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0.0 -ABSTRACT

The preliminary design and cost study of a hypothetical Purex
plant sized to process 3 metric tons of irradiated natural uranium
per dey and designed for direct mwaintenance are reported.
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1.0 INTRODUCTION

The cost of chemically processing spent reactor fuel constitutes
a significant portion of the total cost of plutonium. Studies of the
Long Range Reactor Planning Group at Oak Ridge National Laboratory
indicate that the chemical processing cost is one of the controlling
factors in the industrial application of atomic energy. As a con~
sequence, development of a less costly technology for radiochemical
processing is important in a program for developwent of economically
competitive nuclear power.

In an effort to develop new methods and philosophies of design
which will lead to reductions in cost, a program has been undertaken
at Oak Ridge National Laboratory(a) to accumulate, analyze, and apply
basic chemical processing cost data, and to bring the findings of this
investigation to bear upon future process developwént and chemical
plant construction programs. This Purex cost study is one phase of
the overall program and has as its purposes

1. To emphasize the wmajor cost variables in radiochemical
processing as an aid in developing wethods and philo-
sophies leading to lower costs.

2. To provide a basis for deterwining the advantages and

disadvantages of new processes and processing alternates.

3. To develop techniques of radiochemical cost estimating.

An effort has been made in this study to design a low-cost
chemical processing plant based on the optimum solvent extraction
process, Purex, as developed through the pilot plant stage at Oak
Ridge National Laboratory, and on a plant design philosophy, direct
maintenance, presently being tested at the Idaho Chemical Processing
Plant. The cost of this plant is less than that of any equivalent
plant in existence or planned to be built. This cost is one which
can be used as a standard with which to compare thé cost of new pro-
cesses and processing alternates, and/or the cost of plants incorpor-

ating other wethods of maintaining and biologically shielding radioactive

equipment.

(a) F. L. Culler, "Program for Economic Analysis of Radiochemical
Plent Design," ORNL CF-52-2-134 (Feb. 16, 1952).



2.0 SUMMARY

A directly weintained plant designed to process 3 metrlc tons of
uranium per day, assumed to:have been irradiated to° give S : '
550 g of plutonium per wetric ton of uranium and cooled 120 days and
to have as products a concentrated aqueous uranyl nitrate solution and
a concentrated aqueous plutonium nitrate solution,is estimaied to have
a fixed investment cost of $32,170,000 and an annual operating cost of
$3,320,000. The cost of radiochemical processing when amortizing the
plant in 6-2/3 years and employing a 16% SF inventory charge and a 2%
cost-of -money charge at a processing rate of 3 wetric tons per day is

Total (including SF inventory charges) $25.8 per gram of plutonium

Fixed investwent, operating, and working $14.1 per gram of plutonium
capital costs only

Operating costs only $ 5.5 per gram of plutonium

The cost estimate includes the cost of all process, laboratory,
vaste handling, waintenance, adwinistrative, and general site facilities
required for a self-contained plant.

The most costly processing operations, in order of decreasing cost,
are (1) dissolving and feed preparation, (2) waste handling, (3) acid
recovery, (4) solvent recovery, (5) first extraction cycle, and (6)
second uranium cycle.

An approximate $3 willion savings in plant cost is obtained by
incorporating a unique design in the liquid-waste storage facilities
which reduces the required storage capacity. A fourfold reduction
in stored wastes is accomplished by using the fission product heat to
boil and self-concentrate the process wastes in the underground storage
tanks, an operation presently being investigated at Hanford. p

The flowsheet employed in the design, the Purex flowsheet, is
basically that developed at ORNL, and consists of

1. A batchwise dissolution of slugs and preparation of
solvent extraction feed. (There is no head-end treatment.)
Dissolver off-gas is treated to recover the oxides of
nitrogen as 55% HNO3.

2. Continuous solvent extraction consisting of a cowmon
first cycle and a second cycle each for plutonium and
uranium.




-

A continuous silica gel adsorption tail-end treatment.
A sewicontinuous ion exchange plutonium isolation.
Semicontinuous recovery of approximately 92% of the

process nitric acid as 55% acid through two stages of
evaporation. |

Continuous recovery of the process solvent.




.- 3.0 PLANT DESIGN AND DESCRIPTION

3.1 Design Philosophy

In order to arrive at a low-cost Purex plant, the following design
principles were generally followed: (1) direct waintenance, (2) con-
tinuous flow, and (3) fixed process and plant capacity (i.e., no
increase or decrease in plant capacity contemplated).

3.2 Design Basis

The plant is designed to process 3 metric tons of uranium per day.
The feed is assgumed t¢ - have been irradiated to give 550 g of plutonium
per metric ton of uranium and cooled long enough for the average cooling
time of the product to be 120 days.

The products are an aqueous plutonium nitrate solution containing
60 g of plutonium per liter, as finally isolated by ion exchange, and
a concentrated uranyl nitrate solution. (For process and building
) design criteria see Appendix 1.)

3.3 Process Flowsheets (See Appendix 1)

3.3.1 Dissolving and Feed Preparation (Flowsheet 1). Material is
handled in batches for dissolving and solvent extraction feed preparation.
Dissolver off-gas is processed to remove iodine and particul?t3 matter
and to recover oxides of nitrogen, with addition of the RAGS‘Z/ process
optional. No head-end treatment is used, but solvent extraction feed
is centrifuged.

3.3.2 Solvent Extraction (Flowsheets 2, 3, and 5). The ORNL Purex
No. 3 Flowsheet is used for solvent extraction in pulse columns with the

following exceptions:

l. The IIBX is halved.

(b)

2. The uranium concentration of the IDF is 340 g/liter.

3. The second uranium cycle flow ratios and acid concen-
trations are the same as for the first cycle.

(a) Radioactive Gas Separation (See Flowsheet 10).
(b) Since fixing of the flowsheet, a concentration of 320 g of uranium
per liter in the IDF has been found more desirable.




: Feed to and processing through the solvent extraction and attendant
coupling operations is continuous, the concentrated IEU (uranium-bearing
stream) being collected and batch-transferred to a "cold" area for a
tail-end treatment, and the IIBP flowing continuously from the IIB column
through an activity wmonitor to a "cold" ion exchange isolation step.

3.3.3 Tail-End Treatwent (Flowsheet 4). The "cold" uranyl nitrate
solution is fed continuously to a silica gel column for further decon-
tamination of zirconium and niobium; it is then collected in batches
for transfer to a denitration plant.

3.3.4 Plutonium Isolation by Ion Exchange (Flowsheet 6). The IIBP
flows continuously through a filter and one of a series of resin columns
in which the plutonium is sorbed; it is then eluted and stored for ship-
went to metallurgy.

3.3.5 Acid Recovery (Flowsheets 7 and 8). Recovery of approximately
92% of the process nitric acid is achieved by semicontinuously evaporating
through two stages the cowbined IAW, IDW, and IIAW aqueous waste streams
and batch-transferring the collected condensate (dilute acid) to a "cold"
distillation system for concentration. The still bottoms, 55% HNO3, are
stored and reused for chewical solution makeup.

3.3.6 Solvent Recovery (Flowsheet 9). Solvent recovery is achieved
by subjecting the IEW and the cowbined ICW and IIBW, in two separate
similar systems, to a sodium carbonate wash in a pulse column, a centri-
fugation, and a dilute nitric acid wash in a spray column.

3.3.7 Waste Storage (Flowsheet 12). All wastes to be stored are
batch-analyzed and transferred to underground waste storage tanks. The
contents of these tanks, with the exception of the laboratory and laundry
waste storage tanks, will boil as a result of fission product heat
evolution. The wvapors are condensed and removed to allow self=-concentration
of the salt wastes, thus effecting an approximate fourfold reduction in
stored wastes. Demonstration of the feasibility of such an operation is
being performed at Hanford. ()

3.3.8 Rerun (Flowsheet 11). Rerun facilities are provided for
batchwise chemical treatment, centrifugation, and separation of organic
and aqueous phases of any material requiring such treatment. Underground
process solution hold tanks are provided for additional temporary storage
capacity.

(a) R. E. Towlinson and F. W. Woodfield, "Preliminary Specifications
for Storage Facilities for Purex Salt Wastes," HW-25274 (Aug. 4, 1952).




3.4 Building Design

3.4.1 Process Building. The process building (see Figs. 3-1 and

3-2) consists of a single row of nine processing cells with the attendant
galleries, tunnels, and corridors running the length of the building.
Facilities for unloading slug=-carrying railroad flatcars are located at
one end of the building. The sample gallery and lower level of the lab-
oratory building are integrated to facilitate transfer of radioactive
samples. The chemical solution wakeup and head tank area is located
above the gallery and cell roofs and is enclosed in a steel and transite

shed.

3.4.2 Laboratory Building and Plutonium Isolation Facilities. The
laboratory building (see Figs. 3-1 and 3-2) is a two-story structure
running the length of the processing building and containing analytical
and plant assistance laboratories, maintenance shops, stores, offices,
and personnel facilities.

The plutonium lsolation facilities enclosure, designed as a sub-
basement to a swall fraction of the laboratory building adjacent to the
process building, consists of an upper-level solution makeup area and
a lower-level lon exchange laboratory.
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4.0 COST STUDY

4.1 Methods of Cost Estimating

Cost estimates were obtained by: (1) direct estimation of required
materials and labor, (2) application of a factor to some basic cost, and
(3) application of a unit cost to a calculated number of units. To ill-
ustrate, the first method, the most accurate, was used to obtain basic
equipwent costs; the second method was used in determining piping costis;
and the third method was employed in obtaining building costs.

Sources of and Justification for the factors and unit costs used
are embodied in the detailed estimate in Appendix 3. Estimates are
based on an Engineering News Record construction cost index of 600.

4.2 Cost Summaries

4.2.1 Annual Cost Summary (See Fig. 4-1)

Cost $ $ per gram of plutonium (2)
Fixed investment(P) 5,169,000 8.6
Operating cost 3,320,000 5.5
Working capital(c) 6,900 0.01
SF inventory(d) 7,056,000 11.7
Total » 15,551,900 25.8

(a) All costs charged to plutonium.

(v) Fixed investment charged at 16%; F.I. = 0.16 x $32,303,815.

(¢) Working capital charged at 2%; working capital = 0.02 x $344,800.
(d) Inventory charged at 16%; SF inventory = 0.16 x $u4l4,100,000.
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4.2.2 Fixed Investment Summary (See Fig. 4-2)

Manufacturing facilities $14,720, 264
Power- facilities 1,500,000
Site developwent and general facilities 2,200,000
Subtotal $18,420, 26k
Engineering and design, 15% subtotal (@) 2,763,040
Construction (supervision, insurance, taxes,
overtime, etc.), 20% subtotal(a) 3,684,053
Contractor's fee or profit, 2% subtotal 368,405
Contingency, 20% subtotal 3,684,053
Preoperational and startup(b) 3,000,000
Total $31,919,815
Land, 4 sq wiles or 2560 acres at $150
per acre (c) 384,000
Total fixed investment $32,303,815

Part of RAGS investment(d) required for
rare gas removal: $l(O§O,275 -
e

$180,000(1.15)(1.57) 125,286

Total fixed investment with RAGS $33,029,101

Based on ICPP (Idaho Chemical Processing Plant) costs.

(2)

(b) Preoperation costs for ICPP were $2,728,000 as of October, 1952, and
the preoperation charge account was not closed until May 1, 1953.

(c) Cost of land will vary considerably with location.

(d) ORNL-1410, p. k9.

(e) The term subtracted allows for the investment for recovery of oxides

of nitrogen which has already been included in the plant and equip-
ment investwent. The value 1.15 is a factor for adding costs of
site development and general facilities, and the value 1.57 is a
factor for adding costs of engineering, design, construction, fees,
and contingency.




4.2.3 Operating Cost Summary (See Fig. 4-3)

Raw materials $ 100,000
Labor and supervision (including overhead) 1,498,000
Operating supplies 5k, 000
Electricity 35,000
Steam 47k, 000
Water 164,000
Compressed air 13,000
Analytical 528,000
Maintenance material 154,000
Total $3, 320,000
RAGS 416,700
Total with RAGS $3,736,700

L.,2.4 Working Capital Summary

Materials and Bupplies(a) $ 37,800

Material in process (b) 30,000

Cash and miscellaneous items 277,000
Total $ 344,800
4.2.5 SF Inventory Summary

Uranium and plutonium $4lt, 100,000

(a) Semifinished and finished product charged to SF inventory.
(b) No accounts receivable for AEC contract.




FIXED
INVESTMENT
33.2%

OPERATING
coSsT SF
2.3 % INVENTORY
45.4%

WORKING
CAPITAL
0.04 %

FIG. 4 -1
BREAKDOWN OF ANNUAL COST
TOTAL:. §15,551,900

PRE-
OPERATION
9.3%

ENGINEERING,
DESIGN,
CONSTRUCTION

21.1%

CONTINGENCY
1.4%

SITE
DEVELOPMENT
LAND _ | 6.8 %
1.2% SERVICE
FACILITIES
4.5

MANUFACTURING
FACILITIES
45.6%

FIG. 4-2
BREAKDOWN OF PLANT AND
EQUIPMENT INVESTMENT

TOTAL. $32,304,000

DWG. 1978l

LABOR AND
OVERHEAD
451 %

SERVICES
20.7%

ANALYTICAL
15.9%

RAW
MATERIALS
12.0%

MAINTENANCE OPERATING

MATERIAL SUPPLIES
4.7% 1.6 %
FIG. 4-3
BREAKDOWN OF OPERATING COSTS

TOTAL: § 3,320,000

-el..




-1k~

4.3 Cost Per Process Operation

By app?rtioning the total cost of the process building, as indicated

in Fig. 4-b ) and properly allocating the equipment costs, the following
table was developed:

Operation Cost
Dissolving $ 1,148,000
Feed preparation 1,503,000
First solvent extraction cycle 1,119,000
Second plutonium cycle 293,000
Second uranium cycle 938,000
Tail-end treatwment 173,000
Plutonium isolation 287,000
Acid recovery 1,690,000
Solvent recovery 1,589,000
Rerun 676,000
Waste handling 1,961,000
Slug charging 312,000
Miscellaneous (chemical makeup, elevator, 399,000

unit shielding, process water
and dewmineralization systems,
cranes, etc.)

Raw material storage 403,000
Process liquid storage 124,000
Laboratory 1,980,000
Miscellaneous decontamination and disposal 125,000

facilities
$14,720,000

These costs are represented graphically in Fig. 4-5.

(a) Based on square feet of cell space with the following adjustment:
a 25% reduction in the building cost waede to Slug Charging since
no galleries or tunnels extend along the railroad tunnel portion
of the building. This reduction was proportionately allocated to
the various process building cells.
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k.4 Cost Per Gram of Plutonium

The cost of chemically processing spent reactor fuel to obtain
plutonium, when allocated entirely to the plutonium produced, may
be expressed in three significant ways as follows:

(1) Total annual cost = 16% of fixed investment + annual
operating costs + 2% of working capital + 1 gf
SF inventory = $25.8 per gram of plutonium.\®

(2) Total annual cost legs SF inventory cost = $1k.1 per
gram of plu%onium;(a; <

(3) Total cost less investment and SF inventory cost =
$5.5 per gram of plutonium.(2

This cgst represents operating costs and working capital and is the
cost(P) of chemical processing after the fixed investment has been
completely amortized (i.e., in the case of this study, after the
plant has been in operation for 6-2/3 years).

4.5 Unit Cost of Plutonium as a Function of Processing Rate

In the tebulation below are presented the unit costs of plutonium
at various processing rates in a plant having an assumed nominal
capacity of 3 metric tons per day. The maximum caepacity of the
plant is 4.3 metric tons per day, a limit set by the acid recovery and
solvent extraction facllities. For a detalled summary of operating
costs, see p. 76 im Appendix 3. These results are shown graphically
in Fig. k6. '

(a) This is the cost at a processing rate of 3 ﬁetric_tons of uranium
per day. See Fig. 4-6 for costs at. other processing rates.

(b) This cost does not include inventory charges.
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Processing rate (metric tons/day) 1 2 3 4.3
Plutonium production (kg/year) 201 402 602 863

Cost per gram of plutonium:

Fixed investment $25.6 $12.8 $ 8.6 $ 6.0
Operating ¢osts 12.h4 7.2 5.5 4.5
Working capital 0.02 0.01 0.01 0.009
SF inventory 11.7 11.7 11.7 11.7
Total $ho.7 $31.7 $25.8 $22.2
Annusl cost (in thousands):
Fixed investment $ 5,148 $ 5,148 $ 5,148 $ 5,148
Operating costs 2,499 2,900 3,320 3,926
Working capital 5 6 7 8
SF inventory 2,352 4,704 7,056 10,114
Total $10, 00k $12,758 $15,531 $19,196

4.6 Process Building Cost

This study indicates that the bullding cost of a direct maintenance
plant i1s approximately equal to the combined cost of equipment, piping,
and instrumentation. Similar findings have been obtained in another
cost study of a direct maintenance plant processing enriched uranium
reported by the American Cyanamid Company.*

a) F. A. Hall et al., "Projection of Capital and Operating Costs for
b
Uranium-235 Recovery Plants," ID0O-14062-ACCO (ACCO-2807) (May 16,

1952).




-19- DWG. 19782

- 60 T T T T
50 -
40 -
)
~
e
> Design Capacity
a 30} .
. Maximum Capacity
(@]
- \
w
(@]
o
20 |- -
S~
\
\\
10 -
|
| I 1 1 1
|
0 [ 2 3 4 5

Processing Rate (Metric Tons / Day)

Curve A, total cost; curve B, investment plus
operating cost, curve C, operating cost

FIG. 4-6

| EFFECT OF PROCESSING RATE ON UNIT COST OF PLUTONIUM
} FOR PLANT HAVING NOMINAL CAPACITY OF 3 METRIC TONS/DAY

T




-20-

4.7 Future Cost Reductions

A partial list of future developments which would have possibilities
for cost reduction follows: ,

1. TFew and better instrumentation to replace sawmpling and
analysis and to make possible further replacement of
batch operation by continuous operation (in particular,
continuous flow from radioactive areas to nonradioactive
areas, which would reduce the equipment and cell space
required for holdup of material).

2. Continuous slug dissolving.

3. Continuous feed preparation.

L. Elimination of the centrifugation step in feed preparation
by development of a nitric acid-—-soluble fuel-element

-bonding agent to replace the aluminum-silicon material in
. present use.

5. Processing all solvent through one rather than two solvent
recovery systems, and replacement of the dilute nitric acid

washes in spray columns by water purge washes in the
centrifuges.

6. Permanent waste storage.

7. Market for fission products.

8. Fluid fuel which would be more adaptable to comtinuous
processing.




5.0 ACKNOWLEDGMENT

Acknowledgment is due to F. L. Culler for guidance; to W. G.
Stockdale for the Idaho Chemical Processing Plant cost data; to T. A.
Arehart, D. O. Darby, J. R. Flanary, and R. B. Lindauer, who served
as a planning committee; to C. A. Cooper for equipment cost estimates;
to the members of all four sections of the Chemical Technology Division,
who supplied information and suggestions; and to the wany other people
throughout the atomic energy program whose contributions to the tech-
nology of the Purex process were in this study.

YR (adl..

H. R. Z#itlin

KT il e

H. L. Hull .

HRZ :HLH:nh:amh




DD

6.0 Appendix 1: DESIGN NOTES

6.1 Design Criteria

l. Equipment, instrumentation, and piping with moving parts are to
be located outside cells, with the exception of centrifuges and agitators.
(However, air spargers could be substituted for agitators.)

2. All normally used hot process transfer lines and jets are to be
duplicated and all hot tanks to have alternate outlets.

3. All prdcess material removed from cells are to be batch-analyzed
prior to transfer to cold area. (An exception, the IIBP stream, is continu-
ously monitored for activity as it leaves the second plutonium cycle cell.)

k. All major hot process equipment and cells are to contain spray
nozzles for facilitating decontamination of equipment and cell surfaces.

5. All radioactively hazardous material is to be processed within
buildings of Class I blast-resistant construction.

6. A minimum working space of 2 ft is to be maintained between major
pleces of equipment. '

6.2 Process Flowsheet Notes (See pp. 32 through pp. L3 for flowsheets)

6.2.1 General

1. All waste streams to underground waste storage are to be batch-
analyzed prior to transfer.

2. All condensate or cooling water wastes are to be batch-analyzed
or continuously monitored before being discharged from the plant.

3. Interface jets are provided in all solvent extraction and solvent
recovery columns for perilodic transfer of accumulated interfacial crud to
the rerun collection tank. ‘

6.2.2 Dissolving and Feed Preparation (Flowsheet 1)

Slug Charging QOperation. A railroad flatcar bearing Hanford type
slug carriers(®) enters the tunnel (see Fig. 6-1) in which a remotely opera-
ted bridge crane removes the carrier 1id and lifts the slug bucket; the
transfer bridge is then positioned at either of two branch monorails, and
the bridge crane carrier and bucket enter the corresponding dissolver cell
through an opening in the cell wall. The bucket is lowered into the
dissolver slug-charging manhole, is tilted to dump the slugs,(a) and is
then returned to the slug bucket carrier. The entire operation is viewed
by means of periscopes.

(a) "Redox Technical Menual," HW-18700, p. 117 (July 10, 1951).
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Maintenance of the crane is facilitated by incorporation of a double
cell roof. Shielding is provided by suitably covering the slots in the
lower cell roof with lead or concrete block.

Dissolving. A charge of 4.8 metric tomns of slugs is . -
added to & 2.hk-ton heel from the previous dissolving and dissolved as
follows:

1. Jacket removal: The jacket removal is carried out in two
steps, the first using the partially spent de jacketing solution
of the previous dissolution, and the second using a fresh sodium
hydroxide—sodium nitrate solution. The first coating solution is
discharged to underground waste storage via the coating solution
hold tank, and the second coating gsolution is retained in the hold
tank for reuse.

o, Uranium dissolution: Two dissolutions, 2.4 metric tons each, are
made, leaving a 100% heel (2.h tons) of uranium metal. One of
the two dissolvers will handle the full plant capacity when

- operated on a 38-hr cycle. The slug rinse tank receives and
holds the final metal heel rinse, which is returned in the
following dissolution cycle as dilution water for the raw metal

solution.

Feed Preparation. Operation is a batchwise and is based on & 24-hr
batch size. The blend hold tank evaporator 1s used to concentrate, blend,
or chemically treat dilute or off-standard feed solutions. A centrifuge
removes the insoluble slug-jacket bonding material, silica, and any other
golid matter in the raw metal solution; a rerun centrifuge is provided as
a spare.

6.2.3 First Cycle and Second Uranium Cycle Solvent Extraction
{Flowsheets 2 and 3)

The ICU and IEU condensates and all aqueous streams, with the exception
of the IBP, are passed through decanters, the organic phase flowing to the
rerun collection tank.

Extraction. The ORNL Purex No. 3 Flowsheet(aﬂis employed with the
following changes:

1. The uranium concentration of the IDF is 340 g/liter.

5. The second uranium cycle flow ratlos and acid concentrations
are the same as for the first cycle.

(a) W. B. Lanham and J. R. Flanary, "purex Process Flowsheet No. 3,"
ORNL CF-51-9-103 (Sept. 19, 1951).




The continuous gravity flow of cold aqueous solutions to the columns and the
flow of solvent streams coming from the solvent recovery head tank are
controlled by rotameter —control valve systems.

Concentration. The ICU and IEU aqueous streams are concentrated
continuously, and the respective condensates are recycled as the ICX and
IEX by controlled continuous Jetting from the condensate run tanks.

The continuous evaporators are of the vertical long-tube natural-
convection type and are controlled by partial reflux of the condensate.

Adjustment. The concentrated ICU is continuously treated with sodium
nitrite in a surge tank having a 3-hr holdup, from which it overflows to an
air-sparged surge tank for acid adjustment and removal of excess nitrogen
dioxide.

6.2.4 Tail-End Treatment(a)(Flowsheet L)

Feed to one of two silica gel columns is continuous. The beds are
operated alternately, and each is regenerated every three days as follows:
(1) Uranium remaining in the bed is flushed out (downflow) with nitric acid,
(2) fission products are eluted (upflow) with hot oxalic acid, and (3) the
bed is washed (upflow) with demineralized water.

6.2.5 Second Plutonium Cycle (Flowsheet 5)

The ORNIL Purex No. 3 Flowsheet is employed with one change: The IIBX
has been halved. The IBP from the first cycle is continuously treated with
sodium nitrite and nitric acid in adjustment pots. Cold aqueous solution
and solvent flow to the pots and extraction columns is controlled by
rotameter —control valve systems. The IIBP, the only product or waste
material leaving a hot area without a batch type analysis, is continuously
monitored for activity. By controlling air pressure to a pressure pot,
the activity monitor is set to divert off-standard IIBP to the rerun hold
tanks in the second plutonium cycle cell.

6.2.6 Plutonium Ion Exchange Isolation(b)(Flowsheet 6)

The IIBP flows continuously through a sand filter to one of six
pressure pots, permitting flow to one of six resin columns in which the
plutonium is sorbed. When the bed is loaded, the flow of IIBP is directed
to a fresh bed, leaving the loaded bed available for elution of uranium and
plutonium and preparation for another plutonium sorption gtep. Valving of
the resin columns and attendant pumps is so designed as to permit simul-
taneous elution of all columns or simultanecus wash of all columns if
necessary. At periodic intervals a total plutonium elution of each bed

(&) W. B. Watkins, "Pilot Plant Evaluation of Uranium Product Silica
Gel Treatment," ORNL CF-52-5-117 (May 1k, 1952).

(b) D. C. Overholt, F. W. Tober, and D. A. Orth, "An Ton-Exchange Process
for Plutonium Isolation and Purification,” ORNL-1357 (Oct. 1, 1952);
subsequent development work on this process is reported in ORNL-1397,

1449, and 1520.




is performed, followed-by an oxalic acid elution of fission products.

This total elution along with the first and last cuts of every plutonium
elution is collected in critically safe tanks, analyzed, batched to a large
hold tank, diluted to the IIBP acid concentration, and fed back to a fresh,
decontaminated column. Product is collected in critically safe vessels,
analyzed, and transferred to product carriers for shipment to metallurgy.

Each resin column is equipped with a rotameter and two variable-
speed metering pumps, one on upflow and one on downflow; each column is
fed by all elutriant end wash head tanks.

6.2.7 Acid Recovery Evaporation (Flowsheet 7)

A two-stage evaporation (based on an overall decontamination factor
3.5 x lO5 per stage(ag) is performed semicontinuously on a 24-hr cycle

as follows: At the beginning of each cycle, the second stage evaporator
is empty and the first stage evaporator contains the second stage bottoms
from the preyious cycle. The evaporators are started and operated con-
tinuously,(b dilute acid wastes being fed to the first stage evaporator.
The volume of feed for a particular volume of evaporator bottoms is
determined by the desired volume reduction, this volume reduction being
limited by the heat evolved by the fission prcducts and the solubility of
salts present, particularly ferric sulfate.

At the close of the feed period the evaporators are cooled, the first
stage bottoms are jetted to the acid recovery waste neutralizer, and the
second stage bottoms are jetted to the first stage. This is the end of
the cycle.

« The second stage condensate (i.e., the dilute nitric acid) is
analyzed and Jett?d to the "cold" acid distillation feed tank on a
6- to T-hr cycle. c)

6.2.8 Acid Distillation (Flowsheet 8)

Feed to the nitric acid concentration column is continuous. The
column bottoms, 55% HNO3, the column overhead, and water are collected,
analyzed, and pumped to an acid head tank and water storage tank,
respectively, for reuse in cold solution makeup.

(a) W. B. Watkins, "Evaluation of Full-Scale Savannah River Project
' Evaporator," ORNL CF-51-11-113 {Nov. 19, 1952).
(b) Control of the steam rate msintains & constant liquid level, and
addition of water, controlled by measurement of the overhead vapor
temperature, maintsins the acidity of the first stage evaporator bottoms
at 8 N HNO3. At this normality, the volatilization of ruthenium is limited.
(¢) The aTlute acid is transferred as liquid batches rather than as a continuous
vapor stream to prevent activity carryover to the distillation system
which is designed for outdoor construction without shielding.
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6.2.9 Solvent Recovery (Flowsheet 9)

Two similar systems, one for the ICW and IIBW and one for the
IEW solvent streams, incorporate a 2% NepCO3 wash at 50°C in a pulse
column, a centrifugation, and a 0.05 N HNO3 wash in a spray tower of
the solvent. The S1 and S3 columns are designed for a required 30-min
holdup. Seventy-five percent of the NasCO, 1s recycled. Centrifuge
cake is discharged as follows: (1) the flow of solvent is diverted
by means of a pressure pot, so that the solvent by-passes the centrifuge;
(2) the centrifuge is stopped, discharged, and started; (3) the solvent
flow is again directed to the centrifuge, and interfacial crud in the
column accumulated during the washing period is jetted back to the
centrifuge for removal. Makeup TBP and Amsco and TBP-Amsco mixtures
are metered in by pump. Spent acid (S2W and SWW) flows by gravity
to the acid recovery system, and spent carbonate flows through a decanter
to the carbonate hold tank, from which it is transferred to the acid
recovery neutralizer where it is analyzed and combined with the first
stage evaporator bottoms; it 1s subsequently transferred to underground
waste storage. Storage of hot solvent during decontamination and main-
tenance of the solvent recovery equipment is facilitated by inclusion
of an underground solvent storage tank.

A common spare for the two normally used centrifuges is provided.
The solvent jet tanks have a twofold purpose: (1) to elevate the solvent
so that cascade flow is possible, and (2) to heat the solvent to approxi-
mately 500C. The solvent hold tank pumps are unit shielded and located
in the cold pipe tunnel for ease of maintenance.

6.2.10 Radioactive Gas Separation (RAGS)(fziFlowsheet 10)

The process, through the gas holders, is operated semicontinuously,
whereas the equipment subsequent to the gas holders is operated con-
tinuously. Each gas holder, in its turn, collects the total off-gas
minus iodine, particulate matter, and approximately 90% of the oxides of
nitrogen, of one 2.4-ton dissolving, holds the off-gas for removal of
the remaining oxides of nitrogen by oxygen and water scrubbing, and then
discharges this gas to the latter part of the process for xenon and krypton
removal. The dilute nitric acid produced in the gas holders is used as
scrub solution in the acid scrub tower, from which 55% HNO3 is recovered
for use in the slug dissolvers.

6.2.11 Rerun: (Flowsheet 11)

The rerun collection tank receives the jetted column interface
solutions, column overflows, off-standard products, and process solutions
during plant shutdown. This facility is capable of performing the
following operations: (1) chemical treatment, (2) removal of particulate
matter or solution crud, (3) separation of phases, and (4) storage of
combined or separated agueous and organic phases in underground tanks.

(a) W. B. Watkins, "Summary of the ORNL Pilot Plant Development of the radio-
active Gas Separation Process," ORNL-1410 (Dec. 30, 1952).
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6.2.12 Underground Waste Storage: (Flowsheet 12

The following material is stored in the underground waste storage
tanks: coating solution, neutralized acid recovery bottoms, tail-end
and solvent recovery waste, centrifuge solids, ion exchange waste,
RAGS waste, and laboratory and laundry wastes.

Three 750,000-gal tanks are provided, two for process wastes and
one for laboratory and laundry wastes. At flowsheet conditions (i.e.,
with self-concentration of these wastes) this will provide for a minimum
of seven years of process waste storage capacity.

6.3 Reworking Procedures

The reworking of an off-standard product or concentrated acid waste
stream is to be accomplished by recycling that stream through the entire
solvent extraction battery, as little economic advantage can be gained
by introducing rework streams at intermediate points.\8

IEU Concentrate. The IEU concentrate, sampled at the IEU concentrate
hold tank, may be off-standard because of excessive plutonium, fission-
product, or other ionic impurity (e.g., sodium, iron) content. If so,
it is recycled to the raw metal solution hold tank. If removal of TBP
hydrolysis products is necessary, it is transferred to the blend hold
tank evaporator and boiled under total reflux for 10 to 15 hr in 8 N HNO3
to hydrolyze these products completely to phosphoric acid.

Uranjum Product. The uranium product, sampled at the uranium product
tank, may be off-standard because of excessive oxalic acid content. If so,
it is recycled to the raw metal solution hold tank. ((Oxalic acid in the %A
column at concentrations lower than 0.01 M will cause negligible losses. :C))

IIBP Solution. The IIBP, continuously monitored as it leaves the
second plutonium cycle cell, may be off-standard because of excessive
fission product content. If so, it is diverted by the activity monitor
to the rerun plutonium hold tenks for recycle to the raw metal solution
hold tank, or, if it is necessary to blend the plutonium into the feed
slowly, it may be recycled to the blend hold tank evaporator. An excess
of sodium nitrite may be required to destroy the hydroxylamine sulfate
and change Pu(III) to Pu(1v).

(2a) R. E. Tomlinson and F. W. Woodfield, "Purex Chemical Flowsheet
HW No. 1," HW-24763 (June 30, 1G52). ‘

(b) "separations Processes; Progress Report; November, December 1950,
January 1951,"KAPL-461 (n.d.).

(c) KAPL-Tu4h.
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Plutonium Product. The plutonium product, sampled at the plutonium
product hold tank, may be off-standard because of excessive fission
product or uranium content. If so, it is recycled to the raw metal
solution hold tank or transferred to the recycle and cleanup hold tank
for reworking through a spare resin column.

Condensate from Acid Recovery Evaporation, Second Stage. The acid
recovery condensate, sampled at the condensate run tank, may be off-
standard because of excessive fission product content. If so, it is
recycled to the acid recovery feed tank.

Recovered Nitric Acid. The recovered nitric acid, sampled at
the recovered nitric acid run tank may be too dilute for reuse. If so,
it is recycled to the dilute nitric acid feed tank.

Condensate from Nitric Acid Column. The nitric acid column con-
densate, sampled at the water hold tank may have an excessive nitric

acid content. If so, it is recycled to the dilute nitric acid feed tank.

Wastes. If any of the various process wastes contein excessive
amounts of uranium and plutonium, they are reworked as follows:

1. Coating solution and feed preparation centrifuge cake slurries
collected in the coating solution hold tank are stored in the
underground process (aqueous) hold tank for later processing,
possibly during a reactor shutdown. If necessary, & plant
shutdown will make available the feed preparation and first
cycle extraction equipment for recovery of the uranium and
plutonium,

2. Tail-end waste and solvent recovery centrifuge cake slurries
collected in the tail-end waste tank are recycled to the raw
metel solution hold tank or to the blend hold tank evaporator.
(For the effect of oxalic acid, see "Uranium Product," above.)

3. Ion exchange waste collected in the ion exchange waste hold
tank is treated the same as the tail-end waste and solvent
recovery centrifuge cake slurriesg if there is excessive uranium
or uranium plus plutonium. If only the plutonium is excessive,
it is recycled to the raw metal solution hold tank; or, if not
excessively radioactive, it is transferred to the ion =xchange
recycle hold tank for reworking through a spare resin coliumn.

k. Acid recovery waste and solvent recovery spent carbonate are
transferred to the blend hold tank evaporator, boiled under
total reflux for 10 to 15 hr in 8 N HNO3, and used for IAF
makeup. -
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6.4 Building Design Notes

6.4.1 Process Bﬁilding (see Figs. 3-1, 3-2, and 6-2.)

The process building, including the railroad tunnel, is 241 ft
long, 70 £t wide, and approximately 50 ft high, on an average, not
including the chemical mekeup area enclosure. This enclosure is of
Class II construction (i.e., blast-resistant structural frame with
friable walls) and is above grade, whereas the cells, galleries,
and tunnels are below grade and are of Class I construction (blast-
resistant construction). The hot cells are 29 ft wide and have
5-1/2 £t thick concrete biological shielding; warm cells are 32 ft
wide and have 4 ft thick shielding.

The cell size and design were determined by equipment layout
and gravity flow requirements. All equipment is removable through
cell roof hatches.

6.4.2 Iaboratory Building and Plutonium Isolation Facilities

The laboratory building is 220 ft long and 100 £t wide. The
plutonium isolation facility is approximately 50 ft long and 30 ft
wide. Both are two-story structures, the ikolation facility and
lower floor of the laboratory building being located below grade.

The size of the laboratory building was based on (l) the labora-
tory analytical load, estimated at 11,000 analyses per month, (2) the
number of leboratory and supervisory personnel, and (3) the comparable
Idaho Chemical Processing Plant facilities.




CELL BUILDING

FIG. 6-2

{ GALLERIES, CORRIDORS, ETC. NOT SHOWN)
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DROWNING CAUSTIC O3 hONRTMENT "F"E'é?)h Saasn ig;:JTT ,'3,“. ADSL:‘T‘J_E"T
TANK TANK TANK FEE| TANK FEED TANK FEED
(2) (2) TANK TANK TANK (21}
coLp I I ) | A _ i __coLp
HOT - = = HOT
CARRI @ (%TJ FLOWSHEET |
(o9 N S DN G DISSOLUTION AND FEED PREPARATION
@® P o QT =
TO UNDERGROUND o ‘| @ I_T ]' @
WASTE STORAGE @@ 3 Y (] 1 @
o on Suue DISSOLVER ICENTRIEGE PN RoN Bﬁf‘:“? oS THENT
HoLe TANK (2} @ TaNK TANK EVAPORATOR o
TO ACID RECOVERY TO IA COLUMN
FEED TANK
BASIS: 3 METRIC TONS OF URANIUM
Line No. 100 104 102 | 103 e0o | 200 an 108 | 202 | 108 | 107 203 | 108 | 204 | 109 | 208 1o " 2 te 3 ns ) e 5 Vs ne ur Py 7 ne 8 s N 120 10 121 n 12¢ 123 206 | 124 207 | 128 12 126 3
I$X NanD)| 50% MaOH ST COATING Hzv COATING| JET SPENT 5% HNO; JET SPENT JET COATING S3% HNO, [RAW METAL LUG JET SPENT SLUG JET UG RINSL JET WETAL JET [RAW WMETAL 23.7% JET {TREATED METAL{ CLEAR METAY JET CLEAR METALl  CAKE SrENT JET SPENT JET ILUTE METAY  CAKE JET CAnE JET CAKE ADNSTED JET
Process _materiof H0LUTIN SLucs sownag Lougrion L soLunion OFF -GAS mg“l_mu_ puvrion | minse lpuurion | HUAE] SOLUT) OFF -GAS RINSE ouvrion | emse | pwuriow | eeuew |onyriow Jsouriow | onurion | sopurow 15%%HROs | weno, | oiution | sowmon | sowrion | onurion | socurion | was WAsH | DILUTION 1CAKE WASH L piLuvion | SoUTON | BEMOVER | OiuTION | stursy | DILYTION | SLURRY 2.2%1M0y JOLUTION | DILUTION IAF
Volume _ { liters) 1,634 199 317 2,048 700 714 2,100 2715 18,489 | 6,250 1,445 1,474 1,504 6,483 6,663 { 481 46.6 7,413 | 7,413 7,610 | 20 20 208 21 10 1,344 [ 9,008 9,259
{gal) 432 | 526 | o398 541 185 189 | 544 555 7Y 11,442 | 1651 3se 3e9 397 1,708 1,760 | 127 12.3 1,989 | 1,959 2,01 5.3 5.3 5.4 8.8 X 358 [2379 2,446
» {9/ mi) 118 1.82 1.28 1.0 X 102 1.02 1.23 [ 133 1.8 1.0 1.0 1.0 1.63 1.61 133 116 1.87 1.57 1.86 | 1.00 1.00 1.00 .00 100 V.26 | 1.8 1.49¢
Uronium _(g/ liter ) 480 465 asc 405 | 405 394 333 324
lutonium liter o.lre
|HNO3 (M) 1.8 0.26 0.28 024 | 116 097 {097 0.94 [ X 2.0
|NoNO2 (M) 4.0 0.025 |o.025 0.024 0.021 0.0¢
NO kQ) 108 108 3,993 | 101 101 101 3s2 453 453 453 714 1,167 1,167
Active gases  (kg) Trace Trace
NH4OH {kg) 25 __ |Tra 25
NoNO2 {kg) 189 189 12.8 12.8 12.8 12.8 12.8 2.8
NapSi03  {kg) 1.4 T4 7.4 mox, 7.4 MOX.|
INoA1Og  (kg) 299 299
|NgOH {kq) 241 1He 119
Air (kg) Leakage jeckage Leakage
$iiicon {kq) [
Aluminum _(kg) 98.3
3000
NaNO3  (kg) 402 1) [1.1)
H20 (kg) L4480 24) 50 1,732 | Trace | 700 14 714 1,998 | 42 2,037 ] es 2,511 | 3,287 8,245 82 448 | 29 [1,474 | 30 1,504 206 [5,481 | 210 [se6l | zes | 44 228 [6,218 16,218 | 233 | 6,45 | 20 20 0.5 205 [ 0.5 21 10 0.5 105 | o8 1 979 | 7,451 f27e 7,723
NO (kq) 587 ”
NOs (kg) 783
k 4,986 4,966 4,966 4,966 | 4,966 4,966 4,066 4,966
Total weight (kg) 1,928 | 3,100 | 482 50 [2560 100 4 714 | 2,000 | 42 2442 | 65 3,339 | 7,260 {10,312 [ 1,452 | 1,448 | 29 [1,474 | 30 [1,804 | 206 (10,518 [ 210 [i0,728 | 640 84 228 {11,680 [i11,650 ] 233 [11,883 | 20 20 0.5 205 | 0.5 21 1o 0.8 liemax] 0.5 Jie mox[1,693 [i13597 | 272 13,668
(1b) 4251 | 6,036 {1,063 | 110 |5 645 1,543 ] 31 1,574[ 4,630 93 4,723 | +43 [7,362 |16,000 22,738 | 3,202 3,186 | 64 3,250 | 66 [3,316 [454 [23,192] 463 [23,655) 1,411 119 | 503 25,668 |25,668] 5t4 |26,202] 44 44 ' 45 ' 46 22 t 40 max.| 1 40 mox.; 3,733 [29,981( 600 (30,58
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FROM SOLVENT HEAD TANK NO.I RERUN oxioaTioN COLUMN
HEAD TANK NO.I ‘ ! SURGE
G @ ' TANK
TO ACID RECOVERY TO SECOND COOLER
DECANTER Pu CYCLE
BASIS. 3 METRIC TONS OF URANIUM
Line No. 13 127 128 14 208 | 129 130 131 132 s 16 133 | 209 17 134 | 210 211 135 18 136 137 19 138 | 139
1727 HNO3 0.64 % 20 % 23.7 */* |EvAPORATOREVAPORATORIEYAPORATOR  ICU JET 55 % JET
Process material | IAF IAX 1AS IAP 1AW HNO3  |Fehuys0) 18X I8s IBu IBPg%ICX Icw ICU | NaNOy |oveRHEAD ponoeNsATEl REFLUX koNCENTRATE DILUTION | HNO3 I0F WATER | p)LuTION]
Volume (liters) |9,259 [30,832]| 6,204 |32,869[14,074 4,106 | 8l 4,167 | 8,241 [41,110 | 4,167 |61,665|39,073(63,517| 110 55,509 11,102 | 7,262 1,414 |8,823| 5,325
(gal) 2,446 | 8,145| 1,639 | 8,683 3,718 1,085 | 21.4 | 1,101 |2,177]10,860| 1,101 |16,290|10,323|16,780| 29. 14,666! 2,933 1,919 281 {2,331 1,407
LR (g/ml) 1,498 | 0.840| 1.098 | 0.969| 1.072| 1.00 1.27 | 1.0l | 0.84 | 0.939)/1.043| 1.00 | 0.84| 1.065| 1.16 | | 1.00 | 1.00 | I.56 1.33 | 1.52 | 1.00
Uranium (g/liter)| 324 9l - | 73 a7 | 413 340
Plutonium (g/liter) 0.178 0.050 0.396
HNO3 (M) 2.0 3.0 |0.19 2.2 |o.io0 0.10 . ]o0.03 |29 0.02 0.17 1.6 2.0
NaNO, (M} 0.02 | 0,013 ] 1 4.0 0.062 0.05
Fe{NH2503)2 (M) 1.54 0.03 0.03
TBPin Amsco (vol % 30 30 30 30 30
Amsco (kg) 16,860 16,860 4,506/21,366 21,366
TBP _ (kg) 9,039 9,039 2,416/11,455 11,455
Hz20 (kg) 7,723 5,639 13,362 4,080| 72 4,152 4,152|61,665 61,665| 98 166,611 |55,509[11,102]|6,254| 234 | 846 | 7,334|5,325| 1,209
U02(NO3)2 (kg) | 4,966 4,966 4,966 4,966 4,966 4,966
Plutonium (kg) 1.65 1.65 .65
HNO3s (kq) 1,167 1,/73[393.4 1,947 26.3 26.3 77.7 {3420 77.7 77.7 1,034] 1,112
NaNOz (kg) 12.8 12.8 30.4 30.4 30.4
Fe(NH,S03)2 (kg) 31,0 | 31.0 31.0
Total weight{kg)[i3,871 |25,899] 6,812 |31,260[15,322| 4,106| 103 |4,209(6,922|37,865| 4,526|61,665|32,821/66,709| 128 |66,61i |55,509]11,102(11,328| 234 |1,860|13,442/5,325, 1,209
(1b)|s0,586|57,007]15,020(68,928 33,785/ 9,054| 227 | 9,28115,263|83,492| 9,980)135,971[72,370[147,093] 282 |146,877122,397|24,480/24,978| 516 |4,145]29,640]1!,742) 2,666
] ]




DWG. I6389 RI

IDS
FEED - - - _
TANK
coLD B
HOT
)
Z |
z
W
8 L
] ) -
TO_SOLVENT 2
z £ OVERFLOW POT @
: : n @
2 2 TO TAIL-END
FROM IDF 8 3 @ C—F— FEED TANK
COOLER o w 146 (.
J 3
Y 2 CONDENSATE l '
a
o w RUN i
- - TANK IEU 1EU
ICONCENTRAT! CONCENTRATE
FROM SOLVENT RUN HOLD
HEAD TANK NO.2 TANK TANK o
@ £[2
TO ACID RECOVERY oo
DECANTER I|o
FLOWSHEET 3
BASIS. 3 METRIC TONS OF URANIUM
Line No. K 140 141 142 143 20 212 144 21 213 2i 4 215 145 22 146 23 147 24 148 149
1.7 % 30 % EVAPORATOR |EVAPORATOR|EVAPORATOR| Y E U JET IEU JET 1EU JET
Process material 1DF HNO;  [FefNHS04),| IDS IDX Iou 10w IEX IEU LEW  |OVERHEAD |CONDENSATE| REFLUX |CONCENTRATE DIL UTION [cONCENTRATE|DILU TION [concenrratel WATER | piLyTioN
Volume (liters) 8,823 |5,729 158 5,911 |29,380 /31,440 |13,618 |47,160 |48,256 /29,380 41,746 8,349 | 6,559 6,773 6,994 | 4,489
{gal) 2,331 (1,514 | 4i.7 1,562 | 7,762 | 8,306 {3,598 [12,460(12,750 | 7,762 11,029 | 2,206 [ 1,733 1,789 1,848 | 1,186
PR (g/mi) 1.52 1.10 .27 [ 0.84 0.955 [1.076 | 1.00 1.o88 | 0.84 1.00 1.00 1.6 4 1.62 1.60 1.00
Uranium (g/liter) | 340 95.4 62.2 457 443 429
HNO3 (M) 2.0 3.08 3.0 0.19 2.16 0.124 0.91 0.88 0.86
Fe{NH2503)2 (M) .54 0.05 0022
NoNO, (M) 0.05 0.032
TBP in Amsco (vol %) 30 30 30
Amsco (kg) 16,067 {16,067 16,067
T8P (kq) 8,613 | 8,613 8,613
NaNO, (kg) 30.4 30.4
H20  (kg) 7,334 | 5,184 | 171 5,355 12,689 |47,160 |47,160 50,095 (41,746 (8,349 [5,414 | 215 5,629 219 5,848 4,489 | 925
UO2(NO3z)a  (kq) 4,966 4,966 4,966 4,966 4,966 4,966
HNO3 (kg) t,002 (1,118 1,118 377 1,853 377 377 377 377
Fe(NH2S03)p (kg) 73.3 73.3 73.3
Total weight (kq) [13,442|6,302 | 244 6,546 [24,680(30,023 (14,645 /47,160 [52,503/24,680/50,095!41,746[8,349 (10,7857 | 215 [10,972 | 219 |11,191 |4,489 | 923
(tb} [29,640]13,896 | 538 {14,434 54,419 [66,201 {32,292[103,988|115,769]/54,419[110,459(92,050 /18,409 |23,719 | 474 ]24,193 | 483 24,676{9,898 | 2,040
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@ . DWG. 16387 R|
VENT
D, reeo (50)
Hese, 0
JACK ENT]
LEG | |
“ POT(2)y
: ~
@ ||
w
o Z
@ <2 FLOWSHEET 4
O g
S8 TAIL-END
FROM I EU @ % @
CONCENTRATE _
HOLD TANK @ @
I H
TAIL URANIUM IN HNO J OXALIC
END | PRODUCT | FEED ° égég
FEED, TANK! } TANK TANK
TANK! (2) ! ) I I
TO UNDERGROUND TO DENITRATION
WASTE STORAGE PL ANT
BASIS . 3 METRIC TONS OF URANIUM
Line No. 24 150 25 151 152 153 216
IEU URANIUM 3.5% JET TAIL-END
Process material concenTraTe| &' %2 HNO3 | oropuct loxavic acio] WATER | priuTioN | wasTE
Volume (liters) 6,994 107.6 7,064 215 143 365
(gal) 1,848 28.4 1,866 56.8 37.8 96.4
o (g/ml) 1.60 1.03 1.60 1.0l 1.00 1.0l
Uranium (g/liter) 429 425
HNO3 (M) 0.86 1.0 0.86 0.09 |
) (COOH)2 (M) 0.4 0.24 .
(COOH)2 (kg) 7.7 7.7
H20 (kg) 5,848 104 5,952 209 143 7 359
UO, (NO3), (kg) 4,966 4,966
HNO3z (kg) 377 7 382 2
Total weight (kg) 11,191 L 11,300 217 143 7 369
(1b) 24,676 245 24,916 479 315 15 814
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@ @ DWG. 16386 R.I
NaNO, HNO3 L AS I B8X _
FEED FEED FEED FEED
TANK TANK TANK TANK
(2) (2)
_ . COLD -
HOT VENT
" ey
NI
7o RERUN|| PECANTER| [
COLLECTION! = _ _ _ __ — —_——
a{iitVENT VENT TANK | " [
—ee g
| |
R NI S T — ]
FROM IB 2 | 3 TO TO BLEND 1 TO ION
COLUMN ! 18] 1 | 3 |soLVeNT JHOLD TANK | ¥ | EXCHANGE
l ! JET TANK | EVAPORATOR | & i
L o ! w 0.1 + (I
2 ! » - o 11
) | = r = 0 !
a | z j AIR LIFT e3 _;
L~ ¢ |l 16} : n?v
=} il | |0
FROM SOLVENT i ) | s 2o
HEAD TANK NO.I '—— i o
TO ACID RECOVERY
DECANTER
FLOWSHEET §
BASIS:. 3 METRIC TONS OF URANIUM
Line No. 16 154 | 155 26 156 | 157 27 217 158 | 28 218
23.7%)| 55%
Process material 1BP |\ NOs |HNOs | LAF |IAX |IAS |TAP |DAW |TBX |IBP |IBW
Volume ( liters) 4,167 | 202 |3,708(8,076 ({2,019 {1,010 2,019 9,058| 505 | 505 |2,0!9
( gal) 1,101 | 534 | 980 |2,134!533 | 267 | 533 |2,393| 133 | 133 | 533
/2 {g/ml) 1.043 | 1.186 1.33 11.20 10.84 [1.015]|0.848 | 1.18 |1.001 |1.04 |0.84
Plutonium { g/liter) |0.396 0.204 0.817 3.27 ]
HNO3z (M) 1.29 .6 6.0 0.5 |o0.12 | 5.4 |0.05 | 0.53
NaNO, (M) 4.0 0.1 0.089
Fe (NH,S03), (M) 0.03 0.015 0.014
NHpOH & HaS04 (M) 0.05 | 0.05
TBP in Amsco {(vol %) 30 30 30
Amsco (kg) 1,104 1,104 1,104
TBP (kg) 592 592 592
H20  (kg) 4,152 | 178 [2,219/6,549 983 7,532| 502 | 502
Plutonium (kg) 1.65 1.65 1.65 1.65
HNOz (kg) 342 2,712|3,054 31.8 | 15.3 3,070, 1.59 |16.9
NaNO2 (kg) 55.7 55.7 55.7
Fe (NH2S503)2 (kg) 31.0 31.0 31.0
NH, OH-% Hp SO4(Kg) 2.07 | 2.07
Total weight (kg) |4,526| 234 |4,931/9,691|1,696/1,015 |t,713[10,689| 506 | 523 |1,696
{(Ib) |9,980{ 516 [10,87321,369/3,740[2,238(3,777]23,570{1,116 |[1,153]3,740
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Py CYCLE - *
FILTEI
“E'L‘.'}m "‘é‘fﬁi‘:’«"r" wBAEsDu ke Na NO
(2) T2} (2) ELUANT] 2
:wror J |
A S
] : ! 5t
1yt - @
1
\J
@ FLOWSHEET 6
i | e b8 Faresoen PLUTONIUM ISOLATION
§3 : cn.Emu' VENT
a E TANK
3
_ _cowp - _ coLp
HOT HOT
1 TO UNDERGROUND
: WASTE STORAGE
WASTE |
RUN H
TANK :
H
BASIS. 3 METRIC TONS URANIUM
Line No. 28 219 189 220 1860 221 161 29 222 162 223 i63 224 2244 164 225 165 226 166 227 167 228 168 169 229 230
Process material mep [T WASTEGRANUN|URaNioN PUITOMN] RECTCLE | SE0 ~ [FLIONN | RECYELE | iril” | A | hab " | neavere [ wasse | wasn | masre |eLonnt | crinte | wasw |"waste [orcSTion] ¥ASTE | Moy |oiluion| WASTE |oFF-eas
Volume (liters) 505 505 383 383 27.5 15.3 45.9 27.%5 28.6 6.3 15.3 132 191 191 7.14 .2 S. 1 5.1 3.06 2.04 Wwao0 13.0 [NE-X.)
(Qﬂl) 133 i33 101 1O} 7.27 4.04 1z, 7.27 7.56 4.31 4.04 34.9 30.5 50.8 1.89 2.96 1.34 0.808 0.539 296 3.4 305
/0 (9/"") 1.04 1.04 .01 (-1 19 1.0t 1.01 .28 1.01 1.21 1.20 1.00 1.02 i.02 1.0t 1.05 .02 1.01 1.0t .02 1.16 1.02
Plutonium {g/liter) 3.27 0.05 60 0.3 1.80 0.22
HNO3 (M) 0.53 0.52 0.02 5.7 0.1 5.7 0.1 5.7 5.7 0.47 0.047 9.1 0.59 0.1 0.1 0.33 0.32
NHon'%stm (M) 0.05 0.05 0.08 0.05 0.05 0.05 0.08 0.012 0.012 0.05 0.046 0.05 0.08 0.042
MHgSO;H (M) 0.3 0.3 0.3 0.3 0.024 0.024 0.018 0.0043
H2504 (M) 0.28 0.24 0.25 0.020 | 0.020 0.086 0.085
NaNOz (M) | 4.0
{COOH), (M) 0.5 0.5 0.002 0.002
N2  (kq) 0.14
Uranium (kg) TRACE
Plutonium {(kg} 1.68 0.0008 1.650 [ 0.0143 0.0275 0.0426
HNO3 (kg} 16.9 16.5 0.5 9.89 0.289 9.89 0.180 5.86 5.50 5.68 5.68 0.045 .42 0.019 0.013 23.0 23.0
NHzOH'{' H2S 04 (kg) 2.07 2.07 1.87 1.57 0.063 0.188 o.117 0.180 0.180 | 0.029 0.042 [ 0.013 | 0.008 3.87
NH2S0yH  (kQ) 0.80 0.80 0.47 0.a5 0.45 0.45 0.02 0.47
H2504 (kg} 9.38 9.00 0.38 o4 | o0.3e | o0.38 | | Lo\l 9.38 9.62
NoNO2 (kg} 3.38
(COOH), (kg) 0.230 | 0.230 0.230 0.230
N20 {kg) 2.08
Noz SO4 (kg) 3.69
Ha0 (ko) 502 502 3718 3715 22.0 15.0 45.9 22.0 28.6 13.4 12.3 132 187.9 | 187.9 T4 1.3 4.93 4.95 3.06 2.04 22.4 1105 1.4 23.1 (AR Y]
Totol weight (kq) 523 s21 386.0 | 386.1 32.7 15.44 | 46.4 34.3 28.9 19.7 18.3 132 194.6 | 1946 7.22 1.8 5.18 5.18 3.09 2.06 22.4 ez 15.0 23.1 Wwrr 2.2
{(Ib) 1153 Lise 85Il 851.4 r2.1 34.0 102 75.6 63.7 43.4 40.4 291 429.1 | 429.1 15.9 26.0 1.4 1.4 6.81 4.54 49.4 2518 33.1 50.9 2,595




coLD DWG. 16390 RI
HOT
FROM SOLVENT ICAUSTIC
RECOVERY @ FEED
= | TANK
ﬂ - : _LoLo _
TO RERUN — ’ HOT
COLLECTION @
TANK
DECANTER
FROM ;OLVENT TO DILUTE NITRIC
ACID FEED TANK
® RECOVERY oo @ .
233)VENT
1
S o ©
FroM FROM &) @)
DISSOLVER L WASTE v |
. ISECOND
aco || STORAGE | | FIRST | ISEcoR | 4 FLOWSHEET 7
RECOVERY i WASTE | 1STAGE ST 'CONDENSATE]
NEUTRALIZER | 1acID RUN |
Feen | i | (EVAPO-! | 'Evapo- ITANK (2! ACID - RECOVERY EVAPORATION
TaNk | ! ' 'RATOR' ! IRATOR ' !
TO UNDERGROUND -2
WASTE STORAGE Olo
T|o
BASIS: 3 METRIC TONS OF URANIUM e
Line No. 203 208 | 212 | 217 264t 1277 |17} 231 232 [ 172 | 265 [233 [173 234 |[174 | 235 236 | 237 175 |176 | 238 | 177 239
SPENT SPENT 7 JET Ist STAGE { Ist sTAct| JET SPENT OFF - N NEUTRALIZED| JET  INEUTRALIZED Ist STAGE | 2nd STAGE| JET 2nd STAGE| JET DILUTE
process material  |omaer 1 aw | 1 ow(maw | SRS lcomensarlol o (40 kR a0 ee ol r ondcimmoare | Gas [P0 Ne0H| wasTe  [DILUTION | WaSTE | Conbekstre | ‘S | O1LuTion | WATER P60 Niare | DILUTION [HNog (8.3%)
Volume (liters) 2)00 14,074 | 13618 | 5058 | 1438 | 7646 48550 | 107 3896 486 | 5556 | 5667 [73839 | 1107 24756 | 73229 74,693
(gai) 555 3718 | 3598 | 2393 | 380 | 2020 12,827 | 292 L028 128 1,468 1,497 (19508 | 292 6541 | 19347 19,734
~ (g/mD .o2 | 1072 | 1076 LIB 1.00 | 1.00 | 109 | 37 1.02 1.52 .12 12 .05 | L24 .00 | 1.04 .04
HNO3 (M) 0.79 | 2.2 2.16 | 5.4 0.05 . 2.28 8.0 . ) 1.5 | 80 | 139 1.36
NaNOz (M) 0.032 |0.089 | 0.030
Fe(NH2503), (M) 0.022 | 0.014 0.009
NaNO3 (M) 0.92 1.78 174
Na;S04 (M) 0.19 0.15 0.15
F62(504)3 (M) 0.19
NaOH (M) 19.0 | 0.08l 0.079
Fe(OH)3 (M) 0.076 0.074
€Oz (kg) 30
No2CO3 (kg 72
FelOH)s (kg) 45 | 45
NaOH (kg) 369 18 18
NaNOs (kg) 86.2 839 839
Na,S04 (kg) 29.9 120 120
Fep(S04)3 (kg) 84.1
H20_ (kg) 2037 | 13362 12689 | 7532 | 1405 | 7646 | 1,038 |45737 | 759 30 369 5201 | 124 | 5325 |70551 | 8IS 27 2475669736 | 1523 | 71,259
HNO3  (kg) 105 | 1947 | 1853 | 3070 4.5 6980 | 558 3896 6980 | 558 6422 6422
NaNO, (kg) 12.8 30.4 | 55.7 98.9
Fe(NH2S03), (kg) 73.3 | 310 104.3
Total weight (kg)| 2j42 [15322 (14645 [10689 1,410 | 7646 |1038 |62920| 1517 30 3958 | 30 738 6223 | 124 | 6347 | 77531 | 1,373 27 24756 | 76458 | 1523 | 77681
(Ib}| 4,723 {33785 |32292 |23570 | 3109 |16859 | 2289 |116689 3345 | 66 8749 | 66 1,627 |13,722 | 273 | 13995 [170956| 3027 | 60 |54587[167929 (3358 |171,287

. .
. .
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) &
D
. 3 €49
z
K o
5 OVERHEA TO_PROCESS
& COOLER A [ "WATER SKIMMER™
é WATER| |
[ = HOLD | |
o 3 TANK | !
] é" (2) L |
& £
a 1 4
w
=~
:
;
o FLOWSHEET 8
2
FROM ACID S -
RECOVERY € ACID-RECOVERY
. EVAPORATION DlSTlLLATION
RETURN
M jrt
oiLute | | RECOVERED
e e
FEED | | | [RUN
A ! I |TA
. o (2)
TO PROCESS
| @ [ —
RECOVERED | |
NITRIC ACID | |
STORAGE TANKL

BASIS. 3 METRIC TONS OF URANIUM

Line No. 239 240 241 242 243 244 245
DILUTE | O.1% HNO3|0.1% HNO3[0.1% HNO3[55% HNO3{55 % HNO3|55 % HNO3
Process material HNO3(8.3%)|oVERHEAD REFLUX [CONDENSATE| BOTTOMS | BOILUP PRODUCT
Volume (liters) | 74,693 [132,250 66,125 66,125 156,358 147,669 | 8,689
{(gal) 19,734 34,940 | 17,470 | 17,470 | 41,310 39,014 2,296
2 (g/mi) 1.0 4 1.00 1.00 1.00 1.33 1.33 1.33
HNO3 (M) 1.36 0.016 0.016 0.016 1.6 (1.6 1.6
H20 (kg) 71,259 | 132,118 66,059 | 66,059 | 93,580 [ 88,380 5,200
HNO3 (kg) 6,422 132 66 66 {14,376 | 108,020 | 6,356
Total weight (kg) | 77,681 (132,250 66,125 66,125 [207,956 | 196,400 | 11,556
(Ib) {171,287 |291,611 145,806 /145,806 (458,543 |[433,062 | 25,481
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coLD - @@ Tee AMSCO @ WATER — - coLd -40- DWG. 16376 R!
HOT 7 —— ‘ | ! @ HOT
SOLVENT HNO TP AMSCO ICARBONATE] CAKE SOLVENT
HLE,,D ..EA?, HEAD HEAD HEAD WASH HEAD
TANK ! TANK TANK TANK T(AN)K TANK TANK
NO.1 (2) No.2
e — 2
SOLVENT
coLD MIXING 1 COLD _ _
HOT - - - TANK - - HOT
LAX (TAX ‘—Eﬁ_‘ L 5%
——, 3
185 & —
IEW FLOWSHEET 9
L &)
N SOLVENT RECOVERY
z
z z w
« 2 ] w
' H ] ' ] 3 S
o o ISOLVENT SOLVENT, e
= w | JET JET | w .
SOLVENT % ; @ + TANK TANK 3 2 SOLVENT
YoLe 2 : I"SPENT 3  NO.I NO.2 | 20 T INM 0 | eentriruee & HOLD
TANK n 262 | = [GARBONATE e - : TANK
Mo TO WASTE (! TAN< s i b3 No. 2
G () NEUTRALIZER @ L_..._G
TO ACID TO UNDERGROUND WASTE TO UNDERGROUND WASTE TO ACID
RECOVERY DECANTER VIA TAIL END WASTE TANK VIA TAIL END WASTE TANK RECOVERY DECANTER
BASIS . 3 METRIC TONS OF URANIUM
Line No. 209 218 | 183 18a 185 170 258 186 259 187 260 261 188 262 263 127 132 158 189 264 190 268 266 213 191 192 193 194 267 195 268 196 269 270 197 271 272 143 198 273 278
SOLVENT| T8°P AMSCO JET JET | RECYCLE| SPENT |[CARBONATE] 032% JET SPENT SOLVENT| TBP AMSCO JET JET [RECYCLE| SPENT |CARBONATE 0.32%
[Process material Icw TBY |MAKEUP |MAKEUP |MAKEUP |DILuTiON| S'F S1s S'W  IDILUTION [CARBONATE|CARBONATE| MAKEUP | S10 s20 Tax Les Tax HNO3 S2W%  DILUTION|CARBONATE| SLURRY | TEW MAKEUP |MAKEUP | MAKEUP [plLUTION| S 3F S3s S3W [DILUTION TE E[ MAKEUP | 530 s40 1DX HNO 3 S4w | SLURRY
Volume (liters) 398,073 2,019 616 ™ “-3* 96 5% 41,782 | 8,218 8,894 6,804 | 2,224 [ 1,400 41,092 141,092 [30,832 | 8,2 41 2,019 sB2e 822 3,890 4.0 29,380 441* zs.s** ss."""“'b 29,874 [ 5,876 6,361 4,666 | 1,590 1,001 29,380 |29,38029,3860| 5868 588 3.0
*:
al} 10,323 | 533 163% | 10.9%% 258 11,039 | 2,171 | 2,350 1,798 | 588 370 10,886 10,856 | 8,145 | 2,177 533 217 217 1,028 [ 7,762 | ur* r.g2*% 183" 7,893 | 1,552 | 1,681 1,286 | 420 264 | 7,762 | 7,762 | 7,762 | 155 1553 0.8
4 > TWO : TwWa + . >
2 (g/mi) 0.84 084 0.84 | 0.976 0.78 PHASES | 1.02 102 .oz 1.02 1,03 0.84 0.84 0.84 0.84 o84 1.00. 1.00 Loz .o 0.84 0.84 0.8976 | 0.78 PHASES | 1.02 Loz 102 .02 1.03 0.84 0.84 o.84 1.00 1.00 1.0
INa2 CO3 (M) 0.193 0.178 0.175 0.178 0.283 0.175 0.193 [ 0.178 0.175 ©.178 | 0.283
HNOx (M) 0.05 0.05 0.05 0.08
3
[TBP in Amsco (vol %) 30 30 30 100 30 30 30 30 30 30 30 100 30 30 30
HNO3 (kg) 2.8 2.6 [ 1.9
H20  (kg) 690 690 8,214 | 8,904 136 6,814 2,226 | 1,400 819 819 78 3,896 4 494 494 5,874 | 6,368 97 4,873 | 1,892 | 1,001 588 386 3
Na2 CO3  (kg) 168 168 126 a2 42 72 120 120 90 30 30
msco  (kg) 21,366 | 1,104 337t 75 5%¥ 22,470 22,470 (22,470 |16,860 | 4,506 1,104 16,067 Z4l* 53.“;'“'l 16,067 16,067 (16,067 |16,067
¥ *
TBP (kg) 11,4885 592 181 %] a0.4** 12,047 12,047 [12,047 ] 9,039 | 2,4(6 592 8,613 1289 28.9 8,613 8,613 | 8,613 | 8,613
i ¥ x|
Total weight (kg) {32821 | 1,696 s18* | 40.8% 758 690 [35,207 8,382 | 9,072 138 6,940 | 2,268 | 1,442 |34,517 | 34,517 |25,899| 6,922 | 1,696 | 822 822 78 3,968 4 24,680] 370 20.9" 535 1 a9s 25,174/ 5,994 | 6,488 97 4,963 | 1,622 | 1,031 |24,680]24,680/24,680] 388 588 3
*
(D) {72,370] 3,740 | 1,142" | 89 **| 166" 1,522 |77,632 18,482 20,004 | 300 |15,303] 5,001 3,179 |76,110}76,010 [ 57,107 [15,263 | 3,740 {1,812 [1,812 172 8,749 8.8 54,419] 815" | 63.77] (13 1,009 | 55,508[13,217 [14,306| 214 10,943 {3,877 [ 2,273 |[54,419[54,419)54,419] 1,297 | 1,297 6.6
* BASED ON 1.5% LOSS PER THRQUGHPUT. *x BASED ON 0.1 VOL % DROP IN THROUGHPUT, *xx BASED ON 0.1 VOL % RISE IN THROUGHPUT.




41- DWG. 16377 Ri
el © | 4
g &
] [
FILTER %J E o 2%
(21 = GAS(ZH)OLDER 2 EE aE TO STACK
IS s ° |
5
oo
DI SSOLVER TO STACK
TO DISSOLVER (249, 179 @ FLOWSHEET 10
T TO UN ROUN
luNO3 (56.1% W%STEDESRTGOF?AGED RAGS PROCESS
I HOLD
| TANK
1
1
BASIS. 2.4 METRIC TONS OF URANIUM
Line No. 205 246 178 247 248 179 249 250 180 181 251 182 252 2534 254 255 256 257
DI S SOLVERJIODINE UNIT DILUTE | 56.1% JET 55 % |SCRUB TOWEH IGAS HOLDER| NaOH TO|scrRu8 Towed NaOH SCRUBFLECTRODRVERREGRNERATION STACK |DESORBED
Process material|oFF-Gas [ExiT gas | OXYSEN | ynos HNO3s |DILUTION HNOs |EXIT gas | WATER | OXYGEN ey T GAsS |scrus Towe] WASTE |exig ens [EXIT GAS | HpO GASES GAS
Volume (liters) 1,719 2,461 66.0 2,529 1,646 1.8 11.8
(gal) 454 650 17.4 668 435 3.1 3.4
(ft3)* 28,700 28,700 | 10,800 3,084 | 2,590 638 632 618 14.1 593 24.6 |
2 (g/ml) 1.05 1.34 1.00 1.33 1.00 1.1 4 .16 !
HNO3z (M) .7 1.9 1.6
NaOH (M) 3.0 1.8
NO (kg) 470 470 87.9 TRACE
NO2 (kg) 626 626 TRACE
N (kg) 19.8 19.8 19.8 19.8 19.8 19.8 19.1 0.7
02 (kg) 6.2 6.2 410 71.0 0.7 0.7 0.7 0.6 0.1
CO2 (kg) 0.31 0.31 0.31 0.31
Kr (kg) 0.0535 | 0.0535 0.0535 0.0535 0.0535 | 0.0535 0.0535
Xe (kg) 0.334 | 0.334 0.334 0.334 0.334 0.334 0.334
1129 (kg) 0.009 )
H20 (kg) 66 66 1,620 | 1,448 66.0 1,514 1,6 46 0.3 12.0 12.1 0.3 0.30
HNO3 (kg) 185 1,850 1,850
NaOH (kg) 1.42 0.85
NQzCO3 (kg) 0.75
Total weight (kg){ 1,189 1,189 410 1,805 3,298 66.0 3,364 |108.4 1,6 4 6 71.0 21.5 13.4 13.7 21.2 20.9 0.30 19.7 1.19
(1b) 2,622\ 2,622 804 3,980 | 7,272 146 7,418 | 239.0 3,629 157 47.4 29.5 30.2 46.7 46.1 0.66 43.4 2.62

* at 20°C and | atm,




SOLUTION
LADD ] TION)
TANK

coLD _ ~
HOT
N TRIFUGE
TO 1AF
FEED
POT
DECANTER
70 BLEND HOLD
TANK EVAPORATOR
FROM RERUN OR
PRAIN HEADER 1 RAW METAL SOLUTION
HOLD TANK
UNDE RéRoUM UNDERGROUN,
PROCESS PROCESS RERUN RERUN RERUN
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TO STACK I DWG. 16766 RI
aas 1
IRECOVERY |
o [EVAPORATOR|
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W | T

WASTE STORAGE TANK
(3)

FLOWSHEET 12
UNDERGROUND WASTE STORAGE

BASIS. 3 METRIC TONS OF URANIUM

Line No. 204 207 | 216 | 229 | 235 | 252 |25S .| 276 | 277 278
COATING | CAKE [TAIL-END [\ON-EXCHANGE [NEUTRALIZED| RAGS SCRUB TOTAL WASTE STORED
Process material |[SOLUTION | SLURRY | WASTE | WASTE | wasTe [ower wasie [SLURRY |\WASTE  |cBiotwoarc | WASTE
Volume (liters) | 2715 365 1,154 5,667 14.8 7.0 9,972 | 7,646 | 2,270
(gal) 717 96.4 305 1,497 3.9 1.9 2,635 | 2,020 600
~ (g/ml) .23 1.0 | 1.02 112 116 () 1.13 1.0 1.6
(COONa), (kq) 1.8 1.8
Fe(OH)3 (kg) 45 45 45
Na, CO, (kg) 1.0 i.0 1.0
Na, SO 4 (kg) 3.7 120 138 138
Hp SO4 (kg) 9.6
HNO3 (ka) 2 23
(COOH)2 kq) 7.7 0.2
§ NH4 OH (kg) 25 25 25
NaNOz (ka) 189 i89 189
- Na,SiOz (kg) 7.4 |7.4 MAX. 7.4 7.4
NaAiO2 (k) 299 299 299
NaOH (kg) o I8 1.1 107 107
NaNO3z (kg) 189 839 1,065 1,065
H,0 (kg) 2,511 i 359 1,141 5,325 | 15.1 7 9,380 | 7,646 | 1,734
Total weight (kg)| 3,339 |18 MAX. | 369 (A& 6,347 | 17.2 7 11,268 | 7,646 | 3,622
{ip)] 7,362 |aomMAaXx| 814 |2,595 {13,995| 37.9 15.4 24,846 | 16,859 | 7,987
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. 7.0 Appendix 2: COST ESTIMATING TECHNIQUES

Although basically the cost estimating techniques employed in
this study were those used widely in ordinary chemical process industries,
exceptions to the rule, because of the unique nature of radiochemical
processing, were encountered. These exceptions are incorporated as
commentary in the following summary of estimating techniques used in

this study.
Cost Item

Process equipment
(installed)

Process piping

Instrumentation

Method Used

List and price (delivered price) all major and
auxiliary equipment. Multiply the resulting cost

by the appropriate installation factor to obtain
installed equipment cost. Comment: The installation
factor employed in this study, 1. 14, is based on

ICPP costs and is in the lower end of the range of
factors suggested in the literature. This lower
factor seems reasonable in view of the high cost of
stainless steel equipment.

Multiply the installed equipment cost by an appro-
priate piping factor to obtain cost of piping,
fittings, and valves. Comment: The piping factor
employed in this study, 1.5, is considerably higher
than the value of 0.6 used by Iang(8)or the range

of values of 0.3 to 0.6 suggested by Chilton.(P

Piping costs are high for a radiochemical processing
plant because of piping through concrete,; increased
length of piping required by remote operation, and the
increased number of pipe lines required to reduce the
probability of shutdown and to provide for decontamina-
tion. The basls for the value of 1.5 is given on p.50.

Determine a cost of instrumentation per unit of
equipment and multiply by the number of units of major
equipment. Comment: It was found in this study that
the instrumentation cost is a function of the "length"
and complexity of a process rather than the capacity.
This appears obvious when it is considered that an
instrument, such as a liquid-level controller, costs
the same whether used with a 100-gal vessel or a
10,000-gal vessel.

(a) H. J. lang, "Simplified Approach to Preliminary Cost Estimates,”
Chem. Eng., 55: June, p. 112 (1948).

(b) C. H. Chilton, "Cost Data Correlated," Chem. Eng., 56: June, p. 97
(1949).




Mechanical and
special equipment

Buildings

Service facilities

Underground waste
storage (liquid)

Other facilities

45~

List and estimate directly. Comment: Sampling-
equipment cost, a major item in a radiochemical
processing plant, can be obtained by applying

a unit price to the total number of samplers
required.

The cost of the process (cell) building is best
obtained by applying unit costs to the major

bullding materials and excavation requirements,

if such are available. If not, application of

a unit cost to the square feet of cell floor

area required would yield a fair approximation.

An approximate price based on ICPP costs and costs
determined in this study would be $700 per square
foot (assuming an internal cell height of 40 ft).
Costs for other buildings, such as laboratory,
administration, and warehouse structures, can be
obtained by the application of unit costs, based

on square footage or cubical content of the en-
closures, found in the literature. Comment:

The laboratory floor area requirements can be obtained
from tlenumber of analyses per unit time requirements
by assuming (1) a number of samples per analyst per
unit time and (2) the number of square feet per
required analyst. For this study these numbers were
15 analyses per analyst-shift and 150 f£t2 per analyst.

Apply unit prices available in the literature(a:b)
to steam, electricity, water, and compressed air
requirements.

Apply unit costs to the number of gallons of storage
capacity required. Comment: Hanford reports a unit
cost of approximately 503 per gallon, which includes
the cost of installed tanks, stainless steel under-
ground lines, and diversion boxes, but not cooling
coils, condensers, or the like.

Costs of such facilities as burial grounds, waste
lagoons, and burning grounds can be obtained from
existing facilities or by "guesstimation."”

(a) E. C. Dybdal, "Engineering and Economic Evaluation of Projects,"
Chem. Eng. Prog., 46: 57 (1950).

(b) P. Jandrisevits, "Preliminary Estimating by Selective Unit Costs,"
Ind. Eng. Chem., 43: 2299, esp. p. 2301 (1951).




Site development and
land costs

Operation
costs

Engineering, design,
construction, con-
tractor's fee, and
preoperational costs

L6

Site development costs may be epproximated
by assuming these equal to 8 to 10% of the
manufacturing facilities cost. Land costs
vary considerably and must be obtained for
the particular plant site considered.

The application of unit costs and factors to

raw material, labor, services, and analytical
requirements is suggested for best results.

(For an illustration of this method, refer to

the operating cost estimate in Appendix 3, p. T1.
This will necessitate the determination of

(1) annual raw materials required; (2) operating
labor and maintenance labor requirements; (3) annual
steam, water (cooling and process), electricity,
and compressed air requirements; (4) annual number
of analyses.

The factors employed in this study, as shown on
p. 11, Sect. 4.2.2, are suggested for direct-
maintenance plants.
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8.0 Appendix 3: BREAKDOWNS OF SUMMARY TABLES

In this appendix are given the detailed breakdowns of the estimates
for wanufacturing, power, site developwent, and general facilities
(see Sect. 4.2.2).

Manufacturing Facilities, Summary

Cell Building $ 4,274,000

Equipment in cell building:

Dissolving $ 652,993

Feed preparation 576,348

Rerun 355,255

Acid recovery evaporation 549,173

First solvent extraction cycle 760,230

, Second plutonium cycle 189,461

a Second uranium cycle 613,610
Solvent recovery 1,003,782

) Miscellaneous 380,278

Total cell building equipment $ 5,081,130

Other buildings and equipwent:

Raw material storage $ Lo3,21k
Tail-end treatment 159,714
Plutonium isolation 210,427
Acid distillation 346,801
Process liquid storage 123,857
Process liquid waste storage 1,223,033
Laboratory waste evaporation 228,000
Process water system 54,652
Retention basin 77,000
Laboratory building 1,980,000
Burial ground 50,000
Burning ground 25,000
Decontamination facility 50,000
Pond 25,000
Gaseous waste treatment 408,436
Total other buildings and equipment $ 5,365,134

Total manufacturing facilities $14,720,264
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Manufacturing Facilities, Details

A. Cell Building

Concrete. 10,369 yd3 for cells and hot pipe tunnel
at $100/ya3 in place;(8) use $190/yd3 to allow for
concrete (e.g., footings, galleries, tunnels) not
included in cells and hot pipe tunnel; 10,369 x 190 = $1,970,000

Excavation and backfill. Use 10% of concrete, as
location and type of soil are unknown 197,000

Solution makeup and crane area. Steel and transite .
structure; 578,400 £t3 at 60¢/ft3 (b) 347,000

Heating and ventilation. Use $l/cfm;(a) air used
outside cells before entering cells; 228,000 £t3 '
of cell space at 10 changes per hour 38,000

Stainless steel linings. Cells and hot pipe tunnel
(floors apd 6 £t up walls); 17,100 £t2 at $13/ft2
installed(a) 222,000

Blectrical services(¢) 400,000

Special equipment. Includes such equipment as
radiation~-detecting equipment, ?iicellaneous
a .

sampling equipment, and gadgets 1,000,000
Painting ) 100,000
Total cell building $4,274,000

(a) Based on Idaho Chemical Processing Plant costs.

(b) Corrected to 1953 from data given by W. L. Nelson, "Cost of Buildings,"
article No. 22 in "Cost-imating,” 0il and Gas Jourpal publication;
also J. Happel, R. S. Aries, and W. J. Borns, "Estimating Chemical
Costs,” Chem. Eng., 53: December, p. 97 (1946).

(c) $406,000 for ICPP Building 601, including indirect costs such as
profit and construction costs.
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Equipment in Cell Building

Dissolving
Ma jor equipment in cells
-2 slug dissolvers, 8 ft die x 10 ft high $ 74,000
2 dissolver condensers, 3 ft 10 in. dia x 15
£t 6 in. high 32,000
1 slug rinse tank, 6 ft dia x 6 ft high 10,580
1 coating solution hold tank, 7 ft dia x 8 ft high 15,300
2 off-gas heaters, 220 ft2 each 12,000
2 iodine towers, 2 ft 6 in. x 9 ft high 24,900
2 off-gas filters, 6 £t 6 in. dia x 5 ft high 11,600
Subtotal : $180,380
Major equipment outside cells
1 drowning tank, 6 ft dia x 6 £t high 4,920
2 sodium hydroxide tanks, 3 ft dia x L ft high 2,880
2 nitric acid tanks, 7 ft dia x 8 ft high 19,020
Subtotal $ 26,820
26 Jets $ 5,140
Delivered equipment total $212, 340
Installation, 0.14 x p.E.(8) 29,728
Installed equipment total $242,068

(a) The

value 0.14k is the installation factor based on ICPP costs.
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Piping, fittings and valves, 1.5 x I.E.(>) $363,102

4 Samplers (®) 20,000

Instrumentation, $12,012 x 1.387 x 1.67 27,823
Dissolving equipment total $652,993

(2)

(b)

The factor 1.5 is the average of the values 1.2 and 1.8, which
were obtained as follows:

(1) The Idaho Chemical Processing Plant costs for piping were
adjusted by a factor to correct for the larger average pipe
diameter of this design study as compared with the ICPP average
pipe diameter. This gave a piping cost for this design study
which, when divided by the estimate of installed equipment cost,
gave a piping factor of 1.8. This calculation of a piping factor
gives a high value since it assumes the same length of pipe for
for the two plants and the ICPP probably has the longer length of
pipe as it has more pieces of major equipment.

(2) As a rough estimate, the design criteria for remote operation,
piping through concrete, reduced probability of shutdown, and de-
contamination would double the piping costs over those for a
comparable fluid processing plant. Using the piping factor of 0.6
given given by H. J. Lang,("Engineering Approach to Prgliminary
Cost Estimates,” Chem. Eng., S5k: September, p. 130, 1947), for
fluid processing plants, the piping factor would be 2 x 0.6 =

1.2 for radiochemical plants. i

The value 1.387 is a piping and panel factor and 1.67 is an in-
stallation labor factor; both factors based on ICPP costs.




-51-

Feed Preparation

Ma jor equipment in cell

1 raw metal solution hold tank, 10 ft dia x 11 $ 21,170

ft high
1 centrifuge feed tank, 8 ft dia x 11 ft high 22,940
1 centrifuge, 40 in. 25,000
1 centrifuge run tank, 8 ft dia x 11 ft high 19,790
1 Dblend hold tank evaporator, 10 ft dia x 11 ft

high 22,000
1 condenser, 180 ft2, and de-entrainer (3 bubble

trays) 8,000
2 solution adjustment tanks, 8 ft dia x 11 ft

high 39,040

Subtotal $157,940

Major equipment outside cell

1 cake wash feed tank, 2 ft dia x 3 ft high 570
1 solution addition tank, 4 ft dia x 5 ft high 2,540

2 fipal adjustmwent feed tanks, 4 ft dia x 5 ft
high 5,040

1 initial adjustment feed tank, 3 ft dia x 4 £t
high 1,790
1 sodium nitrite feed tank, 2 ft dia x 3 ft high 620
Subtotal $ 10,560
1 cake wash pump 8,000
31 Jjets 3,670
Delivered equipment total $182,170
Installation, 0.14 x D.E. 25,504
Installed equipment total $207,67T4
Piping, fittings, and valves, 1.5 x I.E. 311,511
6 samplers 30,000
Instrumentation, $11,727 x 1.387 x 1.67 27,163

Total feed preparation $576,348



Rerun

Ma jor

PHRRPHEH

Ms jor
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equipment in cell

rerun collection tank, 10 ft dia x 11 ft high
centrifuge, 40 in.

decanter, 1 ft x 1 ft x 6 ft

rerun aqueous tank, 10 ft dia x 11 ft high
rerun organic tank, 8 ft dia x 11 ft high
cell drain collection tank, 10 ft dia x 1l ft
high

Subtotal
equipment outside cell

solution addition tank, 2 ft dia x 3 ft high
Jjets

Delivered equipment total

Installation, 0.1% x D.E.

Installed equipment total

Piping, fittings, and valves, 1.5 x I.E.
4 samplers
Instrumentation, $5,418 x 1.387 x 1.67 .

Total rerun

$ 21,070
25,000
800
21,060
19,510

20,960

$108,hoo

580

4,250

$113,230

122822

$129,082

$193,623
20,000

12,550

$355,255
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Acid Recovery Evaporation

Major equipment in cell

Acid recovery feed tank, 10 £t dia x 11 ft high
Waste neutralizer, 7 ft dia x 8 ft high

First stage evaporator, 10 ft dia x 10 ft high
Condenser, 512 £t2

Second stage evaporator, 10 ft gia x 10 ft high
Condenser and subcooler, 840 ft

Condensate run tank, 10 ft dia x 11 ft high
Condensate hold tank, 10 ft dia x 11 ft high
Decanter, 1 ft x 1 ft x 10 £t

Subtotal
Major equipment outside cell
1 sodium hydroxide feed tank, 3 ft dia x 4 ft
high
19 Jets
Delivered equipment total
Installation, 0.14 x D.E.
Installed equipment total
Piping, fittings, and valves, 1.5 x I.E.
6 samplers

Instrumentation, $9,548 x 1.387 x 1.67

Total acid recovery evaporation

$ 20,900
15,070
26,500
10,000
26,500
21,500
2k, 200
2k, 280

1,100

$170,050

1,800
3,960

$175,810
24,613
$200,423

$300,634
26,000

22,116

$549,173
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First Solvent Extraction Cycle

Major equipment in cell

IA pulse column

IB pulse column

IC pulse column

ICU decanter, 1 ft x 2 ft x 7 ft

ICU eveporator, 977 £t2

1 condenser, 515 ££2

1 condensate run tank, 7 ft dia x 8 ft high
1 oxidation tank, 4 ft dia x 5 ft high

1 surge tank, 6 ft dia x 6 ft high

IDF cooler,30 f£t2

Subtotal
Mas jor equipment outside cell

JA pulser

IB pulser

IC pulser

IAS feed tanks, 7 ft dia x 8 ft high

IBX feed tanks, 7 ft dia x 8 ft high

sodium nitrite feed tank, 2 ft dia x 3 ft high
nitric acid adjustment feed tank, 4 ft dia x

5 £t high

HEHEMNDMND

Subtotal

2 pumps
23 Jjets

Delivered equipment total
Installation, 0.1k x D.E.

Installed equipment total
Piping, fittings, and valves, 1.5 x I.E.

10 samplers
- Instrumentation, $21,962 x 1.387 x 1.67

Total first solvent extraction cycle

$ 12,000
12,000
13,500

1,400
28,700
10,000
1k, 750

1,880

5,350

1,600

$101,180

30,000
30,000
30,000
20,020
20,0L0

540

1,820
$132,420

1,000
3,070

$237,670
33,21h
$270,9uL

$406,416
32,000
50,870

$760,230
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Second Plutonium Cycle

Major equipmwent in cell

IIA pulse column $ 5,600
IIB pulse column 1,900
IIBP decanter, 2 in. x 1 ft x 3 ft 450
i rerun plutonium hold tanks, 6 in. dia x 28 ft
high 5,720
Subtotal $ 13,670

Ma jor equipment outside cell

|
|
|
. TIBP activity wonitor ($3,000 included under

ITA pulser : 6,000
IIB pulser 4,000
instrumentation) 300

1 sodium nitrite feed tank, 2 ft dia x 3 ft high 540

1 nitric acid feed tank, 6 ft dia x 6 ft high 5,110

2 TIIAS feed tanks, 4 ft dia x 5 ft high 5,100

2 IIBX feed tanks, 3 ft dia x 4 £t high ___3,980
Subtotal $ 25,030

2 pumps 950

9 Jets 990
IIBP air 1lift 150
Delivered equipment total $ 40,790
Installation, 0.14% x D.E. ' 5,711
Installed equipment total $ 46,501
Piping, fittings, and valves, 1.5 x I.E. $ 69,752
10 samplers 30,000
Instrumentation, $18,654 x 1.387 x 1.67 43,208

Total second plutonium cycle $189,461
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Second Uranium Cycle

MaJjor equipment in cell

ID pulse column

IE pulse column

IEU decanter, 1 ft x 2 ft x 7 ft

IEU evaporator, 977 ££2

1 condenser, 515 £t°2

1 condensate run tank, 7 ft dia x 8 ft high
IEU concentrate run tank, 7 ft dia x 8 £t high
IEU concentrate hold tank, 7 ft dia x 8 ft high

Subtotal
Major equipment outside cell
2 IDS feed tanks, 7 ft dia x 8 ft high
ID pulser
IE pulser
Subtotal

1 pumpv
2t jets

Delivered equipment total
Installation, 0.1k x D.E.

Installed equipment total
Piping, fittings, valves, 1.5 x I.E.
10 samplers

Instrumentation, $12,409, x 1.387 x 1.67

Total second uranium cycle

$ 12,000
13,500
1,400
28, 700
10,000
14,720
14,820

15,080
$110,220

20,040
30,000

30,000
$ 80,040

500
3,930

$194,690

27,257
$221,947
$332,920

30,000
28,743

$613,610
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Solvent Recovery

Ma jor

2
Sl
S3
3
52
Sh
1
2

Mg jor

Sl

HFOHHFNDKFHN

12
30

equipment in cell

solvent jet tanks, 2 ft dia x 3 ft high
pulse column

pulse column

centrifuges, 40 in. (1 installed spare)
spray tower

spray tower

spent carbonate tank, 6 ft dia x 6 ft high
solvent hold tanks, 10 ft dia x 11 ft high
Subtotal

equipment outside cell

pulser

pulser

solvent head tanks, 10 £t dia x 11 ft high
TBP head tank, 3 ft dia x 4 ft high

Amsco head tank, 4 £t dia x 5 ft high
carbonate head tanks, 6 ft dia x 6 ft high
solvent mixing tank, 6 ft dia x 6 ft high
solvent feed tank, 6 £t dia x:6 £t high
nitric acid feed tanks, 4 ft dia x 5 £t high
cake wash tank, 2 ft dia x 3 ft high

Subtotal

pumps
Jets

Delivered equipment total

Installation, 0.14 x D.E.

Installed equipment total

Piping, fittings, and valves, 1.5 x I1.E.

13 samplers

Instrumentation, $19,335 x 1.387 x 1.67

Concrete shield for 2 solvent head tanks ( 1 £t
thick) 2360 £t3 at $80/yd3 (a)

Totel solvent recovery

(a) Based on Idaho Chemical Processing Pldnt costs.

$ 1,360
11,500
11,500
76,200

3,000
3,000
10,450

40,880

$157,890

30,000
30,000
40,840
1,460
2,510
13,420
5,700
4,990
5,080

219
$134,570

23,500
— 1,39

$320,350
Ly ,84k9
$365,199

$547,798
39,000
4,785

1,000

$1,003,782
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Miscellaneous

1 sodium nitrate mekeup tank, 6 £t dia x 6 £t high $ 5,690
1 recovered nitric acid head tank, 8 ft dia x 11 ft

high 12,350
1 sodium nitrite makeup tank, 3 ft dia x 4 ft high 2,040
1 ferrous sulfamate tank, 3 ft dia x L £t nigh 1,450
1 55% HNO3 head tank, 6 ft dia x 6 ft high 5,000
Subtotal $26,530
2 pumps 1,000
Delivered equipment total $27,530
Installation, 0.1k x D.E. 3,854
. Installed equipment total $31,384
Piping, fittings, and valves, 1.5 x I.E. 47,076
Instrumentation, $1070 x 1.387 x 1.67 2,478
1 mwaintenance crane, 50 tons installed 75,000
1 elug loading crane, 5 tons installed (R. R.
tunnel) 13,500
3 periscopes for slug charging 25,000
1 fork lift truck : L ,000
1 drum truck 5,000
1 truck .crane, 10 tomns, 50-ft boom, swivel mounted 75,000

Water demineralization system (5000 gal/day demineral~-
izer, 10,000-gal aluminum tank, stainless steel
pump, aluminum lines, stainless steel valves),

installed 10,000
Unit shielding (pulse generators, solvent pumps,
condensate reflux valves, IIBP activity wmonitor,
hot spots in cells) 10,000 lead bricks at $5 per
brick(a), 27 bricks/ft§ = 370 ft3 of lead. 50,000
Remp for sodium nitrate makeup tank - 1,160
Ramp for sodium nitrite makeup tank , 680
Elevator, freight 40,000
Total miscellaneous $ 380,278
' Total equipment in cell building $5,081,130
. Cell building $k, 274,000
Grand total $9,355,130

(a) Present Oak Ridgé National Laboratory cost.
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C. Other Buildings and Equipwent

Raw Material Storage

Warehouse (5000 f£t2, average height 15 ft),
75,000 £t3 at 60¢/ft3 (2)

Bulk liquid storage (outdoor}

2 sodium hydroxide storage tanks, 9 ft dia x
30 ft long

bk npitric acid storage tanks, 9 £t dia x 30 ft
long

1 TBP storage tank, 8 £t dia x 8 ft high

2 Amsco storage tanks, 9 ft dia x 30 ft long

13 pumps

Delivered equipment total
Installation, 0.14% x D.E.

Installed equipment total
Piping, fittings, and valves, 0.3 x I.E.
Instrumentation, $1764 x 1.387 x 1.67
6 safety showers

Total bulk liquid storage

Total raw material storage

$

$ 45,000

5k, 600

109,200
10,190
5k, 600

— 2,320

$237,9%0

33,312

$271,252

81,376
4,086

1,500
$358,21h

(a) Corrected to 1953 from data given by W. L. Nelson, "Cost of
Buildings,” article No. 22 in "Cost-imating,” 0il and Gas
Journal publication.

$403,214
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Tail-End Treatment

Building (prefabricated steel structure, above grade), $ 9,600
20 £t wide % %o £t long x 20 £t high = 16,000 £t3
a

at 60¢/ft3
Equipment
1 tail-end waste tank(P), 4 £t aia x 5 £t high 3,600
2 silica gel columns, 1.1 ft dia x 4 £t high 1,600
1 tail-end feed tank, 8 ft dia x 11 ft high 14,600
2 uranium product tanks, 10 ft dia x 11 £t high 31,560
1 nitric acid feed tank, 3 ft dia x 4 £t high 2,000
1 oxalic acid feed tank, 4 ft dia x 5 ft high 2,490
1 heater, 6 £t2 600
7 pumps ) 11,280
Delivered equipment total $ 67,730
Installation, 0.14 x D.E. 9,482
Installed equipment total $ 717,212
Piping, fittings, and valves, 0.6 x I.E. 46,327
2 samplers _ 6,000
Instrumentation, $5,429 x 1.387 x 1.67 12,575 .
Shields for silica gel columns (2 in. of lead) 8,000 *
Equipment total $150,11L

Tail-end treatment total $159, 71k

(a) Corrected to 1953 from data given by W. L. Nelson, "Cost of
Buildings," article No. 22 in "Cost-imating,” Oil and Gas
Journal publication. '

(b) Located in second uranium cycle cell.
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Plutonium Isolation

Building (blast resistant, below laboratory, 2 floors,
each 50 x 25 ft)

Concrete, 2-ft-thick walls, 370 yd3 at $100/yd3(a) $ 37,000
Excavatlon, 1,157 yd3 at 10% of concrete cost 3,700
Dry box, stalnless steel lined 20,000
Subtotal $ 60,700
Equipment
1 waste run tank,(b) 4 ft dia x 5 £t high 3,540
1 waste hold tank,(b) 4 £t dia x 5 £t high 3,670
6 resin columns, 6 in. dia x 1b in. high with 2 in.
of lead shielding 13,200
3 product hold tanks, 6 in. dia x 3 ft high 600
1 recycle and cleanup hold tank, 3 ft dia x 4 £t high 2,070
2 filters 500
2 uranium elutriant tanks, 3 ft dia x 4 £t high 4,120
2 plutonium elutriant tanks, 2 ft dia x 3 ft high 1,700
2 bed wash tanks, 2 ft dia x 3 ft high 1,700
1 fission product elutriant tank, 1 ft dia x 2 f¥ 250
high
1 sodium nitrite tank, 1 ft dia x 2 ft high 180
2 recycle run tanks, 6 in. dia x 10 ft high 850
13 pumps 8,310
11 jets 1,190
Delivered equipment total $ 41,880
Installation, 0.1l4 x D.E. 5,863
Installed equipment total $ 47,743
Piping, fittings, and valves, 1.5 x I.E. | 71,61k
2 samplers 6,000
Instrumentation, $9,226 x 1.387 x 1.67 21,370
5 product carriers 3,000
Equipment total $149,727
Plutonium isolation total $210,427

(a) Based on Ideho Chemical Processing Plant costs.
(b) Located in second plutonium cycle cell.
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Acid Distillation (outdoor construction)

1 dilute nitric acid feed tank, 9 ft dia x 37 ft long $ 30,910
2 recovered nitric acid run tanks, 7 ft dia x 8 £t high 17,760
1 recovered nitric acid storage tank, 9 ft dia x 36 £t
long 30,800
2 water hold tanks, 10 ft dia x 14 £t high 35,200
1 distillation column, 5 £t dia x 22 £t 6 in. high 20,000
1 preheater, 22 f£t° | 1,500
1 product cooler, 5 f£t2 500
1 overhead cooler, 68 ft2 3,000
1 condenser, 575, ft2 10,000
1 reboiler, 537 £t2 10,000
1 settling chamber, 2 ft dia x 3 ft high T00
8 pumps ) 16,400
- Delivered equipment total $l76,770
Installation, 0.14 x D.E. 2L, 748
Installed equipment total $201,518
Piping, fittings, and valves, 0.6 x 1.£.(2) 120,911
Instrumentation, $10,306 x 1.387 x 1.67 23,872
2 safety showers 500
Total acid distillation $346,801

(a) H. J. Lang, "Engineering Approach to Preliminary Cost Estimates,"
Chew. Eng., 5lk: September, p. 130 (1947).
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Process Liquid Storage (underground)

1 aqueous hold tank, 23 £t dia x 10 ft high
1 organic hold tank, 10 ft dia x 11 £t high
1 solvent hold tank, 23 ft dia x 10 ft high

Installed tankage

2 pumps
b jete

Installation, 0.14 x pumps and jets
Installed equipment total

Piping, fittings, and valves, 0.6 x I.E.
Instrumentation, $2,302 x 1.387 x 1.67

Total process liquid storage

$ 30,000
ll,OOd}installed

30,000

$ 71,000

$ 1,700
1,000

$ 2,700
318
$ 74,078

B B
5,332

$123,857
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Process Liquid Waste Storage

3 underground waste tanks, 750,000-gal, mild steel
(similar to Hanford tanks), at 50¢/gal installed
complete with stainless steel underground lines
and diversion box, but not including cooling coils
or condensers

2,220,000 gal x 1 day x _ 1 yr = 10.3 yr waste
200 gal/ton 3 ton 365 days accumulation
provided for

(not allowing for laboratory waste concentration
or decontamination salts)

- 2 transfer tanks, 7 ft dia x 8 £t high, above ground,
stainless steel, behind 1 £t of concrete; installed

2 condensers, T17 ££2 each
2 vent scrubbers
2 pumps
2 Jets
Uninstalled equipment subtotal
Installation, 0.14 of U.E. total
Installed equipwent total
Piping, fittings, valves, 0.6 x (I.E. - underground

tanks)
Instrumentation, $1,262 x 1.387 x 1.67

Total process liquid waste storage

$1,125,000

20,000
27,000
2,000
3,000

1l

$ 52,14k
7,300
$1,184, 444

35,666
2,923

$1,223,033
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Laboratory Waste Evaporation (outdoor construction)

Assume 2,000 gal/day of laboratory waste too hot to
discha gﬁ to pond and annual investment charge of

5¢/gal\®
2,000 gal/day.x $0.05/gal x 365 days/yr x 100%/16%/yr $228,000

Process Water System (outdoor construction)

process water head tank,(b)6 ft dia x 6 ft high $ 5,000

1
1 process water storage tank, 10 ft dia x 1k ft high 17,600
1 decanter 1,000
1 organic run tank, 4 ft dia x 5 ft high 3,600
1 pump 1,000
Delivered equipment total $28,200
Installation, O0.14 x D.E. 3,948
Installed equipment total $32,148
Piping, fittings, and valves, 0.6 x I.E. 19,289
Instrumentation, 0.10 x I.E.(c) 3,215
Total process water system $ Sk,652

(a) Guesstimate.

(b) Located in solution makeup area in cell building.

(c) Instrumentation factor based on previous calculation of instrumentation
costs in this report.
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Retention Basin (for emergency holdup of cooling water + steam condensate)

4,317,000 gal of cooling water + 136,000 gal of condensate daily =
4,453,000 gal/day or 186,000 gal/hr

2,000,000 gal/186,000 = 10.8 hr holdup
Make similar to Redox basin 207-S

200 ft x 200 ft x 6 ft 9 in. deep for 2,000,000 gal capacity

Concrete, 1,740 ya3 at $30/ya3 (&) $52, 200
Excavation, 12,000 yd3 at 50¢/ya3 (2) 6,000
Fencing, 1200 ft of T ft c?ain link fence with gates 4,000
4 service waste monitors\® 14,800
- Retention basin total $ 77,000

Laboratory Building (includes control laboratory, plant assistance
* laboratory, change house, offices for operating and laboratory
personnel, health physics facilities, and maintenance shops)

2-story building adjacent to cell building, 1 story below
grade and 1 above grade

44,000 ££2 at $U5/t° (equipped)(b) $1,980,000
Burial Ground(c) 50,000
Burning Ground(c) ' 25,000
Decontamination Facility(c) 50,000
Pond or Waste Lagoon (earth dam)(c) 25,000

(a) Based on Idaho Chemical Processing Plant costs.
. (b) P. Jandrisevits, "Preliminary Estimating by Selective Unit Costs,"
Ind. Eng. Chem., 43: 2299 (1950).
(c) GCuesstimates
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Gaseous Waste Treatment

Process vessel and condenser vent system, 2000 cfm

1 preheater, 352 ft° $ 8,000
1 glass wool filter, changeable 5,000
2 sgtainless steel blowers, 2000 cfm each 6,000

Cell vent system, 40,000 cfm (10 chahges per hour)

2 fans (1 electric, operating, h0,000 cfm; 1

diesel, standby, 40,000 cfm) 8,000
Installation, 0.14 x D.E. 3,780
Installed equipment total , $ 30,780
Piping, fittings, and valves, 0.6 x I.E. | 18,468
Instrumentation, 0.10 x I.E. : 3,078

Concrete shield, 1 £t thick, for preheater, and
glass wool filter 10 x 10 x 5 £t = 500 ft3 =

18.5 ya3; 18.5 ya3 at 60¢/ya3 (a) 1,100
Subtotal $ 53,436
250-ft stack for 200,000 cfm, complete (stainless
steel liner for first 15 f£t), installed (2) 175,000
Partial gaseous waste treatment $228,436
Part of RAGS investment (see ORNL-1410, p. L49)
required for recovery of oxides of nitrogen 1801000
Total gaseous waste treatwent (exclusive of $408,436

rare gas removal)

() Based on Idaho Chemical Processing Plant costs.
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N ) Power Facilities

Steam Generation

Process steam 48,000 lb/hr - calculated daily average
Heating and ventilating 22,000 lb/hr - estimated for winter
Allowance for peak load 20,000 1b/br

90,000 1b/hr

An 80,000-lb/hr steam plant, complete with feed water system, coal
handling, and building, has been estimated(&) to cost $550,000.

0,000 000\0-6(®) 600 _ g95,000, taken 00,000
550,00 ( ,ooo) 55557 95,000, taken as $700,

Electrical Distribution

Listed pump horsepower = 123
Listed agitator horsepower = 157
Pulse generator horsepower Tx1l0+2x3 = 76
Blowers horsepower, cell building 75 in, 75 out = 150

vessel off-gas = 30

laboratory building 15
Total 11 hp
611 x 0.7455 = U56 kw
More are‘needed for various uses such as road and fence lighting,
lighting of process and service buildings, instruments, compressors, and
other unlisted equipment; Redox requires 2500 kva. d)
Average operating cost for electrical distribution(®) is $40 to
$60/xw . :
50(2500) (600/477.02)(€) = $157,000, taken as -  $160,000
Emergency Electrical Generation
750 kw required
$100 to $l75/kw for electric power generation and distribution(e)
c
150(750)(600/h77)( ) = 142,000, taken as - $140,000
N (a) P. Jandrisevits, "Preliminary Estimating by Selective Unit Costs,”

Ind. Eng. Chem., 43: 2299, esp. p. 2301 (1951).

(v) R. Williams, Jr., "'Six-Tenths Factor' Aids in Approximating Costs,"
Chem. Eng., 54: December, p. 124 (1947).

(¢) Cost index correction.

(4) "Redox Technical Manual," HW-18700, p. 1117 (July 10, 1951).

(e) E. C. Dybdal, "Engineering and Economic Evaluation of Projects,”
Chem. Eng. Prog. 46: 57, esp. p. 64 (1950).




-69-

Compressed Air (100 psig)

1000 scfm normal + 150 scfm emergency (instrument) at $90/scfm(a)

1150 (90) + 103,500, taken as $100,000

Water
. Listed cooling water 4,316,540 gal/day
Listed process water 0 gal/day since nitric acid column
(16,300 gal/day) : overhead product is 17,470

;316,550 gal/day
Required - 6,000,000 gal/day for plant
ICPP cost is $132,000 for 2,000,000 gal/day(®)

132,000 x 3 = $396,000, taken as $400,000

(a) G. W. T. Kearsley, "Analysis of Construction Costs, Service Building,
Idaho Chemical Processing Plant,” ORNL CF-52-9-31, p. 8 (Sept. 4, 1952).
(v) 1Ibia., p. 9.
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Site Development and General Facilities

This cost includes clearing, surveying, draining, grading,
general excavation, roads, fences, road and fence lighting, yard
lighting, parking areas, railroad sidings and switches, yard piping,
and buildings and equipment for administrative offices, personnel,
payroll, purchasing, receiving, shipping, engineering, transportation,
classified documents, security, telephones, lunch rooms, change houses,
medical service, fire protection, waintenance shops, and sewage dis-
posal plant.

It is assumed that the cost is 15% of the total manufacturing
facilities cost:

0.15 x 14,720,000 = $2,200,000

Py Basgis for factor:(a)

Administration, etc., 40,000 £t2 furnishe : -
at $20/1t2 " 800,000
General excavation, grading, roads, etc. 301,000
Miscellaneous buildings $138,000
Yard piping $540,000
Fences $106,000
Top soil and seeding $ 79,000
Communications and alaruws $ 59,000
Sewage disposal plant § 57,000
$2,080,000

(a) With the exception of the Administration Building, the figures
shown were obtained from ICPP costs; (see G. W. T. Kearsley,
"Analysis of Comstruction Costs, Service Building, Idaho
Chemical Processing Plant,"” ORNL CF-52-9-199 (Sept. 4, 1952).
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Operating Cost Estimate

- ($) (%)
Raw materials $ 400,000 12.0
Operating labor, 7? ?en x 2080 hr/yr x $2.00/hr 316,000 9.5
Maintenance labor,{&) 53 men x 2080 hr(yr x $2.00/br 220,000 6.6
Supervision, 50% of O.L. + 25% of M.L. b) = $158,000
+ $55,000 213,000 6.4
Operating supplies, 10% of O0.L. # 10% of M.L.(c) 54,000 1.6
Electricity, %00 kv x 8,760 br/yr x $0.01/kwh(c) 35,000 1.1
Steam, 1,300 M 1b/day x 365 days/yr x $1/M 1v(c) 474,000  14.3
Water, 4,500 M gal/day x 365 days/yr x 0.1$M gal(c) 164,000 4.9
Compressed air, 500 scfm x 60 min/hr x 8760 hr/yr x
$0.05/1000 £t3 (4) 13,000 0.4
Control laboratory, 1},000 analyses/month x 12 months/yr
x $4/analysis(® 508,000  15.9
Maintenance material, 0.5% (plant and equipment minus
land minus RAGS(c)) 154,000 4.6
Overhead, 100% of O.L. + M.L. + supervision(c) 749,000 22.5
Total $3,320,000 100.0%
RAGS 416, 700
Total with RAGS $3,736, 700

(a)
(v)

(c)
(a)
(e)

Including health physics and instruments.

P. Jandrisevits, "Preliminary Estimating by Selective Unit Costs,”

Ind. Eng. Chem., 43: 2299, esp. p. 2301 (1951).

C. H. Chilton, "Cost Estimeting Simplified," Chem. Eng. 58: June,

p. 108 (1951).

E. C. Dybdal, "Engineering and Econowic Evaluation of Projects,"”

Chem. Eng. Prog., 46: 57, esp. p. 64 (1950).
ORNL pilot plant laboratory costs.




Raw Materials

55% HNO3

70% HNO3

Amsco 123-15

TBP

30% ferrous sulfamate
96.5% HoSOL

NaNO3

NaNOo

50% NaOH

KRa2C03

Oxalic acid
Hydroxylamine sulfate
Sulfamic acid

Total
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1b/yr (100%)

2,096,000
13,000
465,000
250,000
84,000
7,560
378,000
82,500
492,000
58,000
6,390
3,120
1,022

$/1b (100%)

0.0k4
0.25
0.0262
0.643
1(a)
0.20
0.03
0.17
0.03
0.03
0.19
2.95
0.19

$/yr

83,800
3,250
12,200
161,000
84,000
1,510
11,300
14,000
- 14,800
1,740
1,210
9,200

— 1o
$398, 20k

Basis: 1.5% loss per pass of Amsco and TBP, 92% acid recovery from
aqueous wastes plus recovery of oxides of nitrogen from

dissolver off-gas.

(a) Price not available.



Cooling Water

Dissolver

Dissolver condenser
Centrifuge feed tank

ICU condenser

IEU condenser

First stage evaporator
Second stage evaporator
First stage condenser
Second stage condenser

JCU condenser run

TEU condenser run

IEU concentrate run

IDF cooler

Waste ventilator

HNO,; still overhead condenser
HNO; still overhead cooler
HNO, cooler )
Underground waste storage condensers
Cooling jet dilutiomn
Cooling of fission products
Laboratory waste condenser

Total

gel/day

9,450
77,300
6,890
503,000
378,000
1,600
1,600
583,000
626,000
19,600
14,700
34,800
8,460
3,340
877,000
196,000
17,200
719,000
132,000
27,600

___80,000

4,316,540
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Steam
1b/day, 1b/day, 1b/day,
125 psig 15 psig 150 psig

Dissolver 34,400

Off-gas heater 1,131

Iodine tower 994

Off-gas filter 888

Centrifuge tank 1,830

ICU evaporator 187,000

IEU evaporator 140,000

First stage acid 200,000

Second stage acid 200,000

Tail-end heater 63

HNO3 preheater 23,200

HNO3 reboiler 324,000

Jetting 19,100

Vessel off-gas heater 1,790

Laboratory waste evaporator 19,200

Total 1,148,730 2,741 2,125

1,153,596 1b/day

1,300,000 1b/day(®)

Total process consumption

Total consumption

(a) Includes 100,000 1b/day for heating and ventilating.
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Working Capital

Raw materials and supplies (30 days), 400,000/12 + 5k,000/12 $ 37,800

Material in process (plant fill-up of HNO3, Amsco, and TBP) $ 30,000

Amsco, 70,000 1b x $o.6262/1b =$ 1,83k
TBP, 38,000 1b x $0.643/1b = 24,434
HNOg, 68,000 1b x $0.0k/1b = 2,720
Total $28,988
Cash and miscellaneous items (30 days' operating cost),
3,320,000/12 277,000
Total $344,800

In this accounting, semi-finished and finished product are carried with
SF inventory. There are no accounts receivable for AEC contract.

SF Inventory

Uranium and plutonium $lk4, 100,000
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Operating Cost and Working Capital As A
Funetion of Processing Rate

Processing rate (tons/day) 1 2 3 4.3

Operating costs (in thousands) $ $ $ $
Raw materials 133 267 Loo 573
Operating labor 316 316 316 333
Maintenance labor 200 210 220 245
Supervision 208 210 213 228
Operating supplies 52 53 54 58
Electricity 32 33 35 39
Steam 179 324 ien 654
Water 66 109 164 216
Compressed air 13 13 13 13
Control laboratory koo 475 528 607
Maintenance waterial 154 154 154 154
Overhead 724 736 749 806
Total 2,499 2,900 3,320 3,926

Working capital (in thousands)

Materials and supplies 15 27 38 52
Materials in process 28 29 30 31
Cash and miscellaneous items 208 245 277 327

Total 251 301 345 410
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