgorver are filled with sodium fluoride pellets having
& bulk specific gravity of 0.9. The design absorption capacity of NaF is

1 kg UF6/ft5 NaF.

The movable~bed absorber’ (Fig. 4.7) has been designed for the small
plant to handle the quantity of UF from bateh Tluorinations every three
days. The bed operates se LCORtlﬂUOUuly by receiving fresh NaF pellets at
the top and discharging fission%product saturated pellets at the bottom,

3

It may not be feasible to discharge pelliets i the fluorinator as shown

in Fig. 4.7 in these plants because of contamination of Pa-233 gtill in
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the waste salt, Important features of the unit are four separate
electrically heated zones and an internal pipe for alr coosling and

thermocouples.

The stationary-bed absorber (Fig. 4.8) as used in the 12 ftB/day
plant contains just over one cublic foobt of Naf; six absorbers are
required for the 42,6 kg UF6/day rate. Each absorber is mounted in a
lightweight, low-heat capacily electric furnsce which is hiaged for easy

1

. . . 0
removal; the furnace permits operation between sorption {100°C) and

; o . .
desorption (400°C) temperatures. A 2.5-in. outside
down the center of the bed for admission of c¢ooling
containg electric heaters., An interior cylindrical

to btake U-shaped path through the bed.

The governing design criteria for an absorber

which the bed can be temperature cycled and the ped

diameter tube extends
air; the tube also

baffle causes gases

are the rate at

thickaess. The

granular bed is a rather effective insulator and has to be made in thin
sections to facilitate heating and cooling. Each absorber therefore has
a large L/D ratio. When the bed becomes saturated with fission products,
the absorber is removed, emptied and recharged remotely on a 4.5 day

cycle.

Cold Traps.

from the WaF beds

Cold traps for desublimation of UF6 being desorbed

are similar to those used in the ORNL veolatility

pilot plant. Two ftraps are mounted ia series: The first, or primary
. . - o) , ,
trap, is operated at about -M0TC; the second trap is a back-up trap

‘¢ 4o cateh any product tha®t wmight have passed
k.9 and k.10.

identical to the ones required for the 1.2 ftj/day

operated at aboul

through the primary trap. The two traps are shown in Figs.
Thesz two traps are
plant; the larger plant requires a longer primary trap, but the second

trap is the same as for the swall plant.

The principal factor in design is the heat transfer rate. Adequate

surface for UF6 collection must also be provided, Also the unit should

have a low heal cazpacity to expedite tempersture cycling between batch-

e zollections. e heated Lo aboutl

<3
e

During defrosting the cold traps
a pressure of around M6 psia to allow melted UF, to drain to

ecticn cylinders.
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The rigorous design of a cold trap to prevent dusting or Togging
of UFé»is difficult. However, considerable design and operating experi-
ence in both fields has been gained at ORGDP,7 The design shown in
Fig. 4.9 was developed at ORGDP while that shown in Fig. 4.10 is an
ORNL adaptation of ORGDP developments.

Reduction Reactor. The UF »'UFA reduction reactor for these plants
: s

. ( it . .
ig patterned after the one described by Murray. The reactor is a Lein.

[ )

dismeter by 10-f% high columm having a capacity of 10-15 kg UFﬁ/hrn Since
e

even such a small

a]

actor has a much greabter capacity than reguired by

either of these plants, the opsration is batchwise, Uranium hexafluoride

of the reactor, The hexafluorids is reduced to the tetrafluoride in
the HE-F2 flame and is collected in a tank of molien carrier salt ab the
bottom of the column. Gaseous reachion products leave the reactor through

a filter.

Fuel Make-up. Fuel make-up vessels are nothing more than heated,

insulated vessels located partly in the radicactive processing ares and

partly in a cold make~up ares. The cold make-up tanks are provided with
lines for admission and removal of sparge gases, HE + HF, needed in the

purification procedure. Purification requires gas sparging for four

days; the tanks are designed +to operate on a five-day cycle.
] g2 L2y

Pa-233 Decay Storage System. The design of a system for holding the

wasthe stream Tor Pa-23%33 decay resolves into providing adequate heat dis-
sipation from the several tanks. Babches have to be keph separated be-

cause of the fixed decay storage regquirement.

In the 12 ft3/day'plant, storage 15 carried out in 60-153 batches
equivalent to the guantiby withdrawn every five days from the reactor.
Fission product decay heat is rewoved by allowing the vessel to radiate
to a water-jacketed thimble which surrounds the side and botton of the
tank. There are 36 tanks in the array; each tank has a nominal capacity
of 60 fts. Dimensicns are 4.5 £t diameter by 4.5 £t high. The jackﬁted

thimble 1s about one foob larger in inside dlamster than the storage tank.
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The storage problem in the 1.2 ftj/day plant is similar to that of
the larger plant, Heat is dissipated by radiation and convection from
the vessel surface to a water-jacketed thimble. Twenty~four tanks are

5

needed, each having a nominal capacity of 7.2 £t7 and nominal dimensions
of 1.66 £t dismeter by 3.32 ft high. The jacketed thimble is about one

foot larger in inside diameter than the storage tank.

Interim Waste Storage Tanks. Interim waste storage tanks are sealed

cylindrical containers made of stainless steel which can be used for
permanent waste storage after the interim period. The tanks for the small
plant are 16 in. diameter by 7 ft long and for the large plant, 2-ft
diameter by 7.5 £t long.

Thimbles in which the waste tanks rest while in the storage canal
are made of stainless steel. Each plant has 15-ft long thimbles, but
those in the small plant are 2-ft diameter while those in the large plant

are 2.75~-ft diameter,

Freeze Valves. Conventional valves cannot be used on molten salt

process lines. Instead, closures in lines are made by freezing a plug
in the line using a jet of cooling air blowing across the area to be
frozen., Conveniently located electric heaters are then used to thaw
the line when flow is desired. A photograph of a proposed freeze valve

installation for the MSRE is presented in Pig. 4.11.

Line Heating. Whenever practical autoresistance heating will be

used,
6
Samplers. A rather complicated mechanism™ is reguired to remove

analytical samples from a moliten salt system as shown in Fig. 4%.12. The
pictured apparatus is being tested for use in the MSRE at ORNL. EBssential
features of the sampler are the hoist and capsule for removing the sample
from the vessel; a lead shielded cublcle with manipulator, heating elements
and service piping; and a transport cask for removing the sample from the
process area, The sampling cubicle is mounted on the cell biological

shield in an accessible ares.,

Refrigeratiion., Low-temperature refrigeration is needed for the cold

traps. One itrap operates at -40°¢ and a2 second operates at mTSOC.
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4,3 Shielding Calculations

Shielding calculations vere mede to compute biological shield re-
guirements for processiog areas. L6 was recognized that the extremely
radicactive "green” fusl only e few minutes out of the reactor would re-
quire thick shielding, significantly affecting building size and cost.
The calewlations ware made using a pragram"fmr the IBM 7090 compuber;
the program is able bo treat cylindrical, volumetric sources which are
applicable in these cases. The code employs such parameters ag source
strength, scurce
with respect to top and side shisld to caleulate elther shisld thickness

or dose rate. Self-absorption by the scurce is alsc baken into account.
Shield material was ordinary cancrete.

Source Strength. The shieldiag program was written more specifi-

p_,

cally for a solid-fuelsd reactor than for a circulating fuel reactor; and
minor modifications had %o be made in calculating the source strength.
The activity of U-235 fission products as a function of irradiation time
and cooiing time has been reporied by Blomske and Todd9 for solid fuel
normalized to one atom of original fissile feed. This implies a knowledge
of fuel burn-up, a gquantity that is not so well defined for a circulating
fuel . For thess caloulations the frachtion burn-up was determined using
terms defined in Fig. 4.13

Buprne-up
Recycle + Peed

BU = 9

where quantities in the fraction are expressed in consistent uaits such
kg/day. Feed includes both make-up fissile material and that part of

tertile maberial that is cooverted to fissile material. The number of

original atoms of fissile matsrial present was then caleulated from egui-

Librium reactor concentrations.

Equilibrium concentration U~233 + U~23%5

Origiral concentration U present 1 - BU

The data of Blomeke and Todd wers then used with this calculated original

concentration to obbtain source strengths in terms of disintegraticns/sec.
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It was assumed that the fuel had been irradiated Tor an infinite time at

a thermal meutron flux of 1013 neutrons/cmd sec,

The fuel in this system is predominately U-233. However the data
of Blomeke and Todd for U-235 fission products were used because no com-

parable data for U-233 were available.

Geomebtry. In all caleulations shielding requirements were determined
for top and side shields as shown in Fig. 4.14% using the criterion of 0.25
mrad/hr dose rate at the shield's external surface. When several process
vessels were aligned along a wall as shown in Fig. 4%.1Ub, the dose rate

was compubed for several shield thicknesses, t., tf, t?, ~==, taking into

3
account contributions From adjacent tanks., Thi daéa were plotted to de-
termine the required shield thickness for a 0.25 mrad/hr dose rate. Compu-
tations were made for arrays of 3 and 5 tanks; and it was observed that
the dese contribution from the fourth and fifth tanks {extreme end tanks)

could be iguaored.

Summary of Shielding Reguirements., Shielding requirements for

process, storage and maintenance areas.in the two plants are given in

Tablie 4,4,
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Table 4.4 Shield Thicknesses for the 12—ftj/day and l.2~ft3/day
Molten Salt Fluoride Volatility Processing Plants

Prefiuorination storage top shield
Prefluorination storage side shield
1st

Tluorination top shield

t fluorination side shield

2nd. Pluorination

top shield

2nd fluorination side shield
Pa-233 decay storage top shield
Pa~233 decay storage side shield

Reduction and fuel make-up area top
.shield

Reduction and fuel make-up area
side shield

Interim waste storege top shield
Interim waste storage side shield
Crane maintenance areé top shield
Crane maintenance area side shield
Storage area top shield

Stoerage area side shield
Decontamination area top shield
Decontamination area side shield
Shop arsa top shield

Shop area side shield

Thickness of Ordinary Concrete {(£t)
12 ftﬁ/day plant 1.2 £t°/day plant

7.5 6.25
Ts5 7.5
7.5 6.25
Te5 Te5
4.0 6.25"°
7.5 7.5
5.5 6.25"
5.5 6.5
4,0 L.0
k.0 Lo
4,75 L.5
5.0 5.0
4.0 3.0
4.0 k.0
6.5 6.0
4.0 4.0
6.5 6.0
4.0 L0
4.0 4.0
4.0 k.0

S
Shield thickness determined by prefluorination shield requirements since

all equipment is same area,
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h. 4 Process Equipment Layout

Process equipment has been laid out in areas sccording to the major
process operations: prefluorination storage, Tirst fluorination; Pa-233
decay storage, second FTluorination, NaF absorpbtion, cold traps and product
collection, UF6~»UFh reduction, and interim waste storage. Eguipment 1s
grouped in cells according to activity level and in an arrangement that
minimizes distances for moliten salt transfer between vessels. Five trans-
fers of molten salt are reguired in the processing sequence for the
1.2 ft5/day plant. First, the irradiated fuel is transferred from the
reactor to prefluorination storage:; second, Lo the first fluorination;
third, to Pa~233 decay storage; fourth, to the seecond fluorination;. and
fifth, to waste storage. The operabional sequence in the 12 ftj/day plant
is the same with an additional transfer in prefluorination storage brought

about by economic heat remcval considerations.

Interim waste storage vessels can most conveniently he stored in an
area immediately adjacent to bubt not directly a part of the principal
processing area, A rather large canal is required to contain the large
number of waste tanks. After approximately 1000 days residence, the

waste tanks are transferred to permansent storage.

A very important consideration in equipment layout inside the cells
is the remobe maintenance aspect which has been assumed for these proces-

sing operations. Vessels must be arranged so that all proéess and service

o3

cornecstions can be remotely brokeun and remade and all eguipment must be
accessible from above. Over-all building space is often dictated by
remote maintenance considerations rather than by actual vessel size. It
should be pointed out that there has been no actual experience in remote
maintenance of a molten salt fluoride volatility plant and fhat the
nacessary space requirements for such a plant may not have been fully
recognized in this study. Considerable development of both equipment and

oparating techuique will e reguired o furnish adequate design information.

L.5 Plant laycut
In order to establish uniformity in cost estimsibion of nuclear power

. . N 4 § s .
plants, the Atomic Energy Commissicon ™ has specified szertain ground rules
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covering site location, topography, meteorology, climatology, geology,
availability of labor, accounting procedures, fixed charge rates, etc.
These recommendations were followed in this study. A concurrent cost
svaluation for a wolten salt reactor plant by ORNL and Sargent and Iundy
Engineerslg used the same basic ground rules making the two plant evalu-

ations congruent,

Site Loeation. The hypothetical site locabion is 35 miles north of
yp

Middletown, a ¢ity of 250,000 population. The plant is located on the North
River, a stream that is navigable to boats having up to 6 £t draft. There
is convenient highway and railroad access,

The plant is located on level terrsin in a grass-caovered field. The

carth overburden is & f% deep; below this depth is bedrock.

Qver-all Plant Layout. A remote maintenance chemical plant is most

conveniently laid out in & canyon-type arrangement, which is a long, heavily
shielded geries of in-line cells serviced by an over-head crane. The depth
of the canyon is determirved by location and size of installed equipment;

the width is determined by vessel size and span limitations for the crane.
The over-all building length is more or less determined by the length of

the canyon. Offices, control room, laboratories, sample gallery, ware-
house, shop and other service areas are placed along a face of the canyon

in a manner that is consistent with good design and functional facility.

In this study advantege was taken of a design study and opersting

experience with a remotely maintained radiocactive chemical plant by

Yok

Farrow™ to obtaln over-all plant arrangemenbts shown on drawings E-46059,
E-46C6T7, E-4E0T9, E-X6068, E-46069, E-46081, and E-L6080 in the Appendix.

Processing Area. Processing cells are located in the central section

of the canyon and are the most heavily shielded parts of the plant. In
the 12 ft5/day plant, four cells are employed; in the 1.2 ft5/day plant,
thres cells are used. Because of the lower total sctivity and fewer
rrocess vessels in the swall plant, one of the shielding partitions

could be eliminated.

Prefluorination storage and first fluorination vessels are located

near the center of the canyon and convenient to the reactor area.
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Tmmediately adjoining (in the same cell for the small plant) is the cell
containing the second fluorination and absorption eguipment. This arrange=
ment permits carrying out the most radicactive operations in a compact lay-

out minimiziog the amourt of thick (7.5 ft) shielding.

The remaining process area conbains producht collecticon and reduction
emﬁmmm;ﬂwcmmwhg<mﬁtheU%S»UﬂLsmﬁﬁmh Although the product
at this peint has been decontaminated by a factor of 106 or greater, shield~
ing is required to abtltenuate the gamma activity of U-237. Four feet of
ordinary concrete suffices to shield this area, This cell also contains
the dissclver for blending recovered fuel with make=-up fuel inbrodnce

from the outside. Fuel is recycled to the reactor from this tapk.

Pa-233 Decay Storage. The largest process area of the canyon is

occupled by "dead" storage to segregate batches of waste salt while al-
lowing Pa-233 to decay. For convenience the area is located adjacent to
the first fluorinator. An area 27 £ wide by 92 Pt long was provided for
the large plant and one 23 £t wide by T4 £t long for the small plant,

Waste Storage. Waste storage need not be located in the process

canyon because there is negligible fissile material in the waste and no
further process operatlons are performed on the waste, Facilities are
provided in a canal adjoining. the canyon Lo shore waste containers until
gach can be transporbed Lo perwavent storage at some remcte locabion.
The area is rectangular with ithe width being Tthe dependent dimension.
Since a crane mish be provided to service the avea, the width is governed
by crane span and cost copsiderations. In these plaonks over-all canal
dimensions are 48 £t wide by 181.5 £t long and 37 ft wide by 56 £t long
fer the large and small plants, respectively. Esch capnal contalns water
to a depth of 16.5 f%.
Waste containers are trapsported from inside the canyon to the wasthe

shorage area via a cart on a track which runs throagh the side shield. A

mble door arrvangement is used to maintalin isclabion of the two areas

during htransfer.

Crane Maintenance Area, Since the overhead crans is the principal

twool for carrying out all mainterance operaticuns in the canyon, facilities

£

are necessary Lo keesp it din good opsrabing condition. An area at one end



of the canyon is set aside for crane maintenance; this area is eguipped
with a small crane to service the larger crane. Decontamination pro~-
visicns are made for this arsa to allow persornel access,

3

Contaminated Eguipment Storage. A relatively small cell is provided

?

in the canyon for storags of contaminabed squipment during the interim
hie tweem removal from service and permanent dlisposition. For example, it

-

25 e gecsssary o hold equipment for fission product decay before re-

o]
A?.

];n».

()

moval from bhe canyon.

Devonmtaminatlion Csll. The use of this nell is for decontaminating

equipment so it can bs packaged and removed from the canyon. The cell is
equipped with sprays and locabed near the source of decontaminating chem-

icals.

Canyon Shcp. This eell is a limited persomnel access arsa for per-
formivg waintenance on cordaminated egquipment. Before entering the shop,

vessels and cother equipment would have been deconbaminated sufficlently

for controlled comtact work bubt not sufficlently for removal to "pold" shoo.

Railrcad Dock. A railrcad dock is provided ab one end of the canyon

for receiving into or removing from the canyon vessels and other equipment.
The dock is in a nonradicachtive arsa bub can be served by the large bridge
crape used over the canyomn. Reoll-up steel doors separate the dock and

crang oay over the procsss cells.

Comtrel Boom. The condrsl room is located adjacent to the biclogical

shield at cell top lesvel. The room exbends along the shisld face directly
cpposite the cells in which the principal process operations of flucrina-
tion, absorphion, ﬁr@duaﬁ coellection and reduction are carried ocut as well
ag salt transfers from one area to another. From this area sll process
operatlions can be controlled and performed. Remote maintensnce is also

carried cub from the condrol room with the aid of television.

Sample Gallery. This space conbains the heavily shielded sampling

cubicles (see Fig. 4.12) and transport equipment. The gallery l1s located
over the control room on the shield face near the fluorination and re-

duction cells. It is anticipated that procsss conbrol and accountability

can be accomplished by sampling the fluorisators and product dissolver
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Laboratories. Adeguate analytical facilitles are provided in the

chemical plant to process all samples from the reactor plant as well as
from the chemical plant. Analytical caves are provided for highly radioc-
active analyses. The analytical area is a controlled access ares separated

from the nonrestricted areas by an air lock.

Offices, Office space is provided at ground level near the center of

the oailding.

Service Areas. he remainder of the iilding space is cccupied by

service facilities necessary for an inbegrated chemical plant. These in-
clude mechanical and instrument shops, first ald room;, lunch room, change
roow, htollets, warehouse and recelving dock, elevabors, cold chemical make-
up space, elecirical transformer and switch gear room, refrigeration equip-
ment space, alr conditioning eguipment space, compressor space and pipe
corridors. Mest of these areas are located below grade along the face of

the process canyon.

5.0 CAPITAL COST ESTIMATE

The capital cost estimate was divided intc three principal catbegories:
building costs, process equipment costs, and auxiliary process equipment
and services costs. The bullding costs included such items as site prepa-
ration, shruchtural materials and labor, permanently junstalled eguipment,

and material and labor for service facilities, FProcsss equipment costs

were caleoulated for those tanks, vessels, furpaces and similar items whose

primary functico is directly coucerned with process operations. FProcess

service facilities are items such as sampling facilities, process piping
and process instrumechation which are intimately associated with process

operations.

(o
.

ot Accounting Procediire

4,

The accounting procedure set forth in the Guide tc Nuclear FPower Flant

. 11 . ; e .
Cost Evaiuaticn was used as a guide in this eshtimate., This handbook was
writhen as a guide for cost estiwating reactor plants, and the accounting

breakdown 1s noh specific for a chemical procsssing plant. Where necessary

for elarification and completsness, the accombting procedures of the hand-

tock were angmented by established Chemlcal Technology Division methods,

s
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5.2 Bases for Estimates

Process Equipment. A large number of process vessels and auxiliary

egquipment, in these plants is similar to eguipment previcusly ypurchased by
OBRNL for the fluoride volatility pilot piant for which cost records were
available Extensive use was made of these records in compuling meterial,
fabrication and over-all eguipment costs. Ia some cases 1t vwas necessary
to extrapolate the data to obtain costs for larger vessels owever, for
some equipment in the small plant, the data were direc 1ly applicable.
itenms that were egtimated in this manner were the flucrinators, furnaces,
WaF abscrbers and CRP traps. The zost of the UF6~t0~UFLL reduction unit
wag based on a unit described by‘Murraygl The unit had a larger capacity
than was needed for these plants, but it was assumed that the regulired unit
would heve about the same over-all cost. Refrigeration eguipment and cold
traps were estimated from cost data for ORGDPY and ORNL eguipment.

Some items of process equipmen’t were of specilal design and signifi-
cantly different from any vessels for which cost data were avallable. The
prefluorination storage tanks which receive irradiated fuel directly from
the reactor are examples. The cost of these vessels was calculated from a
previous cost estimate made by the Y12 machine shop on a similar vessel
for the Mclten Salt Reactor Bxaperiment. For vessels and tanks of more
copventional and familiar desigr, the cost was compubted from the cost of

erial (INOR~8 for most vessels) plus an estimated fabrication charge,
both charges bhelng bhased on the welight of the wvessel., A summary of values

g process vessels by welght is given helow. For the
shells of the vreflvorination storage tanks, the high fabricatlon cost
values shown wers cobbained by back caleulabing from a Y12 shop estimate

for a similar vessel.

Stainless
Metal Cost $/1b INOR-8 Alloy 79-k  Steel 304
3.00 2.66 0.65

Pabrication Cost, $/1b

Bhell, preflucrination shorage,
1.2 £55/day T.00

Shell prefLuorlAat :
12 £55/day, banks 1 and 2 8.35
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Stainless

Fabrication Cost, $/1b (contd) INOR-O Mloy T9-k4 Steel 304

Prefinorination storage, 12 fta/day

tanks 3-6 3.50

Fluorinators, 1.2 and 12 ft3/day 4,00

Pa-233 decay sbtorage, 1.2 ftg/day 3.50

Waste s+0ragp vessel, 1.2 and

12 £t3/day 2.50

Waste storage thimbles,

1.2 and 12 £t3/day 1.85

UFh dlasolvers, 1.2 and

127163 /aay 3.50

Pipe and tubing prices were based on the following schedule.

Descrigtion %{fb §Zlb
1/2 in. OD x 0.042 wall tube (INOR-8) 6.06 26 .40
1 in. NPS, Sch. 40 pipe (INOR-8) 30.05 16,04
11/2 in. NPS, Sch. 40 pipe (INOR-8) b1 .67 13.71

Auxiliary process items such as process piping, process electrical
service, instrumentation, sampling connections and their installation were
not considered in sufficient design detaill to permit direct estimation. A
value was assigned to these items which was based wpon previous experience
in design and cost estimation of radiochemical processing plants. In as-
siguing these values cognizance was taken of the fact that the plant is

rencbely maintained.

Building. The building estimate included the cost of land acquisition,
site preparstion, concrebe, structural steel, painting, heating, ventilation,
air conditioning, elevators, cranes, service piping, laboratory and hot
cell eguipment, ebc. The individual costs were calculated using current
data for mabterials and labor, and are based on the drawings shown in the

Appendix.

5.3 Process Eguipment Capital Cost
Prozess eguipment capital costs for the 4we fluoride volatility
plants are presented in Table 5.1. These costs are the totals of maberial,

fabrication and installation charges.



Pre-Fluorination Storage
Storage btank

Storage tank

Purnace

Heater

Jacketed thimble

Condenser

Fluorination

Fluorinator

Furnace
CRP trap

Absorbers and Cold Traps
NaF absorber and CRP trap

Furnace
Cold traep
Cold trap

TABLE 5.1

ESTIMATED COST OF MAJOR PROCESS EQUIPMENT FOR

TWO FLUCRIDE VOIATILITY PLANTS

(values in Dollars)

1.2 Ft7/Day Plant

No.

Description Cost
2 £t D x 2 £t H; 49 bayonet 100,000
coolers; INOR-8; 0.375 in.
shell; 0,5 in. head
2.7 £t Dx 3 £t H; 45.8 kw 7,000
1ftDx 3£t L; 19 £t% stainless 465
steel; admiralty tubes
107,465
1.5 £t D x 2.34% £t H {Llower 12,000
section); 3.6 £t” salt; alloy
79-4; 0.5 in. shell; 0.5 in.
head
2,33 £5 D x 3,75 £t H; 9.4 xw 8,000
20,000
8 in. sch. 40 pipe; 1 £t 5,000

horizontal + 5 ft vertical;
12.66 kg UF, cepacity; Incomel

Included in absorber cost
-50% unit; copper
-7500 unit; copper

12 Ft7/Day Plaat

No.

()Y

W Oy

Description Cost
5.5 £t D x 5.5 £% H; 295 bayonet 1,354,000
coclers; INOR-8; 0.5 in. shell;
0.625 in. head
3.17 ££ D x 7.6L £t H; 0.5 in. shell; 57,500
0.5 in. head
6.25 £t ID x 7 £% Hy 250 kw 50,000
L £t D x 9,9 £t H; 225 kw; tubular 110,000
with stainless steel sheath
4 £t D x 9.4 £t H; INOR-8 58,125
1k in. D x 16 £t 13 W70 ft2 sbainless 8,200
steel; admiralty tubes
1,657,825

1.75 £t D x 9 £t H {lower section); 16,000
6 £t3 salt; alloy 79-b; 0.5 in. shell;
0.5 in, head
2,67 f£ D x 5 £t H; 75.5 kw 13,000
6 in, D x & £t H; outside heaters; 10,000
air-operated piston

39,000
5 in. sch. %0 pipe x 6.33 £t H; 9,000
21l.1 kg UF6 capacity; Inconel

21,000
~-40°¢ unit; copper 22,500
=75°C unit; copper 7,500

€4



NaF chem trap

Vacuum pump

Pa=-233 Decay System
Storage ‘tank

Jacketed thimble

Heater

Reduction and Fuel Make-up

Reduction unit

Dissoliver

Cold make-up and sparge
‘tank

Heater for dissolver

Heater for make-up tank

Waste Storage
Waste tank

Waste tank thimbles

TASLE 5.1 - contd

1.2 FtB/Day Plant

No. Description Cost
2 6 in. sch. 4O pipe x 3.5 £t H; 800
heated; 12,66 kg UF, capacity;
Inconel
1 40 efm displacement; < 50 p Eg final 2,620
pressure
17,120
2k 1.66 £t D x 3.32 £f% H; 7.2 ft5 66,000
salt; INOR-8; 0.375 in. shell;
0.375 in, head )
2L Cooling uait for storage tank &
e 356D x 3.1 H; 52.5 kw 100, 800
166,800
1 4 in, sch. 40 pipe x 8 £t H; 66,150
10-15 kg UFG/hr capacity; Inconel
1 1.7 £4 D x 3.3 £% H; 7.2 040 2,250
salt; INOR-8; 0.5 in. shell;
0,5 in, head
2 1.3 £t D x 7.3 £% H; INOR-8; 6,500
10.2 £t5 capacity
2 % D x 2.25 £4 H; 26 kw 2,000
2 2.3 Tt D x 4 £t H; 52 kv 8,400
85,300
128 1.33 £t D x 7 £t H; stainless 118,500
steel 304 L; 9.84 £t salt;
0.25 in. shell; 0.25 in. head
128 2 ft D x 15 £% H; stainless 175,360

steel 30k L; 0.1375 in. shell;
0.1875 in., head

293,960

i2 FtB/Day Plant

No. Descripiion Cost
3 6 in. sch. %0 pipe x 6 ft H; 1,800
heated; 21 kg UF6 capacity;
Inconel
61,800
26 b5 £t D x b.5 £t H; 60 0 salt; 832,500
INOR-8
35 Cooling unit for storage tank {
35 Sectional units to surround tank 792,0C0
1,62k%,500
1 4 in. sch. 4O pipe x 8 £t H; 65,150
10-15 kg UF6/hr capacity; Inconel
2.7 £t D x 2.7 Tt H; 12 £3° salt; 5,500
INOR-8; 0.5 in. shell; 0.5 in, head
2 3.4 £+ D x 6.7 £t H; INOR-8; 26,000
18 rt2 capacity
3.4 £ D x 3.7 £t H; 7L kv 6,000
L1 £t D x 7.7 £t H; 178 kw 34,000
137,650
510 2 £t D x 7.5_ft H; stainless steel 8&1,500
304 1; 24 £t salt; 0.25 in. shell;
0.25 in. head
510 2.75 £4 D x 15 £t H; stainless steel 892,500
30k T; 0.1875 in. sheil; 0.1875 in.
1,734,000

1§



Miscellanecus Bguipment
Refrigeration unit
Refrigeration unit
Refrigeration unit
Air chiller

HPF disposal unit
F2 supply system

Total Process Eguipment Cost

TABLE 5.1 - contd

1.2 Ft°/Dey Plant

No. Description Cost
1 24,000 BTu/hr at -40% 3,500
1 4,000 BTU/br at -75°C 3,200
1 9,000 BIU/hr at -20°0 1,235
1 1f£tx1ftxh rovs finned 135
tube

1 2.8 % D x 5.3 £t H; monel 500
1 Tank end trailer 6,770

15,340

705,985

12 Pt°/Day Plant

No. Description Cost
48,000 BTU/hr et -4o°C 5,400
1 8,000 BTU/hr at -75°%C 4,500
2.8 £t D x 5.3 £t H; monel 500
Tenk and trailer 13,500
2k, 300
5,259,075

4



5.4 Building Capital Cost
Building cost dats for the two fluoride volatility plants are given

in Table 5.2. These costs are divided into five categories: processing
cell, interim waste storage, operations and laboratories, outside utilities
and land improvemeunts. The tabulation presents both material and labor

costs.
5.5 Total Capital Cost

As mentioned above, process equipment and buildings were the only
items considered in sufficient design detail to permit direct estimation.
The remainder of the capital costs were estimated from previous knowledge
and experience with radiochemical processing plants. The fact that the
plant is remotely maintained was an important factor in estimating process
instrumentation and electrical and sampling connections. These items bew
come considerably more expensive because of counberbalancing, spacing and

accessibility requirements.

Construction overhead fees were taken as 22% of direct materials and
labor for all buildings, installed process equipment, piping, instrumenta-
tion, elechtrical and other direct charges. This rate is in agreement with
current charges for this type of construction and estimate. Architect
epgineering and inspection fees were taken as 15% of all charges including
construction overhead. This fee may be as large as 20% for scme designs;
however, for this plant the lower 15% velue was used because of consideras

hle repetition in the design of a large mamber of process vessels.



BUILDING COSTS FOR TWO FLUQRIDE VOLATILITY PLANTS FOR

ON-SITE PROCESSING OF MOLTEN SALT CONVERTER REACTOR FUEL

{values in Dollers)

1.2 Pt2/pey Plant 12 7t7/Day Plant
Meterisal Labor Total Material Labor Tctal
Processing Cells
Excavation and baek £ill 137,300 63,810 201,110 187,420 87,100 27k,520
Concrete, forms, reinforcing, ste. 380,000 570,000 950,000 568,200 852,300 1,420,500
Structurel steel and miscellanecus metal 2k6, 720 209,880 456,500 369,500 315,800 685,300
Crane area roofing 52,200 60,900 113,100 75,500 88,200 163,800
Doors, painting, crene vay doors, etc. 391,050 163,050 554,100 397,100 169,100 556,200
Services 213,950 138,680 352,630 329,700 207,580 537,280
Building movable equipment 852,500 249,250 1,101,750 862,500  25%,250 1,115,750
Viewing windows k0,000 2,000 h2,000 40,000 2,000 42 000
Sub total 2,313,720 1,457,570 3,771,290 2,830,020 1,975,330 4,805,350
Interim Waste Storage
BExcavaetion and back Fill 13,940 6,510 20,450 54,800 25,590 80, 390
Concrete, forms, reinforcing, ete. 61,200 91,800 153,000 20%,800 307,200 512,000
Structural steel snd miscellanecus metal 71,500 68,720 1h0,220 245,006 243,700 488,700
Crane area roofing 9,500 11,200 20,800 ks, 200 53,900 100,100
Painting 5,430 5,430 10,860 24,010 24,010 48,020
Services 109,100 37,310 k6,410 35%,300 161,100 s1h, 400
Building moveble equipment 220,000 28,000 248,000 225,000 30,000 255,000
Sub total 490,770 248,970 739,740 1,153,110 845,500 1,998,410
Operations and Isboratories
Excavation end back fill 50,330 23,600 75,930 6k, 240 30,270 9k, 510
Concrete, forms, reinforcing, ete. 62,800 87,400 150,200 76,500 106,100 182,500
Structural steel end miscellaneous metal 129,130 29,910 159,040 172,630 38,910 211,540
Roofing 5,870 2,920 8,790 7,530 3,750 11,28
Superstructure 34,530 14,970 49,500 g2,h00 22,520 85,40

Miscelleneous structurel material 17,980 18,750 36,730 27,110 29,390 56,50C

LS



Services

Misceilaneous equivpment
Sub total

Qutside Utilities

Water, electricity, drains, etc.

Lané_Improvements

Grading, roeds, sidewalks, etc.

Total

TABLE 5.

2 - contd

1.2 Ft5/Day Plant

Material labor Total
238,510 178,510 437,020
272,800 34,900 307,700
811,950 390,960 1,202,910

80,500 29,500 110,000

89,600 28,600 118,200

3,786,51@ 2:155;600 5,91‘2,1.%

12 Feo /Day Plant

Material Labor

Total

315,270 243,350
292,800 40,900

1,018,470 515,590

252,000 36,000

100,540 36,500
5,354,180 3,408,920

558,620
333,700

1,534,060

268,000

157,040

&,763,060

ol8



Total capital cost data for the two plants are given in Table 5.3%.

Table 5.3, Summary of Capital Cost Estimate for Two,

Fluoride Volatility Processing Plants

On-Site

l"‘a‘) -
Process cells £ 3,771,300
Interim wvaste storage 759,700
Cperations avea and laboratories 1,202,900
Outside utilities 110,000
Land improvements 118,200
Process equipment TO6,000
Process piping 450,000
FProcess instrumentation 300,000
Process electrical connections 50,000
Sampling connections 10,000
Total installed equipment and
building cost 7,458,100
Ceneral construction overhead (224 of
total installed equipment and build.
ing cost) 1,640,800
Total construction cost 9,098,900
chiteet engineering and inspection
35% of total construction cost) 1,364,800
Subtotal project cost 10,463,700
wu@TEHGEﬂCy (20% of subtotal project
ost) 2,092,300

Tetal project cost $12,556,000

500, 000
80,000

25,000

1(5’ OF ;/} ‘{'Cs

2,798,900




6.0 OPERATING COST ESTIMATE

Direct operating costs were calculated for both plants to cover man-
power requirements, chemical consumption, utilities, and maintenance ma-
terials. Current data on labor and materials costs were used in making

the estimates.

6.1 Operating Manpower
Operating manpower reguirements for the 1.2 and 12 ftB/day plants

are estimated in Table 6.1,

6.2 Sumary of Direct Operating Costs

Direct operating costs and the bases upon which they were computed
are given in Table 6.2, lLabor costs were obtained from Table 6.1 but are
presented in a slightly different manner to exhibit the charges associated
with the major classifications of operations, laboratory, maintenance and
supervision. The largest single direct costs are labor and maintenance
materials. There is no direct way to calculate yearly costs for main-
tenance waterials; these charges must be estimated as certain percentages
(%/year) of the corresponding capital investment. The rates that have
been used are average rates which have been observed to apply to a large

number of chemical reprocessing operations.
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OPERATING MANPOWER ESTIMATES O TWQ, ON-SITE

FLUORIDE VOLATILITY PLANTS

e 5 - _ A :
1.2 P’ 3a1%/Dav 12 P4 Salt/Day
Coad Cost
Vo,  {g/year) No.  (&/vear)
Management
Mansger 1 1 183,000
Assistant manager 1 1 15,000
Secretary 2 2 {
* =
) ha'd
Production
Superintendent 1 1 12,000
Shift supervisor 4 B0, GO 4 30,000
Operator 8 Ik 000 12 66,000
Helper 8 e 12 60,000
Secretary 1 2 9,600
22 3L 477,000

Maintenance

Superintendent 1 L0, D0 1 10,000
Mechanical engineer 1 3,000 2 16,000
Machanic 8 %5, 500 12 65,600
Machinist 2 ; 18,000
Instrument man G TR

Clexrk i I, B0

Storeroom keeper

PO = DA N

1 3
=20 29 175,050

Laboratory

Superviscr 1 5,000 1 8,000
Chemist Y 6 39,000
Technlcian 8 10 52,000
Helper A& 6 28,800

o
fe

157?8@5

Health Physics

Supervisor 1 1 8,000
Monitor b 4 20,800
Clerk 1 1 k000
Resords keeper 1 L 5,600

7 7 36,500




Accountability

Engineer
Clerk

Engineering

Mechanical engineer
Chemical engineer
Draftsman
Secretary

General Office

Manager
Accountant
Payroll clerk
Purchasing agent
Secretary

Miscellaneous

Guard

Fireman
Receptionist
Laundry worker
Nurse

Janitor

Total
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TABLE 6.1 - contd

1.2 Fto Selt/Day

Cost

No. (@/year)

7,000
L, 000
11,600

nf

8,000
27,000
10,600

4,500
50, 100

~jH oW

5,000
4,800
8,000
4,800
8,000

30,600

OO e

32,000
16,000
4,000
7,200
4,800
7,200
71,500
104 631,000

EQN)P‘NEJ s

12 Ft° salt/Day
Cost
No. (#/year)

7,000
4,000
11,000

POl

16,000
36,000
15,900

L, 500

700

O\ =10

g

5,000
1,800
8,000
4,800
8,000

30, 600

0

32,000
16,000
4 00C
10,800
4,800
10,800

78,500

155 750,250

o
cﬂx»rdxxya;raa
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TABLE 6.2

SUMMARY OF DIRECT OPERATING (OSTS FOR TWO, ON-SITE

FLUORIDE VOLATILITY PLANTS

Chemical Consumption

Fluorine (at $2.00/1b)
Kol (at $#0.10/1b)
Hydrogen (at g2.00/1b)
NaF {at #0.15/1b)
Nitrogen (at $0.05/1t7)
Tnert gases (guess)

iF (at $0.20/1b)
Graphite (at #0.15/1b)
Miscellaneous

Utilities
Electricity (et $0.01/uw ur)
Wster (at £0.015/1000 gal)
Heating (based on steam at $0,25/1000 1bs)

Iabor

Operating (from Table 6.1)
Laboratory (from Teble 6.1)
Maintenance (from Teble 6.1)
Supervision (from Table 6.1)
Overhead (at 20% of above)

Maintenance Materials

site (guess) }
Cell structures and buildings (at 2%/yr of capital cost)®
Services and utilities (at 4h/yr of capital cost)

Process equipment (at 15%/yr of capital cost)

Total Direct Qperating Cost

aBuilding services excluded

E 1t/Da,
8/yeer)

1.2 F&

4,800
1,600
180

60

750
200
TO0

50
2,000
10,350

28,000
2,1%0
4,800

25,930

357,300
82,800
109,900
81,000
126,200
757,200

10,000
94,900
36,600
158,600
300,100

1,102,600

b . . : N .
Includes process equipment, process instrumentation and sampling connections

12 72 3alt/Day

(8/year)

48,000
8,500
1,800

190
2,200
500
55300
460

%, 000
&8,950

174,000
I, %00
7,200

185,500

386, 450
119,800
16%,000
81,000
150,050
560, 300

10,000
134,500
6h, 400
876,900
1,085,300
2,240,600
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7.0 CAPITAL cos'Br ESTIMATE OF MODIFIED
1.2 FT°/DAY PLANT

T.1 Modifications

In examining the large amount of process egquipment and cell space
required for Pa-233 decay storage, it becomes questionable if there is an
economic advantage in recovering the protactinium. Accordingly the 1.2
ft3/day plant was redesigned to remove Pa-233 decay storage and assoclated
equipment, and relocate the interim waste storage cell area t0 a more eco-
nomic location, the process building was thus reduced in size. These
changes brought about corresponding savings in process electrical, in-
strumentation and piping charges. In the modified plant the process
operations now consist of seven principal steps:

1. Prefluorination holdup (4.5 days average)

2. Fluorination

3. Absorption ~degcrption of UF6

L UF¢ collection on cold traps

5. Reduction UFB - UF#
6. Fuel make-up
{

T. Waste storage

Eliminated from the operations were Pa-233 decay storage and a second
fluorination as well as two transfers of molten salt.

Only the 1.2 ftB/day plant was considered in making the revised
cost estimate. The initial estimate discussed in Section %.0 indicated
that the large fluoride volatility plant (12 ft3/day) was not economic
for processing only a 1000 Mwe reactor system, but rather would find its
utility in a large, central processing location. It was beyond the scope
of this study to include cost estimates of centrally located processing
plants.

In making the revised estimate it was not deemed necessary Lo re-
design the process bullding. A revised building cost estimate was pre-~
pared from marked up drawings showling the areas that would not be needed.
Likewise no new process eguipment and layout drawings were prepared for
the revised process equipment estimate. In this regard the drawings in

the Appendix are not representative of the modified plant.
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T.2 Process Equipment

A study of the modified process indicated that the items listed in
Table 7.1 would not be needed. The savings resulting therefrom were cal-
culated by using the initial process equipment estimate of Table 5.1.

A saving of $183,700 is indicated for the modified systen.

7.3 Waste Storage

In the design bases of Section 2.2 an interim waste storage period
of 1000 days after the second flucrination was chosen. This amounted to
a total holdup of about 1138 days for the processed salt before it was
shipped to permanent waste storage. The 1000-day figure was an arbitrary
choice; the proper interim waste holdup should result from an economic com-
parison of the on~site storage cost versus the permanent site gtorage cost
using the age of the waste after reactor discharge as the independent var-
iable. For the modified plant study, the data of Perona and Bradshaw15’16
on waste storage costs in salt mines were used to determine the optimum
on-site storage period; on-site storage for 1100 days appeared to give the
most economic total storage cost (Fig. 7.1).

The required mine storage area is a fupnction of the decay heat re~
lease of fission products, and hence is inversely related to the age of
the waste. On the other hand, on-site building and process equipment
costs increase with on-site waste holdup. For this optimization, building
and equipment costs were estimated for four interim storage times, and the
required cost of salt mine permanent storage space was estimated for the
corresponding periods. Salt mine space was charged at a rate of $500,000
per acre for each first year of use. This charge includes development
of the mine site, mining the salt, hot cell facilitles on the surface and
in the mine for handling the waste containers, motorized shielded carrier
and drilling eguipment in the mine.

It is estimated that the optimized building cost should be about
$570g500u This value includes savings resulting from a relocation of the
waste storage area from the position shown on drawing E-46079 in the Ap-
pendix to a new position at the end of the process canyon. In the new
location the waste area can be served by the canyon crane thereby elimi-

nating a second crane for use in the interim waste storage area.
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Table 7.l. Capital Cost of Process Equipment for 1.2 Ft3/Day
On-38ite, Fluoride Volatility Processing Plant. Values
of Table 5.1 Revised to Exclude Pa-233 Storage
and Assoclated Equipment

Equipment Removeq NG . $
Pa decay storage tanks and thimbles 2 66,000
Hesters 2k 100,800
Fluorinator 1 6,000
Furnace 1 4,000
Waste storage tanks 3 2,800
Waste storage thimbles 3 4,100
183,700
Process equipment cost for plant with
Pa-233 decay storage 706,000
Less removed equipment 183,700
Process eguipment cost with no 522,300

Pa~-233 decay storage

7.4 Process Building

The revised cost estimate for the process building reflecting the
removal of Pa-233 decay storage space is given in Table 7.2. The costs
are classified according to the major divisions of processing cells, in-
terim waste storage, operations and laboratories, outside utilities and
land improvements. These costs reflect an allowance for facilities that

are shared with the reactor station.

7.5 Total Plant Cost

A summary of the total plant costs is given in Table 7.3. There
were insignificant changes in the accounts of land improvements, outside
utilities and sampling connections in the modified plant, so these ac-
counts retain the same charges as in the initial part of this study.
Process piping and process instrumentation charges were appreciably re-
duced reflecting the remcval of a number of items cof process eguipment.

Application of the sawe construction overhead, architect engineering
and contingency fTees as in the initial part of this study obtains a total
plant cost of $10,188,000.
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Fig. 7.1 Determination of Minimum Total Cost for Handling 1.2 ft3/day
Waste Salt from a Fluoride Volatility Plant and Optimum Storage Time at
Processing Plant Before Shipping to Salt Mine.
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Table 7.2. Building Costs for a 1.2 ft3/Day Fluoride Volatility, On-Site Processing Plant.
Values of Table 5.2 Revised to Exclude Pa-233 Decay Storage Space

(Values in Dollars)

Material Iabor Total
Processing Cells
Excavation and back fill 101,570 47,200 th,T?O
Concrete, forms, reinforecing, ete. 288,000 432,000 720,000
Structural steel and miscellaneous metal 166, 500 133,700 300,200
Crane area roofing 38,400 1,800 83,200
Doors, painting, crane bay doors, ete. 384,490 156,490 540,930
Services 168,380 111,250 279,630
Building movable equipment 852,500 249,250 1,101,750
Viewing windows Lo,000 2,000 42,000
Sub total 2,039,840 1,176,690 3,216,530
Interim Waste Storsge
Bxcavation and back £ill 13,800 6,400 20,200
Concrete, forms, reinforcing, ete. 55,000 82,000 137,000
Structural steel and miscellaneous metal 95,600 91,800 187,400
Crane area voofing 9,600 11,200 20,800
Painting 5, 500 5,500 11,000
Services 115,000 39,100 154,100
Building wmovable equipment 30,000 10,000 40,000
Sub total 32k, 500 246,000 570, 500
Operations and Laboratories
Excavation and back fill 50,330 23,600 73,930
Concrete, forms, reinforeing, ete. 62,800 87,k00 150,200
Structural steel and miscellaneous metal 129,130 29,910 159,01}0
Roofing 5,870 2,920 8,790
Superstructure 3k, 530 14,970 kg, 500
Miscellaneous structural material 17,980 18,750 36,730
Services 238,510 178,510 417,020
Miscellaneous equipment 272,800 35,900 308,700
Sub total 811,950 391,560 1,203,910
Outside Utilities
Water, electricity, drains, etc. 80,700 29,700 110,400
land Taprovements
Grading, roads, sidewalks, etc. 73,000 45,200 118,200

Total (rounded) 3,399,000 1,821,000 5,220,000



69

Table 7.3. Summary of Capital Cost Estimate for a 1.2 ft3/day

On-Site, Fluoride Volatility Plant.

Irradiation = 70,000 Mwd/tonne Th

Process cells

Interim waste storage
Operatiouns area and laboratories
Outside utilities

Land improvements

Process equipment

Process piping

Process instrumentation
Process electrical connections
Sampling connections

Total installed equipment and

building cost (rounded)

General construction overhead (22% of total
installed equipment and building cost)

Total construction cost

Architect engineering and inspection
(15% of total comstruction cost)

Subtotal project cost
Contingency (20% of subtotal project cost)

Total project cost

Values of Table 5.3
Revised to Exclude Cost of Retaining Waste Salt
for Pa-233 Decay

Cost ($)

3,216,530
570,200
1,203,910
110,400
118,200
522,300
180,000
100,000
20,000

10,000

6,052,000

1,331,000
7,383,000

1,107,000
8,490,000
1,698,000
10,188,000
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7.6 Economic Advantage

The economic advantage of eliminating Pa-~233 decay storage facilities
from the 1.2 ftS/day fluoride volatility plant can be found by comparing
the savings in capital cost with the value of protactinium that is dis-
carded as waste. Subtracting the total plant cost of Table 7.3 from that
of Table 5.3, there cbtains

$12,556,000 - 10,188,000 = $2,368,000,

the estimated savings in capital investment. If this amount is amortized
at 14 .46%/year, which is the charge applied to the capital investment, en

annual gross economic advantage of

$2,368,000 x 0.1446 = $342,400 per year

is realized. There would be some savings on operating cost which should
be added to this number; this seving was not estimated and is probably
not a very significant amount because it does not cost muach to operate
a dead storage area.
The process flowsheet (Fig. 3.1) shows that there are 4.6 g Pam233/day
entering the fluorinator. Valuing this material at $12/g for 292 days op~-

eration per year, there cobtains

54,6 x 292 x 12 = $191,300/year

lost by discarding protactinium.
The net economic advantage from eliminating Pa-233 decay storage from
the 1.2 ft3/day fluoride volatility plant is about $151,100 per year.
Although it was not considered in this study, there might be some
economic advantage to a nominal increase 1in prefluorination holdup to
allow more Pa-233 to decay. The value of the increased U-233 yield would
bave to be weighed against the additional process eguipment and inventory

charges for the longer storage.
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APPENDIX
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