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1.0 ABSIRACT

A recent criticality study has indicated that the Thorex
Pilot Plant is critically safe for the processing of thorium
irradiated to less than 10,000 grams of U-233 per ton. As the
size of equipment exceeds the geometrically safe size and the
total uranium inventory exceeds the minimum critical mass, minor
equipment modifications and changes 1n operational procedures
were necessary to provide safety under adverse operating condi-
tions.

2,0 INTRODUCTION

The objectives of this criticality study were to determine ‘the limitf‘
ing U-233 concentration in each piece of process equipment in the Thorex
lfilot Piaﬁf,uééméuggest operating procedures that would ensure that these
limits not be exceeded; and to determine what equlpment medifications
were required to saféguard sgainst criticality. The change to a co-decon-
tamination flowsheet (Figs. 5.2-5.10) by the Thorex Pilot Plant made the
study necessary. Plant modifications increased the size of some equip-
ment, and the chemisﬁry of the co~decontamination flowsheet increased the
maximm possible uranium concentration in some of the process streams.

The U-233 cancentratian in the feéd solution will aiso be increased when

longer-irradiated thorium slugs are processed.

The resulhs presented in this report are based on calculaticns in
which the product afkthe resonance absorption and the fast fission effect
was assumed to be unity. A comparison of calculated resulis with experi-
mental data indicates that the calculated results are conservative in the
range of U-233 concewtrations dealt with in this report. An irradiation
level of 10,000 g of U-233 per ton of thorilum®* was chosen as a bagis for
evaluation, as this is a factor of 2 gregter than any irrediation expected
in the present program. The choiee of this value does not preclude the
processing of more highly’irradiated material in the Thorex or similar
plants, but the present criticeliity study should be extended before the
more highly irrvediabed material is processed.

*The asbbreviation "g/t" is used throughout this report to mean "grams of
U-233 per ton of thorium."
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Critical safety was designed into the equipment of the uranium isola~-
tion system, the third uranium cycle, and the uranium storage facility by
limiting the size and capacity of the equipment. There are, however, con-
rections between these systems and the large process equipment which present
potential hazards. To eliminate these hazards, a lock-out system was pro-
vided on the exit streams from all geometrically safe equipment to impede
the transfer of concentrated uranium solution to nongeometrically safe

equipnment.,

The limiting concentrations in the other process equipment cannot be
reached except by the direct addition of uranium to the equipment. The
uranium concentration in the pulse columns could build up to 18 g/liter
if the column was operated with a reduced strip rate for 12 to 24 hr. This
concentration would be reduced to a safe level by dilution when the solu-
tions were forced out into larger squipment. This uranium buildup should

be prevented by periodic checks on flow rates.

A thorough criticality study should be included in plans for modifi-
cations of the existing plant or the design of other installations.

3.0 CRITICAL CONCENTRATIONS OF U-233 IN THOREX PROCESS BQUIPMENT

3.1 Large Process Tanks

The uranium* concentration in the large process tanks (Table 3,1)
should be limited to 10 g/liter to ensure safety from a criticality in-
cident. This concentration is limiting for uranium in both agueous and
organic (43.5% TBP in Amsco) solutions, as the hydrogen concentration is
approximately the same for both. The allowable ursnium concentration
would be increased slightly by the presence of compounds other than ura-
nyl nitrate in the solution or for smaller diameter tanks. These effects
were neglected in establishing the limiting concentrations, since the
composition of solution in the process tanks is often unknown and solu-

tion may be transferred from one tank to another of different diameters.

¥This study deals entirely with the processing of U-233; therefore, all
reference to wranium should be taken to mean U-233.



Table 3.1.

Dismeter and Normal Solution Concentratbion for Large Thorex Process Tanks

Pank Normal Operating Concentrations
Diameter;: Type of | Th, U-2332, Al, gt, P
Tank in. Solution| g/liter | g/liter M N Others

Dissolver, S-1 Sh | Aqueous | 230 2.5 0.4 6
Peed adjustment, S-2 48 | Aqueous 350 3.84% | 0.6 0.4
1A-colum feed, S-k 36 E Aquesus 350 3.8k 0.6 -0k
Recycle scid, S-5 2k § Agueous §< 0.1 < 0.1 13
Lean acid, 5-12 36 | Aqueous < 0.1 < 0.1 0.5
1A-column waste, N-2 36 | Agqueous | 0.2 < 0.1 0.5 0.k
1lA-column waste, N5 18 % Agueous 0.2 < 0.1 0.5 -0k
Rework, N-T 2k . Varies Varies = Varies®| Varies Varies
Rework, N-8 2h i'Varie& Varies Variesd Varies Varies
Miscellaneous waste, N-16 2h | Varies Varies varies® | Varies Varies
1AW decay, N-22 60 Aqueous | 0.2 Varies® | 0.5 -0k
Conecentrated thorium, P-3 36 | Agueous | 450 < 0.1 1.6
Concentrated thorium, P-4 36 E Agueous | U50 < 0.1 1.6
Evaporator condensate, P-6 60 E Agqueous < 0.1 < 0.1 0.03

8, Uranium concentrations based on 10,000 g of U-233 per ton of thorium in feed.
b. Minus sign indicates acid deficiency,
¢. During boildown, uranium concentratlon may be as high as 10 g/liter in S-2.

d. Uranium concentration mey vary becauss recycle maberial from all parts of the plsut
may be added to these tanks.

e, This tank is used for the storage of 1AWC for proteactiniuwm decay. Thus the uran-

ium concentration builds up with time. The maximun value would depend on the decay time
sf the feed material bubt cannot exceed 1.7 g/liter.



Table 3.1. (Cont'd)
Tank Normsl Operating Concintrations -
Diameter,| Type of Th, G-2338, Al, g,
Tank in. Solution| g/liter g/liter M N Others

Thorium product storage, P-16 66 Agueous 450 < 0.1 1.6
Thorium product storage, P-17 66 Agueous L50 < 0.1 1.6
Thorium product storage, P-18 66 Agueous 450 < 0.1 1.6
Thorium product storage, P-20 - Acueous 450 < 0.1 1.6
Thorium product storage, P-21 - Aqueous 450 < 0.1 1.6
Thorium product storage, P-22 - Agueous 450 < 0.1 1.6
Thorium product storage, P-230 120 Aqueous 450 < 0.1 1.6
Thorium product storage, P-24 120 Lqueous k50 < 0.1 1.6
2A-column feed, P-51 o4 Agueous 350 3.84 0.6 0.4 j
1C-column waste, P-69 Lo Organic < 0.1 < 0,1 %42.5% TBP in Amsco
2A-column waste, P-TO 4p Agueous 0.3 < 0.1 0.5 0.k |
2C-column product, R-2 36 Agueous < 0.1 2.9 0.05
Isolation feed, R-3 36 Agueous < 0.1 2.9 0.C5
Isolation waste, R-9 36 Aqueous < 0.1 < 0.1 0.05 |
Used solvent, T-4 60 Organic < 0.1 < 0.1 k 42,5% TBP in Amsco
Clean soivent, T-5 54 Organic < 0.1 < 0.1 42.5% TBP in Amsco
Waste carbonate, T-10 30 Aqueous | < 0.1 | <0.1 0.1 M NaCO

3
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3.2 Thorium Product Evaporators
The evaporators for concentrating thorium solution include the inter-

cycle evaporator (P-2~~P-7 loop) and the product evaporator (P-62-—P-67

loop). The uranium concentration in these two pieces of equipment should
be limited to 10 g/liter because of the size of P~2 and P-62 and the size
of the tanks to which the concentrated solubion is transferred. The présw
ence of thorium in the evaporators has been neglected in establishing the
lO-g/liter limit since the evaporators could be used to concentrate solu-

tion containing little or no thorium.

3.3 Pulse Colums

The maximum allowable uranium concentration in the pulse columms is

fixed by the size of the disengaging sections at the top and bottom of
the colums. These large end secticons limit all the columns to a uran-
ium concentration of 15 g/liter, k

3.4 Surge Tanks and Standpipes ~

1A-Column Accummlator, The lA-colum accumulator (N-23) is an 18-in.-
dia. tank, 33 in. high. The uraniom concentration should be limited to
15 g/liter in a tank of this size to ensure safety from e criticality in-

cident.

1AP Standpipe and Surge Tank. The 1AP standpipe (P-il-A) consists
of a length of 2-in.~dis pipe, and is critically safe at any uranium con-
centration., The 1AP stream overflows from P-11-A %o the 1AP surge htank
(R-11), which is made up of a 15-ft section of 2-in.-dia pipe with an
enlarged section 23 in., dia and 48 in. high. %The ursnium concenftration
in R-11 is limited to 10 g/liter by the enlarged section.

2AP Standpipe. The ZAF standpipe (P-11) consists of a length of

. Pein.~dia pipe and is critically safe at any uranium concentration,
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2BU Standpipe. The 2BU standpipe {P-59) is made up of a section of
2~-in.-dia pipe with an enlarged sectlon 10 in, dla and 10 £t long. The

maximum safe uranium concentration in the enlarged section is 25 g/liter.

3.5 Uranium Isolation and Third Cycle Equipment

The uranium isolation system and the third uranium cycle were designed

to be critically safe by limiting the size and capacity of the equipment.
This equipment was designed to operate at uwranium concentrations up to
350 g/liter, and as long as it is operated correctly, no criticality
problems exist.

4,0 OPERATING PROCEDURES USED
TO ENSURE SAFETY FROM CRITICALITY INCIDENTS

4,1 large Process Tanks

The possibility of concentrating uranium solution in the lerge pro-

cess tanks has been eliminatbted by disconnecting the steam supply to the
Jackets of all tanks that could conbain uraniuvm at a ursnium-to-thoriumn
ratio greater than 5,000 g/t. The steam reciveulation jets (normally
used for decontaminstion) have been disconnected from all tanks except
two. These two tanks, a waste cateh tank (N-8) and the wranium isolation
feed tank (R-3}, require heating for normsl operation. By the use of

the recirculation jets, the solution in these two tanks can be heated

but not reduced in volume,

Feed Preparation System. Ineiuded in the feed preparation sysbem
are the dissolver (S-1), the feed adjustment tank (S-2), the scid frac-
tionator (5-9), catch tanks for lean and recycle acid (S-12 and §-5), and
the first and second cycle feed tavks (S~ and P-51). The normal oper-

ationg concentrabtions for this system are listed in Table 3.l. Based on

irradiations to 10,000 g/, the maximum uranium concentration in the
feed adjustment system under normal operation is 10 g/liter in the feed

adjustment bank prior to dilution. The presence of & high concentra-
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tion of thorium in the feed solution provides sufficient safety in the

feed adjustment step.

In adding recycle material to one of the tanks of the feed prepara-~
tion system, the concentratlion of the solution should be less than 10
g/liter. If it is necessary to add more concentrated uranium solution
to a tank, sufficient volume should ve provided in the tank prior to the
addition to give a final uranium concentration of less than 10 g/liter.
Also, not more than 300 g of uranium should be added at a time, allowing
time between additions for the previous batzh to become thoroughly mixed
with the solution in the tank,

If 8-2 is used for reducing the volume of recycle material, the
amount of uvranium in S-2 should be closely controlled to prevent the
uranimm-to-thorium ratic from exceeding 10,000 g/t. A material balance
is kept around S-2 and the uranium-to-thorium ratio has been limited to
5,000 g/t, thus allowing & safety factor to allow for incorrect sample
results or errors in keeping the inventory.: ‘

1A- and 2A-Column Waste Catch Tanks. With irradiation to less then
10,000 g/t the combined uranium and protactinium concentration in the lA
or 2A-column waste could not exceed the 10-g/liter limit. The catch tanks
for A-column wastes (N~-2, N-5, and P-70) therefore do not present a crit-

icality problem. If the lA-column wasbe from processing of short-decayed
thorium is to be stored in the 1AW storage tank (N§-22) for protactinium
decay, evaporation should be controlled to prevent the combined uranium
and protactinium concentrations from exceeding 10 g/liter.’

Rework Tanks. The waste header from the uranium isolation system

drains to one of the rework tanks (N-7). Concentrated uranium solution
could get into this header from the samplers on the uranium product tank
and the uranium product flowing stream, which drain to the waste header,
and from the resin column, which could accidentally be eluted to the
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waste tank (L-24) from which solution could be transferred to the waste
header. To eliminate these potential hazsrds, the isolatlon waste header
will be rerouted to the waste catch tank of the third uranium cycle,
which is a geometrically safe tank. To provide safety until the waste
header can be rerouted, the product samplers have been welded closed and
a lock-out system has been installed on the drain valves from L-2%, A
high-level alarm is being depended on to prevent the overflow of I-2k

until the waste header is rerouted,

Before solution is added, particularly from the isolation system,
to the rework tanks, N-7, N-8 or N-16, the uranium concentration should
be known tc be less than 10 g/liter. If it is necessary to add more con-
centrated solution to.the rework tanks, sufficient volume should be pro-
vided prior to the.addition: to give a final concentration of less than
10 g/liter. The uranium should be added in batches of less than 300 g

with agitation between additions.

Thorium Product Storage Tenks. Ten tanks, ranging in diameter from
36 to 120 in., are used to stofe the concentrated thorium nitrate product
from the Thorex process. Included in. this group are P-3 and P-l, P-16
through P-18, and P-20 through P-24. No criticality problem exists as

long as these tanks are used -for storage of thorium product.

Uranium Product Catch Tanks. Under normal operating conditicns with

feed irradiated to 10,000 g/t, the uranium concentration in the uranium
product catch tanks (R-2 and R-3) will not exceed 3 g/liter. If the 1C-
or 2C-column is operated for long periods of time with a reduced strip
solution flow rate, it is possible:to build up the uranium concentration
in the column to 18 g/liter. When conditions are restored to normal,

this uranium would be stripped out and go to R-2. The concentration would
be reduced below 10 g/liter by holdup in the enlarged section of the
column and connecting lines between. the 2C-column and R-2. The only
possibility of exceeding the limiting concentration in R-2 or R-3 is by

direct addition of uranium to these tanks.
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Solvent System Catch Tanks. The solvent system catch tanks include
the 2CW catch tank (P-69), the 1CW catch tank (T-4), the recovered solvent
catch tank (T-5), and the waste carbonate catch tank (T-10). As discussed
previously, it is possible to build up a uranium concentration of 18 g/liter
in the 1C~ or 2C-column and then displace this material into the 1CW or
2CW catch tenks. Sufficient dilution is provided by solution in the en-

larged sections of the columns to reduce the uranium concentration below
10 g/liter. Tank T-5 catches the recovered solvent from the T-columm and
is essentially free from uranium. Under no conditions could it exceed

10 g/liter. The carbonate strip rate to the T-colwm is one-tenth of that
of the organic, giving a concentration factor of 10 in the carbonate waste
stream. In order o limit the uranium in T-10 to 10 g/liter, the concen-
tration in T-4 must be below 1 g/liter. A sampling schedule has been set
up for T-10 and T-4 to prevent the buildup of uranium in the solvent re-
covery system. If sample results show a concentration greater than 1
g/liter in T-10 or 0.1 g/liter in T-U, the solvent recovery system is

shut down and the source of the uranium debermined and elimiﬁated, To
prevent the accumuiation of uranium in a 100-liter agueous heel in T-k,

a l-gal/hr water purge has been installed to T-4.

Evaporator Condensate Catch Tank. The condensate cateh tank for

the interstege and the thorium product evaporators does not present any
criticality problsm, as in no process stream entering this tank cen the
uranium concentration of 10 g/liter be approached,

Isolation System Effiuent Catch Tank. Under normal operating condi-
tions, the uranium concentration in the isolation system effluent ecgtch
tank (R-9) cannot approach the 10~g/liter limit. Certain operational
errors, however, could cause the elution of & loaded resin colum to R-9.

One of the resin columns would be eluted to R-9 if eluant was pumped to
a loaded column and then the valving was changed for loading the column
from the isclaition feed tank (R-3). The eluant, containing as much as
1500 g of uranium at 250 g/literg would be pushed out of the column to
R-9. A similar situation would result from recycling solution contami-
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nated with eluent from R-9 to R-3 and pumping this solution through a
partially loaded column. A lock-out system has been instzlled on the
isclation eguipment that will impede the dirvect elution of & resin col~
umn to R-9 or the contamination of R-9 with eluant. Two locks will be
used on each of the resin columns, one to lock either the valve from the
eluant pump to the column or the valve from the column to R-9, and the
other to lock the valve from R-3 to the resin column. During sn slubion,
the valves from R-3 to the column and from the column to R-2 will be
locked closed. For loading, the valve from the eluant pump to the col-
umn will be locked closed. The key to the lock system will be assigned

to the chief of operations.

L.2 Thorium Product Evaporators

Under normal operating conditions the thorium evaporators present
no criticality problem. The solution in the second-cyele thorium-pro-
duct evaporator (P-62--P-67) does not contain uranium in spprecisble
concentrations. The intercycie evaporetor (P-2--P-T) concentrates the
Tirst-cycle product solution, and the concentrate has a thorium/urarium
ratio essentially the same as in the feed adjustment step. Thus, the
uranium concentration will not reach the lOug/liter limit for 10,000~
g/t material.

If the evaporators are to be used for purposes other than concer~
trating thorium solution, such as reducing the volume of recycle maber-
ial, the total mass of uranium in the system should be known and the volume
maintained sufficiently large to prevent the lO»g/liter Yimit from being

exceeded.

k.3 Pulse Columns

Under normal operating conditions the uranium concentration in the

oulse columms will not approack the lSwg/liter limit., With a reduced
strip solution flow rate, however, it is possible to build up the uran-
ium concentration as high as 18 g/liter in the strip columns. Similar,

but less serious conditions, could exisl in the extraction and partition-
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ing columns. To prevent this, flow rates to the columms should be checked
regularly and sny devigtion from run conditions corrected. if a strip rate
is found to be considerably below run conditions, it should not be increased
to run conditions in one jump bub in a nuwber of small steps. The time re-
guired to build up a minimm critical mass in one of the columns is greater
than 10 hr, during which time the flow rates in the column would have 1o
be congidersbly below normal. The possibility of such a condition exist~
ing undetected for more than 2 or 3 hr is very smeil, In order to build
up an 18-5/ liter concentration in the columms, the uranium concentration
in the enlarged end sections of the columng is less than the eguilibrium
concentration of 1 g/ liter. When conditions are changed, causing the
uranium to move into the enlarged end sections, some dilution will take
place. ' ‘

L.k Surge Tanks
1A-Columm Accumulator. Under normal operating conditions, the 1A-

column accumuwlator (N-23) does not conbain uranium. The only way ursnium
could get into N-23 would be by backing up from lA-column as a result of

a rupture in the pulse transmission line. Therefore the maximum concen-
tration thet could reach N-23 would be less than the meximum concentration
that could back up from lA-columm. Since this maximm is less than the
15-g/liter limit, N-23 is safe from criticality incidents.

1AP Standpipe and Surge Tank. Becsuse the 1AP standpipe (P-11-A)
is geometrically safe, no criticality problem exists with this piece of

equipment.

The equilibrium vranium concentration of the 1AP stream is 0.8 g/
liter for thorium irradisted to 10,000 g/ t. This is well below the
limiting value of 10 g/liter. It is conceivable that the uranium concen-
tration in the lA-column could build up to 18 g/liter under improper
operating conditions. If this wranium was then stripped into the organ-
ic phase, the holdup in the enlarged section of the lA-columm and P~1l-A
is large enough to dilute the 18-g/liter solution to less than the 10-
g/liter limit.
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2AP Standpipe.
The 2AP standpipe (P-11) is geometrically safe and does not present
any criticality problem.

2BU Standpipe. The limiting uranium concentration of 25 g/liter in
the 2BU standpipe (P-59) is greater than the maximum attainable uranium

concentration in 2B-column; therefore no criticality problem exists.

4,5 Uranium Isolation System

The equipment in the uranium isolation system is geometrically safe,
but there are connections between this system and the large process equip-
ment which jeopardize the safety of the system. All connections between
the isolation system and the larger equipment that were not necessary
have been eliminated and a lock-out system (previously described) has
been installed on the remaining comnections to impede the transfer of

concentrated uranium solution to the large equipment.

k,6 Third Uranium Cycle and Uranium Storage

The equipment of the third uranium cycle and the uranium storage
facility 1s designed to be geometrically safe, but there are connections
with the waste tank farm and & solvent recovery system which present
potential hazards., A lock-out system, similar to that installed in the
uranium isolation system, has been installed on all process streams ‘that
leave the third uranlum cycle and the uranium storage facility. A total
of six locks will be required to provide safety. The key to the lock-

out system will be the responsibility of supervisors.
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5.0 APPENDIX

5.1 Development of Model

To apply theoretical calculations to the eguipment of the Thorex

Pilot Plant, variocus assumptbions were made. The assumptions made for

these calculations were conservative for the uranium concentrations
dealt with in this repuort. '

Calculations were based on the combined slowing down and diffusion

model. The general critical eguation is given by

where k

L

th

th
g

k :‘vathfgﬁhPNL

the reactivity, which is equal to unity for
criticality

the nunmber of newbrons produced per neutron
gbsorbed in the fissionable materisl
thermal ubilization, i. e., the ratio of
thermal neutrons absorbed in fissionable
materisl tc the total thermal absorptions
the resonance escape, i. e., the probability
that a neutron born from fission will be
slowed to thermsl energies without being
absorbed

- the fast fission effect, i. e., the ratio

of total fissions to thermal fissions

the probability that neutrons born from fission
are slowed to thermal energies without escaping
from the reactor

the probebility thet thermsal neutrons do not
egcape from the reactor

(1)
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For the purpose of this study, the produet of pﬁh and ¢ was assumed to be

unity. This reduces the critical. equation to

NI, th
k =yfp g (2)
where £ = 2% a (3)
Z‘U e
& a
U .U
or T = N %a (&)
Tl Y30
N"Cg 24

u . . .
where Za = macroscopic absorphion eross section of wuranium

0 .. . .
Za = total macroscopis absorption cross-section of
nonfissionable material. in the system
U . o o ;
N” = atomic concenuration o1 uranium
U » - ... - N e .. Fal $
7 4 = microscopic absorption cross-section of uraniun
NL th gV oY :
therefore 1 =7p g rg%r*fiw,m (5)
E\I—C"‘a + Zg
g U . u Q
Solving for N gives N = Pt (6)

o Hinpily e 7

The thermal nonleakage proveblility is given by

NT.
P (7)
+ LEB Ve

. . . 2
Where L = the diffusion length, and the buckling B™ for s
cylinder of radius R and height Zb is given by

2 2 2
£ (%)% () ®

—~

where Jb = 2.405,



w15

The diffusion length is given by

]

¥ =D (9)
Zg
The diffusion coefficient D is defined as
D = 1 ‘ {10}
32, + {I~pg)
where Zt = total cross-section
B = the aversge scattering angle for elastic
neutron scatiering
The thermal diffusion coefficient is spproximately constant for
low fuel concentrations and for the purpose of these calculations, the
experimental value of 0.142 cm was used for dilute sclutions.
The fast nonleakages probability is given by
th
_tib 7y u ; 'J\ 7 .
e = exp EBﬂ . D{u'jdu } {11)
o & 2p{ut)
Substitution of the defindtion of D and the aversge values of £
and p in this squation glves
. th
2o = exp [ / ] (12)
Ly I"W <u s2(u’)

Solution of Bg. (12) regquires numerical integration, using data

from published cross sections.
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5.2 Results

The results of the criticality calcwlations of this report are pre-
sented in Fig. 5.1 where the critical uranium concentration is plotted
as a function of buckling. To use Fig. 5.1 for a specific cylindrical
geometry, calculate the buckling from the equation (8) and read the

critical concentration from Fig. 5.1.

Some points determined from experimental data¥* are also included
in Fig. 5.1 which indicate the calculated values are conservative in

the range of the uranium concentrations dealt with in this study.

5.3 Thorex Equipment Flowsheets
The equipment flowsheets for the Thorex Pilot Plant are shown in
Figs. 5.2 through 5.10.

*J. K. Fox, L. W. Gilley, E. R. Rohrer, "Critical Mass Studies VIITI.
Agueous Solutions of U-233," ORNL-2143 (August 1956).



Critical Uranium CONcenuravion, g/ .L.Lues

60

50

4o

30

20 -

B ///"’//// : s C21culated Curve
/ ; — —@— — Experimental Data

O i i ! | | | ! i i } i } E ! ! } i { ;
0.0L Q.02 .03 0,04 0.05 0,00

Buckling (32 ), cm

Tig. 5.1, Critical U-233 Concentration as a Function of Buckling.



~18~

UNCLI-\SS!FIED2 7
o Caustic from ORNL-LR-Dwg. 20706
] unleading areg
M-2 M-
BDF T G-17
i{ = To HCW
M-2 Pump M- Pump
" \
Slug - Cold Drain
Charger S-3
MTR LPW
Chute
| PW »Cold Drain
orHP3 Lean Acid |
\
¥
S8 S-5
HPS or
HPS LPW ~a
— Cold Drain _E:;l—-aCold Prom
L——HPS or |PW ‘9 - - To $-2
4 To
e AW Return (Future) N-15 \
j——==Jet To S~4(Spare) s
= -2
$)
T
Cold Drain m__,j
Coid Drain LA&’,{ e‘]fm
3
LPW .
Recoverasd
‘ 1 N Cold Drain Acid —
L. HPS or |PW
No Service
M-I Coustic Head Tonk
M~2  Dissolver Acid Head Tank
M-33 Head Pot
8- 1 Dissolver
S-2 Feed Adjusiment Tank ]
3“3 gissol\l/erACondenserT ) Fig. 5.2.
-5 ecycle Acid Catch Tan ‘
§~$ SS’rocyﬁc?notor Condenser [ EGEND THOREX PROCESS
- eparator == -
g—g Xop(;)r-ﬂLiqu*i.d Sl;epcmfor é Elowing‘forgam lSample DISSOLUTION &
- cid Fractionator omposite Sample
S~-12 Leon Acid Catch Tank -wn-epmame T h P FEED PREPARATION
|S-13 Acid Cooler U orU &Th




~19~

. . UgCLASSIFlED
. . . ORNL-LR-Dwg.20707
TNT From Diban From Atuminum Nitrate
Storage Off Gas Storage From Storage
Off o Off Gasew—m
{“’Gas
e (AKX -
From M-10
P-59 CAF M-11 From M-8 M-19
CAF| N-8PS 1AS 1AS
ijN’E! ‘ Maoke-up
M-i8
B g Pump
M-10
Pump
From P=5] g
To IC
Column
To L
N-7 1AS To N-1&
Off
Sas AS Gos
From
S-2
de—HPS or
‘ 1 LPW
S-4-M Overflow P O#
|AF To N-7 Gas
‘HPS or z
LPW ' ' %
H e Cold Drain =
5-10 Fulser 2 T
: T
| 1AX L i lIZR
1‘ &4
e [ S s
LA Z -
Sro i N L e = |AWC
Pump 23 ZE - F
ol—
i (&} HPS or
{AF LPW '
AW g:}—-*i%s 1
i Cold Dn:!in'«-—-—'3
No, Seryice
WM~10 ] Cold Fead Moke~Up Tank
M~111Cold Feed read Tonk
M-8 | Serub Make -Up Tank
-2 | TAS Mead Tonk
N— |14 Column
N~ 21 18W Coteh Tonk
N- 5| AW Cotch Tank
N~ 9] IAF Head Pot Fig. 5.3
N~11{ Phase Separator A
§~}% ?%ress%ureppgﬁ NLFngNDS_f | | THOREX PROCESS
J— Sample Po owin ream 1
N-iS | (A8 eag Pot e SQmpae%f | = FIRST CYCLE
- . Hedaad ro Composlte
N-23| Accumulator W Comples — EXTRACTION SYSTEM
- 41 1AF read Tonk Th 1A Column
5~-10] Pump Checker esccacnmasn 1] o1 U B Th




UNCL ASSIFIED
ORNL-L.R-Dwg. 20708

From M=8 e l '*-wa»Off Gas

A -Dibon
M-9 ANN
ICX
w I
To
N-16!

M "ZOmPump

~#13 Cold Drain
FIAP 8By T
rom ; -
Column R P-&
A
To
Cold
Drain
LPW rr
R~11
;-M{ZZE To
To - {CP E%‘%Ei?'i ]
D ,
To P51 agem
Pump o -s;»y ,
IC Column
Jg.“ﬂ Service
M- 9/ CX Head Tank
M~20| ICPA Head Tank
P-62 Evap. Separator
P-65 Evap. Stripper o
P~&7| Haater ? rig. 5.4,
A o oreser THOREX PROCESS
g::fé }!C Column ; -
R~ 4 | Sample Pot e s FIRST CYCILE
R- 8 | Phase Separator % lFiowing Stream Sample STRIPPING &
_ Composite Sample - -
R-11 | Stand Pipe aeand I e EVAPORATING SYSTEM
LRI or b




=21-

UNCIL ASSIFIED

From ANN Diban Pump & DW Materm—-ﬁ-}

From

ORNL-LR-Dwg.20709

r

M-8
2AX From M-13-P --—{‘ K-
2AS K-2
Make—-up 2AS8 i
P-58-2 ] "
L P-5T. Pump K-2 Pump
P"f}3~\ 3 -
[ “Gverfiow 4-‘1 » | . MT{)
3 ] 28
P71 7 1 Column
Q E @ § TS
) Ai o] N-8
g ‘32 . % o To
jte] (A Y a wi d \
P-52 a1 a C?:I - HOW
From F , 18 p 2
First Cycle : 56
Evaporato
I ee'iile
1 ,
4 ' Overflow
P-51 T P-70
g— 2AF ¢ N-16 2BWC
d B
Bir o
@ Lif -
| K]
('J o
2 P-55
NTOB i—i
o
P~51 Pump
-
P-50
Pulser
. Y
24 Column
No Rervice
K— 1t 1245 Mcoke Up Tank
K~ 2 |2AS Head Tonk
g:%g 24 Column
g~§é %AF H?ad Tank Fig. 5.5.
- B eporator
PZ8% |AF Head Pot THOREX PROCESS
g—gs gumplespm LEGEND ‘
-56 hase Separator s oS
U I e e
P70 |5AW CatchTonk - §pmposite Samples EXTRACTION SYSTEM
P~71 Phcse Separafor e Th & U o1 U




QP

r ' UNCLASSIFIED
T e ] R
2BS FromM{a [~ IC Column =To M-S ORNL--LR-Dwg. 20710
1f
T 4
T-Og —Demingralized Wotar.
DR WS M-§ ;
M-5 M-5 28'% b - 26
ICX, 2CX cp Maka-u; 28X
Mal’&e«up HNO N
N N ~
L. 1 ﬁr_{_nm[d
M-8 Pump ) —
M-5 Pump Pump
J """ -=0f{ Gas
HL
2AP
From 24
Colump
L, Drain ?\
28BS
Standpipe ek 2841 To
| i 2¢
Column
2?1’ 3 (> i
o -
] F;Fhorium £ [ ] [~ aTo
n ecover - §
Systemy L& N-g
ﬁ 28X
LLPFSSWN 1
ol =
\? [ L--wCoIgﬁ
. Orain
P-i3
Pulser vy
[] u ! 28T .
l il J!
To NG« ...
.. g w
28 Column
| No. | Service
M~-5 | CP Acid Storags T
M-6 | 2R'X Make up Tank
M-7 | 2B'X Head Tank
M-8 | ICX, 2€X #ake up Tank
F;le:aAS 28X Heod Tonk Fig. 5.6.
P-I-B [}2B Column __TLEGEND ] THOREX PROCESS
P-1-C | & rlowmg‘Sfreom Sample SECOND CYCLF
P-9 | Pressure Pot B Comiposite Sample s -
P—12 | 2BS Head Pot P PARTITIONING SYSTEM
P-13 | Sample Pot sy | U or U S Th




_23...

UNCLASSIFIED
ORNL-LR-Dwg. 20711

From M-8
K-3
i 2C%
2BU From
28 Column
e TO T- 5 —M
K-3 Pump Erom
i Hydroclone
Tumml ] To ,—-*Ic: -4
iimLPS or LPW -4 P-69 p.go- Column
il Fe
N-8 ;i £-6l
¥ P-63 R-6 N
H
‘“ y g Loy
' 7 % P-69-Pump
o
¥ o
- [ N-8 Te Drain
it R
iR 5
g
'y
£ " R-2 s | B2
& ;: 2CcUcC or 1F
© {h LPW
o ' : ;
o ' LPSor LPW v
To N~Be— %““"“ ‘ i ;
p-66
g 5
‘ 0 Cold
o 20U Drain Drain
LLE:;W/
T -6 Pulser
P-&g Pump ’ » § ewmsedlp- To Uronium
2¢C Column I PT—— 1solation System
R-2 Pump
___No Service
K- 5 | 2CX Head Tank
P~89] 28U Stand Pipe
P60 2C Column
P-5] | Pressure Pot o, 5.7
gﬂgg g?ase Spepamtor Fig. 5.7.
~B4 and Pipe )
p-66 | Samols Pot o D THOREX PROCESS
~59 urge Tank | . - -
gm% 1188 go?cthTcnkk : (F:‘|owing_§1rgom ‘Scmples SECOND CYCLE
- | Head Ton omposite ¢
R-2 |G oo i | | Th o amples STRIPPING SYSTEM
f- & | Head Pot wame | U oy U B Th




D4

UNCLASSIFIED
ORNL-LR-Dwg. 2072
Condensate
From P-68 To P-20, P-21, P-22, P-23, P-24, & P-25
§1P-8 |
HCW
P-6& P-16 P-17 8
2BTWC 2BTC 2B7C 28TC
-
[ ! ' ) 1 ' 1
i E il I :
i | T — 1 [ T
i
To
‘\—/Cold e
Drain
2BT
From
Partitioning g it
System
To Drum Loading
P-10 Head Tank
™~ S
To P-2
To P-5 N-7 To Recycle
N-8 System e s
HPS p
7
~—»To Cold
Drain g
2 P15 E
P-3 P-4 |
2BTC 2BTC
Nm%ﬁN & Lps (Ffz—ﬂ E
L LPS to all
jocketed vessels Thermowell I |
. T
)
|_No. Service
P~2 | Vapor Separator
P-3 |1Concentrated Thorium .
FF;-—4 gc%ch Tonk 8 s T Fig. 5.8.
-5 . 1. Stripper urge Tank
g~§ g$ (éongepnsafeHCofgi:h Tank TH OREX PROCESS
- . I. kvaporator Heater
S-'% E\{’aporaé%r Condenser SECOND CYCLE
- ase Separator
g—{g Evaporator Loop o —FfEGENgf— . ' THOR{UM
- Concentrated Thorium owing Stream Sample
g:{g Decay Tanks ] %gmposute Sample RECOVERY SYSTEM




L6

UNCLASSIFIED
ORNL-LR-Dwg. 20713

Demineralized

.
Ht o v
§»:‘ﬁ Mfiﬂ

wt‘“"'gi
L-8 Pump !
- Vg '
x §L
|24 122!

L VAt o

O =

FE ) et

.

L-5 -7 ) )
2cU Demmﬁrgilzed
From A
R-3 ecmmmeeevembmnsoininr

~ho,
WT L7 Pump
L-20
j" L L
21 22 Q‘
oo N
3 3 ] 1
L-30
Iwu
L L
31 3
i 1 ' k}
i § & ¥
g ] 3
To R-3 L\Lij—*‘ro
HCW
B-9
I1WC
i '
To 2BX i
Head Pot
” To Réay«;ie
e———— Sorption Stage —s] U Product |+ !
, Storage  Bottle | ¢
No Service »::
L- 8 | Elutriont Moke-up S
- 6 | Decontaminant Make-up | e Clution Stoge
L- 7 | Metering Column
t~2% tgg;ﬁig c‘(Stgluﬂm Note: Hot Water to Column Jockets
- i
21 | Contaminant Column LPW or HPS to Tank Jockets
L~-22 | Contaminant Column
L-23 | Sight Gloss
L-24 | Waste Catch Tank
1.~30 | Signht Gloss
L-31 | Product Column L EGEND ~
1.~32 | Product Column | Composite Samples
L.~-33 } Product Receiver e Fiowing Stream Somples
-7 Aqueous Catch Tank = ThH ;
R-9 IW Catch Tank m— 1] 0y U B Th

THOREX PROCESS
URANIUM
ISOLATION SYSTEM

Decontamination ——

Fig. 5.9.




..26..

M-{5 M-25
Solvent TX
Make-up

ICW -
From M-25 Pump
IC
Column
{—
Cold Drain-<——

1

A

]

TX

UNCLASSIFIED
ORNL~LR Dwg. 207i4

M-13
2AX
(2A Column) \““‘T/
P-33
M-13 Pump

(2B Column)
P-l2

M-i4

ump

M~-i4
2BS

— T
T-4 ! :
w )
HPS cwe I : | ——
or | | u%
LPW | Iy
L"l ] [ ; |l TG
| ik N P69
v i E'
T
Cold Drain ! H O\
[ o T-5-M
I
RS
! L T-10
T-4 Pump | ! i ITwe
| 1
f ! ! ;
| P L. T*
! P . To
| - HPS Cold Draoin
[ i : or LPW ¢
i
! | T-3
' Pump
|
Hot |
Water |
€ i Pulser
T-10
IT Column
No. Service
M~{3 ]| 2AX Head Tank
M-14 | 2BS Head Tonk
M~15 | Selvent Makeup Tank .
M-25 Make up Tank Fig. 5.10,
T=~1 IT Column
‘%—-5 Fé&h%a?terh Tonk THOREX PROCESS
- atch Ton
;—S—M gecovere% Solv. Catch FSRST CYCLE
-8 ressure Pot
T—7 | Samole Pot SQLVENT
‘ —LEGEND
' T-10 |ITWC Cateh Tank @ [ Flowing Stream Sampie RECOVERY SYSTEM
T-11 | Somple Pot ] Composite Sample




