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provides eight duplicates of the positioning frames used for the eight
types of columns used in the 202-S Building.

3.07 Fan House and Process Stack, Building 291-S

This building provides the equipment for handlinoc the ventilation ex-
haust from the 202-S Building and for diluting the Dissolver off-gas be-
fore release to the atmosphere.

3.08 "Hot" Waste Lines, 240-S

Buried stainless steel lines are provided for routing "hot" waste
solutions from the 202-S Building to the Waste Cribs, 216-S, or to the
Underground Storage Tank Farm, 241-S.

3.09 Underground Storage Tank Farm, 241-s

Storage facilities for the highly radioactive wastes from the 202-S
Building are provided in the Underground Storage Tank Farm.

3.10 Retention Basin, 207-S

The Retention Bai.n provides emergency hold-up storage for the
innocuous process wactes, cooling water, and steam condensate from the
202-S Building. These wastes are monitored for the presence of radio-
activity as they enter the Betention Basin.

3.11 Waste Cribs, 216-s

The Waste Cribs provide facilities for the disposal of condensates
from the 202-S Building.

3.12 Laboratory Building, 222-S

The Laboratory Building houses laboratories for process analytical
control, plant assistance to the Redox and TBP Plants, and research
facilities for work of a plant assistance nature.

3.13 Waste Disposal Building, 219-S

This building provides facilities for the disposal of radioactive
wastes from the 222-S Building.

3.14 Dry Waste Vault, 232-S

The Dry Waste Vault prcvides disposal storage space for dry radio-
active wastes from 222-S Building which are too contaminated to send to
the burial ground.

3.15 200 West Area Facilities

The 200 West Area facilities which serve the Redox Plant are listed

below:
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284-w
2607-W
2702-S
2501-W
2503-W
2505-W
2506-W
2601-W
2603-W
2605-W
2801-W
2802-W
2803-W
2901-W
2903-W
2904-w
2508-W

6 DECLA
2400-Volt Emergency Generator
Sanitary Waste Disposal System
"S" Area Badge House
Fence and Road Lighting
Electrical Distribution System
Fire Alarm System
Telephone System
Railroad System
Roads and Walks
Fences and Guard Towers
Overhead Pipe Support System
Steam Distribution System
Compressed-Air Distribution System
Water Distribution System
Sanitary Sever System
Process Sewer System
Recovered-Metal Transfer Line

WS

B;. REDOX PROCESSING BUILDING, 202-S

1. General Building Layout

The Redox Processing Building, 202-S, is a reinforced concrete building
consisting of two main structural components, the canyon area and the silo
area. The core of the canyon area is a process section which operates at
very high levels of radioactivity; this section is separated from canyon
service areas by massive concrete shielding and is operated and maintained
remotely. The silo area is located at the west end of the canyon. The most
important section of the silo area is that "hot" process portion which is
specifically designed for housing the long extraction columns in a manner
such that the column solutions will cascade from one column to the next in
a particular cycle. (See Chapter V.) The "hot" portions of the silo area
are also operated and maintained remotely and are separated from silo serv-
ice areas by concrete shielding.

The Processing Building is 467 ft. 6 in. long and 161 ft. wide; the
canyon area is 82 ft. 9 in. high (60 ft. above grade), and the silo area
height is 131 ft. 10 in. (117 ft. above grade). An exterior view of the
building is shown in Figure XI-4.

The building divides naturally, from the process point of view, into
canyon and silo areas. The canyon, lying on an east-west axis, contains all
of the equipment for preparation of radioactive column feeds; for solvent
distillation, waste concentration and neutralization; and for treatment of

process gaseous wastes.

Operating, Pipe, and Sample Galleries are locateO on the north and

south sides of the Canyon. A Storage Gallery is under the South Sample
Gallery. Adjacent to the Column Shaft in the Silo are five aqueous make-
up levels, and above tho Column Shaft are the Crane Level, Operating and
Sample Gallery Level, and Feed Tank Level. Service areas of the building

are located on the north, vest, and south sides of the building. Service
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1107 DEOLSFEW4
-roa facilities Udo offices, lunchroom, locker rooms, compressor room,
battery room, electrical panel roois, shops, chemical storage space, and
blower rooms.

Building plan views, at five different levels, arc shown on Figures
,1-5, XI-6, and XI-7. Longitudinal sections through the building are pre-
sented by Figure I-8. Several voids in the building structure are shownby this figure. Such voids came into being because their location is suchthat the space is not usable,, while at the same time there was no point
in filling them with concrete. One of the voids is located above the waste
tunnel, another below it, a third beneath the Cross-Canyon Sample Passage,
and a fourth near the base of the Column Shaft adjacent to Elevator ShaftNo. 2.

The location of all major equipment pieces in the Canyon, Silo, Opein-ting Galleries, and Aqueous Make-Up Levels is shown on Figure XI-9.

2. Canyon

2.1 General descrintion

The Canyon is arranged with two parallel rows of equipment cells
running east and west, separated by a pipe tunnel. Heavy concrete shield-ing walls, 5 ft. thick on the north and 5 ft. 6 in. thick on the south,
separate the cells from the Pipe and Sample Galleries. Light concrete
shielding walls, 1 ft. 6 in. thick, separate the Pipe Tunnel from the cells.The cells are soaareted by concrete shielding walls, 4 ft. 6 in, or 5 ft.6 in. thick. At the east end of the cell rows a Cross-Canyon Passage atPipe Gallery Level and a Sample Passage at Sample Gallery Level connect thenorth and south galleries. The Railroad Tunnel, which is used for bringingin casks of irradiated uranium and removing equipment from the Canyon, is
adjacent to the Cross-Canyon Passage. A Remote Shop and a Decontamination
Room are located at the east end of the Canyon on the cell floor level.
The SWP Lobby and H. I. Storage Room are above the Decontamination Boom atripe Gallery Level. The Crane Maintenance Platform is located above theSTP Lobby and H. T. <torag room at Crane Cab Gallery Level.

Plan views of the Canyon at various levels arc shown by Figures
ZI-5, XI-6, and >1-7. Canyon cross-sections are shown on Figure XI-10.

There are nine cells in the Canyon designated by Ictter as follows:

Cell A - Dissolver Cell,
Cell B - Dissolver Cell,
Cell C -- Dissolver Cell,
Cell D -- Waste Treatment Cell,
Cell E -- North. Extraction Cell,
Cell F -- South Etraction Cell,
Cell G - Organic Recovery Cell,
Cell H - Metal Solution Freparation Cell, and
Cell J -- Filter Cll.

DECASSEDA
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Removable concrete cover blocks, 4 ft. thick, stopped on the sides to

eliminate a direct air path for radiation (Figure XI-8), form the Canyon
dock above the cells. The lipe Tunnel is sealed off, providing a convenient
aisle for setting the cell cover blocks while maintenance work is in progress.

The Exhaust Air Tunnel which carries ventilation air out of the Canyon is

located below the Pipe Tunnel.

2.2 Canyon piping

Most intra-coll solution transfers are made through pipe jumpers with-
in the cell. All inter-cell solution transfers are routed through Pipe
Tunnel lines which terminate in connectors on the tunnel wall of the cells.
Connections between vessels in the cells and gallery tanks and instruments
are made through connectors mounted on the gallery walls of the cells. Pip-

ing diagrams and wall patterns for all cells are shown on Figures XI-l to

XI-32; since the piping in Cells B and C is similar to Cell A, only Cell A
diagrams are included. A schematic piping diagram of the Pipe Tunnel is
given on Figures XI-33 and XI-34.

2.3 Canyon water fog system

Although the solvcnt, hexone, is flammable, the possibility of ignition

of this material is extremely renote because of safegu.rds built into the

plant (see Chapter XXIV). A voter-fog fire-fighting system is provided in

the Canyon and Silo to control fires should any ever occur.

Water fog protection is provided for all of the cells in which hexone

of hexone saturated aqueous solutions are processed. The cells equipped

with water fog systems are:

Cell D -- Waste Treatment Coll,
Cell E -- North Extraction Cell,
Cell F - South Extraction Cell, and
Cell G -- Organic Recovery Cell.

Each of these cells is equipped with a number of equally spaced, re-

cessed, water fog spray nozzles located high on the walls adjacent to the

pipe tunnel and the galleries. In operation, a fine, dense, water mist

blankets the cell and smothers any fire. The number of nozzles in each

cell is given below:

Cell D -- Gallery Wall 10 nozzles
Tnnel Wall 9 nozzles

Cell E -- Gallery Wall 7 nozzles
Tunnel Wall 7 nozzles

Cell F Gallery Wall 9 nozzles
Tunnel Wall 9 nozzles

Cell G -- Gallery Well 4 nozzles
Tunnel Wall 3 nozzles
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The water fog system in each cell is supplied with raw water fromthe Qwerating Gallery through a control valve located at the cell panelboard The water fog system is turned on at the discretion of the operatorupon receiving an indication of fire.

All of the water fog systems are supplied by the 4-in. water fogsupply neader, This supply header is separate from the 12-in. raw-waterloop header. However, its normal supply is from the raw water header bytwo direct-connecting lines, each containing check valves to prevent re-verse flow in the event of failure of the raw water supply. Provision ismade to supply the 4-in. water fog header from the 50,000-gal. elevatedfiltered-water tank by pumping water into the fog system with a pump truck.This system is provided since it is undesirable to install a permanentconnection between the raw water and filtered water systems, and it isdesirable to have available the protection of the elevated filtered-watertank.

Fire-detecting thermal switches are installed in electrical jumpersto- tanks in Cells D, E, F, and G. Upon activation, those thermal switchesclose an alarm circuit which actuates visual and audible alarms at theassociated panel board and in the Dispatcher's Office. Each equipmentpiece has at least one fire-detecting thermal switch on or near it forquick fire detection.

2.4 Inert-as vent sstem

All vessels in Cells D, E, F, and G, and in the Silo are connectedto the inert-gas vent header. The inert-gas blanketing system operatesat a negative pressure ant is supplied with inert gas in the Silo by twobleed lines from the high-pressure inert-gas header. The bleed rate ateach connection is measured by a rotameter with a range of 1 to 10 std.cu. ft./hr. The high-pressure inert-gas header also supplied liquid-level indication bubblers, sampler jets, and gas for jot purging aftertransfers.

The inert-gas vent header is located in the Pipe Trench. From theinert-gas vent header the inert gas is drawn through the Vessel VentFilter, J-3, and blown to the Process Stack, 291-S, by a steam jet. Avacuum relief valve is connected to the vent header in Cell J ahead ofthe filter. When the vacuum in the inert-gas vent header exceeds 10 in.water gage, the vacuum relief valve admits air to the line at a point
just before connection to the filter.

When transfers are made between tanks on the inert-gas vent systemthe gas required by the tank being emptied will be supplied largely byreverse flow from the tank being filled. When transfors are made fromvessels in the inert-gas vent system to vessels in another vent system,additional inert gas is required to replace the liquid transferred out.This additional inert- gas is supplied by interlocking of the air controlon those jets which transfer solution out of the system with air-controlledvalves on the inert-gas supply, resulting in the introduction of suffi-
cient inert gas into the inert-gas vent system to make up the deficiency.
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2.5 Canyon electrical egniyient

Two types of electrical equipment are used in the Canyon. SeloW the

Crane level and in the cells all of thd electrical equipment is approved by

Underwriter's Laboratories for use in Class I, Group D, locations. At

Crane level and above the electrical equipment is of totally enclosed de-

sign. All of the conduit and wiring in the Canyon moots.Notional Electri-

cal Code specifications.for Class I, Division 1, locations.

Definitions of theso locations are as follows:

Class I Class I locations are those in which flammable gases
or vapors are or may be present in the air in quantities suffi-

cient to produce explosive or ignitable mixtures.

Division 1 -- Those Class I locations where hazardous concentra-

tions exist continuously or intermittently under normal operating

conditions.

Group D -- Those Class I locations where the atmosphere may cor-

taMin gasoline, petroleum, naptba, alc6hols, acetone, lacquer,
solvent vapors, or natural gas.

Special incandescent lighting fixtures are provided in the Canyon, to

prevent dropping of light bulbs onto the Canyon deck or into the cells.

This lighting system gives an intensity of 5 to 10 ft.-candles at deck
level. Floodlights on the Canyon Crane are of the same type, and provide

an intensity of 120 ft.-candlcs directly under the Crane.

2.6 Explosimeter sampling points and lin"s

It is desirable to check periodically the atmosphere in the cells far

the presence of hexono vapor. Lines from the sampling points over each

sump terminate in the Sample Gallery. Portable explosimeters, which can

be connected to the sample lines in the Sample Gallery, are provided to

check for the presence of hexone in the atmosphere of the cells.

2.7 Coll sprays

All cells, the Pipe Trench, and the Silo Column Shaft are equipped

with wash-down spray nozzles, equally spaced and 3 ft. 9 in. above the

floor. The sprays are provided to flush down the floors for clean-up,

and for leak detection. Each sump drainage area has a separate wash-down

system. The Pipe Tunnel floor is segmented by curbs so that separate por-

tions of the trench can be flushed and drained to individual sumps.

The cell wash-down systems arc supplied directly from the raw-water

loop header which is located in the Pipe Galleries. The operating valves

for these systems are all located in the Pipe Galleries.

DECLASSIMED
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3. Silo DECLAS.IRED
3.1 General description

The Silo, at the vest end of the buildingis 131 ft. 10 in. high,83 ft. 6 in. long, and 41 ft. wide (Figures XI-4, XI-5, i-6, and XI-7).The Silo consists of a process area and an operating area. The ColumnShaft is the process area; it has 3 ft. 6 in. thick concrete shieldingwalls on the vest, south, and east sides, and a 1 ft. 6 in. thick con-crete wall on the north side. The Column Shaft is 85 ft. 9 in. high,11 ft. 6 in. wide, and 69 ft. long. The entrance to the Column RemovalTunnel, which is used for removing and bringing in solvent-extraction
columns, is located on the north side near the floor of the Column Shaft.There are eight levels in the operating area of the Silo. The first fiveare the Aqueous Make-Up Levels and each level has a floor area of 1200sq. ft. The sixth level is occupied by the Silo Crane. The Silo Operat-ing Gallery, with a floor area of 2133 sq. ft., and the Silo Sample Gallery,with a floor area of 880 sq. ft.,make up the seventh level. Blower RoomNo. 4 and the Feed Tank Alea, with a floor area of 1874 sq. ft.,are on theeighth level.

Two elevators are provided for the Silo, Elevator No. 1, the freightelevator, is on the vest side and serves all levels of the Silo and theChemical Storage Room in the West Service Arca. Elevator No. 2, the SWPelevator, is on the north side and is used as the normal route to the SiloSample Gallery from the North Sample dallory.

Two vertical pipe shafts provide convenient routes for service and"cold" process piping to the Aqueous Make-Up Levels, Silo Operating
Gallery, and Fhed Tank Area. No. 1 Pipe Shaft is on the west wall of theSilo and No. 2 Pipe Shaft is on the north wall. Since No. 2 Pipe Shaftcontains the transfer line for treated hoxono from the 276-S Building tothe Organic Head Tank, 804, a spray nozzle is installed at the top of theshaft. Plan and section views of the Silo are shown by Figures XI-35 andXI-36.

3.2 Silo piing

Process piping in the Column Shaft consists of jumpers with remotemaintenance connectors identical to those used throughout the Canyon.Piping arrangement in the Column Shaft is shown in Figure XI-37.

3.3 Silo viewing windows

Sixteen viewing windows ore installed in the wall between the ColumnShaft and the Aqueous Make-Up Levels. Another viewing window is locatedin the north wall of the Column Shaft at Operating Gallery Level. Thesewindows allow observation of the extraction columns and associated equip-ment in the Column Shaft for look detection and remote maintenance. Port-able controls for the Silo Crane can be used at all of the viewing windoismfor remote maintenance operations in the Column Shaft.

The viewing windows are arranged in a pattern that provides a completeview of the equipmwnt, connectors, and piping. in the Thaft. The placment
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of the viewing windows is indicated by Figure XI-38.

The windows are built-up of leaded glass layers to the thickness re-

quired to give adequate shielding for long period observation. The glass

layers are spaced slightly and the space is filled with mineral oil to pre-

vent internal reflections. The glass is of special composition to reduce

discoloration by radiation and to minimize the refraction spectrum caused

by light passing through the glass at an angle.

Viewing windows are 3 ft. high and 3 ft. 4 in, wide. Eight of the win-

dows are 3 ft. thick and nine are 1 ft. 8 in. thick. The thicker windows

are required in some locations to give adequate shielding.

Filler oil may be drained and the windows disassembled from the gallery

side to clean or replace the glass. Lead shields are provided for covering

the window parts when such maintenance work is done. The window frame sides

are stepped to prevent passage of direct beam radiation.

3.4 Silo water fog system

Water-fog fire-control protection is provided in the Column Shaft 
and

the Organic Head Tank Enclosure.

Thirty-two water fog nozzles are recessed in the west wall 
of the Column

Shaft and directed at the columns mounted on the east wall. 
These nozzles

are arranged in four horizontal rows; a row of 8 nozzles is located 25 ft.

from the floor, a row of 7 is 48 ft. from the floor, a row of 8 is 68 ft.

from the floor, and the last row of 9 is 83 ft. from the floor.

Eight water fog nozzles are installed in the Organic Head Tank En-

closure. Near the floor, at each corner, is a nozzle pointed toward the

center of the enclosure and upward at an angle of 450. At the ceiling, in

each corner, is a nozzle pointed toward the center of the enclosure and

downward at an angle of 450.

Fire-detecting thermal switches are installed in temperature Jumpers

to equipment in the Column Shaft. Upon activation, these thermal switches

close an alarm circuit which actuates audible and visual alarms 
in the Silo

Operating Gallery and the Dispatcher's Office. 
Two fire-detection units

are located in the ceiling of the Organic Head Tank 
Enclosure and five units

in the 'ceiling of the Silo Sample Gallery.

3.5 Silo lectrical equipment

Electrical equipment in the Silo Column Shaft, Silo Sample Gallery,

Pipe Shaft No. 2, and Silo Feed Tank Area 
is approved by the Underwriter's

Laboratories, Inc., for use in Class I, Group D, locations.

Incandescent lighting fixtures in the Column Shaft meet 
Class I,

Group D, requirements and provide 40 to 50 ft.-candles intensity at the

columns. These lights are recessed in the Aqueous Make-Up 
wall and are

built into shielding plugs that are removable for bulb 
replacement. Flood-

lights are mounted on the Silo Crane to 
augment this illumination.

DECLASSIED



1113"no 1113 DECLASSRED ot
4. Product Removal Cage

The Product Removal Cage is an "L"-shaped enclosure located in thewest end of the North Sample Gallery (Figure XI-5). The long (north)side of the cage is about 21 ft. long by 5 ft. wide, and the short (vest)side is approximately 11 ft. long by 5 ft. wide. Since no fission productradiation problem is presented, the cage consists only of a stainless stedlframework covered with transparent lucite panels. Operation of the equip-ment within the enclosure is conducted from outside the cage by means ofextension handles on valves. However, maintenance of equipment, when re-quired, is acoomplished on a direct contact basis. Equipment arrangementplan and elevation views are shown in Figures XI-39 and XI-40.
5. Galleries

5.1 General description

Several galleries are located outside of the north and south wallsof the Canyon proper. Storage, Sample, Pipe, Operating, and Crane CabGalleries are located at progressively higher levels at the south sideof the Canyon, while Sample, Pipe, and Operating Galleries are on thenorth side. The south galleries are 12 ft. 8 in. wide, and each has afloor area of about 4000 sq. ft. Tho North Operating and Pipe Galleriesare 18 ft, wide, and the Samplo Gallery is 19 ft. 4 in. widecorrespond-ing to floor areas of 5600 sq. it. and 6000 sq. ft., respectively. De-tails of the galleries and their relation to the rest of the building areshown by Figures XI-5, XI-6, 'I-7, and XI-8, and XI-10. Arrangement ofequipment in the Operating Galleries is shown in Figure XI-9.

Two 50 h.p., 550 std. cu. ft./min. capacity Worthington pistonpumps are located in the South Sample Gallery. These pumps are used todraw building air samples for the R.I. Sniffer System.

All of the piping is located in the galleries to facilitate controlof the canyon vessels. The piping diagrams for the north and southgalleries is shown on Figures 7I-41 to XI-44. The piping diagram for theSilo Galleries is shown on Figure XI-45.

5.2 Raw water service

Raw water at 100 lb./sq.in.ga. is supplied to the Redor area fromBuilding 282-W by a 20-in.underground line. This line splits into two12-in. lines which enter the 202-S Building at the northwest and south-east corners of the building to supply the 12-in. raw-water loop header.This loop header passes through the South Pipe Gallery, the Cross-CanyonPassage, the North Pipe Gallery, the Chemical Storage Room, and the corri-dor around the Dispatcher's Office. A 3-in, branch line is routed up theNo. 1 Pipe Shaft to the Fifth Aqueous Make-Up Level.

Branch lines from the header to the Operating Gallery control valvessupply water to the cell vessels, jackets, and coils.

DECLASSIFED
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Raw water to the indiviacl sampling boxes is supplied through branch
headers ruhning the length of the Sample Galleries.

5.3 Filtered water service

Filtered (sanitary) water is used in the 202-S Building for safety
showers, operating area floor washdown, drinking, and toilet facilities.
The filtered water is supplied to the Redo Area by a 12-in, line from the
Power House, 282-W. This line divides to enter the 202-S Building at tbe
northwest and southeast corners to supply the 4-in, loop header. The loop
header passes through the South Pipe Gallery, the Cross-Canyon Passage, the
North Pipe Gallery, the Chemical Storage Room, and the corridor around the
Dispatcher's Office. A 4-in. branch line, via the No. 1 Pipe Shaft, supplies
the Aqueous Make-Up Zvels of the Silo.

A 50,000-gal. elevated water tank, located near the southwest comer
of the 202-S Building, provides an emergency supply of filtered water.

5.4 Deminralized water service

Demineralized water is provided for make-up of all process solutions

to prevent interference by foreign ions. The demineralized water is pro-

ducdd in two demineralizer units, of the Permutit type, located on the

Second Aqueous Make-Up Level. The capacity of each of these units is

approximately 1000 gal/hr. Sulfuric acid and sodium hydroxide are used

as regenerative chemicals for these units.

The demineralized water will normally meet the following specifica-

tions:

Total hardness (as CaC03 ) 0-2 p.pm.
Calcium, (as CaC03) 0-1 P.Pm.
Magnesium 0-1 ppam.
Sodium 1-2 pop..m.
Total Cations 1-4 p *p.m.

Chlorides 0-1 wp.pm.
Sulfates 0-1 p.p.m.
Bicarbonates 1-2 p.p.m.
Total Anions 1-4 p.psm.
Total Dissolved Solids 1-4.5 p.p.m.
Silica (as Sic 2 ) 7.5 'p.p.m.
PH 5-8

The demineralized water is stored in a 15,000-gal. aluminum tank,

SW-131, located in the Chemical Tank Farm, 211-S. This treated water

is pumped automatically to a 2,500-gal. aluminum head tank, 602, as call-

ed for by automatic level controls. Four separate headers from the head

tank serve the following areas:

Aqueous Make-Up Levels,
Silo Operating Gallery,
North Operating Gallery, and
South operating Gallery

DECLASSIFIED-
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5.5 Steam service DECLA RED
A 10-in line from the Power House, 282-W, supplies 225 lb./sq.in.go.steam to the Redox Area. This line divides to enter the Pipe Galleries

at the northwest and southeast corners of the building. The pressure isreduced to 100 lb./sq.in.go. at two pressuro-reducing stations in the PipeGalleries. The 6-in.steam loop header passes through the South PipeGallery, the Cross-Canyon Passage, the North Pipe Gallery, the ChemicalStorage Boom, and the corridor around the Dispatcher's Office. Low-pres-sure, 15 lb./sq.in.ga., steam is supplied by pressure-reducing stationswhich feed sub-headers. Steam to the Aqueous Make-Up Levels is suppliedby a 3-in. branch line through No. 1 Pipe Shaft.

Cell equipment operating continuously is supplied directly from thesteam loop header. Equipment operated intermittently through gang valvesis supplied by sub-headers.

Condensate from the steam supply system is drawn off through steamtraps to the condensate headers which empty into the chemical sewer nearthe mid-point of the galleries.

Steam at 100 lb./sq.in.go. is supplied to jets, evaporator coils, andtank coils. Fi.fteen lb./sq.in.ga. steam is used in the Dissolver coils andtank jackets.

5.6 Compressod air service

5.61 Service air

Service air at 100 lb./sq.in.go. is supplied by two 1000 std. cu.ft./min. Ingersoll-Rand Compound Duplex Compressors, driven by 225-hQrso-power electric motors, located in the compressor room in the South ServiceArea. Air flows from the compressors through an aftercooler and moisture-oil separators into a 34-in.by 14-ft. air receiver (222 cu. ft. capacity).From the receiver the air passes through oil-vapor filters to the 3-inloop header which passes through the South Operating Gallery, the Cross-Canyon Passage, the North Operating Gallery, the Chemical Storage Room,and the corridor around the Dispatcher's Office. Service air to the AquousMake-Up Levels is supplied through a branch line via No. 1 Pipe Shaft. Abranch header near the southeast corner of the building supplies theLaboratory Building, 222-S, and the Fan House, 291-S.

Service air is used in blowing those transfer jets which handle solu-tions having no organic content, in operating the process tank vent, jetsin the event of steam failure, in blowing steam sparger lines to preventsuck-back, and in blowing water from tank jackets or coils to prevent"water hamrer" upon introduction of steam to the jacket or coil.
5.62 Instrument air

Instrument air at 100 lb./sq.in.ga. is supplied by an Ingersoll-Rand,single-stago, double-acting compressor of 150 std. cu.ft./min. capacity,driven by a 4 0-hursepower electric motor, and located in the compressor
room in the South Service Area. The air flows from the compressor through

"04 DECLASSIRED 1
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an aftercooler and separator into a 34-cu. ft. receiver. The air then
passes through oil-vapor filters and two regenerative-type dryers, operating
in parallel, to the 1-in, loop header. This loop header passes through the
South Operating Gallery, around the Dispatcher's Office, up No. 1 Pipe Shaft
to the Fifth Aqueous Make-Up Level, down No. 2 Pipe Shaft to the North Opera-
ting Gallery, and through the Cross-Canyon Passage.

The instrument air compressor is on the emergency power circuit and in
the event of equipment failure, instrument air will be supplied from the
service air receiver.

Instrument air is used to operate diaphragm valves and to serve liquid-
level instrumentation in aqueous make-up and operating-gallery feed tanks.

5.7 Inert-gas distribution

The 2-in. inert-gas loop header passes through the South Pipe Gallery,
the Cross-Canyon Passage, the North Pipe Gallery, the Chemical Storage Boom,
and the corridor around the Dispatcher's Office. Branch headers from the

loop near the west end of the Pitce Galleries feed the North and South Sample
Galleries. The Silo Sample Gallery is fed by a loop from the pipe galleries

and a branch line from this loop serves the ferrous sulfamate tanks on the

Fifth Aqueous Make-Up Level.

Instrument inert gas is taken from the inert-gas system at 100 lb./sq.
in.ga. immediately after the oil-vapor filters, reduced to 15 lb./sq.in.,
humidified to 80% relative humidity, and passed into the 15-lb./sq.in.inert-

gas receiver. The 1-1/2 in. instrument inert-gas loop header is supplied

by the 15-lb./sq.in.ga. inert-gas receiver and passes through the South

Operating Gallery, up No. 1 Pipe Shaft from the Third Iavel to the Fifth

Level of Aqueous Make-Up, down No. 2 Pipe Shaft, through the North Operating

Gallery, and the Cross-Canyon Passage.

Instrument inert gas is used in instrument bubbler lines for liquid-

level measurements in process vessels, except those in aqueous make-up

chemical solution tanks.

6. Electric Power Distribution

6.1 General

Electric power is supplied to the Redoz Area by two 
separate 13.8-kv.

power lines, each supplying a 13.0/2.4-kv. transformer. 
These two main

transformers normally operate at half load to supply separate 
2.4-kv. busses.

Each of the main transformers is capable of handling the total load, thus

allowing one main transformer or line to be removed from service 
without

interrupting power to any 2.4-kY. circuits.

An emergency source of locally generated 2.4-kv. power 
is available

at all times. The emergency 2.4-kv. bus is normally energized by one of

the main 13.8/2.4-kv. transformrs. In case of power failure on this bus,

the load is transferred automrtically to the 2.4-kv. emergency 
power line.

A DECLASSIRiED



1117 DECLASSIFED
Two 2.4kv./480v. substations are designed in a similar manner, withtwo transformers normally operated at half load. Each transformer aloneis capable of carrying the full load of the substation. Automaticswitching will transfer the essential load to the emergency 2. 4 kv./480v.transformer in each substation.

6.2 Details of system

w.21 Main power supoly

The main power supply to tbe Iedox Area is carried by two 13. 8 -kv.lines, 22 W and 32 W, to the switching station just north of the 202-SBuilding (Figure XI-3). From the switching station two 13.8-kv. feedersrun underground to the two main 13.8/2.4-kv. transformers.

6.22 Main 13.S/2.4-:v. transformers

The two main 13.8/2.4-kv. transformers are rated at 2500 kve.,oilfilled, and fan cooled. They arc located on concrete pads outside CableRoon No. 1.

6.23 Emergency 2.4-kv. power suprly

Power for the 2.4-kv. uemrguncy system is generated by a 750-kw.
.turbogenorator located in the Boiler flouse, 284-W.

6.24 2. 4kv./480v. transformers

The 2. 4 kv./480v. substations are located just outside Cable RoomsNo. 2 and 3. Two 500-dkva. transformers for normal service and one 225-kva. transformer for emergency service are in the North Substation.

6.25 Emergency circuits

Failure of the 13.8-ky. Lain power supply results in complete
electrical outage for about 15 seconds until the emergency turbogeneratorroaches full-load speed when omorgency circuits are automatically energized.Batteries, located in the Battery Room, supply power for limited emergencylighting during the 15-second outage. The emergency circuits are listed
bclow:

From the 2.4-kv. EzOrrcncy Bus:

Fence and Guard Tovnr lighting, and emergency
lighting of 222. Buildg.

From North Substation 2.4kv./480v. emergency transformer:

276-S Building omorgency lighting, Beckman instrument
supply to Silo and Niorth Operating Gallery, Building
291-S, north transforyier cooling fans, battery motor-
generator, emergency lighting, dperating instruments
in the Silo and North Oporating Gallery, and D-8
Neutralizer Tank agitator.
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From South Substation 2.4kv./480v. emergency transformer:

Breathing air compressor, inert-gas comproasor, instrument-
air compressor, instrument-air drier, air-sampling vacuum

pump, inert-gas generator, Beckman instrument supply to
SWP Lobby and South Operating Gallery, emergency lighting,

operating instruments in South operating Gallery, 'icuth
transfotmer cooling fans, and 11-2 Centrifuge.

7. Inert-Gas Generator

Inert gas is used in the 202-S Building to blanket those vessels in

which organic solutions or organic saturated aqueous solutions are pro-

cessed. The inert gas is supplied by inert-gas generators which burn pro-

pane and air to produce a chemically inert gas. The inert gas produced

has approximately the following composition:

N2  87-88%
002  10-12%

CO 1% max.
02 0.5% max.

l12O 1% max.

The inert-gas generators are located in a small building just outside

the compressor room on the south side of the 202-S Building. Two gas gener-

ators are provided, one for normal operation and the other as a spare. Each

of these burners has a capacity of 12,000 std. cu.ft./hr. Each gas gener-

ator consists of a burner which gives complete combustion of the propane and

oxygen in the air, a spray cooler, and a mo;sture separator.

The gas from the generators is received in a low pressure 2000 cu. ft.,

dry-seal type, gas holder which is located just outside the Inert-Gas 
Gener-

ator Shed.

This low-pressure gas holder feeds a 200 cu, ft./min. compressor which

delivers the gas at 100 lb./sq.in.ga. to an oftercooler separator. A

spare compressor and aftercooler separator are provided. These compressors

and 7ftnrcoolers are located in the Compressor Room.

Inert gas at 100 lb./sq.in.ga. flows from the aftercooler separator

to the high-pressure storage tank which is located outside the 202-S

Building adjacent to the low-pressure gas holder. The capacity of the

high-pressure storage tank is 1160 cu.ft. Inert gas is supplied to the

100 lb,/sq.in.ga. inert-gas loop header and the 15 lb./sq.in.ga. instrumert

inert-gas system from the high-pressure storage tank.

The plan of the Inert-Gas Generator Shed showing the equipment arrang 
-

ment is shown in Figure XI-46.
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8. Service Areas

8.1 South Service Area

The South Service Area houses offices, lunchroom, donference room,ien' s locker room, women's lounge, Survey Room, Instrument Shops, Pro-cess Blower R3om, Compressor Room, and South 480-volt Switchgear Room.This area is shown in Figure XI-6.

The SWP Change Room, air lockand SWP Lobby are at the east end ofthe South Pipe Gallery. Arrangement of these facilities is shown onFigures XI-5 and XI-6.

8.2 North Service Area

The North Service Area huses the 21F-kv. Switchgear Boom, fatteryRoom, North 430-Volt S'witchgeer Boom, and Electric Shop and Office. Theplan of this area is presented in Figure XI-6.

9. Ventilation

9.1 General

The ventilation system is designed to provide controlled and con-stant pressure areas to insure that normal work areas are at all timesfree of potentially contaminated air from special hazards zones.
Ventilation of the building is accomplished by two parallel systems,process and service. These two systems are supplied and exhaustedseparately. The only direct connections between the two systems are theCanyon Emergency Exit Door and the entrance to the Silo Crane Gallery.Pressures of the two systems are regulated to give a higher pressure inthe service areas than in the process areas. This results in air flowfrom the service areas to the process area wben either of the two doorsmentioned above is opened. The ventilation system of the building isshown in perspective cutaway on Figure XI-47.

A schematic diagram of the 202-S Building ventilation system isshown on Figure XI-48. This diagram indicates the supply source, theair changes per hour, the pressure, direction of flow of air, and theexhausting method for all areas of the building.

9.2 Ventilation equipment

9.21 Blower Boom No. 1 _7ocess Blower Boom)

Three units each consisting of an air filter, washer, preheater, andblower are installed in Blower Room No. 1, which is located in the SouthService Area at Pipe Gallery Level. Each of the blowers has a capacityof 26,150 cu.ft./min. The washer spray pumps, 909 A, B, and C, areIngersoll-Rand, No. 2-UV, water pumps, 225-gal./min. 80-ft. head, drivenby a General Electric 7-1/2 h.p., type K, 34 50-rj;m., splash-proof, electricmotor. Ductwork conducts the treated air through unit reheaters to variousdischarge points in the process areas (see Figure XI-48).
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9.22 Blower Boom No. 2

Blower Room No. 2 is located at Pipe Gallery Level in the North Service

Area. One unitconsisting of an air filter, washer preheater, and blower,

is located there. The blower has a capacity of 29,00 cu.ft./min. The

washer spray pump, 909 D, is identical to the pumps used in Blower Room No. 1.

Figure I-48 shows the areas serviced by this unit.

9.23 Blower Room No. 3

Blower Room No. 3 is located on the Operating Gflllery level in the

South Service Area. One unit, consisting of an air filter, washer, pre-

heater, and blower, is located there. The blower has a capacity of 22,300
cu. ft./min. The washer spray pump is identical to those used in Blower

Room No. 1. The five zones supplied by this unit are shown on Figure XI-48.

9.24 Blower Boom No. 4

No. 4 Blower Roomon the top floor of the Silo, contains an air con-

ditioning unit with a blower of 14,640 cu. ft./min. capacity. The washer

spray pump is a 108-gal./min., 80-ft. head, water pump, driven by a 3450

rzm., 5 h.p., type K, splash-proof, electric motor. The zones supplied by
this unit are shown on Figure XI-48.

9.25 Blower Room No. 5

Blower Room No. 5 is located in the South Service Area on the Operating

Gallery Level. The air conditioning unit has a supply blower of 14,640 cu.

ft./min. and uses a washer spray pump of the same characteristics as the one

in Blower Room No. 4. It supplies 5 zones which are shown on Figure II-48.

C. OTTSIIE FACILITIES

iK Chemical Tank Farm, 211-S

1.1 General

Large quantities of acid, caustic, and aluminum nitrate solution are

consumed in the Redox Plant. Storage facilities for these materials are

located in the Chemical Tank Farm, 211-S, which is located vest of the 202-S

Building (Figure XI-3).

Tanks located in the Chemical Tank Farm, their use, capacities, and

material of construction are given below:
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Tank No. Service Capacity Material of

Cohstruction

SQ-101 50% NaO 99,000 gal. Mild SteelSQ-102 50% Nao 99,000 gal. Mild Steel5-11 72% Al(NO3 ) -9H20 149,000 gal. Mild Steel, Tygon LinedSS-112 149,000 gal. " I I I55-113 149,000 gal. I T I t
sA-u1N 4,300 gal. Type 309 Stainless Steel
SA-12 % 3  15,000 gal. Type 347 Stainless SteelSA-122 " 41,ooo gal. t
SA-123 41,oo gal. ItSA-124 I4,300 gal. Type 309 Stainless SteelSW-131 Demin. Water 15,000 gal. Aluminum

Arrangement of the Chemical Tank Farm is shown on Figure XI-49.

Storage capacity to meet requirements for 60 days is provided for 50%NOH and 60% M103 , based on processing 5000 lb. uranium/day. Aluminumnitrate storage capacity will meet requirements for 4 months at a pro-cessing rate of 5000 lb. uranium/day. All figures quoted are for 3-cycleoperation.

1.2 Description of facilities

Sodium hydroxide received in tank cars is unloaded at Car Spot No. 1.The caustic storage tanks, SQ-101 and SQ-102 are provided with steam coilsand lagged because of the relatively high freezing point of 50% NaOHCaustic pumps and lines are steam traced to prevent freezing of the 50%NnOR.

Nitric acid is received in tank cars which are unloaded to SA-121from Car Spot No. 2 or in tank trucks which are unloaded to SA-124 from anunloading spot near Car Spot No. 1. All of the nitric acid handling equip-ment is constructed of stainless steel.

Aluminum nitrate solution is received in tank trucks. The aluminumnitrate solution is pumped from the truck to the Receiving and SamplingTank, SS-i14, where it is held until an acceptance analysis of the ship-ment is completed. Off-standard material can be pumped back to the tanktruck. From SS-114 the aluminum nitrate is pumped to the storage tanks,SS-111, S5-112, and SS-113. These storage tanks are protected from freez-ing by steam coils. Pumps and lines are steam traced. Aluminum nitratepumps and lines are constructed of stainless steel.

Domineralized water is produced in the 202-S Building and stored inthe Demineralized Water Storage Tank, SW-131. Tank SW-131 is provided witha steam coil to prevent freezing of the water. The pump and lines aresteam traced. Lines for demineralized water are aluminum with stainlesssteel valves.
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2. Solvent Treatment and Storage Building, 276-S

The 276-S facility houses equipment for the storage of raw hexone and
the chemical treatment of new and recycled hoxone. The storage tanks are
located north of the 276-S Building (see Figure XI-50). The two storage
tanks, SO-141 and SO-142, are buried to minimize the effect of atmospheric

temperature variation. Each of the storage tanks has a capacity of 21,500
gal. The tanks are vented to atmosphere through flame checks.

The 276-S Building is 43 ft. 2 in. wide and 58 ft. long; it is con-
structed of reinforced concrete, steel framing, and corrugated asbestos
siding and roofing. The two sections of the building, the Process Area and
the Operating Area, are separated by a 2-ft. thick concrete wall. The Pro-
cess Area is 58 ft. long and 26 ft. wide, with 2-ft. thick concrete walls on
the ends and the side next to the Operating Area. The other wall of the Pro-

cess Area is covered with corrugated asbestos siding. The Operating Area is

58 ft. long and 15 ft. wide, and has a steel framework covered with corru-
gated asbestos siding. There are no connecting doors between the two sides

of the building; all doors open to the outside. Valves located in the Pro-

cess Area are operated by extension handles extending through the concrete

wall to the Operating Area. The sump in the floor of the Process Area is

emptied by a jet. Normally this jet discharges to the crib located west of

276-S Building, but may discharge to the Organic Treatment Tank, 0-2, for

organic recovery. This sump is equipped witb a decanting overflow which

is designed to start overflowing to the crib when the Process Area is flood-

ed with about 30,000 gal, of liquid.

There are three tanks in the Process Area, the Organic Receiver Tank,

0-1, the Organic Sampler and Treatment Tank, 0-2, and the Organic Header

Feed Tank, 0-3. The Organic Treatment Addition Tank, O-2A, is located in

a pit at the Vest end of the Operating Area.

Waste wash solutions from the Organic Treatment Tank are pumped to a

crib located west of the 276-S Building. This crib receives waste from

the 276-S Building and the 203-S Building.

The arrangement of the equipment in the 276-S Building is shown on

Figure XI-50.

The three tanks in the Process Area are blanketed with inert gas

supplied by a pressure-reducing valve which discharges inert gas at a pres-

sure of 15 in. of water, gage, into the vent header, by instrument dip

tubes, and by the sampler on Tank 0-2. Each tank is vented to the vent

header through a flame arrestor. The vent header, in turn, vents to the

atmosphere through a seal pot.

All electrical equipment in the Process Area is approved by Under-

writerts Laboratories for use in Class I, Group D, locations.

The two sides of the building are separately ventilated. 
The Process

Area is ventilated by two exhaust fans mounted on the roof. 
Each of these

fans has a 4400 cu. ft./ni;. capacity, which results in one air change 
per

minute in the Process Area. The intakes of the exhaust ducts are located
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near the floor to facilitate the removal of heavier-than-air solvent vapors.The Operating ,rea of the building is ventilated by an exhaust fan on the
roof. The capacity of this fan is 1000 cu.ft./min. The intake point isnear the bottom of the pit at the west end of the Operating Area.

Two unit heaters, with steam coil and fan, heat the air in the Pro-cess Area by circulating it past the coil. One large heater installed inthe intake duct to the Operating Area heats the fresh air from the out-side. An evaporative cooler supplies cool air to the Operating Area duringhot weather.

An automatic water-fog fire-protection system is installed in the
276-S Building. The fire-detection system employs small pressurized airlines leading to thermal detectors. In the event of fire the thermal de-tector melts releasing the pressure which in turn opens the valve in thesupply line to the fog nozzles and actuates the alarm system. An alarmand light are located outside the 276-S Building; a pilot light is locatedin the Dispatcher's Office in 202-S Building, and an alarm signal is re-layed to the 200 West Area Fire Station. The exhaust fans are shut offautomatically when the water fog system is actuated.

3. Decontaminated UNH Storage, 203-S

Decontaminated UNH solution is stored temporarily in the 203-S Areabefore transfer to the 203-U Building. The 203-S Area consiste of twostainless steel storage tanks, SU-151 and SU-152, mounted in an open con-crete pit north of the 276-S Area (see Figure XI-3). Each of these tankshas a capacity of 4800 gal. The tanks have partial steam jackets to pre-vent freezing of the UM solution. All process lines to the 203-S Areaare steam traced. The 2-in. overland line from 203-S to 203-U is laggedand electrically heated to prevent freezing of the solution.

The two tanks are interconnected at the bottom, permitting free flowbetween tanks. They are vented through a conmon filter which prevents thespread of uranium contamination. A temperature controller supplies steamto the tank jackets to maintain the solution temperature above 500F.

A sump located in the center of the concrete pit is emptied by a jetwhich discharges to the 276-S Building Crib.

4. Propane Storage Area, 2726-S

The Propane Storage Area, 2726-S, is located southeast of the 202-S
Building, outside of the Redox Area fence. Two 6500 gal. storage tanks,
SG-161 and SG-162, and a pump,PG-1, are located in the area. Each tank isequipped with an electric vaporizer unit.

Propane is delivered by tank trucks which can be unloaded by either
the tank-truck pump or pump rG-1. The side-crm natural-circulation vapor-
izers are electrically heated, and a pressure switch on each tank controlsthe heating element of its vaporizer.

The system is designed to operate at a minimum pressure of 40 lb./sq.
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in.ga. Only during very cold weather (below 20 to 30 0F.) Vill operation of
the vaporizers be necessary. A pressure-reducing station reduces the line

pressure to 10 lb./sqjin.go. to eliminate condensation in the underground
line to the Inert-Gas Generators and the 222-S Building.

Safety valves are provided on the tanks and vaporizers. All of the

equipment is electrically grounded. A fireproof sunshade roof is erected

over the storage tanks. Excess flow check valves are provided where re-

quired by National Board of Fire Underwritr's standards.

D. WASTE FACILITIES

1. Retention Basin, 207-S

The process Sever, which handles only steam condensate and cooling
water from process vessels, empties into the Retention Basin, 207-Sa

130-ft. square by about 6-3/4 ft. deep concrete receptacle. 
Since there

is a possibility that radioactive material may get into this waste through

a leak in a "hot" tank jacket or coil, provision is made to check for 
the

presence of radioactivity before disposal into the 
ground. Water from the

Retention Basin is discharged to an open pond southwest of the 
Redox Area.

The location of the Retention Basin and open pond are shown 
in Figure XI-2.

Normally water flows through the Retention Basin with a very small

holdup. The outlet gate is closed only when the continuous monitoring in-

strument on the inlet to the basin indicates the presence of above-toler-

once radioactivity. The capacity of the basin is 850,000 gal., about 7

homs holdup under 3 cycle process operation.

The plan and details of the Retention Basin are shown on Figure XI-51.

2. Diversion Boxes

Liquid process wastes from the 202-S Building 
are routed to the Waste

Cribs and the Underground Waste Storage Tank Farm through a hiversion 'ox,

240-S-151, located north of 202-S Building. A second Diversion Box, 241-

S-151, through which wastes are routed to the Cribs or the desired 
point

in the Tank Farm, is located near the 241-S Tank Farm.

2.1 Diversion Box 240--151

- Diversion Box 240-S-151. (Figure XI-52) is a concrete pit 56 ft.

long and 23 ft. 6 in. wide, divided into two sections. One section con-

sists of two rows of nozzles, the inlet nozzlos in the upper row and the

outlet nozzle in the lower row as shown in Figure 
XI-52. The other section

contains the piping to the nozzles. The box is covered with concrete

blocks that can be removed by a motor crane.

All of the waste lines leaving the 202.S Building 
through the Waste

Tunnel are connected to the 240-s-151 Diversion Box. Connections between

the upper row, inlet, nozzles and the lower row, outlet, nozzles are made

by jumper. Space is provided for the storage of spare jumpers. A datch

DECLASSIFIED



1125 DECLASSIRED WS

tank, 2h0-S-302, receives all drainage from the liversion Box, thus pro-
viding a convenient method of leak detection. The Catch Tank is emptied
by a jet connected to an inlet nozzle in the Diversion Box. By use of
jumpers the solution in the Catch Tank may be disposed of to an appropriate
point in the waste system.

Spare lines are installed in the Waste Tunnel from the 202-S Buildingand are connected to inlet nozzles in the Diversion Box. The waste lineencasement to the 241-S Tank Farm has nine lines, with six in use andthree spares. There are five additional stubs connected to outlet nozzlesfor future lines to 241-S. Six other stubs are provided for connectionto a future tank farm.

2.2 Diversion Box. 241-S-11

Diversion Box 241-S-151. (Figure XI-53), is a concrete pit 56 ft.long and 23 ft. 6 in. wide. Arrangement and details of this DiversionBox are Aimilar to the 240-S-151 Diversion Box.

Nine inlet lines from the 240-S-151 Diversion Box are installed andthere are five inlet stubs for connection to future lines from 240-S-151.In addition there are three inlet stubs for possible future lines from241-U Tank Farm.

Eight outlet lines to the Underground Waste Tank Farm ore installed,a line and a spare to the first tank of each cascade. There are eightoutlet stubs for connection to a future tank farm. One outlet line andtwo outlet stubs are provided for connection to the Waste Cribs,216-S.

3. Waste Cribs, 216-S

The Waste Cribs, 216-S, are used for the disposal of evaporator con-densate and coll drainage from the sumps which meets the cribbing toler-ance. A discussion of cribbing tolerance is given in Chapter X.

The two cribs, operating in series, are 12 ft. by 12 ft. by 9 ft.high. They are constructed of wooden ties with wooden covers. The cribs
are about 21 ft. below grade, resting on a backfill of screened 1/2-in.and larger gravel. In addition the ground below each crib has been exca-vated to a depth of 12 ft. and filled with coarse aggregate. Two risersare provided for each crib, one for liquid-level measurement and the otherfor a vent equipped with a filter. Construction of the Waste Cribs isillustrated by Figure XI-54.

4. Underground Waste Storage Tnk arm, 241-S

Twelve 75-ft. diameter storage tanks are located in the UndergroundWaste Storage Tank Farn. These tanks are arranged in four cascades ofthree tanks each. The first tank in a cascade is equipped with two aircondensers and the second and third tanks each with one air condenser.
The plan and section of the Tank Farm are shown on Figure XI-55.

The 75-ft. diameter tanks have a capacity of about 750,000 gal. each,
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and a total capacity of 9,000,000 gal. Tiis Tenk Farm will ppovide waste
storage for a minimum of about three years, depending on the number of de-
contamination cycles required for producing a satisfactory product.

The tanks are constructed of concrete with a mild steel liner. Details
of tank construction are shown on Figure XI-56.

A 0&tch Tank, 241-S-302B, is located at the northeast corner of the

Tank Farm adjacent to Tank 101. This Catch Tank collects drainage from the

line encasements serving the Tank Fam. It is emptied by a jet which dis-

charges into the Catch Tank, 241-S-302A, which is located adjacent to

a4l-S-151 Diversion Box.

R. Sand Filter and Stack, 291-S

The 291-S Area which contains 'the exhaust ventilation equipment for

the Process Area of 202-S Building, is located northeast of the 202-S Build-

iig. This location minimizes the effects of wind currents (from the westerly

prevailing winds) on operation of the stack.

The purpose of the Sand Filter and Stack is fourfold: to dispose of

Dissolver off-gas safely; to exhaust air adquately from the Process Area of

the 202-S Building; to clean up this exhaust air preparatory to its dis-

charge to the atmosphere; and to discharge the exhaust air and 
Dissolver

off-gas to the atmosphere at a velocity and altitude sufficient 
to eliminate

hazards to personnel. A cutaway view of the Sand Filter and Stack is shorn

on Figure XI-57.

5.1 Sand Filter

The Sand Filter removes radioactive particles from the exhaust ventila-

tion air before the air is discharged to the,atmosphere. The unit consists

of layers of sand and gravel in a concrete shell equipped with air distribu-

tion tiles. There are seven layers of material decreasing in particle size

from coarse gravel, 2 to 3-1/2 in., on the bottom layer to the top layer of

sand, 30 mesh. All of the material is selected for its resistance to

nitric acid and freedom from silt, organic matter, and shale.

The Sand Filter is sized to handle tho ventilating air at a 
linear

velocity of 5 ft./min. and a pressure drop through the filter of approxi-

mately 7 in. of water under normal operation. A by-pass damper system of

the filter outlet is included so that the inlet plenum of the filter 
can be

used as a by-pass duct after the filter is roplaced by a future 
installa-

tion.

Monitoring tubes extend into the sand layers so that radioactivity

measurements can be taken from the top of the filter. Facilities are in-

stalled for checking the pressure drop across various filtering layers.

Condensation within the filter layers has an adverse effect 
on the filter's

efficiency and iticreases pressure drop across the filter; therefore, a

humidity analyzer recorder on the 202-S Building Air Tunnel 
is located in

the South Sample Gallery as an aid to control.
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5.2 Fan House

The Fan House contains the exhaust blowers for the 202-S ProcessArea ventilation system. There are three stainless steel blowers, ofidentical design, installed in parallel. The load is normally carriedby two of the blowers, driven by electric motors. Each of these blowershas a capacity of 20,000 cu.ft./min. The third blower is an emergencystandby unit, powered by a direct-coupled steam turbine. Its capacityis approximately 40,000 cu.ft./in. The increased capacity is obtainedby driving the turbine-powered unit at a higher operating speed than theelectrically driven units. This emergency fan automatically goes intooperation when the static pressure in the air duct to the sand filterrises to a predetermined level. The blowers and motors are lubricatedthrough remote connections located inside the 291-S Building.

5-3 Jet Control House

The jets for the Vessel Vent Systems and the diaphragm operatedsteam and air valves to these jets are housed in the Jet Control House.The Drain Soal Tank, Tank 291, is also located here. The function of theDrain Seal Tank is to receive condensate, via drip line at suction sideof the jets, from the vessel vent lines. Removal of condensate improvesthe efficiency of the vent jets.

5.4 Process Stack

The Process Stack is 200 ft, high above grade. It is constructed
of reinforced concrete, with a free-standing stainless steel liner, 3 ft.9 in. inside diameter. The liner is capped at the top to cover the annulusbetween the stack and liner. A dished head, anchored to the base of thestack, is welded to the base of the liner. The stainless steel inletbreaching is wolded to the stack liner and enters the stack on a 450 angle.

Stack-gas sampling points are located at the top and bottom of thestack.

Spray rings are installed at three levels for washing down the insideof the liner. Condensate accumulation is drained from the stack linerand the annulus to the Drain Seal Tank, Tank 291.

E. LABORATORY BUILDING

1. Layout

The Rodox and TBP Analytical and Plant Assistance Laboratory, 222-S,is a concrete nnd st"el two-story building 322 feet long by 107 feet wide,located in the "S' Area south of the Rodox Processing Building, 202-S.The plot plan is shown in Figure XI-3.

The functions of the laboratory are to provide. (a) routine chemical
and radiochomical analyses of samples, and (b) non-routine experimentation
of a plant assistance nature for the Redox Production Plant, the TBP Pro-
duction Plant, and the Hot ' Semiwurks.
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The two floors above ground, plus the subterranean counting room,
instrument shop and service tunnels, comprise approximately 60,900 square

feet of space, divided as follows:

Working Laboratory Space 10,600 sq. ft.
Office Space 1,600 sq. ft.
Utilities 10,600 sq. ft.
Supplementing Facilities 4,100 sq. ft.

Non-Working and Equipment Space 34,000 sq. ft.

(ventilation equipment and duct-
work, diectrical distribution
equipment, hollow walls, corridors,
and stairs)

The basement, service tunnels, and first floor plan views, are given

in Figure XI-58, in which the rooms, offices, and laboratories are numbered

and their designations noted. The plan at the second floor is not included,

since with exception of the ventilation ductwork and equipment space, the

only services located on this floor are a maintenance shop and office, an

electrical-control station, and a general storeroom. Reference prints are

listed at the end of this chapter.

The Analytical Laboratories, 4-A through 4-M, are designed with maximum

flexibility to meet the varied requirements of the Redox and TBP Plants far

routine control and special analyses. As a consequence of the need for

special sample evaluation, Rooms 2-H and 4-Q have been provided for fluori-

meter and X-ray photometer work, respectively.

The Plant Assistance Laboratories, 4-N, 4-P, 4-s, and 4-V, are de-

signed for work of a plant service or process improvement nature. The sup-

porting facilities, 4-R, 4-u, and 4-T (solution make-up, special apparatus,

and storage rooms, respectively) are essential to the work performed in

these laboratories.

Facilities for control, research, and development work at 
higher levels

of radioactivity than have heretofore bean possible at Hanford Works, have

been provided in the multicurie wing of the 222-S Building. This wing of

the building (see Figure XI-58) is normally entered at one point only,

through air locks and a change room. Utilities and supporting facilities

for these laboratories are grouped with them in the isolated wing even

though some, such as the sample storage room and decontamination 
room, are

duplicated in the mein laboratory section. 
This duplication is necessitat-

ed by the sharp difference in radioactivity levels 
in the two parts of the

building.

Supporting facilities in the 222-S Building are 
of the usual type for

plant service work, providing rooms to serve the 
building and house the

personnel who serve the building as a whole. These facilities and allocat-

ed areas arc designated in Figure XI-58.

2. Utilities

Twelve different utilities and services such as water, compressed air,

DECLASSIFEDa
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and vacuum, which are available in the laboratories of 222-S, are pre-sented in tabular form on Figure '1-58. The number of outlets per roomfor each service available is indicated under the type of service. Inaddition to the twelve listed in the table, two special services are pro-vided: methane is piped to the basement counting room from the outsidestorage cylinders for the operation of the radiation counters; and con-centrated nitric acid is supplied by gravity to Room 2-B-2 from an outsidestorage source for use in equipment decontamination.

The special purpose electrical services supplied to the laboratories,are shown in Figure XI-59, and the ventilation air supply and exhaustsystem in Figures XI-60 and XI-61.

2.1 Gases

The special gases, hydrogen, nitrogen, oxygon, and methane, are pipedinto the laboratories from cylinders stored outside the building. Sparegas lines are installed in the laboratories, and are to be supplied fromsize B cylinders which can be mounted directly in the pipe chase at therear of the laboratory benches, Propane is piped into the building fromthe central storage tank in the "S" Area.

2.2 Steam

Steam, piped into the laboratories as indicated, is taken from thearea grid supply, and is reduced through two pressure-reducing valvestations to 25 pounds per square inch gage for laboratory use, heatingsystems, and the hot water heater.

2.3 Distilled water

Distilled water is furnished by a 75-gallon per hour still supplyinga 500-gallon tin-lined storage tank, located in the second floor equipmentspace. It is fed to the laboratories by gravity through aluminum tubing.

2.4 Drinking water

Cold drinking water is taken from the area mains at 100 pounds persquare inch gage and is reduced to 35 pounds per square inch gage tosupply drinking fountains, showers, and sanitary services. Hot water isobtained from a circulatory-type steam heater, located in the second floorequipment space.

2.5 Conprssed air

Coprossod air rt 100 pounds per square inch gage is brought from the202-S Building, and is availablC through two pressure-reducing valvestations at 90 pounds per square inch gage and 25 pounds per square inchgage for laboratory services, as indicated.

2.6 Vacuum

House vacuun is provided for the Plant Assistance and Analytical

a DECLASSIFRED a
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Laboratories by two pumps located in a riou off the service tunnel under the

multicurie wing, with traps placed ahead of the pumps and in the laboratory
feeder lines. Traps till also be installed, Ls needed, at all work statichs.
Vacuum is provided for the multicurie wing by a separate system with a pump
located in the service tunnel as shown on the drawings. Two additional
interconnected vacuum pumps supply the H.I. air-sampler system which is a

permanent installation with sampling ports in the ventilation ducts, labo-

xqatories, and other strategic locations, as indicated. All air is exhaust-
od through Cherdical Warfare Service filters to the building stack.

2.7 002 fire extinguishers

Boom 2-E, sanple storage, is provided with a CO2 fire extinguisher

system for blanket coverage with fixed pipe installation from manifolds,
in accordance with the National Board of Fire Underwriters' codes govern-

ing such installations. The remainder of the building is supplied with
both 10-pound and 75-pound portable extinguishers.

2.8 Electrical supply

There are two separate and distinct electrical systems in the building,

both having the same current characteristics. They are "normal" and

"emergency". Current is brought into the building through two separate

31-ire services, providing 480-volt, 3-phase, 60-cycle current for power
distribution. Through banks of transformers in the equipment rooms, 120/
208-volt, 4-wire, 3-phase, 60-cycle current is supplied for lighting and

laboratory outlets. Isolated voltage power supply for interference-free

operation of counting instruments and radiation-detecting instruments is

supplied to the counting roon and building vestibule through a special

208/120-volt isolating transformer; no other equipment operates off this

line.

Approximately 20 per cent of all lighting as well as exit lights and

fire alarm power, is automatically transferred to the emergency system in

the event of a power failure, to permit continuation of uninterruptable

work, safe orderly evacuation, etc. Lighting circuits, other than those

controlled from the bussway and contactor areas, are fed from circuit-

breaker-type load centers placed in easily accessible locations.

The normal service lighting and receptacles in the Plant Assistance

and Analytical laboratories, are individually switched in locations 
out-

side and adjacent to the room doors, so that these services may be cut off

in the event of local emergencies.

The solution make-up room, 1-K, in the multicurie wing, and the sample

storage room, 2-E, are completely equipped with explosion-proof electrical

outlets, in view of the flammable nature of solutions which may be handled

and stored in these locations.

2.9 Ventilation

The supply of air for 222-S offices and laboratories is heated in the

winter season by pre-heat coils, and is cooled in the summer by the water-
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wash evaporative method. The mximun and minimum temperatures are 800
and 70F. for surrer and winter, respectively. The basement counting
room and instrument shop constitute an exception to this general supply
system, being on a constant-tenperature, constant-humidity conditioned-
air unit which maintains the temperature Qf 750F 20F., and the relative
humidity at 40 ± 2 per cent. Make-up air in this system is approxi-
mtely 10 per cent, with 90 per cent recirculation during nornnl opera-
tion.

The supply air for the Plant Assistance and Analytical Laboratory
section, is treated for four parallel sets of apparatus consisting of
filter,, co:ils, washers, and fan. Each fan has a capacity of one-third
of the design load with three in normal use and one standby. Each set
discharges air into a common plenum connected to the nit supplyducts tothe various parts of the building.

The distribution of air to (and exhaust from) offices, corridors,
and Laboratories, is shown in Figures XI-60 end XI-61. In addition tothe diffusers and grilles, laboratories 4-A through 4-V, 2-B-1, 2-B-2,and 2-H, are also supplied through ventilating-type perforated ceilings.

The supply air to the nulticurie wing is distributed in the same
fashion as above, furnished by the same fans to a connon plenum.
Additional air, however, is introduced to the rulticurie laboratories
by means of wall-mounted registers.

All exhaust air vented from the laboratories passes through Chemical
Warfare Service filters before entering the exhaust system and thence
through exhaust fans to the building stack. There are four exhaust fans,with three in normal service and one standby. Air is exhausted from thelaboratories via hoods, canopies, and auxiliary exhausts, automatically
controlled by velocity pressure regulators to maintain constant through-
put conditions.

All fans operate off the normal electrical power supply, and in theevent of a min power failure, the supply and exhaust fans are so
arranged and controlled that one or more supply fans, as designated, andone or more exhaust fans, as designated, will operate to deliver aminimum of 25 per cent of normal air supply to the laboratory areas, whenpower is supplied from the emergency 'turbaonerator.

3. IWas( Diosal Facilitis

Wistos fron 222-S include the usual innocuous aqueous, slightly con-taminated aqueous, and highly radioactive aqueous solutions, and in
addition, special organic wastes, both radioactive and non-radioactivo.
The three-part disposal system, designated as 219-S, and wastes handledin it, are described in detail in Chapter X.
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CApf'E XI. ENGMEERING FLOW DIAGRAMS

A. GENERAL

1. General Design Considerations

The engineering scope of the Pedox process is illustrated in Figures

XII-3 through XII-21. These drawings, known as "Engineering Flow Diagrams",
expand on the basic process flow depicted in the "Engineer's Flow Sketches"
included in Chapters III, VI, V1II, Ii, and I. The purpose of the Engineer-
ing Flow Diagrams, which were prepared prior to the detailed design effort,
was to present an accurate p#cture of the engineering features of the pro-
cess upon which plant design was to be based. During the development of
these design basis plans foremost consideration vas given to the radio-
active properties of the materials handled, corrosiveness of the solutions,
flammability of the solvent, and process continuity.

As in the existing Bismuth Phosphate process buildings, recourse to
massive concrete shield walls was taken for protection of operating person-
nel from the hazards of radiation. All equipment that handles the radio-
active materials has teen placed in cells in the "hot", or canyon zone,
and operated remotely by means of diverse instrumentation. Since the equip-
ment is not readily decontaminated to allow prolonged personal contact the

canyon equipment was designed for remote methods of maintenance, replace-
ment and servicing. The corrosive properties of the chemicals used in the
process dictated the use of stainless steels for fabrication of all tanks,
piping, and auxiliaries essential to production continuity. Versel vent-

ing has received individual attention. The flammnbility of the solvent
used (see Chapter XXIV). requires a special vent system for all tanks which
contain solvent or solvent vapors in order to control this hazard.

The most Important factor that influenced the plant design effort Is
the continuous nature of the Bedox process. All process streams through-
out the solvent-extraction cycles and major portions of the Waste Tflat-

ment and Organic Recovery sections flow continuously. Metal feed prepara-

tion and final plutonium handling are batchVise operations. Tank sizing

and placement in the cells was made, therefore, to conform with good
operational control, and short-distance flow of process streams to and

from the extraction battery. Some of the general design requirements with

regard to equipment spacing, piping, and valving are discussed below.

2. Spare Equipment and Line Policies

No spares are installed for major equipment pieces that operate either

continuously or batchwise. Provision of uninstalled spare equipment is

discussed in Chapter X1. The designed capacity of the plant which allows

for 20% down-time is. considered adequate in lieu of installed spares. Dis-

solvers are the only exception to this provision for spares since their

operation is subject to adverse weather conditions. One spare dissolver

has been installed. One spare pipe-through-concrete line has been pro-

vided for each process transfer line to the solvent-extraction equipment
and for each process return 1i om the extraction equipment. This in-

IELASSIIEDr
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cludes transfers to the columns from the "cold" zone as well as those
transfers confined with the "hot" zone. Wherever space is available on
the gallery side, a reasonable number of spare auxiliary connectors, such
as instrument, sampler, electrical, and utility have been installed
through concrete. "General spares" have been provided to the pipe tunnel
to lend flexibility in choice of stream routing which is not necessarily
part of normal process flow. These spares also allow for contingencies
arising as a result of future process changes. One set of flow control
equipment consisting of a pump and associated instrumentation has been in-
stalled on each "cold" and "hot" feed stream in the process. An alternate
route by jet has been provided from process vessels where a "hot" pump is
the only outlet means.

3. Piping and Valving

The main process piping, utility piping, and instrumentation lines
are shown in Figures XII-3 through XII-21 by means of heavy, light, and
dotted lines respectively. Auxiliary line equipment such as control valves,
connectors, jets, etc. are also indicated symbolically in order to illus-
trate the engineering design aspects. A legend of line auxiliary symbols
is given on Figure XII-3. Reference should be made to the Instrment
Engineering Diagrams in Chapter XIX for more specific details of instru-
ment piping and symbols.

Process piping was sized by conventional flow-pressure-drop chart
methods, and in the "hot" zone the ultimate selection of pipe based on
the nearest or next largest standard connector size. Since the standard
connectors rangc in size from 1 to 4 inches in one-inch increments,
fractional pipe sizes have been avoided in order to simplify connector
and remote maintenance requirements. Half-inch pipe has been used in the
cells, however, for sampler, instrument, and lubrication piping. In these
cases the small pipes are grouped into a bundle of three and joined at the
cell walls through a two-inch connector head. Tank connectors for the
three-pipe jumpers are either two or three-inch depending on tank size
and nozzle layout. The selection of "hot" zone tank vent sizes was based
on the gassing rate of the jets discharging to the individual tanks. In
general, since the jet capacities are proportional to the tank volumes
for a unit filling time, the vent sizes are grouped into 2-inch for tanks
up to 4 ft. in diameter; 3-inch for tanks up to 7 ft. in diameter; and
4-inch for those larger than 7 ft.

The process addition tanks located in the "cold" zone are supplied
from the appropriate chemical headers. These headers do not appear on
Figures XII-3 through XII-21 but are shown schematically in Chapter XI.
Demineralized water instead of filtered water is used for all process
additions to avoid introduction of mineral impurities which ultimately
may find their way into the final product streams. In addition to the
necessary chemical and water supply, all process addition tanks are piped
to receive a wash solution from the wash header. This wash solution is
used to flush and decontaminate cell equipment.prior to maintenance or
replacement. Provisions for recirculation of this wash solution by re-
circulation jet and tank spray is incorporated on all unagitated vessels
handling plutonium. Chemical addition lines as well as jet and coil-
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steam lines entering the canyon equipment are provided with strainers.

Flow control valves are the only valves installed in the canyon area.
There are no block or diversion valves in liquid process lines located with-
in the canyon. Diversion valves are installed around the glass wool filter
after the Silver Reactor in the Dissolver off-gas line. These valves allot
the filter to be by-passed during the slug coating removal step, and thus
prevent the deposition of ammonium nitrate (from NE 3 given off in coating
removal) on the glass fibers. Chemical addition lines, since they do not
enter process solutions contained in the canyon vessels, are not equipped
with block valves at the shield wall. Manual block valves on instrument
dip tube lines, and air-operated automatic block valves on jet or sparger
gang-valve lines are installed on the "celd" side of the shield wall.

Pipe and valve codes indicated on Figures XII-3 through XII-21 are
consistent with those listed in Hanford Works Specifications jW-4314, Re-
vision No. 2,and EW-3450, Revision No. 6, respectively. Table XII-1 lists
the various pipe codes employed, and explains briefly the services to which
they apply. Valves are designated as to type by the prefix letters G, far
gate; GL, for globe; CV, for control valve; and DO, for diaphragm-operated.
The number fiflowing the prefix letters designates the working pressure;
i.e., 1.2 " 125 lb./sq.in. The second letter S or F,designates whether
the valve is screwed or flanged. Thus, GL 1. F is a flanged globe valve
designed for 150 lb./sq.in. working pressure. Valve Specification
EW-3450 should be referred to for further details.

4. Materials of Construction

Materials of construction for process equipment are noted on Figures
XII43, through XII-21. Vessels that are not designated are constructed
from Type 347 stainless steel (or an equivalent in the 300 series stabilized
toward intergranular corrosion by virtue of a Cb-Ta additive or extra low
carbon content (E.L.C.)). This includes all equipment to handle radio-
actite material, or equipment that must be fabricated from stainless steel
for process reasons. Type 347 was used since it is columbium stabilized
and does not require annealing after welding. Type 309 S-Cb, which also does
not require annealing, is specified for all vessels that handle process
solutions at elevated temperatures, such as the Dissolvers, ICU Concenor
trator, etc.

The following are the most important reports on the corrosion resist-
ance of materials of construction to Redox process solutions:

CN-1314 Progress Report Corrosion Tests, by R. S. Apple. 3-25-44.

EW-14641 Corrosion Tests on Austenitic Stainless Steels in Redox
Piocess Streams (ANL Flowshoots), by W. W. Koenig. 10-5-49.

EW-17010 Corrosion of Austenitic stainless Steel Type 347 in Redox
Process Streams (ORNL No. 1 Flowsheet), by W. W. Koenig.
2-23-50.

DECLASSIFE
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5. Equipment Designation

Process equipment pieces are shown schematically in elevation on
Figures XII-3 through XII-21. Positioning of the equipment pieces on
the figures does not indicate their relative locations in the building
(see Chapter XI), except that all are shown on the correct side of the
shield wall boundaries between the "hot" and "cold" zones.

During the design and construction of the Redox Plant all process
vessels were referred to by equipment piece number. This number also
appears on the major equipment pieces as placed there by the manufacturer.
Since this numbering system did not lend itself to a convenient identifico-
tion code, an operational marking or number was assigned to each vessel.
For example, cell equipment is identified for operating purposes by
assigning a unit letter and number corresponding to the cell in which the
equipment piece is located, and its position with respect to other units
in the same cell. The cells are lettered A through H and J counter-clock-
vise from the northeast corner of the canyon. The letter I has been
omitted as a cell designation to avoid confusion. Equipment in each cell
is numbered from vest to east by units of equipment in the cell. A list
of major operating equipment piece numbers and their corresponding opera-
ting numbers is given in Table XII-2.

B. METAL FEED PREPARATION

A description of the metal feed preparation procedure has been pre-
viously outlined in Chapter III. The general engineering considerations
as applied to the Engineering Flow Diagrans,Fig. XII-3 to XII-7 inclusive,
are discussed herewith.

1. Metal Dissolution -- Fig. XII-3, 4, 5

Three Dissolvers, together with their associated addition tanks,
Rinse Tanks, and Silver Reactors, have been provided for the Redox Plant.
Two of the Dissolvers, A-2 and B-2, will operate all the time with the
third, 0-2, acting as stand-by for adverse weather conditions or down time
on another Dissolver. The two normally operated units discharge to their
own Metal Solution Storage tank with the third, or spare, unit discharging
to both solution storages, R-9 and H-8, Fig. XII-6. These storages are
each capable of handling three Dissolver cuts. A third Metal Solution
Storage, H-7, has been provided which receives from both of the individual
cut tanks. Agitators are installed on the metal solution tanks to permit
blending of cuts and minimize accumulation of insoluble material. The
combined solution holdup provided by these three tanks is sufficient to
keep the process supplied with feed for 5 to 6 days. A Dissolver Waste
Tank, H-10, for coating removal wastes is provided for accountability pur-
poses and neutralization of the 5% nitric acid wash after slug jacket re-
nova1.

2. Off-Gas Handling -- Fig. XII-3, 4, 5

Off-gases evolved during the dissolvin; step are passed through a
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preheater and Silver Reactor, AA3, B-3, and C*3, for removal of iodine.
The gases leaving the keactor pass through a filter capsule, and thence to
the stack, using a jet as a prime mover. The preheater is required to bring
the off-gases up to the desired reaction temperature (about 4750F.) before
contact with the silver-nitrate-activated surfaces of the Reactor packing.
The Silver Reactor is replaced as a unit whenever the iodine escape indiates
a depletion of packing activity. Diversion tees have been installed in the
off-gas lines in the stack jet pit to allow for possible future installation
of additional off-gas treatment facilitios, such as for removal of nitrogen
oxides and krypton.

3. Ruthenium Removal -- Fig. X1I-7

Removal of ruthenium from the D-issolver solution is accomplished by
sparging the solution with air in the Oxidizer TankH-4, during the oxida-
tion step. The Oxidizer is equipped with a doentrainment column for mist
control while the hot volatilization of ruthenium is accomplished. A re-
flux coil has been provided at the top of the column for periodic packing
washdovn. The evolved gases are passed through the Ruthenium Scrubber
column, H-5,where the ruthenium is removed by a caustic solution. Concen-
tration of the recirculated caustic solution is maintained as uniformly as
possible by means of the steam coil in the scrubber basin. Spent caustic
is jetted periodically to the Waste NeutrclizerD-8, Fig. XII-19, and the
scrubber system is replenished with fresh solution. The vapor line from
the scrubber column is equipped with a condenser for vapor knock-down be-
fore the gases leaving the scrubber pass through a filter on their way to
the stack. A seal pot is installed on the condenser in order to isolate
the ruthenium vent system from the condensate header system. Water addi-
tion facilities have been provided to the oxidation tank since some water
will be removed during the ruthenium volatilization step.

4. Clarification and Scavenging -- Fig. XII-7

Clarification of the metal solution, or removal of any solid scaveng-
ing material introduced to the Oxidizer for purposes of removing zirconium
and niobium, is accomplished in the Centrifuge, H-2. A jet has been pro-
vided in the Centrifuge effluent line for returning cake wash solutions to
the Oxidizer whenever a scavenger is used. In this manner trace quantities
of fission products, as well as uranium and plutonium removed from the
interstices of the centrifuge cake by the washes, are returned to the oxida-
tion tank where they are combined with the next batch, rather than be allow-
ed to advance with the clarified feed to the IA feed preparation step.
Washed centrifuge cake is slurried to the Waste Slurry Receiver Tank, R-3,
where a sample is taken for accountability purposes. A line from the Slurry
Receiver Tank to the Oxidizer has been provided in the event that further
washing of the slurry is necessary. The Slurry Receiver Tank is emptied
by jet to the Waste Storage Cascades.

Clarified netal solution is received in the IAF Make-Up Tank,H-l,where
the necessary chemical additions are made for the preparation of feed to the
IA Extraction Column. The completed feed solution is transferred to the IA
Feed Tank,-7,by pump instead of jet in order to avoid dilution.

DECLASSIRED
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5. Rework and Alternate Routings

"General Spare" connectors have been provided in the Dissolier cells
for making inter-cell transfers between A, B, C, and J.Cells. Connectors
are also available in the Feed Preparation Cell (H) for transfers to or
from D, E, G, and J Cells.

6. Equipment Flushing Provisions

The Dissolvers, A-2, B-2, and C-2, may be flushed for decontamination
purposes by adding wash solutions through their respective chemical addi-
tion weigh tanks and normal run-down lines. Disposal of the washes may
be made via the Dissolver Waste Tank, H-10. A flush of any one of the
Metal Solution Storage Tanks, H-9, H-8, H-7, would require the wash solu-
tion to be added through one of the Dissolvers with subsequent disposal
to waste via the Oxidizer,H-4, and the Waste Slurry Receiver,3-3. The
Oxidizer, Waste Slurry Receiver, Centrifuge H-2, and Ruthenium Scrubber
may all be flushed independently to waste or Waste Treatment through their
respective chemical addition tanks.

C. SOLVENT-EXTRACTION

A complete discussion of the solvent-extraction procedures and
associated tanks and columns is given in Chapters VI, XIII, and XIV,
respectively. General process engineering considerations, with specific
reference to the presence and purpose of alternate pipe routings shown in
Figures XII-6 through XII-14, are discussed herewith.

1. First Extraction Cycle -- Fig. XII-8, 9, 10

1.1 General

Prepared metal solution is received batchwise into IA Feed Tank F-6,
and pumped to the IA Column at a controlled rate. Separation of the
uranium from plutonium is accomplished in the IB Column. The organic
uranium effluent cascades to the IC Column and the aqueous stream con-
taining plutonium leaves the bottom of IB. Discussion of subsequent plu-
tonium processing is contained in Section 03 of this chapter. Uranium
is extracted from the organic stream into the aqueous lhase in the IC
Column. The uranium-laden aqueous stream cascades to the hexone stripping
column on the ICU Concentrator, F-2. The concentrator column is equipped
with a packed deentrainment section for mist control of the rising vapors
before they are condensed in the ICU Concentrator Condenser, F-3. Both
condensed phases leave the condenser, F-3, via the condensate header.
Caustic is added to the concentrator pot continuously at a controlled rate
by means of a proportioning pump. The specific gravity of the concentrate
controls the steam addition rate to the pot coil. Concentrated solution
overflows continuously from the concentrator pot through a vented dip leg
to the 2DF Feed Tank, F-1. The vent has been provided on the dip leg to
prevent syphoning of the pot contents to Tank F-1 which is at a lower
level in the cell. The pot may be emptied by jetting to F-1. The over-
flow line is liquid sealed in F-1, and liquid-seal traps have been pro-
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vided on the uranium and caustic influent lines to prevent the ICU Concen-
trator from venting into the nitrogen or "cold" vent header systems instead
of the condenser vent system.

1.2 Rework and alternate routings

The IA Feed Tank, F-7, can be emptied by jet to the reoxidation header
which returns insufficiently oxidized material to the Oxidizer for further
processing. The IA Feed Tank also receives from the Cross-Over Oxidizer,
E-7, in the event that a plutonium stream contains excessive quantities of
uranium and further separation is required in the First Extraction Cycle.

The IS Feed Tank, F-8, functions as the feed tank for the IS (rework)
Column. Chemically adjusted rework solutions are received in this tank
from the waste Rework Adjustment Tank, D-7. This system may be used when
excessive plutonium, or abnormally high uranium losses appear in the column
waste streams. Tank F-8 may be emptied by jet to the reoxidation header
should oxidation of a rework charge be required.

Both the IA and the IS Column cascade the motal-bearing stream to the
IB Column; their effluent lines join into a common line before entering the
IB Column. Alternate routings are available for the IS Column metal stream
to either the IC or the 2E Column. These alternates may be used, by jumper
change (U-5 to U-13 or U-14; see Figuro XII-8), to reprocess waste streams
that contain excessive quantities of uranium and allowable plutonium losses.
The choice of the routing is dependent upon the fission-product decontam-
ination required and raw chemical cotts,

1.3 Equipment flushing provisions

The First Extraction Cycle columns may be flushed by adding wash solu-
tion to the "cold" zone aqueous feed tanks (e.g., IA Scrub Tank, 801-S).
For the IA or the IS Column the wash may be routed directly to Waste Treat-
ment. In the case of the IB or IC Column the wash must be routed through
the between-cycle tanks to the 2A or the 213 Column, whichever applies, and
thence to the Waste System. Flushing of the 1A Feed Tsnk, F-7, or the IS
Feed Tank, F-8, is accomplished via the IAF Make-Up Tank, H-1, and the Re-
work Adjustment Tank, D-7, respectively, and thence to the Waste System
through the IA or the IS Column.

2. Second and Third Uranium Extraction Cycles-- Fig. XII-ll, 12

2.1 General

,The 2D Feed Tank, F-1, normally operates on liquid-level alarm control
with constant agitation and coils covered to provide sufficient surface for
cooling the hot effluent from the ICU Concentrator before being introduced
into the 2D Column. Feed for the 2D Column is pumped from F-1 to the 2D
Column. at a controlled rate. The function of the Second and Third Uranium
Cycles is to decontaminate the uranium sufficiently for subsequent process-
ing, Decontamination is accomplished by two extraction and stripping
cycles with concentration and chemical adjustment in the 2EU Concentrator,
E-5, between cycles. The finished uranium stream is concentrated in the
3EU Concentrator, E-10, before final sampling and disposition. Operation
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of F-3 and E-10, and the function of their auxiliaries, is identical to
that previously described for the ICU Concentrator, F-2. No caustic ad-
dition is made to the 3EU Concentrator, E-10.

2.2 Rework and alternate routings

The 2D Feed Tnk, F-1, receives rework material from the 211 Rework
Tank, E-13, in the event that a uranium stream leaving the Third Uranium
Extraction Cycle must be returned to the Second Uranium Extraction Cycle
for further fission-product decontamination. The contents of F-1 may be
jetted through installed pipe to the 3EU Concentrator Sampler, E-12, should
the fission-product decontamination achieved in the First Extraction Cycle
be sufficient to allow by-passing of the Second and Third Uranium Ex-
traction Cycles, A "General Spare" connector has been provided for routing,
by jumper change (T-54 to T-78; see Fig. XII-10 and 11), the contents of
F-1 to the 3D Feed Tank, F-4. This allows the Second Uranium Extraction
Cycle to be by-passed and residual fission products to be removed in the
Third Uranium Extraction Cycle. Thus, one or two-cycle operation is possible
by' making the proper routing from F-1 Tank.

No rework material is routed to the 3D Feed Tank, F-4, since the normal
disposition for off-standard uranium is via the 2D Feed Tank, F-1, for
reintroduction into the Second Uranium Extraction Cycle. Aside from the
normal exit from the 3D Feed Tank to the 3D Column, alternate exits have
been provided by jet through installkd pipe or by jumper installation to
"Ceneral Spvxe" connectors. The contents of F-4 may be jetted to the 3EU
Concentrator Sampler, E-12, in the event that sufficient fission-product
decontamination has been achieved in the Second Uranium Extraction Cycle
to warrant by-passing of the Third Uranium Extraction Cycle. "General Spare"
connectors provide alternate exit routings from F-4 to 2D Feed Tank F-1,3EU Concentrator Receiver E-11, and IS Food Tank F-8.

Rework uranium is received in the 2D Feed Rework Tank, E-13, from the
3EU Concentrate Samplor 'ank, E-12. Chemical adjustment of the rework
material is made in E-13 before being returned to either the 2D Feed Tank,
F-1, or the Oxidizer, H-4. "General Sparc" connectors have been provided
in the vicinity of the 3EU Concentrate Sampler and tha 2D Feed Rework Tank
for routing material to or from D, E, F, or H Cells,

2.3 Egitment flushing provisions

The Second and Third Uranium Extraction Cycle Columns are flushed in a
manner similar to that previously described for the First Extraction Cycle,except that the wash solutions are added through the applicable scrub or
extractant feed tanks: 802-D or 802-E for the Second Cycle. As in the case
of the IB or IC Columns, the wash from the 2E Column may be routed to Waste
Treatment via between-cycle tanks and the 3E Column. A wash solution from
the 3E Column would require routing through the 2DF Rework '.nk, E-13, and
thence to Waste Treatment via the 2D Feed Tank and the 21) Column.
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3. Second and Third Plutonium Extraction _yL£z s -- Fig. XII-13, 14

3.1 General -- as designed

The aqueous stream leaving the bottom of the IB Column is received In
the IBP Receiver Tank,E-6. Batchwise transfer of this material is made by
pump and controlled flow to the hexone stripping column on the Cross-Over
Oxidizer, B-7. A steam sparge ring is provided in B-7 for start-up pur-
poses whenever a new batch is transferred from E-6. The column functions
similarly to that on the ICU Concentrator, 1-2, described in Section Cl
of this c.hapter. Overheads from the s-olumn are condensed in the Cross-Over
Oxidizer Condenser, E-8, and leave via the condonsate header. Oxidant is
added to E-7 and oxidation is completed after several hours at an elevated
temperature. Provisions have been incorporated in the IBP Receiver and
Cross-Over Oxidizer system for the addition of salting solution. This
facility is used only when the plutonium stream concentration for a given
vessel holdup exceeds that allowed by critical mass control. The net eftbot
of the salt solution addition is a dilution of the plutonium concentrations,
and an increase in stream through-put in the Second and Third Plutonium
Extraction Cycles. Tank working volumes, however, remain unchanged.

Completed oxidizer charges are cooled and transferred from k-7 by
pump to the 2A Feed Tank, E-5, where the plutonium stream is pumped to the
2A Column at a controlled rate. Decontamination of the plutonium stream
is accomplished by two extraction and stripping cycles. The finished
plutonium is sampled and transferred to final concentration. A rework tank,
3BP Rework, E-4, has been provided at the end of the Second and Third
Plutonium Extraction Cycles.

3.2 Rework and alternate routings

Alternate routings are available from the IB? Receiver, E-6. The
contents of E-6 may be pumped directly to the Cross-Over Oxidizer pot,
3-7, by making an in-cell jumper change. This routing would be used for

lok-temperture cross-over oxidation of the IBP stream under which con-

dition steam stripping of hexone is not necessary.

The IBP stream may be jetted from E-6 to the 3BP Rework Tank, E-4.
Tank 3-4 also receives from the 2A Feed Tank E-5, 3A Feed Tank 3-1, and
3BP Sampler Tank E-3. Material thus routed is returned to the Cross-Over
Oxidizer from which vessel disposition of the rework stream is made de-
pending upon the cause for off-standard conditions. If the plutonium
stream contains excessive uranium it is returned to the IA Feed Tank, F-7,
for further separation in the First Extraction Cycle. A rework plutonium
stream that has not been decontaminated sufficiently is reintroduced to

the Second Plutonium Decontamination Cycle from the Cross-Over Oxidizer
via the 2A Feed Tank.

There are no piping provisions installed for by-passing either one
of the Second or Third Plutonium Extraction Cycles. Piping changes would
be required either in the cell or silo should by-passing of one of the

cycles be desired. For example, an in-call piping change to route 2A feed

from the 2A Feed Tank, B-5, to the tunnel nozzle normally used for 3A Feed
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(T-7, see Fig. XII-14) would by-pass the Second Plutonium Extraction Cycle.
An alternate method, and perhaps the most convenient piping-vise, would
be to by-pass the Third Plutonium Extraction Cycle by routing the 2BP
stream into the 3BP header (2B-Ll to 3B-Ll; see Fig. XII-13 and 14) through
a new Jumper installed in the silo.

3.3 Equipment flushing provisions

The Second and Third Plutonium Extraction Cycle columns may be flush-
ed by adding the wash solutions through the appropriate scrub or extract-
ant tanks. Disposition of the wash may be made to Waste Treatment via the
2A or 3A Columns. A flush of the 3B Column would require the wash solution
disposal to be made either through the plutonium concentration equipment,
or through 2A Column via 3BP Rework Tank and the Cross-Over Oxidizer to the
2A Feed Tank.

3.4 Proposed &tsign c-hange

3.41 General

At the timo of writing a process change is being proposed which will
accomplish the plutonium cross-over step on a continuous basis and elimi-
nate the cumbersome batchwise treatment now necessary by virtue of exist-
ing plant design. In order to accomplish the continuous cross-over step,
new cell jumpers will have to be made to by-pass the IBP Receiver and
Cross-Over Oxidizer and divert the IBP stream directly to the 2A Feed Tank.
An agitator and necessary chemical addition lines will be installed in the
2A Feed Tank. These proposed piping changes, which do not appear on
Figures XII-13 and 14, will allow the cross-over oxidant to be added to the
2A Feed Tank. Under this new mode of operation the aqueous stream leaving
the bottom of the IB Column will be received continuously in the 2A Feed
Tank, E-5. Oxidant may be added to E-5 at a controlled rate and mixed by
agitation with the influent IBP stream. Oxidotion will be accomplished in
E-5 at normal temperatures before the plutonium stream is pumped to the 2A
Column. The addition of oxidant may also be made by way of the 2A Column
scrub stream instead of into E-5. Should this latter method prove feasible,
oxidation of the plutonium will be accomplished in the time provided by the
holdup in the 2A Column.

Provisions will be incorporated for the addition of salting solution
to E-5 and used when the IBP stream concentration requires dilution, in
order to meet critical mass control requirements as previously described
under Subsection 3,1.

Decontamination of the plutonium stream is accomplished in two ex-
traction and stripping cycles. The rework tank, 3BP Rework, B-4, will
still be provided at the end of the Second and Third Plutonium Extraction
Cycles.

3.42 Rework and alternate routings

The normal disposition of a plutonium rework stream will be from the
3B? SamplerE-3, to the 3BP Rework Tank,E-4, and then to the IBP Receiver,

OECLASSIEI -""
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E-6. Material thus routed is returned by either jet or pump to the Cross-
Over Oxidizer, E-7, from which vessel disposition of the rework stream is
made depending upon the cause for off-standard conditions. If the plu-
tonium stream contains excessive uranium it is steam stripped of hexone,
reoxidized, and returned to the IA Feed Tank, F-7, for further separation
in the First Extraction Cycle. A rework plutonium stream that has not
been decontaminated sufficiently is reintroduced to the Second Plutonium
Decontamination Cycle from the Cross-Over Oxidizer via the 2A Feed Tank.

The 3BP Rework Tank, E-4, my also receive plutonium streams from the
2A Feed Tank, E-5, or the 3A Feed Tank, E-1. These routings are more for
an "alternate out" convenience from these two tanks rather than a rework
provision, since the chances for diversion of an off-standard stream from
either the 2A or the 3A Feed Tank are extremely remote.

3.43 Equipment flushing provisions

The equipment flushing provisions are not affected by the proposed
piping changes.

D. PUTONB3M CONCEZMATIN--Fig. XII-15

A complete discussion and description of the plutonium concentration
procedure has been covered previously, in Chapters VI and VII. The fol-
loving briefly outlines the engineering considerations that were designed
into this stop in the process.

The decontaminated plutonium stream is transferred by jet from the
3BP Sampler, E-3, to the hexone stripping column on the Plutonium Pro-
Concentrator, E-16. Concentration of the plutonium solution is accom-
plished in two batchwise stages with the second stage carried out in the
Plutonium Concentrator, E-17. Two stages of concentration instead of one
were selected on the considerations of time required for the desired
volume reduction, and small effective beat-transfer area to avoid crystal-
lization of plutonium nitrate on the heating surface. Distillates from
the evaporation steps are collected in the Plutonium Concentrator Conden-
sate Receivers, E-14 and B-19, where they are sampled before being trans-
ferred to the Condensate Stripper Reboiler, D-5, Fig. XII-20. Transfer of
solution from E-16 to E-7 is made by applying a vacuum across E-7 via the
Plutonium Transfer Trap, E-21. Material is also transferred in like man-
ner to the PH Can from E-7 after final evaporation. Inadvertent overflow
of solution from the PR Can is collected in E-21 and returned to the 3BP
Sampler, E-3.

A steam sparger is installed in E-16 for hexone stripping of the 3BP
stream while a charge is being transferred from the 3BP Sampler, E-3, to
E-16. Gate valves have been provided on the transfer lines and the vent
on E-7 in order to isolate the vessels whenever an evaporation step or
vacuum transfer is being made.
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E. OBGANIC RECOVERY AND MAUl-UP

Organic Becovery procedures have been covered previowsly in Chapter
IX. General process engineering considerations are discussed herewith*

1, Organic Recovery -- Fig. II-16

1.1 General

All hexono waste streams leaving the stripping columns in the extrac-
tion cycles are headered into the 10 Extraction Column for a decontamination
wash before entering the Organic Recovery System. The washed hexone flows
to the Organic Distillation dolumn, G-3, where it is scrubbed with a 5%
caustic solution to remove hexone decomposition products. Condensed over-
heads from the Condensate Stripper Condenser, D-6, which contain hexone
are also received in the Organic Distillation Column. Hexone vapor is con-
densed in the Cooler-Separator, G-2, and received in the Organic Surge Tank,
G-1. The water phase from the Cooler-Separator is returned to an inter-
mediate plate in the Distillation Column. A jet has been provided on this
return line for emptying the Cooler-Separator to the Organic Dlistillation
Column pot. All influent lines to the plate column are trapped to prevent
back-flow of vapor through these lines. Spent caustic solution leaves the
still pot via an overflow dip leg to the Organic Waste Receiver, G-4. The
still pot may also be jetted empty to G-4.

1.2 Rework and alternate routings

"General Spare" connectors have been provided in the Organic Recovery
cell (G Cell) for routing material to or from D or F Cells.

1.3 Equirnent flushina rovisions

Flushing of the Organic Recovery systems may be accomplished through
the 10 Column or Organic Distillation Column chemical addition tanks. A
flush introduced into the 10 Column may be disposed of directly to %ste
Treatment, or allowed to overflow to the Organic Distillation Column.
Washes introduced into the Organic Distillation Column my be boiled or
sparged, if desired, before disposal is made to Waste Treatment.

2. Organic Make-U; -- Fig. XII-17

Recovered hexone is transferred from tho Organic Surge Tank, G-1,
by either pump or jet to the Organic Receiver, 0-1. Chemical Treatment
of the recovorod hexone is accomplished in the Organic Sampler and Treat-
ment Tank, 0-2. Chemical additions ore made through the Organic Treat-
ment Addition Tank, 0-2A. A gauge glass and limit switch have been in-
stalled on 0-2 for decanting purposes. The limit switch shuts down the
decant pump whenever the liquid interface reaches the desired level.
Treated hexone is received in the Organic Feed Tank, 0-3, which supplies
the Organic Head Tank, 804, located in the 202-S Building. Two pumps are
used on the 804 Tank supply line to assure continuity of service.

All tanks located in the hexono treatment area are nitrogen blanketed
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through flame arrestors. The vent system and tank overflow systems are
vented to the atmosphere through seal pots to prevent excessive nitrogen
loss. The entire area is diked and provided with a decanting overflow to
cribs in the event that the diked area is flooded with fire water.

P. WASTE TflMA!TZM

Waste Treatment procedures have been discussed extensively in Chapter K.
Reference is made in the following to general engineering considerations and
rework facilities.

1. Salt Waste Concentration and Neutralization -- Fig. xII-18, 19

1.1 General

The salt waste streams from the Extraction Columns and aqueous wastes
from the Organic Distillation Column and the 10 Column flow continuously
into the Waste Header Receiver, D-13. The combined wastes are pumped under
flow control into the hexone stripping column on the Waste Concentrator,
D-12. A bubble-cap stripping section and packed deentrainment section have
been provided in the column on D-12. Water spray for periodic packing wash-
down is located in the top cection of D-12. Concentrated waste solution
flows continuously from the pot on D-12 through a dip leg overflow to the
Waste Concentrator Receiver, D-10, where the solution is agitated and cool-
ad. The pot on D-12 may also be jetted empty to D-10. Batch transfers of
the cooled waste are made from D-10 to the Waste Concentrate Sampler, D-9,
where accountability samples are taken. Material that is within specifics-
tion with respect to waste losses is jetted to the Waste Neutralizer, 0J8.
Wastes from the Ruthenium Scrubber, H-5, as well as laboratory wastes from
222-S Building are also received in D-8.

1.2 Rework and alternate routings

Neutralized wastes are jetted to the underground wastes storages from
D-8. In the event that accountability sampling in D-9 shows excessive
wastes losses the concentrated wastes are transferred to the Rework Adjust-
ment Tank, D-7, where the material is adjusted chemically for feed to the
IS Column via IS Feed Tank, F-8. "General Spare" connectors have been pro-
vided in the waste neutralization section of D Cell for routing material to
or from C, F, or H Cells.

1.3 Equinent flushing provisions

Equipnent in the Salt Waste Concentration section of Waste Treatment
may be flushed by adding the wash solutions through the most convenient
chemical addition tank. A flush added to the Waste Header Receiver, D-13,
would ultimately be sent to the waste cascade via the Waste Concentrator
and subsequent in-line tanks. A flush introduced into the Rework Adjust-
ment Tank, D-7, would require disposal to Waste Treatment via the IS
Column.

DECLASSIFIED
61- ao
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2. Condensate Wastes 2' 1

2.1 General

Overhead from the Waste Concentrator, D-12, is condensed in D-l and
floieto the condensate header. This distillate, as well as other hexone-
laden distillates from the process concentrators, flows continuously into
the column on the Condensate Stripper Reboiler, -5. Rexone is stripped
from the condensates and leaves the column as a hexone-water azeotrope.
The azootropic mixture is condensed in D-6, and flows to the Organic Dis-
tillation Column, G-3, where the hexone is eventually recovered. Bottoms
from D-5 overflow ecuinuously to the Condensate Evaporator Reboiler,
D-4. The Reboiler, D-4, also receives condensate from the Ruthenium
Scrubber Condenser, H-6. Roboiled hexone-free condensates are condensed
in D-3, and received in the Condensate Receiver, D-2. Residual radio-
activity of this condensate, if found by sample from D-2, determines its
disposal to cribs or underground waste storage. The bottoms from D-4 are
jetted periodically to the Waste Header Receivor, D-13. The frequency of
these jettings is dop-ndent upon the carry-over of radioactivity from D-3
as determined by D-2 stmpling.

2.2 Rework and alternate routings

"General Spare" connectors or: installed in the condensate waste
treatment section of D Cell for routing nttorial to or from E or G Calls.

2.3 Equipment flushsl - provisions

There is no convenient method for flushing the equipment in the Con-
densate Waste Section of Waste Treatment since there are no chemical-
addition tanks servicing these vessels. Should a flush be required, wash
solution could be piped temporarily through instrument lines to the vessel
in question, boiled Ap, and routed to the waste cascade or sent to cribs.

3. Salt Waste Recovery -- Fig. XII-18

Space has been allocated in D Cell for the future installation of a
tank to receive all salt waste streams from the Extraction Columns. The
purpose of this tank (ANN Diversion Tank 188) is to divert those wastes
from which aluminum nItrate may be recovered in a separate facility. This
facility will probabl. never be installed unless the technology and
economics of the recovery process appear more promising at a future date.
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PIPE CoIES & SERVIcs - FRCm SPECIFIC2ION HW-4314. REV. 2

Code

P-12

P-13

P-15

P-6o

P-77 (P-76)

P-80

P-90

P-91

P-94

P-95

Service

Steam, Compressed Air, Condensate and Exposed
Water Lines -- 100 to 125 lb./sq.in. maximum
working pressure. Carbon Steel.

Steam and Condensate -- 15 lb./sq.in. maximum
working pressure. Carbon Steel.

Jet Vents and Raw Water -- see Code P-12

Inside Sanitary Sever -- maximum working
pressure, gravity. Carbon Steel -- Galvanized.

Nitrogen, Methane, Propane, Special Solvent --
50 to 125 lb./sq.in. maximum working pressure.
Carbon Steel.

Sodium Hydroxide Solution -- 100 lb./sq.in.
maximum working pressure. Carbon Steel.

General Canyon Service -- Stainless Steel
Type 347 (or Type 309S-Cb where specified) --
150 lb./sq.in. maximum working pressure.

General Canyon Service -- 60% Nitric Acid --
Process and Utility -- Stainless Steel Type
347 -- 100 lb./sg.in. maximum working pressure.

Indoor Chemical Weste Lines -- Gravity Flow.
Duriron.

Demineralized Water -- Distilled Water --

Aluminum Alloy 61S, 618-T6, 63S, or 38. --

75 lb./sq.in. naxinun working pressure.
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cHAPTER XIII. TANKS

A. VESSEL CLASSIFICATIONS AND YATERIAL(1)

1. Class I Vessels

AU vessels designed to contain radioactive solutions are designated

as Class I. All Class I vessels are located in the canyon process area,
the silo area, and the Product Removal Room (PR Cage). The Class I vessels

are divided as follows:

1.1 Standard vessels

In order to reduce the number of types of vessels required, the process

working volumes are grouped into a relatively few standard volumes. MWithin

a group, the tanks are standardited in site and all details; i.e., they are

cdmpletely interchangeable.

1.2 Specoal vessels

Special vessels are those for which prodess considerations require a

vessel that will not fit in the standard.vessel category. Solvent-extrac-

tion columns (described -in Chapter XIV), concentrators and condensers

(described in Chapter XV), and didsolvers (described at a subsequent point

in this -chapter) are examples of special vessels. Special vessels are de.

signed to make use of standard vessel comtponents (shells, heads, and associ-

ated equipment) therever possible.

1.3 Materials

All Class I vessels are constructed of Type 347 stainless steel (or

an equivalent in the 300 series stabilized toward intergranular corrosion

by virtue of a Cb-Ta additive or extra low carbon content (ELC)) with the

exception of those operating at e-lvatund tiemperatures which are constructed

of Type 309-5-Ob. Reference-is made to Chapter XII for a basis of selec.

tion for materials of construction.

2. Class II Vessels

All stainless steel vessels designed to contain non-radioactive solu-

tions are designated as Class II. All Class II vessels are constructed of

Type 347 stainless steel (or the equivalent); they are designed according

to normal chemical plant practicos. Class II vessels are grouped in stand-

ard sizes, and standard head layout and tank supports are provided within

the group wherever possible.

3. Class III Vessels

All carbon steel vessels designed to contain non-radioactive 
solutions

are designated as Class III. They are designed according to normal chemical

plant practices with standardized sizes, head layout, and supports. All

vessels constructed of materials other than stainless steel or carbon steel

are designated as Class III Special.

DECLASSIDA
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4. General Design Bases

Design instructions and specifications for all process vessels are
listed in references (2) through (8). In general the codes called forin the specifications are American Standards Association standards,
American Society of Testing Materials specifications, and American
Society of Mechanical Engineers codes. These bases have been used to
guide the design of the process vessels.

B. "HOT' TAiSjCASSI)

1. Desig Basis

1.1 Canyon-area tanks

1.11 General

There are two chief design criteria for canyon area tanks: (a)
satisfactory fulfillment of process requirements and, (b) satisfactory
fulfillment of remote handling requirements. An important subsidiary
design basis is the standardization of vessels and auxiliaries into as
few general types as possible. Special vessels (those that do not fall
into any standard grouping) are designed to include as much of the
standard vessel design and to use as much standard associated equipment
as is practicable.

Canyon area tanks consist of three basic parts: bottom head, shel,and top head. The minimum thickness of all parts is 1/4 inch; specialtanks (such as the Dissolvers, described in Subsection 3) may be of
heavier construction.

1.12 Bottom head

The bottom heads for all canyon tanks are fabricated in a reverse-dished shape with an inside corner radius to allow dip legs spaced a-
round the tank periphery to reach the low points of the tank. The bottomhead is fabricated from a single piece of stainless steel stock.

1.13 Shell

The shell of the tanks is of sufficient thickness (but not less than1/4 inch) to support the maximum expected pipe and equipment load on thevessels. Jackets for standard vessels are welded to the shell. They are
designed for utilization of 15 lb./sq.in. go. steam for heating service
and 40 lb./sq.in.ga. water for cooling. One or two expansion joints are
provided in the jacket (See Figures XIII-1 and XIII-2) to compensate for
differential expansion between the tank shell and the docket. The jacket
inlet and outlet nozzles are not part of the nozzle pattern of the top
head.

1,14 Top head

The top head of canyon tanks is designed for sufficient rigidity to
support the maximum load of pipe and equipment without appreciable do-
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flection. Larger tanks are provided with externally located head stiffenrs

to aid in meeting the deflection requirement. (See Figures XIII-1 and

XIII-3. Nozzles for the entrance of lines into a tank are located near

the periphery of the top head. They extend approximately 1 inch below the

head and are welded to the head on both sides. Tank nozzles and connect-

ors are designed so that a dip leg smaller in diameter than the nozzle may

be inserted into the tank through the nozzle. Manholes on canyon tanks

arc large-diameter nozzles for accomodating such auxiliary equipment as

pumps, agitators, or columns. The manhole flange supports the auxiliary

equipment; the auxiliary has a mating flange for bolting to the manhole

flange. "Captive" stud bolts are provided on the manhole flange and the

"free" nuts are tightened down on the assembly with the impact wrench. As

an aid in remotely aligning mating equipment pieces, all are equipped

with two dowel pins and companion holes. The pins are located in the lower-

most piece being positioned; the companion holes in the upper. The two

dowels are of different lengths so that the longer can be used as a pivot

to align the shorter with its hole. Gaskets for nozzles and manholes are

made of Gasket Grade Teflon (or molded asbestos for steam supply lines);

gaskets are designed to be retained by the removable assembly.

If a vessel is provided with a coil it is designed to be an integral

part of the tank, i.e., the inlet and outlet nozzles are part of the vessel

head nozzle pattern and are welded to the bead. Coils are designed for the

utilization of 100 lb./sq.in.ga. steam. They ere constructed with as few

welds as possible and with adequate reinforcancnt at joints to prevent

failure from expansion.

1.15 Lifting boils

All vessels and removable auxiliaries are provided with lifting bails

that will permit handling by standard crane lifting yokes. The bails are

designed so that there will be no interference between other parts of 
the

vessels and the lifting yokes. The bails are structurally strong eniough

to lift the empty vessel and attached auxiliaries and are located 
so that

the vessel will be balanced when lifted.

1.16 Supports

Supports for all "hot" canyon tanks consist of 3-legged 
"Y's" of

structural beams anchored to the floor by several bolts at the end of each

leg. The "Y" supports compensate for floor irregularity and slope and

have been adjusted to within 1/32 inch of the horizontal datum plane.

Support pads welded to the bottom head of the vessels rest on the 
support

beams and are maintained in position by aligning companion holes 
in the

pads with two dowels in the "Y" supports. The vessels are secured by

impacting "free" nuts- on "captive" studs in the support beams.

1.17 Tolerances

Close tolerances are required for certain vessel dimensions. By
maintaining close vertical tolerances on wall nozzles, vessel supports,

and overall vessel dimensions, the major part of the overall cell 
toler-

ance is available for vertical variations in the pipe jumpers. Close

~± DECLASSIFIED
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dimensional tolerances (nozzle face located within 1/16 inch of its nomi-nal position in the horizontal plane and with 1/32 inch in the vertical
plan) assure the correct fit of prefabricated pipe jumpers.

1.18 Finishes

Spec4 finishes are generally not required for the exterior of can-
yon tanks,%b) The interiors of these vessels have a Standard No. 1 millfinish and are substantially free from hammer marks and weld spatter.
Non-stainlcss stool parts coated with a protective and chemical-resist-
ant point, Amorcoat 235

1.19 Draining and flushing

All canyon tanks are drainable and flushable by means of the removalor addition of solution through lines extending through the heads of thevessels. No vessel has any outlet at or near the bottom head. There areno liquid retention pockets on the external or internal surfaces of anyvessel.

1.2 Product Remowl Room tanks

1.21 General

"Rot" tanks located in the Product Removal Boom (PR-Cage) differfrom thoso located in the canyon area in that PR-Cage equipment is main-tained by direct contact methods and is operated from controls locatedoutside the lucito cage. This is node possible here by the virtualabsence of penetrating (gamma) radiation, the non-ponetrating alpha raysof plutonium being the only radiation present in significant quantities.Except for the remote operation and naintenanco requirement, the PR-Cagevessels generally meet the same Class I specifications as the canyonarea tanks, discussed under 1.1, above.

PR-Cago vessels, floor, and stainless stol structural members areall finished to a 2-D or 3-B finish (ASTM-167). Valves, jets, etc.,however, have no special finish, but all equipment is free of sharp edges,weld spatter, etc.

The Plutonium Concentrator, E-17, and Pro-Concentrator, E-16, aredescribed in Chaptor XV. The Plutonium Transfer Trap, briefly describedbelow, is representative of other vessels in the PR-Cage.

1.22 Plutonium Transfer Trap

The Plutonium Transfer Trap, E-21, is a 2-1/2 ft. diameter by 3-1/2ft. high jacketed vessel with eleven nozzles spaced around the peripheryof the head of the tank and one nozzle in the center of the head. Asdistinguished from canyon tanks, the top head is of slightly convex shape.The tank is supportod simply by stainless stool bearing plates beneatheach of three 2-inch by 2-inch stainless steel angle irons welded to theside of the tank near the bottom. The bottom head of the tank has a re-verse-dished shape. All transfers into or out of the vessel are effectedthrough the nozzles on the top head.
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2. Standard Canyon Area Tanks DECLASSIRED
2.1 External features

The design criteria for canyon area tanks as discussed in Subsection

Bi, above, are illustrated by two representative standard canyon tanks,

the IAF Make-Up Tank, H-1, and the 2A Food Tank, E-5. Sketches of these

vessels are presented in Figures XIII-1 and XIII-2, respectively. It my

be soon that primary design (vessel shape, methods of support, jacket de-

sign, top head design, etc.) is approximately the same. The only basic

differences between the two vessels is in size and in the number of aux-

iliarics, The IAF Make-Up Tank (7-ft. diem, by 8-1/2 ft. high) has a

jacket with two expansion joints whereas the jacket on the smaller 
2A

Feed Tank (3-1/2 ft. dion. by 4-1/4 ft. high) requires only a single ex-

pansion joint. Inlet and outlet connectors for the jacket are maintained

at the sane level as -all other connectors on either vessel and Ere sup-

ported above the jacket and close to the circumference of the top head.

Replaceable containers for exhaust lubricant from the pump and

agitator auxiliaries are mounted in a framework attached to the outside

of all tanks having such auxiliaries.

The methods of supporting pumps and agitators (on heavily flanged
mnholcs) is mdo apparent by Figures XIII-1 and III-2. Figure XIII-2

shows the dowel-pin arrangement for positioning any auxiliary piece of

equipment on a manhole. The spare manhole for the 2A Feed Tank is pro-

vided for conformity with the IBP Receivor, E-6, in the interest of

standardization.

Nozzle functions are listed on Figures XIII-1 and III-2.

On large tanks, such as the IAF Make-Up Tank, which have an agitator

or a column ounted on the center of the top heed, stiffening of the

head against the extra weight is provided as shown in Figure XIII-1.

2.2 Internal features

The standarC design discussed in Subsection B1 also applies 
to the

internal features of the IAF Kake-Up Tank, H-1, and the 2A Feed Tank,

E-5. Both have the reverse-dished'botton head with inside 
corner radius

such that jot or pump suction can draw solution from the low point of the

vessel. Pumps are located near the outer edge of either tank for this

reason. It should be noted that both pumps and agitators will pass

through their manhole openings without being tipped or cocked.

3. Special Canyon Area Tanks, Dissolvers

3.1 External features

The throe identical Dissolvers, A-2, B-2, C-2, are special tanks,

i.e., they are interchangeable with no other canyon vessels. The Dis-

solvers are illustrated in Figure XIII-3. Each vessel is sturdily con-

structed of 5/8-inch 309-S-Cb stainless steel'to withstand the 
severe
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mechanical shock and corrosion conditions present during use. Each Dis-solver is 7 ft. in diameter by 7 ft. 7 in. high, The bottom of the vesselis reinforced with 3/4-in. stainless steel plate (LIS illustrated) to with-stand the impact of falling slugs.. The maximum working liquid level is4 ft. 2 in.

A 2-ft. 10-in. diameter opening through which uranium is charged isprovided in the top head. The charging opening is covered with a heavy,gasketed, stainless steel lid resting on a grooved, machined surface butnot fastened in place. The Dissolver Column (2 ft. diam, by 12 ft. high)is mounted on a manhole located in the center of the top head. The Dis-solver Column is positioned on the manhole by dowels and secured in placeby impacting free nuts on "captive" studs integral with the manholeflange. Thus ready removal of the Dissolver Column can be accomplishedwithout disturbing the Dissolver. The lower portion of the DissolverColumn contains 4 ft. of 1-1/2 in. Duriron Baschig-ring packing. A 5-ft.long reflux condenser (six concentric coils of 1-in. schedule 40 pipe on1-3/ in. pitch) is located above the packing. Five connector nozzlesserve the Dissolver Column and are located on the column head. Twelveconnector nozzles serve the Dissolver proper. Figure XIII-3 shows thelocation and lists the function oa each nozzle.

3.2 Internal features

A chute beneath the pharging .opening in the top head directs theslugs into a 4-ft. 6-in. diameter crib of stainless steel staves whichprotects the coil during charging operations. The three concentric-ringcoil (5-turns high on 3-1/4 in. pitch) is located between the crib and thewall of the Dissolver and can be supplied with either water or steam, Theair and steam sparger ring, placed at the bottom of the vessel below thecoil, is made of 2-in. schedule 40 pipe. Holes 1/8 in. in diameter andspaced 2-in. apart are drilled in the spargor ring in such a way as toimpart a swirling motion to the vessel contents during sparging. A 1/4-in.diameter hole is located on the bottom of the ring opposite the inlet.

A pair of tipping hooks and a set of centering guides (illustratedin Figure ZIII-3) are centered inside the charging opening.- Figure fiii-4illustrates the charging operation. The slug bucket it l6*ered onto -thetipping hooks and guided into position by the centerint guides. As thebucket is lowered further, the lower lugs on the bucket engage the hookscausing the bucket to tip forward and durp the slugs izito the Dissolver.

The bottom of the Dissolver has a reverse-dished shatpe; thus the diptubes extend into the low points of the vessel.

C. "CZOL TAIMS

1. Design Basis

"Cold" tank design follows normal chemical plant pradtices. Sizes,head layouts, and supports. are standardized wherever possible. The wallthickness of these vessels is 1/4-in, minimum. Flanged or dished heads
are employed wherever tank use permits . (Scale tanks, for example, have
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flat, sloping bottom heads.) All spun or pressed heads have been stress

relieved prior to welding onto the vessel. However, with the exception

of caustic-containing vessels, the vessels themselves have not 
been heat

treated for corrosion resistance. All Class II vessels have been pickled

after the completion of welding and heat treatment, but neither Class 
II

nor Class III vesselp ve been subjected to X-ray or Zyglo tests as Class

I vessels have been.On

2. Process Tenks-- Classes II and III

2.1 External features

The external features of Class II and III process vessels are illustrat-

ed by Figures xIII-5 and xIII-6, Terrous Sulphartte Preparation Tank, 504,

and 2AS Make-Up Tank, 409, respectively. Features coron to Class II or III

process vossels, irrespective of size, are bottom outlets, tank overflow

outlets, side outlets for coils, if used, and top-head vent outlets. The

vessels are all of a cylindrical shape with a height (or length) to diameter

ratio ranging from 1 to 2.9. All of the tanks with the exception of scale

tanks have dished heads (or ends in the cose of horizontal tanks). The

bottom hoods of scale tanks are flat.

2.2 Internal features

Class II and III process tcnkr are generally similar internally.
Those with coils are represented by Fiurc ZIII-5; those without by Figure

XIII-6. Scale tanks, although similar in other respects, have a flat,

sloping bottom with the bottom outlet at the side of the vessel at 
its

low point. The Oxidizer Scale Tank, H-4-C, has a dished bottom and is an

exception.

2.3 Aqueous nake-up tanks

A listing of Class II and III aqueous make-up tanks (not included

in the Engineering Flow Diagrams of Chapter XII) is presented below:

Class

201 II
202 II
406 I
601 II
602 III Spoaial
603 11
604 111
401 II
508 III
509 II
501 II
505 II
402 II
407 II

Diameter
Name Ft.

ICX, 2EX, 3EX Make-up
ANN Adjustment
2DS, 3DS Make-Up
AIN Solution
Dfnin. Water Bond Supply
6o% imo s2ily
50 ia0E Supply

".3 Mke-Up
40 NoOB Make-Up
26% NaN03 Make-Up
2% Na CO Make-Up
wash olation Make-Up
ISS Make-Up
IBX Make-Up

10
8
8
5-1/2
5-1/2
5-1/2
5-1/2
6-1/2
5-1/2
5-1/2
5-1/2
5-1/2
4-1/2
4-1/2

DECLASSIRED

Height (or
Length) Ft.

10
10
10
16
16
12
12
8
8
8
8
8
7
7

S

Tank
Number
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Tank

Number Class Diameter, Height (or-ame Ft. Length), .Ft,
408 II 2BX, 3BX Make..Up 4-1/2 7409 II 24S Hake-Up 4-1/2 7L10 II 3AS Make.Up 4-1/2 7506 II 50% Na2Cr 207 Make-Up 4 6503 II Ferrous Sulf. Adj. and

Supply 4 6504 II Ferrous Sulfamate
Preparation 4 6507 III 2% NaOH Make-Up 4 6405 II 30% Fe(NH2 SO3) 2 Head Tank 3 3-1/2404 III 50% NaOH Head Tank 1-1/2 4403 II 6C% HN03 Head Tank 1-1/2 4

Reference is made to the Engineerts Flow Sketch on aqueous make-uppresented in Chapter VIIfor auxiliaries and instrumentation on the vesselslisted above.

3. Storage Tanks -- Classes II and III

Storage tanks are Class II vessels if constructed of stainless steel,Class III if constructed of carbon steel, or Class III Special if con-structed of any other material. The storage tanks located outside theProcessing Building (202-S) are in the Chemical Tank Farm (211-S)$ theSolvent Facilities Building (276,S), and the Decontaminated UNH StorageFacility (203-S). With the exception of the Decontaminated UNH StorageTanks, SU-151 and SU-152, the vessels are designed and constructed inaccordance with normal chemical plant practice.

The Organic Stomage Tanks, S0-lai and 142, are 11-1/2 ft. diameterby 28-ft. long, buried, horizontal mild steel tanks of about 21,500 gal.capacity each; they are shown in Figure XIII-7. Storage tanks foraluminum nitrate solution, nitric acid, 50% sodium hydroxide, and demin..eralized water are provided in the Chemical Tank Farm. Three AluminumNitrate Storage Tanks, 8-111, S3-112, and S3-113, are 35-ft. diameter by23-ft. high Tygn-lined mild steel vessels of 149,000 gal. capacity each;a fourth S3-114, is a 9-ft. diameter by 9-ft. high stainless steel vesselholding 300 gal. Two Nitric Acid Storage Tanks$ SA-122 and SA-123, areeach 20 ft. diameter by 20 ft. high and have a capacity of 41,000 gal.The third Nitric Acid Storage Tank, SA-121, is a 15,000 gal. capacitytank 12- ft. diameter by 19 ft. high, and the fourth Nitric Acid UnloadingTank, SA-2 is 9 ft, diameter by 9 ft. high and holds 4300 gal. All acidtanks are constructed of stainless steel. Two Caustic Storage Tanks,SQ-10 and SQ-102, are 30 ft. diameter by 20 ft. high. They are made ofmild steel, and each 4olds 99,000 ral. The Demineralized Water StorageTank, SW-l3l, is constructed of aluminum and holds 15,000 gal.. It is 12ft. diameter by 19 rt. high.

The Decontaminated Uli Storage Tanks, SU-151 and SU-152, are 9-1/2 ft.diameter by 10 ft. high and are constructed of Type 347 stainless steel,.

DECLASS\FIED 
-



(%A
Each vessel has a capacity of about 4,800 gal. Both have sloping bottom

heads with an outlet at the low point of each tank. The vessels are inter-

connected through the bottom outlets. They are provided with a row of

nozzles around the periphery cf the top head, and normal transfers into or

out of the vessels are accomplished through these nozzles.

Underground Waste Tanks store radioactive waste from the 
process. The

vessels are described in Chapter XI.
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CHAPTER XIV. SOLVENTE lllACTIUN COLuN0

A. INTRODUCTION

The solvent-extraction columns are the "heart" of the Redox process
and consequently a large portion of the engineering development work on
the process was devoted to firming up specifications for their design.
This development work included the operation of: (a) "hot" 1/2-inch to
2-inch-diameter columns packed with stainless steel Fenske helices and
with 1/4-in, by 1/4-in. stainless-steel Raschig rings, at Argonne National
Laboratory, (b) "hot" columns up to 3 inches in diameter packed with 1/4-in.
by 3/8-in. stainless-steel Raschig rings, at Oak Ridge National laboratory,
and (c) "cold" columns up to 16 inches in diameter packed with stainless-
steel Raschig rings up to 1-in. by 1-in., at Hanford Works.

Studies at the two national laboratories demonstrated the overall
performance of the process (including decontcmination) in packed columns
of pilot-plant size. The effects on extraction performance of scaling
the columns up to full plant size, including experimental demonstration
of throughput capacity and rangeability for alternative column designs,
were determined at Hanford Works by studies employing unirradiated uranium.

Early in the contactor development program, serious doubts existed
as to the satisfactory perfoftance of :lant-size packed columns, and the
use of mixer-settler type contactors wns considered. However, acceptable
performance of columns packed with stainless-steel Raschig rings was
finally demonstrated, and firm design sp ecifications were developed for
all thirteen solvent-extraction col4mn in the Pedox battery. Pertinent
experimental date on which these speciftentions were based are presented
and discussed in Chapter V. The purpose of the present chapter is to
present the salient design specifications for the columns without dis-
cussing the background data behind these specifications or the perform-
ance expected from the coltmns (these considerations having been treated
in Chapter V).

In addition to design specifications for all solvent-extraction
columns (see Fig. XIV-1), detail drawings of the three prototype columns
(IA, IB, and IC) are included as Figures XIV-2 through 7.

B. COLUM IESIGN SPECIFICTIONS

Functions of each of the solvent-oxtraction columns are described in
Chapters I and IV (and Chapter flX for the 10 Column), and operation of the
solvent-extraction battery is discussed in Chapter VI.

1. Design Capacity

1.1 Nominal design rate

The Redox Plant was designed f i sustained production of
2.5 short tons of uranium o [grams of plutonium pera y whichever

S" DECLASSIFIED a
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is limiting under the conditions of tile operation. Ih order to provide
adequate flexibility (i.e., rangeability) for operating at less than
maximum rates, 1.0 short ton of uranium per day was specified as the
minimum sustained production rate.

To maintain the above sustained production rates with an al6wance
that the plant be shut down as much as 20 per cent of the time (i.e.,
assuming an 80 per cent operating-time efficiency), the above sustained
production rates should be divided by 0.8 to arrive at the instantaneous
production rates useCL for design, as follows:

Sustained Instantaneous
Capaciy Capacity

Uranium, short tons/day 3
Plutonium, gramzs/day 63079

All of the solvent-extraction columns except IA and IS are sized
for a maximum instantaneous production of at least 3.7 short tons of
uranium per 24 hours. This includes the 3.1 tons per day listed above
plus an additional capacity equivalent to approximately 0.5 short ton
of uranium per day sustained rate (0.6 ton per day instantaneous rate)
to handle the reworking of off-standard aqueous waste streams containing
high concentrations of uraniuti or plutonium. Since the rework streams
by-pass the IA Column and enter the solvent..extraction battery through
the IS Column, the maximum instantaneous design rate of the IA Column
is 3.1 short tons of uranium/day. The IS Column, packed with 1/2-in.
rings, is capable of processing 0.3 to 1.6 tons/day (as a IA-type column)
and will add an additional load equivalent to approximately 0.5 ton/day
to all downstream columns when processing rework.

Although the plutonium-cycle columns (2A 2E, 3A, 3B) do not process
uranium, their maximum volume throughput rates, and hence their sizes,
are fixed by the maximum uranium processing rate (3.7 short tons/day in-
cluding the allowance for rework).

1.2 Processing rangeability

The solvent-extraction battery as a whole is capable of good per-
formance over a range of instantaneous processing rates from-approxi.
mately 1 to 3.1 short tons per day of pile discharge uranium, not count.
ing 0.6 ton per day equivalent additional capacity for handling rework
in all columns downstream from IA and IS. As indicated on Figure XIV-1,
the range of good performance for some of the columns exceeds the above
limits.

1.3 Operation at rates above nominal design

The volume throughput capacity of the solvent-extraction battery can
be increased approximately 50 to 100 per cent above the nominal design rate
by installing 3/4-in. or 1-in. Raschig rings in those columns scheduled to
be packed with 1/2-in. Raschig rings. The performance characteristics Pnd
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processing capacities for these larger rings are discussed further in
Chapter V.

Between the time this is written and plant start-up, a decision may
be firmed up to increase the capacity of the Redox Plant above the nominal
design rate by, substituting 3/4-in. or 1-in. rings for 1/2-in. rings in
those extraction columns which would otherwise limit capacity.

2. Detailed Column Specificaticns

Figure XIV-1 shows the detailed design specifications for all 13 Re-
dox solvent-extraction columns. The columns are of all-welded construction,
fabricated from Type 347 stainless steel, or equivalent. They range in
overall height from 22 ft. (for I) to 56 ft. (for IA, IS, 2A, and 3A), and
in inside diameter from 3 in. (for 2B and 3B) to 12 in. (for 10).

2.1 The IA Column

Salient dimensions of the IA Column are given in the first line of
the table on Figure XIV-1. The column is 55 ft. 10 in. in overall height
(dimension H,) not including nozzles or other external projections at
either end. This overall :eight includes an enlarged top-end phase-dis-
engaging section 5 ft. high by 13 in. I.D. (dimension D2 ). The balance of
the column is 6.5 in. I.D. (dimension Dl) composed of an upper packed
(scrub) section 20 ft. high; an unpacked center feed zone 10 in. high; a
lower packed (extraction) section 28 ft. high; and a bottom phase-disen-
gaging section 2 ft. high which contains a three-hole spider-type organic-
feed distributor. For the IA Column, this three-hole spider is composed
of three, 1/2-in. sched. 40 pipes equally spaced on a 4.3-in. diam. circle,
with the pipes discharging the organic (IAX) inlet stream upward 3 in.
(dimension h2) below the bottom of the packing support.

The center feed (aqueous IAF) connection enters the unpacked middle
section of the column as a single 1-in. pipe (size not shown) discharging
upward at the centerline of the column 3 in. (dimension h5 ) below the
bottom of the packing support for the 'scrub section. As illustrated on
the sketch, the top aqueous (IAS) feed enters the enlarged top section
and discharges downward from a 1-in. pipe (size not shown) located at the
centerline of the column 8 in, above the top of the packing hold-down
grid. The centerline of the organic overflow connection is located 6 in.
below the top of the column. Details of the pecking supports and hold-
down grids are given on Figure XIV-7.

The IA Column is provided with a pair of static-pressure taps spaced
4 ft. apart on the side of the extraction section. As indicated by dimen-
sion h7, the top tap is 24 ft. 10 in. below the bottom of the top disen-
gaging section (which places it 4 ft. down from the top of the extraction-
section packing). There is no static-pressure tap at the bottom of the
IA Column, as indicated by the absence of a dimension h8 in the table.

Figure XIV-1 designates the originally specified 1/2-in, by 1/2-in
stainless steel Raschig rings for the IA Column, resulting in a range of
T+Aofactory operation of from 0.55 to .Aot tone of uranium processed
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per 24 hours (these are instantaneous rates, and correspond to a range of
flows from 300 to 1700 gal./(hr.)(sq.ft. of column cross-section), sum of

both phases).

Although the diameters of the top disengaging sections vary for the
different columns, as indicated by dimension D2, all height dimensions of

these top scctions ore the same for all 13 columns, and are indicated

directly on the column sketch instead of in the table (Figure XIV-).

2.2 Columns I 2D, 3D, 2A, and 3A

All of these columns have two separate packed sections (scrub section

and extraction section) with a center aqueous-feed connection, as des-

cribed above for the IA Column. They differ from the IA Column primarily
in diameters and heights, as indicated by the table of dimensions on

Figure XIV-1.

2.3 Columns IC, 2,3,IO, 2B, and 3B

All of these stripping columns have only one packed section. They are

similar to the IA Column, except that the unpacked section at the middle

of the column and the center aqueous-feed connection are eliminated.
Salient dimensions appear on Figure XIV--l.

2.4 The lB Column

The IB Column is fabricated with an upper packed section (plutonium
extraction section) 9 in. in diameter by 15 ft. high, and a lower packed
section (plutonium scrub section) 5 in. in diameter by 25 ft. high. The
IBF hoxone feed stream enters a 1-ft. high unpacked center feed section.
Dimensions of this center feed section, which contains a 5-in. diam.
hollow cone distributor, are given.on an inset sketch on Figure XIV-1
(also see Figure XIV-7), Other salient dimensions of the IB Column appear
on Figure XIV-1.

C. TYPICAL DETAIL ERAWINGS

Salient design details of all 13 fcdox solvent-extraction columns are
summarized on Figure XIV-1 and discussed in Section B, above. Additional
construction details including shell thicknesses, external piping and sup-
ports, remoto connectors, and internal column details are presented for
the three prototype columns (IA, IB, and IC) on Figures XIV-2 through 7.
For further mechanical details of these and other columns, see the Kelloz
drawings tabulated in reference (4).

1. The IA Column

Mechanical details of the IA Column are shown on Figures XIV-2 and 3.
Detailed dimensions of the organic (TAX) feed distributor, the packing
supports and hold-down grids, and the port-holes through which Raschig
rings are inserted into the columns appear on Figure XIV-7.

-MM
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An overall elevation drawing of the IA Column appears on the left side
of Figure XIV'.2, and is designated by a capital "A" on the enlarged top dis-
engaging section. The overall height, 57 ft. 7-1/2 in., includes the 55-ft.
10-in. inside length (Figure XIV-1) plus external extensions at each end.

The functions of each of five romoto-connector nozzles welded to a ldck-
plate at the top of the column, are indicated on the drawing. Three dip-legs
of a "Redox Sampler" (Chapt. XVI) arc inserted (through the second nozzle
from the left) into the IAP sampler boot. The three dip tubes for the pin se-
interface controller are inserted through the third nozzle from the loft.

The column is supported and accurately located in position in the silo
by two trunnions welded on the side of the enlarged top section, and by two
guide dowels at the bottom of the column.

The "reinforcing bands" around the column just below reference levels
I-I and II-Il contain port-holes through which the column packing is in-
serted, and which are welded shut after the column is packed. Dimensions
of these reinforcing bands are shown on Figure XIV-7.

Four sets of fins extend radially from the column to protect external
piping and supports when the column is moved. External piping is spiraled
around the column, providing flexibility to relieve strains either set up
during fabrication, or by temperature changes.

Additional construction details of the IA Column are shown by the
plan view in the upper right-hand corner of Figure XIV-2 (designated by
"B") and by the larger-scale elevation drawings (designated by "C", "D",
"E", "F", and "G") on Figures XIV-2 and 3. Identical packing grates
(Figure XIV-7) are used both for packing supports and for packing hold-
down grids to keep the packing in place when the column is lowered on its
side.

2. The IB Colun

Drawings of the IB Column, which op;cnr on Figures XIV-4 and 5, are
arranged in a manner similar to those discussed above for the TA Column.
External details of the two columns arc generally similar.

Internal details of the IB Column appear on Figure XIV-7, including
dimensions of the hollow-cone mixing device and IBF distributor.

3. The IC Column

Mechanical details and dimenci~ons of the IC Column appear on Figures
XIV-7 and 6.
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REFERENCES

HW-14572 Rodox Production Plant Solvent Extraction Column Design
Specifications (Revised September 27, 1949).
R. B. Richards. 9-29-49.

(2) Hw-15663

(3) EDC-*1635

Rodox Plant Solvent-Extraction Columns. G. Sege, J. G.

Bradley and F. W. Woodfield. 7-6-50.

Revised Specifications for 2nd, and 3rd. Pu Cycle Extrac-
tion Columns. R. B. Richards, R. E. Smith, J. M. Frame,

D. E. Irons, and 0. C. Schroeder. Hanford Works.

2-14-50.

(4) Kellex mechanical drawings of the Rodox solvent-extraction columns
arc tabulated below:

E;uipment
Column Piece No. Drawing Nos.

IA
IS
TD
IC
and
and
an,
and
I0

ET-117
ET-121

3D
ilE,
3A
3B

ET-119
ET-126 & ET-131
2T-127 & ET-il32
ti142 & ET-145
ET-143 & ET-146
,_T-154

H-2-8587,
H-2-8813,
H-2-8630,
H-2-8786,
H-2- 778,
E -2-8782,
E.-2-8789,
17-2-8801,
.-2-8780,

H-2-8588,
H-2-8814,
H-2-8816,
H-2-8787,
H-2-8779,
H-2-8783,
H-2-8790,
H-2-8802,
H-2-8781,

1-2-8910
H-2-8906
H-2-8904
U-2-8905
E-2-8895
H-2- 912
E-2-8921
E-2-8907
H-2-8911
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Column HI

No. of
Organic-Phase

DI D2  Ditibutor
_oles

LA 55'10" 6.5" 13"
IS

IB (Bot.)

55'10" 5.0' 10"

5.0"
(Top) 48'0" 9.0" 18"

IC 32'0" 10.0" 20" 3

Second and Third Uranium Cycles

3

3

3

2D 50,10", 7. 5" 15".
ZE 37'0" 9.0" 18"
3D 50-10" 7. 5" 15"
3E 37'0" 9.0" 1"

Solvent Treatment Column

10 22'0" 12.0" 18"

Second and Third Pu Cycles

ZA 55'10" 4. 0"

d1 Organic-Phase
Distributor-Hole
Circle Diameter

4.3"

3.3"

3.3'"

6.6"

5.0'

6.0"

5.0"

6.0"

3

3
3

7

213 31'S" 3.0" 6" (One hole at
3A 55'10" 4.0"
3B 31'6" 3. 0" 6" (One hole at column center-line)

8.0"

2,7"
column center-line)

2.7"

Figure XIV-1

DIMENSION SPECIFICATIONS FOR REDOX PLANT SOLVENT EXTRACTION COLUMNS (a)

(This table is based on specifications transmitted to the Design andConstruction Divisions in Documents HW-14572 and HDC-1635.)

d 2

HoleDiameter

1/2" Sch. 40

1/4" Sch. 40

3/8" Sch. 40

Pressure T

hi h, h3 It 4 t5 h 6 a. i

21" 3" 28' 7" 3' 20'
l" 3" 28 7" 3" 20'

3/4" Sch. 40 21" 3" h3 + h 6 =25'

24'10"

24'10"

1/2" Sch. 40

3/4" Sch. 40

1/2" Sch. 40

3/4" Sch. 40

21"

21"

21"

21"

3''

3"

3"

3"

15'

13'

23 7" 3" 20' 24'10"

13 + h =30' 13'

3/4" Sch. 40 21" 3" h3 + h6 15'

1/8" Scb. 40 15'
3/8" Sch. 40 15"
1/8" Sch. 40 15"
3/8" Sob. 40 15"

3"

3"
3",

28'6" 7" 3" 20'

h3 + h6 =25'
28'6" 7" 3" 20'

h3 + It =25'

Raschig
Ring
Size

1/2" (d)

I/Z'
41'S" 1/2"

1/2"

1"'

1"'

15'6", P"
Plutonium Pro-
duction, g. Pu
Per 24 Hours

MU. Max.49'9" 1/2" 370 1400
25'S" 1/2" 260 1380
499" 1/2" 390 1490
25'6" 1/2" 290 1540

Column Rangeability (c)
Uranium instantaneous

Processed Volume Velocity,

Per (u fBt24 Hours, (Sum of

Short Tons Gal. (Hr. )(Sq. Ft.)
Min. Max. Min. Max.

(d)0.55 3.1

0 3 (g) 1.(g)

1.1 5.0

0.64 4.7

0.95 7.9

300

300

400

200

0.74 4.1 (c) 300
1.0 8.4 300
0.74 4.1 () 300
1.0 8.4

(0. 6)f IS. 0)(f)

300

300

350

250

350

250

1700

1700

1800

1500

2500

1700

2500

1700

2500

2500

1350

1350

1350

1350

NOTES

(a)

(b)

For definition of diameters and heights see sketch at right.
Dimension b7 is the distance from the bottom of the top disengaging section to the upper of a pair of differential-pressure taps, Spaced 4 ft. apart.Differential-pressure taps, if provided, are located in the lower packed section of dual-purpose columns and in the packed section of uranium-
sip, in c bottom disengaging section. n the bottom of the top disengaging section to a single static-pressure tap located if, ifpo(c) Minimum and maximum volume velocities indicate for each solvent-extraction column the range of fbrs which column studies have indicated to

be the zone Of Optimum mass-transfer Performance Based on compositions andfo ratios indicate yfr an 4 Fe shnd and 3rd uraium cyle

ranges of flows hawe been converted to ranges of instantaneou.s uranium processn ae o h s yl n h n n r rnu yl

columnsa of the dimeesnictduo. e dc
Minimum and maximum plutonium production rates indicated for the 2nd and 3rd plutonium cycle columns have been calculated for 400 g Pu/shortton of U on the basis that the IS Column is not operating on rewortr .ra.(d) Although cap .satisfactory operation up to 3.1 tons/day (instantaneous rate), the best range for 1/2-in. packing is approximately 0.35 to 2.5toans/da g rates above 2.3 tons/day (instantaneous rate), 3/4-in, or I-in. Rashig rings give better extraction perfor-ac(i. U and Pu) than 1/2-in. packing. See Chapter V for further discussion of performance using different sizes of
packing.

(e) Although capable of satisa $ eration up to 4.1 tons/day (instantaneous rate), abov 3. 3 tons/day better extraction performance (. e, lowerwaste losses of U) may be attained by substituting 3/4-in or 1-in. Rasehig rings for the I/3-in packing.M The 10 Column is capable of processing heone from the entire solvent-extraction battery (12 columns) when the plant is processing uranium at
the indicated rates. This corresponds to processing approximately 5,O0O to 40, 000 gal, of hebone/4 operating hours at NW 

A4 
FCowsheetconditions.

(g) The rangeability of the IS Column is stated for operation as a IA Column
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CHAPTER XV. GAS SCRUBBING, CONCELNTRATION, AND
DISTILLATIOt EQUIP4El1'

A. INTRODUCTION

1, General

Gas scrubbing, concentration, and distillation equipment .is used in
the Redob Pflat Tor 'a nlbVr o? spedifi' 'fUndtiots.

A 'gda bbztbtiag obltn had b'eW peovided to reloVe most of the ruthenium

from the Oxidizer sparge gas. Provision has also been made to permit in-

stallatiodl' t dorubbeV4. to reldlad the SMlvr Reactors, for removal of

iodine from the Dissolver off-gas.

Concentrators haVe been provided to permit concentration of the uranium-
bearing aqueous effluent streams from each uranium extraction cycle, (ICU,
2EUp =ry td 'paltttnfum ptddicdt strewn (3BP), hhot" aqueous wastes, and the

condensates from the other concentrators.

' stYipping colhm had bVern p rovided for ?emoval of hexone from the

condensates.

A dittillatidn dolxen has eoed prdvided for treatment of the hexone.

All of the gas scrubbing, concentration, and distillation equipment
listed dbove ts desctrhed Th ttis chaptet.' The Dissolvers and the Cross-

Over .oxiditer, described in Chapter XIII, are also designed to effect some

concentration.

The gas scrubbers are columns packed with Raschig rings.

The dordentratdls ard of the 'pot.ard.ddil type, mounted with packed

or plate columns for removal of entrained liquid from the vapor stream and,
in some cases, to strip heaone from the feed solution.

The Hexone Still is a bubblo-cap plate column mounted on a pot-and.

coil reboiler,

The gas scrubbing, concentration, and distillation equipment falls in

the category of Class I vessels (see Chapter XIII) subjected to high-

temperature duty and is therefore constructed of Type 309 SCb stainless

steel.

2. Supports

The concentrator pots each have three feet, which rest on dunnage or

directly on the 11Y pads (described in Chapter XIII). These pads are

located within 1/64 inch of their nominal position in the horizontal di-

rections and within 1/32 inch of the datum plane in the vertical 
direction.

The locating hole on the dunnage or tank is /I r than the

"OE aO
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i.e
locating dowel on the pad making a total tolerance of ±3/64 inch in
locating the dunnage or a tank resting directly on the pad. The dunnage
is a support for the concentrators or condensers, consisting of two set
pads (upper and lower) connected with cross-braced channel iron (carbon
steel) in the case of the concentrators, and 20-inch sch. 40 pipe for the
condensers. The plane of the upper pads is located to a tolerance of
±1/32 inch of the lower pads so that the feet of any vessel are located
to ±1/16 inch of their nominal position in the vertical direction. The
locating dowels on the upper pads are positioned to t1/64 inch of their
nominal position relative to the center of the locating holes on the
bottom pads and the dowel to hole clearance is again 1/16 inch. The
horizontal position of any vessel on dunnage, then is within 3/32 inch
of its nominal location.

3. Deentrainment

The maximum allowable entrainment of liquid by the vapor effluent
in the several equipment pieces dealt with here is approximately as
follows:

Equipment

Dissolvers, A-2, B-2, and C-2(a)

Dissolver Off-Gas Scrubbers,
A-3, B-3, and C-3(c)

Oxidizer, H-(a)

Ruthenium Scrubber, H-5

ICU Concentrator, F-2

2EU Concentrator, F-5

3EU Concentrator, S-10

Cross-Over Oxidizer, E-7 (a)

Plutonium Pre-Concentrator, E-16

Plutonium Concentrator, E-17

Waste Concentrator, D-12

Laximum
Allowable

Entrainment,
Lb.Li. /Lb.Vapor

5 x ao-6(b)(c)

5 x 10-4

2.5 x lo-6(b)(e)

1 x 10-5

1 x 10-3

1 x 10-3

1 x l0-3

1 x 10-3

1 - 10-3

1 x 10-3

3 - 10-4(f)

Limiting Factor

Radioactivity in
gas

stack

Radioactivity in stack
gas

Radioactivity in stack
gas

Radioactivity in stack
gas

Loss of uranium

Loss of uranium

Loss of uranium

Loss of plutonium

Loss of plutonium

Loss of plutonium

Radioactivity in con-
densate

DECLASSIFIED "On
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Allowable
Entrainment,

Equipment Lb.Ligi/Lb.Vapor Limiting Factor

Condensate Stripper, D-5 1 x 10- 2  water in Hexdne Still

Condensate Evaporator, D--h x lC-4f) Radioactivity in con-
densate

Hoxone Still, 0-3 1 x 1O-2(g) Radioactivity in hexono

Notes- (a) These vessels are discussed in Chapter XIII.

(b) Based on air tolerance of 3 x 10-8 g.U/1., 3 x 10-14 g.PU/1.,
and 10-12 beta curies/l.

(c) This is the oterall entrainment of Dissolver solution allowed
in the off-gas after deentrainment in the Dissolver column,
Silver Reactor or Dissolver Off-Gas Scrubber, and Fiberglas
filter. It is expected that a deentrainment factor of at
least 10 will be obtained after the Dissolver column, so that
the allowable entrainment from the Dissolver column itself may
be as high as 5 x i0-5 lb.liq./Ib.vapor or more.

(d) These vessels have been ordered, but will not be installed.

(e) This is the overall entrainment of Oxidizer solution allowed
in the sparge gas after dountrainment in the Oxidizer column,
Ruthenium Scrubber, and Fiberglas filter. It is expected
that a deentrainaaent factor of at least 10 will be obtained
after the Oxidizer column, so that the allowable entrainment
from the Oxidizer column itself may be as high as 2.5 x 10-
lb.liq./lb.vapor or more.

(f) Based on a cribbing tolerance of 5 x 10-7 g.Pu/l., 4 x 10-6
beta curies/l., and a uranium concentration that will give
the same alpha counts/i. as the tolerable plutonium (0.05
g.U/i.).

(g) Based on a concentration of io-7 gamma curies/l., which
corresponds to 0.1 mr./hr. at the liquid surface, if the
radiation is taken as 1 .o.v.

Since the entrainment of liquid droplets from a boiling liquid surface
may be as high as on the order of 10-3 or more lb.liq./lb. of vapor some
deentrainment must be obtained in the columns.

The deontrainment effectiveness of a packed or plato column may be
correlated with a factor F, which is derivod from the settling-velocity
equation and is defined as follows:
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FL = (Vapor velocity, ft./sec.) Or dnsity, lb./cu ft 1/2

(The square-root tcri corrects all systems to a common vapor and liquiddensity basis, but does not corrcct for second-order variables such as
liquid viscosity or surfaco tension, which may sometimes be important.)
Generally, the deentrainment effectiveness improves as FL decreases,while the column cross-sectional area - and hence cost - increases as
FL decreases. The optimum range of values of FL for the packed and platedeentrainment column sections used in the Redox Plant is about 0.25 to
0.7 (vapor velocities 1 to 3.5 ft./sec. for water vapor of atmospheric
pressure) with serious inpairment of deentrainnent effectiveness above
an FL value of approxiately 1.0 (vapor velocity approximately 5 ft./sec.
for steam). In packed-colunn experiments at Hanford Works and plate.
column experiments at Brookhaven National Laboratory, with no reflux,
the entrainment in the vapor effluent at FL's in this optimum range was
on the order of 1i-6 to ic-5 lb. of liquid/lb. of vapor. The packed
column in. these experiments was a 5-in. diameter column with 2 ft. of
1/2-in. Raschig ring packing. The plate column was a li-in. diameter
column with 13 bubbls-cap plates spaced 12 in. apart.

Deentrainment may sometimes be improved by the use of about 10 to
25% liquid reflux. However, the use of a reflux ratio which is too high
at the prevailing FL may actually impair dcentrainment by causing the
column to load or even flood. Tho reflux ratio which causes loading
decreases with increasing FL* It is estimated that the highest reflux
ratio (L/V) that may be used in the Redox Plant without actually impairing
doentrainnont is about 6C% at FL = 1 and about 1005 at FL = 0.25.

The FL factors for the various deentrainment columns in the Redox
Plant are as follows:

Design Flow Rates for Deentrainment Sections

Basis: 3-1/8 tons U per day instantaneous production rate.

Vapor
Velocity, (a)

Equipment Vt./Sec. FL

Dissolvers, A-2, B-2, and 0 - 2 (b) 5.3 1.05

Dissolver Off-Gas Scrubbers(c) o.6 0.14

Oxidizer, H-j(b) 4.7 0.97

Ruthenium Scrubber, H-5 2.0 0.37

IOU Concentrator, F-2 2.h 0.46(d)

2EU Concentrator, P-5 2.h 0. 4 6(d)

DECLASSIFIEDa
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q_ uipmont F-- V FL(a)

3E0 Concentrator, F-10 2.4 0.46(d)

Cross-Over oxidizer, F- 7 (b) 1.8 0.3(d)

Plutonium Pro.Concentrator, ?.16 2.8 0.53Cd)

Plutonium Concentrator, E-17 3.7070(d)

Waste Concentrator, D.-12 2.4 0.45(d

Condensate Stripper, D-5 0.7 0.14

Condensate Evaporator, D-h 3.4 0.64(d)

Hexone Still, G-3 2.2 0.61

Vapor dnsity 1b./cu.ft1/2
U21a: (a) FL (Vapor velocity ft./soc.) gr of rained liq.

The significancc of this ter is discussed on foregoing
pages.

(b) Those vessels arc discussed in Chapter XIII.

(c) Thse vessels are ordered, but will not be installed

(d) These values include 25% roflux (L/7 a 0.25). To
obtain FL for 10% reflux the tabulated values are
multiplied by 0.833, and to obtain FL for no reflux
they are multiplied by 0.75.

B. DISSOLVER OFFA SCRUBBES, A-3 B.3, AND C-3

The Dissolver Off-Gas Scrubbors wore dosigned for scrubbing radio-

iodine, and also nitrogen dioxido, from the Dissolver off-gas by means of

dilute caustic, as discussed in Chapter III. Uith iodine removal now

accomplished by Silver Reactors (doscribod in Chapter XVI), these scrubbers

are not installed in the plant, but provisions exist for their possible

later installation in place of tho Silver Reactors if removal of nitrogen

dioxide as well as of iodine should be required.

The Dissolver Off-Gas Scrubbers are 23-1/2 in. diameter columns, 20

ft. high (overall) packed with 1-in, stainless steel Raschig rings. For

details, reference is made to Drawing H-2-7720.

4 & DECLASSIFIED
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C. RUTHENIUM SCRUBBER H-5

The Ruthenium Scrubber was installed to remove most of the ruthenium
from the wet Oidizer sparge gas. This is accomplished in the lower(scrubbing) section by scrubbing with caustic liquor recirculated fromthe pot without make-up. A 1-ft. high deentrainment section is provided
above the feed point to remove most of the entrained caustic from the gasstream. The gas leaving the scrubber is cooled and most of the water
vapor is removed in a tubular condenser.

1. General Description

The S:rubber, H-5, is approximately 20 feet in overall height, the
height of the pot being 3 feet, that of the column 17 feet. The pot is
5 feet in diameter. The column is 36 inches in diameter and is packed
with 1-inch stainless steel Raschig rings. The Condenser, H-6, is 20
inches in diameter and 9 feet long, with 112 3/liinch U tubes with a totalheat transfer aroa of 315 square feet.

2. Construction Details

The construction details of the Ruthenium Scrubber are shown onFigure XV-1 and summarized in the table below. The table below also in-cludes the more important construction details of the Ruthenium ScrubberCondenser, H-6, which is not shown on Figure XV-l. In general structural
features,these condensers resemble the uranium concentrator condensers
shown on Figure XV-3.

Ruthehium Scrubber Details

Itoi . Description or .Dimnsion

Pot

Outside diameter
Overall height
Heating provision
Heat transfer area
Heat transfer duty

5 ft.
3 ft.
Coil, single helix
16 sq.ft.
None

Column

Inside diameter
Overall height
Packing size and type

Packed height

Reflux provision

35.5 in.
17 ft,
1-in. by 1-in. stainless
steel Raschig rings with
3/32-in. wall thickness
13 ft. (scrubbing)
1 ft. (deentrainment)
None

OECLASSIFIED
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Item D _ 0 _sion

Condenser

Type U-tube (horizontal)
Outside diameter 20 inches
Overall length 9 ft.
Number and diamater of fl2 U tubes, 3/h-in.
tubes
Heat transfer area 315 sq.f .t
Heat transfer duty 1.3 x 10 B.t.u./hr.

As shown on Figure XV-1, the scrubber pot is welded to the column.
A 10-inch nozzle is provided for the submerged pump sQ that it can be re-
moved or replaced remotely.

The column is made from 1/h-inch rolled and welded stainless steel
sheet and is 36 inches O.D. by 17 feet long excluding the connectors. It

is provided with lifting bails and the entire unit may be removed or re-

placed remotely. The packing support consists of 1/8-inch by 1-1/2 inch

high parallel bars on 13/16-inch centers with notches 1/2 in, deep on 3/4-
inch spacing to keep the packing from restricting the "free" Cross-
sectional area at the packing support. Two cross braces, 1/4 inch wide by
1-1/2 inches high, each 6 inches from the center, keep the support bars

parallel. Hold-down grates identical with the packing supports are placed
above each packed section. A liquid feed distributor-above the stripping
section consists of 36 distribution points of 1-inch sch. 40 pipe. Each

pipe protrudes 2 inches above the distributor plate and has a slotted weir

2 inches high. At the design rate (30 gal./min.) the liquid should be

about 1 inch deep., The annular vapor riser areas in this distributor
plate are 36% of the total cross-sectional area of the column.

The condenser is of all-welded construction to the same standards
as the uranium concentrator. condensers shown in Figure XV-3. The heat
transfer surface is of the U-tube type. Fifteen gas baffles 12 inches
wide alternating right and left are provided to insure maximum cooling
of the sparge gas.

D. URANIUM CONCENTRATORS. F-2, F-5. AND -10

The uranium concentrators concentrate the 0.8 M UNH solutions from
the uranium extraction cycles to 2.0 M for feeding to the next cycle or
for storage. To prevent thermal deco-mposition of the dissolved hexone,
which would result in some uranium precipitation, a hexone stripping column
is placed on the concentrator pot. In this column the rising water vapor
strips the dissolved hexone from the liquid feed before it enters the pot.
Above the stripping section of the column there is a decntrainment section
which removes most of the entrained UNH and fission products from the
vapor stream.

DECLASSIFIEDa
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1. General Description

The three uranium concentrators (Figure XV-2) -- the IOU Concentrator,
F-2. the 2EU Concentrator, F-5, and the 3EU Concentrator, Fj-O, - in.-
cluding auxiliaries - are of identical construction. They are approxi-
mately 18 feet in overall height, 5 ft. 4-1/8 in. for the pot and 12 ft.
10-3/8 in. for the column. The pots are 4-1/2 feet in diameter. The
column is 22 inches in diameter and is packed with 1 in. stainless steel
Raschig rings. The Condensers F-3, F-6, and E-9 (Figure XV-3)) like the
Cross-Over Oxidizer Condenser, E-8, are 16 inches in diameter -and 7 feet
10 inches long with 50 3/h-inch U tubes comprising a heat transfer area
of 123 square feet.

2. Construction Details

The construction details of the uranium concentrators are shown on
Figure XV-2 and summarized in the table below. The construction details
of the uranium concentrator condensers are also summarized in the table
below and shown in Figure XV-3.

Uranium Concentrator Details

Item

Pot

Outside diameter
Overall height
Heating provision
Heat transfer area
Heat transfer duty

Column

Inside diameter
Overall height
Packing size and typo

Packed height

Reflux provision
Heat transfer area
Heat transfer duty
Reflux flow rate

Description or Dimension

4 ft. 6 in.
5 fto-.-1/8 in.
Coil, 4 concentric helices
82 sq.ft
1.2 x 10; B.t.u./hr.

21-1/2 in.
12 ft. 10-3/8 in.
1 in. x 1 in. stainless steel,
Raschig rings with 3/32-in.
wall thickness
5 ft. (stripping)
4 ft. h in. (deentrainment)
Coil, 3 concentric helices
24 sq.ft.
2.4 x 155 B.t.u./hr.
0.5 gal./min.

Condenser

Type
Outside diameter
Overall length
Yumber and diameter
Heat transfer area
Heat transfer duty

of tubes

U-tube (horizontal)
16 inches
7 ft. 10 in.
50 3/4-in. U tubes
134 sq.ft.
7.6 x 10> B.t.u./hro
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As shown on Figure XV-3, the concentrator pot is similar to the
standard tanks described in Chapter XIII, except that a side ovwrflow
line (2 inch) is .provided. This overflow line is connected to a calming
pipe which dips to the bottom of the tank and is vented to the vapor space
near the tank top.

The column is made from 1/li-inch rolled and welded stainless steel
plate and is 22 inches O.D. by 12 feet 10..3/8 inches long excluding the
connectors. It is provided with lifting bails and may be removed from or
replaced on the pot remotoly, or the entire unit may be removed or re-
placed remotely. The packing supports consist of 1/8-inch by 1-1/2 inch
high parallel bars on 13/16-inch centers with notches 1/2 in. deep on 3/h-
in. spacing to keop the packing from restricting the "free" cross-sectional
area at the packing support. Two cross braces 1/h in. by 1-1/2 in. high,
each 3-1/2 in. from the center, are provided to keep the support bars
parallel. Hold-down grates identical with the packing supports are placed
above each section. A liquid food distributor above the stripping section
consists of 14 distribution points of 1-inch sch, 40 pipe. Each pipe pro-
trudes 2 inches above the distributor plate and has a slotted weir 2 inches
high. At the design rate (of 3-1/8 tons U/day, instantantaneous rate) the
liquid should be about 1 inch doop. The annular and center vapor riser
area of the food distributor is 37% of the total cross-soctional area of
the column. A reflux distributor consisting of 12 distribution points
similar to those described above is provided above the deentrainment sec-
tion. It has three vapor risers with a total cross section of 32% of the
tower cross section. Each riser is equippod with a "rain hat' to prevent
bypassing the distributor.

These three condensers and the Cross-Over Oxidizer Condenser, E-10$
are identical and arc of all-welded construction. The heat transfer
surface is of the U.tubc typo. Two distribution baffles are provided to
prevent short circuiting of the vapor from the inlot to the vent through
the void in the center of the "U".

s. PLUTONIUM cONCENTRATOrsI E-16 AND E-17

The plutonium concentrators concentrate the dilute 3BP solution
(about 1.2 g. Pu/i.) for shipment in the PR can (about 10 g. Pu/i.) as
discussed in Chapter VIIo This concentration is performed in two steps,
the second concontrator being smaller than the first. As in the case of
the uranium concentrators a hexono stripping section is provided in the
Plutonium Pro-Concntrator. Each vessel is equipped with a packed column
to remove most of the entrained plutonium from the vapor. After the batch
stripping operation is completed the stripping section acts as an additional
deentrainment section.

1. General Description

The Plutonium Pro-Concontrator and Concntrator 3-16 and E-17 are
direct-maintainod equipment and arc therefore of somewhat simpler con.
struction than other Class I vessels. The Pro-Concentrator, E-16,is
shown in Figure XV-4 and the Concentrator, E-17, is shown in Figure XV-S.
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The Plutonium Pro-Concentrator is about 14 feet high overall, 8-1/2

feet for the column, 5 feet for the pot, and the remainder for legs.
The pot 0.D. is 3 feet (including the jacket) and the column O.D. is12-1/2 inches. The packing consists of 1-inch stainless steel Raschigrings. The Plutonium Pre-Concentrator Condenser, E-15 is of the U-tubetype, with an 8-inch diameter by 5-foot 8-inch shell. The heat transferarea is 22 sq.ft.

The Plutonium Concentrator is also about 14 feet high, 6-1/2 feetfor the column, 3-2/3 feet for the pot, and remainder for the legs. Thepot O.D. is 21 inches (including the jacket) and the column O.D. is6-1/2 inches. The packing is graded consisting principally of 1/2-inchstainless steel Raschig rings. The Plutonium Concentrator Condenser,E-18, consists of a single helix with 9.8 sq.ft. of heat transfer areain an 8-inch diameter by 4-foot 2-inch shell. The Transfer Trap VacuumJet Condenser, E-20, is identical with E-18.

2. Construction Details

2.1 foMrison 2f design features

The construction details of the plutonium concentrators are shown onFigure XV-4 and 5 and listed in the table below. The construction detailsof the plutonium concentrator condensers are based on the same designconsiderations as the uranium concentrator condensers shown in Figure XV..3.A comparative summary of the more important construction features of thePlutonium Pre-Concentrator and Concentrator and their condensers ispresented in the table below,

Plutonium Pre-Concentrator and Concentrator Details

Item Pre-Concentrator, E.16 Concentrator. E-17
Pot

Outside diameter
Overall height
Heating provision

Heat transfer area
Heat transfer duty

Column

Inside diameter
Overall height
Packing size and
type

3 ft.
5 ft.
Coil, 6-turn flat
spiral, plus a
jacket
9.4 +8.J sq.ft.
1.7 x 10- B.T.u./hr.
(heating)
7.2 x 104 B.t.u./hr.
(cooling)

12 in.
8 ft. 6 in.
1-in, by 1-in stain..
less steel Raschig
rings with 3/32-in.
wall thiciness

21 in.
4 ft;
Coil, 4-turn flat
spiral, plus a
jacket
2.8 + .9 sq.ft.
7 x 10 B.t.u./hr.
(heating
1.3 x 1 Bet.u,/hr.
(cooling)

6 in.
6 ft. 7 in.
Graded stainless
steel Raschig rings(a)
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Item

Packed height

Reflux provision

Heat transferarea
Heat transfer duty
Reflux flow rate

Condenser

Type
Outside diameter
Overall length
Number and diameter
of tubes
Heat transfer area
Heat transfer duty

Pre-Concentrator, E-16

4 ft. 9 in. (stripping)
1 ft. 9 in. (deentrain-
ment)(b)
6 ft. 6 in. (total)(b)
Three 1/8-in, spray
nozzles

0 to 1 gal./min.

U-tube (horizontal)
8 in.
Sft. 8 in.
Twelve 3/h-in. O.D.
tubes
22 sq.ft.
2 x 1O5 B.t.u./hr.

Concentrator, E-17

4 ft, 8 in. (deentrain-
ment

9 cold fingers

2.4 sq ft.
2 x 1 B.t.u./hr.
0.04 gal./min.

Single helix (horizontal)
8-in.
4 ft. 2 in.
One 1.in. sch. 40 pipe

9.8 sq ft.
8 x 18 Bet~u./hr.

(a) The bottom 3 in. of this column are packed with 1-in, by 1-in.
Raschig rings; the next 3 in, and the 3-in, layer at the top,
with 3/4-in, by 3/4-in.; the remaining 3 ft. f1 in.,with 1/2-in.
by 1/2-in. The wall thickness of all these rings is 3/32 in.

(b) During evaporation the 4-ft. 9-in. stripping section functions
as additional packed height for deentrainpient.

2.2 Plutonium Pre-Concintrat2r.a E.16

A drawing of the Plutonium Pre-Concentrator is presented as Figure
xV-h. Its more important construction details are summarized in the table

under 2.1, above. Some additional details are described below.

The column packing supports (see Fig. XV-h) consist of 1/8-in, by 1-in.

parallel bars on 13/16-in. centers with 1/2-in. deep notches on 3/4-in.
spacing to keep the packing from restricting the free cross.sectional area

at the packing support. Hold-down grates identical with the packing supports

,ard placed 'above each packed section. A liquid feed distributor above the

stripping section consists of 4 distribution points of 1-inch sch, 40 pipe.
Each 'pipe protrudes 2 inches above the distributor plate and has a slotted

weir 2 inches high. The annular and center vaporariser area is h0 of the

total cross-sectional area of the column. Reflux, if used, is supplied
through three 1/8-in, spray nozzles with 0.04.in. orifices.

2.3 Plutonium Concentrator. E-17

A drawing of the plutonium concentrator is presented as Figure XV-5.
Its more important construction details are summarized under 2.1, above.

OECLASSIFIED
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The partly concentrated solution from the Pre-Concentrator is

drawn by vacuum into the Concentrator pot, since no further hexone
stripping is required. The column is for deentrainment only, and thus
has no intermediate liquid feed point.

Nine cold fingers are provided for generating reflux if desired#
The cold fingers serve as a 9-point reflu;x distributor.

2.4 Condensers

The Plutonium Pro-Concentrator Condenser, -15, is of all-welded
construction and is of the U-tube type similar to the uranium concentra.
tor condensers (Figure XV-3). It has twelve 3/h-inch O.D. tubes with
a total heat transfer area of 22 sq.ft. One distribution baffle is pro-
vided to prevent short circuiting of the vapor from the inlet to the
vent through the void in the center of the "U".

The Plutonium Concentrator and Transfer Trap Vacuum Jet Condensers,
E-18 and E-20, are identical. They arc of all-welded construction con-
sisting of a single holix, 18-1/2 turns of 1-in. sch. 40 pipe, with a6-in. helix diameter in an 8-inch shell (8-in. sch. 20 pipe). The heat
transfer area is 9.8 sq.ft,

F. WASTE CONCENTRATOR, D-12

The Waste Concentrator removes excess water from the solvent-
extraction battery wastes for storage volume economy, as discussed in
Chapter X. Since this concentrated solution may be reprocessed in the
event of high uranium or plutonium loss, the hexone is stripped out prior
to concentration to avoid precipitation-of these elements with the decom.-
position products of hexone. Therefore, a stripping section consisting
of 6 bubble-cap plates has been provided. Above this, there is a packed
section to remove most of the entrained fission products from the vapor
stream.

1. General Description

The Waste Concentrator, D-12, is about 17 feet high overall, 12
feet for the column and 5 feet for the pot. The pot is 7 feet in
diameter. The column is 50 inches in diameter and its upper (deentrain-
ment) section is packed with 1-inch stainless steel Raschig rings. The
lower (stripping) section contains 6 bubble-cap plates spaced 14 inches
apart. The condenser, D-l, is 20 inches in diameter and 8 feet 2 inches
long, and contains ninety-eight 3/h-inch U tubes with a total heat trans-
fer area of 210 sq.ft4

2. Construction Details

The construction details of the Waste Concentrator, D-12,are shown
on Figure XV-6 and summarized in the table below. The construction
details of the Waste Concentrator Condenser, D-ll,are also summarized
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in the table. In general appearance and structure it resembles the 
uranium

concentrator condensers shown on Figure XV-3.

Waste Concentrator Details

Item

Pot

Outside diameter
Overall height
Heating provision
Heat transfer area
Heat transfer duty

Column

Inside diameter
overall height
SPacking size and type

Packed height
Number of bubble-cap plates
Number of bubble-caps per
plate
Number and size of slots
per cap
Reflux provision
Reflux flow rate

Condenser

Type
Outside diameter
Overall length
Number and diameter of tubes
Heat transfer area
Heat transfer duty

Description or Dimension

7 ft.
5 ft. 3 in.
Coil, 9 concentric helices
370 sq.j.
4.1 x 109 B.t.u./hr.

49-1/ in.
12 ft.
1-in, by 1-in, stainless

steel Raschig rings with
3/32.in. wall thickness
3.5 feet (deentrainment)
6 (stripping)
108

Twenty-four, 3/32-in, by 1-in.

six 1/8-in, spray nozzles
0 to 2 gal./min.

U tube (horizontal)
20 in.
0 ft. 2 in.
Ninety..eight 3/i.-in. U tubes
210 sq. .
3.5 x 1 Batu./hr.

As shown on Figure XV-6 the concentrator pot is similar to the

standard tanks described in Chapter XIII, except that a side overflow

line (2 inch) is provided. This overflow line is connected to a calming

pipe dipping to the bottom of the tank and vented to the vapor space near

the tank top.

The colum is made from 3/0-inch rolled and welded stainless steel plate

and is 50 inches O.D. by 12 feet long excluding the connectors. It is pro-

vided with lifting bails and may be removed from or replaced on the pot re-

motely. It is also possible to remove or replace the entire unit remotely.
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The deentrainment section packing support scction consists of 1/-inchby 1-1/2 inch high parallel bars on 13/16-inch centers with .notthes1/2 inch deep on 3/4-inch spacing to keep the packing from restricting
the free cross-sectional area at the packing support. Two cross braces1/h in. by 1-1/2 in high each 8 in. from the center are provided to keepthe support bars parallel. A hold-doAwn grate identical with the packingsupport is placed above the packing. The liquid feed is delivered tothe top tray of the stripping section and the reflux or washadown solutionis delivered above the deentrainment section through a spray head con-sisting of six 1/8-in. nozzles with 0.0-in. orifices.

The stripping section consists of 6 trays formed from 1/2-inch stain-less steel plate. The splash baffles and downcomer plates are of 12-gagestainless steel plate welded in place. The trays are level to ±1/16 inch.There are 108 vapor risers (2-inch diam., 10-gage) per plate, which pro.vide a riser area 10.6,' of the total column cross-sectional area. Theslot area of the 100 bubble caps is 10.5% of the column cross-sectionalarea. One row of chevron baffles, consisting of 2-inch stainless steelangle iron on 13/16-inch centers is placed below each plate to reduceentrainment of liquid in the vapor stream.

The condenser is of all-welded construction similar to the uraniumconcentrator condensers, shown in Figure XV-3. The heat transfer surfaceis of the U-tube type.. One distribution baffle is provided to preventshort circuiting of the vapor from the inlet to the vent through the voidin the center of the "U".

G. CONDENSATE STRIPPER D-5

The Condensate Stripper removes hexone from the combined condensateof all the concentration eqaipment described above, as discussed inChapter X., This is done to preclude the possibility of a hexone vaporexplosion or fire,at the cribs and to recover as much hexone as possible(about 500 gal./day) for economic reasons. Although the pot itself wouldundoubtedly meet the cribbing specification of not over 50% saturation withhexone, a column with a stripping section was added to obtain 95% or betterrecovery. The vapor leaving the stripping section is expected to containless thar-10g - of the Dissolver solution fission products, uranium andplutonium, but, nevertheless, a deentrainment section was provided tominimize any contamination fed to the organic treatment column.

1. General Description

The Condensate Stripper, D-5, is about 16 feet high overall, 13 feetfor the column and 3 feet for the pot. The pot is 4 feet in diameter.The column is 20 inches in diameter and is packed with .1-inch stainlesssteel Raschig rings. The Condenser, D..6, is 12 inches in diameter and 3feet 3 inches long, and contains twenty-one 3/4-inch U tubes with a totalheat transfer area of 20 sq.ft.
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The construction details of the Condensate Stripper, D-5, are shown on

Figure XV..7 and summarited in the table below. The construction details
of the Condensate Stripper Condenser, D6, are also summarized in the table.
In general appearance and structure it resembles the uranium concentrator
condensers, shown on Figure XV-3.

Condensate Stripper Details

Item Description or Dimension

Pot

Outside diameter
Overall height
Heating provision
Heat transfer area
Heat transfer duty

4 ft.
3 ft.
Coil, 5 concentric helices
49 sq.ft
7.6 x 1 B.t.u./hr.

Column

Inside diameter
Overall height
Packing size and type

Packed height

Reflwt provision
Heat transfer area
Heat transfer duty
Reflux flow rate

Condenser

Type
Outside diameter
Overall length

.Number and diameter of tubes
Heat transfer area
Heat transfer duty

19.5 in.
13 ft.
1.in, by' 1-in, stainless
steel Raschig rings with
3/32-in, wall thickness
5.5 ft. (stripping)
4 ft. (deentrainment)
Coil, 2 concentric helices
10,8 sq. t.
9.6 X 10 B~t~u./hr.-
0.2 gal./min.

U tube (horizontal)
12 in.
3 ft. 3 in.
Twentyoone 3/4-in. U tubes
20 sq.ft
1.6 x 10 B.tau./hrg

As .shown on Figure XV-7 the concentrator pot is similar to the stand-
ard tanks described in Chapter XIII except that a side overflow line (2
inch) is provided. This overflow line is connected to a calming pipe
dipping to the bottom of the tank and vented to the vapor space near the
tank top.

The column is made from 1/4-inch rolled and welded stainless steel
plate and is 20 inches O.D. by 13 feet long excluding the connectors. It
is provided with lifting bails and may be removed from or replaced on the
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pot remotely, or the entire unit may be removed or replaced remotely. The
packing supports consist of 1/8-inch by 1-1/2 inch high parallel bars on
13/16-inch centers with notches 1/2 inch deep on 3/h-inch spacing to keep
the packing from restricting the free cross-sectional area at the packing
support. Two cross braces 1/4 inch by 1-1/2 inch high each 3-1/8 inches
from the center are provided to keep the support bars parallel. Hold-
down grates identical with the packing supports are placed above each
section. A liquid feed distributor above the stripping section consists
of 11 distribution points of 1-inch sch. 40 pipe. Each pipe protrudes 2
inches above the distributor plate and has a slotted weir 2 inches high.
At the design rate (3-1/8 tons U/day instantaneous processing rate) the
liquid level on the distributor tray should be about 1 inch deep. The
annular and center vapor riser area of the distributor tray is 39% of the
total cross-sectional area of the column. A reflux distributor consisting
of 12 distribution points similar to those described above is provided
above the deentrainment section. It has three vapor risers having a total
cross section of 280 of the tower cross section. Each riser has a "rain
hat" to prevent liquid from bypassing the distributor.

The condenser is of all-welded construction similar to the uranium
concentrator condensers shown on Figure XV-3. The heat transfer surface
is of the U-tube type. Two distribution baffles are provided to prevent
short circuiting of the vapor from the inlet to the vent through the void
in the center of the "U".

H. CONDENSATE EVAPORATOR, D-4

The Condensate Evaporator receives the (thermally) hot aqueous bottoms
from the Condensate Stripper and the condensate from the Ruthenium Scrbber
Condenser for redistillation to insure obtaining a cribbable condensate,
as discussed in Chapter X. A six-plate doentrainment section is provided
to remove most of the entrained fission products, uranium, and plutonium
from the vapor stream.

1. General Description

The Condensate Evaporator, D-h, is about 20 feet high, 7 feet for
the pot and 13 feet for the c6lumn. The pot is 7 feet in diameter and
the cnlumn is 4-1/2 feet in diameter with 6 trays on 18-inch spacing.
The eeadenser, D-3, is 2 feet in diameter and 8-1/4 feet high, and con-
tains 193 U tubes (3/h-in.) with a total heat transfer area of 515 sq.ft.

2. Construction Details

The construction details of the Condensate Evaporator, D-h, are
shown on Figure XV-8 and are summarized in the table below. The con-
struction details of the Condensate Evaporator Condenser, I-.3, are also
summarized below. In structure it is similar to the Uranium Concentrator
Condenser shown on Figure XV-3 and it is somewhat similar in general
appearance, except that it is mounted vertically.
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Condensate Eapora'or Details

Description or Dflmension

Outside diameter
Overall height
Heating provision
Heat transfer area
Heat transfer duty

Column

Inside diameter
Overall height
Number of bubble-cap plates
Number of bubble caps per plate
Number and size of slots per cap
Reflux provision
Heat transfer area
Heat transfer duty
Reflux flow rate

7 ft.
6 ft, 11-3/4 in.
Coil, 9 concentric helices
516 sq.f .
9.6 x 10 B.t.u./hr.

4 ft. 5-1/4 in.
13 ft. 1 in.
6
f16 caps, 3-in. 0,D.
48 slots, 3/32 in. by 1-in.
Coil, 7 concentric helices
255 sq.f .
2.3 x 1 B.t.u./hr.
4.7 gal./min.

Condenser

Type
Outside diameter
Overall length
Number and diameter of tubes
Heat transfer area
Heat transfer duty

U-tube (vertical)
2 ft.
8 ft. 3 in.
193 tubes 3/4-in.
515 sq-f .
7.6 x 10 B.t.u./hr.

As shown on Figure XV-8 the Evaporator pot is similar to the standard
tanks described in Chapter XIII except that a 2-inch side inlet is pro-
vided as the normal feed inlet from the Condensate Stripper, D-5, and a
12-inch jet well, which permits placing a remotely removable jet at the
bottom of the tank so that the boiling liquid may be jetted to the Waste
Header Receiver, D-13.

The column is made from 3/8-inch rolled and welded stainless steel
plate and is 4 feet 6 inches O.D. by 12 feet 10-3/8 inches high excluding
the connectors. It is provided with lifting bails and may be removed from
or replaced on the pot remotely, or the entire unit may be removed or re-
placed remotely. The trays are formed from 1/2.inch stainless steel plate
and the splash baffles and downcomer plates are of 12-gage stainless steel
plate welded in place. The trays are level to 1 1/16 inch. There are 216
vapor risers (2-inch, 10 gage) per plate which provide a riser area 12.1%
of the total column cross-sectional area. The slot area is 21$ of the
column area. One row of chevron baffles consisting of 2-inch stainless
steel angle iron on 13/16-inch centers is placed below each tray and two
are placed below the reflux coil to reduce entrainment of liquid in the
vapor stream.
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The condenser is of all-welded construction siiilar to the uranium

concentrator condenser, shown in Figure XV-3,. and is somewhat similar
in general appearance except that it is mounted vertically. The heat
transfer surface is of the U-tube type. Three distribution baffles are
provided to prevent short circuiting of the vapor from the inlet to the
vent through the void in the center of the ?IUtJ.

I. EONE DISTILLATION C0LUMN, G-3

The organic overflow from the 10 Column and the overhead from the
Condensate Stripper are fed to the Hexone Distillation Column for steam
distillation from a caustic heel on the feed plate and below. The upper
trays treat the vapor further with 5% BaOH as discussed in Chapter IX and
also serve to remove essentially all of the entrained fission products,
uranium, and plutonium from the vapor stream.

1. General Description

The Hexone Distillation Column, G-3, is about 19-1/2 feet high,
6-1/2 feet for the pot and 13 feet for the column. The pot is 7 feet in
diameter. The column is 3 feet 10 inches in diameter and contains 7
trays on 18-inch spacing. The Condenser, G-2, is 3 feet 4 inches in dia-
meter by 9 feet 5 inches long, and contains 322 tubes (3/h-inch diam.,
U-shaped) with a total heat transfer area of 840 sq.ft.

2. Construction Details

The construction details of the Hexone Distillation Column are shown
on Figure XV-9 and are listed in the table below, The construction de-
tails of the Hexone Distillation Column Condenser are shown in Figure
XV-10 and are also summarized below.

Hexone Distillation Column Details

Item Description or Dimension

Pot

Outside diameter
Overall height
Heating provision
Heat transfer area
Heat transfer duty

7 ft.
6 ft. 6 in.
Coil, 9 concentrtc helices
317 sq.f
4.1 x 10 -B~t.u./hr.

Column

Inside diameter
Overall height
Number of bubble-cap plates

Number of bubble caps per plate

3 ft. 9-1/h in.
13 ft. 1
7 (4 treatment and 3
tillation)
86

dis-
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Item Description or Dimension

Number and size of slots 48 slots, 3/32-in, by 1-in.
per cap
Reflux provision 1-in, pipe to top plate
Reflux flow rate 0.31 gal./min.

Condenser

Type U-tube (horizontal)
Outside diameter 3 ft. l in.

. Overall length 7 ft. 5 in.
Number and diameter of tubes 322 tubes, 3/t-in.
Heat transfer area 840 sq.ft. (420 for subcooling

and 420 or condensing)
Heat transfer duty 3.9 x 100 B.t.uAr.

As shown on Figure XV-9 the -Hxone astillatiori Column pot is similar
to the standard tanks described in Chapter XIII, except that a side over-
flow line (2 inch) is provided. This overflow line is connected to a calming
pipe dipping to the bottom of the tank and vented to the vapor space near
the tank top.

The column is made from 3/8-inch rolled and welded stainless steel
plate and is 3 ft. 10 in. O.D. by 13 ft, high excluding the connectors.
It is provided with lifting bails and may be removed from or replaced on
the pot remotely, or the entire unit may be removed or replaced remotely.
The trays are formed from 3/8-inch stainless steel plate and the splash
baffles and downcomer plates are of 12-gage stainless steel plate welded
in place. The trays are level to ±1/16 inch. There are 86 vapor risers
per plate (2-inch diam., 12 gage) which provide a riser area 12.6% of the
total column cross-sectional area. The slot area is 25% of the column area.
One row of chevron baffles consisting of 2-inch stainless steel angle iron
on 13/16-inch centers is placed below each tray and two above the top tray
to reduce entrainment of liquid in the vapor stream.

The condenser is of all-welded construction with a heat transfer
surface of the U-tube type. The lower (inlet) leg of the U is in the
liquid phase to subcool the hexone while the upper leg is in the vapor
space. A horizontal baffle is provided to cause the condensed liquid to
travel the length of the subcooling coils. Two partial transverse baffles
are provided to prevent short-circuiting of the vapor to the vent. The
condenser is equipped with a side outlet for the condensed, cooled, and
separated hexone, and a bottom outlet with a jackleg of proper height to
withdraw the aqueous phase.
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CHPTER XVI. OTHR PROCESS EQUIPE T

A. SLUG CARRYING CASKS

Irradiated, canned uranium slugs are transported to the 202-S Build-
ing in a pegforated stainless steel bucket contained within a slug-carry-
ing cask.(2) The casks are transported to the 202-S Building in special
railway cars known as cask cars. Each cask car contains two water-filled
vats which hold one slug-carrying cask in each vat. The bucket and cask
are illustrated in Figure XVI-l and are identical to the equipment de
scribed in Section C of the Hanford Works Technical Manual, HW-10475.

1. Weight and Capacity

The slug-carrying capadity and weight of the* cask are as follows:

Weight of slugs (280 four-inch slugs) 1100 pounds
Weight of perf r bucket 275 pounds
Weight of cask3 39600 pounds
Weight of cask lid(4 4960 pounds
Total Weight 45935 pounds

2. Radiation Intensity and Shbe ding

The radiation intensity of a bucket of irra4ated (418 hw.-days/ton)
slugs (removed from carrying cask) hanging in mid-air is 2.5 r./hr. at 50
ft. after "cooling 72, days in the 20Q. f Area, Metal Storage Basin, Building
212. When contained in a carrying cask, which has lead-filled stainless
steel walls 12.5 in. thick, the radiation intensity directly outside the
cask before "cooling" is on the order of 1 mr./hr.

3. Cooling Provision

The heat resulting from decay ofthe,radioactive materials in the
slugs must be removed from the cask to avoid the attainment of excessively
high temperatures. The carrying cask is equipped with S-shaped tubes in
the walls and lid to allow cooling water to circulate freely from the vats
on the cask car to the slugs. The tubes are S-shaped to attenuate the
radiation passing outward from the slugs.

4. Slug Removal

The cask car enters the 202-S Building through the railway tunnel.
The cask lid which is stepped into the cask is unlocked by means of an
impact wrench, lifted by means of the crane, and placed on the flat bed
of the cask car. The bucket of slugs is then lifted from the cask with
the crane, allowed to drain, carried to the Dissolver Cell and charged to
the Dissolver.
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