
This document was too large to scan
as a single document.

been divided into smaller
It has
sections.

Section 4 of 5

Document Information

Document # HW-18700

Title REDOX TECHNICAL MANUAL

Date 07/10/1951
Originator WOODFIELD FW Originator Co. GE, HAPO

Recipient Recipient Co.

Keywords MANUALS, NUCLEAR MATERIALS CONTROL &
ACCOUNTABILITY, SEPARATION PROCESSES &
PROCEDURES, WASTE TREATMENT & DISPOSAL

Project REDOX, DECLASS

Inspected 07/13/2005
bate



-3 OECLASSIFED
B. SILVE? REACTOR

1. Function

The gases evolved during slug dissolution contain radioactive iodine
as well as some radioactive particulate matter in the form of mists and
dusts. These must be removed prior to discharging the off-gas to the
atmosphere through the stack.

The iodine is removed by chemical reaction with silver nitrate in
the Silver Reactor, this silver nitrato being deposited as a solid on the
surfaces of Berl-saddle packing. Three reactors, numbered A-3, B-a3 and
C-3 are installed in the Dissolver Cells of the Redox Plant. The physical
and chemical principles of the Silver Reactor are discussed in Chapter III.

Removal of the particulate matter from the Dissolver off-gas by a
Fiberglas filter is discussed in Chapter X.

2. Description

The Silver Reactor(6) shown on Figure XT-2 consists of a vertical
packed column 9 ft. 3 in, long and 24 in. in outside diameter supported
on the shell of a vertical gas heator 6 ft. 10-1/2 in. long. The heater
has a rectangular cross section with dimensions of 17 in. by 10-i/h in.
Between 50 and 150 cu.ft./min. of off.gas from the Dissolver enters the
bottom of the heater through a h-in. sch. 40 pipe. The gas passes upward
through nine duct-type 12--kilowatt Chromalox heater coils which heat the
gas to 475 1 250F. to accelorate the chemical reaction and prevent con-
densation of moisture in the reactor. The gas continues upward through
a 7 ft. 9-3/h in. length of packed section and leaves the top of the tower
through a h-in. sch. 40 pipe to the Off-.Gas Filter.

The column is packed with 1/2.in, ceramic Berl saddles which are
coated with silver nitrate. The coating is applied by dipping the saddles
in a 20 M solution of silver nitrate, draining, and drying. The column
is packec through a hand hole just below the hold-down screen. The
hand hole is welded shut after the colhmn is packed. No provision is made
for replacing the packing. The hold-down screen consists of a grating
covered with 1/2-in. screen, A support screen at the bottom of the packed
section is of similar construction.

All metallic elements in contact with the off-gas are Type 347 stain-
steel steel.

3. Performance

The performance and life expectancy of the Silver Reactors is treated
in more detail in Chapter III. Based on data obtained from the operation
of similar reactors, the unit is expected to remove 99.9 per cent of the
radioactive iodine present in the Dissolver off-gas.
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4. Auxiliaries

The temperature controller of the gas entering the Silver Reactor and
the temperature recorder of the exit gas are described in Chapter XD.

Three-phase h40-volt current is supplied to the heaters through two
electrical connectors. Two connectors are used because of the large
current flow (maxim&m of approximately 250 amperes), which is carried
through a total of 12 pins (6 on each connector).

C. AGITATORS

1. Design Basis

"Hot" agitators are used in Redox Pjant to promote chemical reactions,
improve mixing, and improve heat transfer coefficients. Redox agitators
were designed to provide three types of agitation: mild, medium, and vio-
lent. "Mild" mixing is described as the type of agitation which causes no
disturbance of the liquid surface other than a swirling effect. "Medium"
agitation is that which causes waves in the liquid surface but no break in
the continuity of the surface. !'Violent" mixing produces waves, seething,
and splashing.

2. Description

2.1 General

The 22 "hot" agitators(12) for the Rodox Plant were made by Eastern
Industries, Inc. A typical agitator is shown on Figure XVI-3. The
agitators are driven by vertically mounted explosion-proof electric motors
(Class I, Group D). The agitators are connected through a flexible coupling
directly to the motor shaft in the case of small high-speed agitators, and
by a flexible coupling to the output shaft of a speed reducer which is
directly connected to the motor shaft for the larger and lower-speed agi-
tators. The agitator shaft is divided into two sections for protection
from damage during transit. The upper portion of the shaft, referred to
as the stub shaft, carries both thrust and radial bearing loads, while the
lower portion, which is joined to the upper section with a rigid flange-
type coupling, carries the agitator blading. The stub shaft is sealed by
two water-flooded rotary mechanical seals at the upper and lower ends of
a cylindrical tube welded in the mounting flange. The vertical tube also
contains a water-lubricated guide bearing, near its lower end and within
the zone confined by the seals, to provide shaft support near the point of
load application.

The thrust and radial loading at the upper end of the stub shaft is
absorbed by a grease lubricated radial-thrust ball bearing located above
the top water-flooded seal.

2.2 Driving motor

All driving motors are h0-v., 3-phase, explosion-proof, Class I,
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Group D, vertical, flange-riounted motors. Tie 1-hp. and 1/3-hp. agitators
are driven directly at speeds of 1150 rev./min. and 1725 rev./min. re-
spectively. The 7-1/2 lip. and 5-hp. units are driven through Winfield
H. Smith Corp. planetary-type gear reducers at speeds of 97 rev./min. and
121 rev,/.in. respectively.

2.3 Stub shaft, bearings, and seals

The agitators have stub shafts ranging in diameter from 3/4 to 3 in.
which extend from the flexible drive couplings down through the agitator
mounting flanges into the vessels being serviced. The stub shaft passes
through a tube which acts as seal and bearing housing in the agitator
mounting flange.

The weight of the agitator shaft and the thrust produced by the
agitator action are absorbed in a deep groove, radial-thrust ball bearing
near the top of the stub shaft. The bearing is bolted into a flanged
lubrication housing :mounted above the agitator mounting flange. Standard
Garlock grease seals above and below the bearing retain the lubricant
within the housin,.

The lower end of the stub shaft is guided by a water-lubricated
sleeve bearing located within the seal housing. The sleeve bearing is
made of boron carbide (Norbide), and has a dianitrical shaft clearance
of 0.002 in. per inch of shaft diameter. The bore of the bearing is
finished to 10 microinchcs (root mean square) or better. Two lubrication
grooves 3/16 in. wide and 0.025 :.n. deep run the length of the bearing.
The portion of the stub shaft which runs within the bearing is hard.
surfaced with 1/16 in. of Stellite No. 6 and finished to 10 microinches
(r.m.s.) or better.

The static reservoir of water, contained in the seal and bearing
housing for the purpose of lubricating the bearing, is retained by two
single rotary Peerless seals, one at each end of the housing. Each seal
has spring-loaded boron carbide (orbide) seal faces which are polished
to a flatness of 1 to 2 light bands and a finish of 5 microinches (r.m.s.)
or better. The seal faces are retained in Kel.F cups. Teflon chevron
packing prevents leakage around the shaft at the rotating seal face.

2.h Propellers

The agitator shaft and propellers come assembled as a unit to be
bolted to the stub shaft by a rigid flanged coupling in the field. This
precaution was taken to protect the shaft from being bent in transit.

The 7-1/2 hp. and 5-hp. units have paddle-wheel type propellers,
33 in. and 24 in. in diameter, respectively. Each propeller has 10
blades at a pitch of 15 degroes. The 1-hp. and 1/3-hp. units have
standard three-bladed marine propellers 8 in. and 5-3/4 in. in diameter,respectively. All propellers are shrunk fit and welded to the agitator
shafts.
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Sm



06 1 zc6o6 ECLASSIFIED800
2.5 Lubrication

The sleeve bearing on the stub shaft is lubricated by a static res-
ervoir of water contained within the seal and bearing housing. The water
is supplied at a head of approxinately 25 ft. from a calibrated container
in the Operating Gallery. The water is supplied through 1/2-in. i.p.s.
pipe which has no traps or pockets and which is sloped to back-vent the
air from the seal chamber.

The inboard and outboard motor bearings, a guide bearing in the speed
reducer, and the radial-thrust bearing on the stub shaft are greased re.
motely by a Farval lubrication system. The grease used is Texaco Regal
Starfak or equivalent. The gear reducer has an oil reservoir to which a
given amount of oil is chargod from a station in the Operating Gallery.
The 7-1/2 hp. reducers have a capacity of 8 qt., and the 5-hp. units have
a capacity of 5-1/4 qt. The oil recommended for use in Socony Vacuum
Gargoyle Compound No. 2.

The oil and seal water lubricants utilize two lines of a three-way
connector. The dual-line Farval grease system uses two lines of a second
three-way connector. The greased bearings and the oil reservoir drain
through a Lube Exhaust Adapter to a 20.h gal. Lube Exhaust Collector on
the side of the vessel. The Collector has a design capacity sufficient
for one year of operation and mar be romoved by the crane for replacement.

The Farval system of greaso lubrication, the method of supplying oil
to the speed reducers, and the Lube Zxhaust system are described in Section

F of this chapter.

3. operation

The seal is the critical eleent of the agitator. Seal water must be

provided to the seal chamber at all times during operation. Operation of
the seal without water lubrication will result in overheating the seal
faces, fusion of the Kel-F seal cups, and rapid seal failure. The rate of

seal leakage is measured by observing the change in level of the seal water

burette in the Operating Gallery over a measured time interval. Combined
in leakage of seal water (agitator or agitator and pump) must not exceed

0.5 gal./day.

D. CENTRIFUGE

1. Function

The Centrifuge, 11-2, connected between the Oxidizer, H4,and the IAF
Make-Up Tank, H-1, is used to remove some of the particulate matter orig-
inating from insoluble inorganic components in the aluminum can, Al-Si
bonding layer, and slugs, released during jacket removal and slug dissolu-
tion and to remove scavenger from the feed stream if a scavenger is used
to accomplish partial decontamination by the removal of radioactive zirco-
nium and niobium. (See Chapter III for details of feed preparation.)
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2. Descr iption

The Centrifuge, shown in Figure XVI-nh is a Bird'40-in, solid-bowl
machine which may be operated at 870 or 179o rev./rin. to give an effec-tive centrifugal force at the inside diameter of the bowl of 430 or 1730G (430 or 1730 times the force of gravity). The bowl holdup is 60 gal.and may be reduced to 10 gal. by the operation of skimmers. The bowlhas three horizontal baffles spaced 5-3/3 in. apart. The baffles havean inside diameter of 27 in. The centrifuge is essentially the same asthe machine used in the Bismuth Phosphate Plants(13) which is'describedin Section C of the Hanford Works Technical Manual (H -10475). The Redoxcentrifuge differs from the centrifuge used in' the Bismuth Phosphate
Plants by the incorporation of design features, as described below, whichare calculated to reduce cell contamination through minimization of theescape of entrained mists or droplets.

Shroud: The centrifuge bowl and case are purged with air during thedissolTf~n of MnO2 scavenger. A sheet stainless steel shroud enclosesthe centrifuge spindle and provides a tight case between the motor mount-ing and the centrifuge case. Purge air is admitted to the side of theshroud through a 1/8-in. i.p.s. pipe. The purge air and evolved gls from'dissolution of the HnO2 are swept out of the case through the 8..in. i.p.s.
centrifuge discharge line.

Fume cover: A fume cover is provided between the spindle and the
top ofthe case to prevent the creep of liquid up the spindle and torestrict the open area between the spindle and the cover, 'wo slingetrings, attached to the shaft are designed to provide a close clearance
on either side of the fume cover and act as a baffle-type seal.

Di logs: Five removable dip legs are provided for transfer ofmateri to and from the bowl and for weight factor measurement. Thedip legs are inserted into the centrifuge bowl through nozzles in thecase, The top end of the dip tube is provided with a male connectorhalf and a bail which fits within the female half of the mating, connector.

Lubrication: A Farval grease metering lubrication system is providedfor lubricating the motor and spindle bearings of the centrifuge. Thewaste grease is collected in a grease collecting can mounted on the sideof the centrifuge. The Farval lubricating system is described in SectionF of this chapter.

3. Performance

Laboratory and semi-works contrifugation studies have demonstratedthat centrifugation without scavengers at a holdup time of 20 minutesof both standard (normal turbidity) and off-standard (abnormal turbidity)dissolver metal solution at 1100 or 1600 0 gavo improved clarities, al.though not the maximum clarities which can be obtained with a scavenger(1).Longer holdup times improve the clarity only slightly. The use of bowlspeeds which give a centrifugal force approaching 1600 times gravity can be
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expected to give clarities up to 10% better than those obtained at lower
speeds (1100 times gravity).

Absolute values which define the improvement in clarity of dissolver
solution resulting from centrifugation have been found to be a function
of the history of the solution, the original clarity, and the density and
viscosity of the liquid phase, and undefined characteristics of the solid
phase.

The use of scavengers in centrifugation is discussed in Chapter III.

E. PR CAN

1. Function

The PR (plutonium re;moval) Can is a 15-gal. portable vessel in which
the plutonium nitrate solution constituting the final plutonium product
of the Redox Plant is transported to the 234-5 Building or 231 Building
for further processing. The PR Can and its container jacket are identical
with the equipment described as "Vessel F-1"(2) and ,"Product Container"
in Section C of the Hanford Works Technical Manual, IN-10h75.

2. Description

The PR Can, Container Jacket, and PR Can Stopper are shown in Figure
XVI-5.

2.1 PR Can( 8 )

The PR Can is a dished-bottom flat-top stainless-steel container

18-3/h inches in outside diameter by 1-5/0 inches high, mouited on four
1-inch diameter legs. Lifting bails are welded to the flat top which is

also provided with an approximately 3-in. diam. filling hole with cham-

fered edges. A spherically ground, 3-1/4 in. diam. lid may be clamped
over the hole to form a tight seal. The filling hole. is completely
surrounded by a partition or wall to prevent spread of spilled solution.

2.2 Jacket

The PR Can is carried in a Container Jacket during transit. The
stainless steel jacket is 22-13/16 inches in outside diameter and 27
inches deep. The Jacket is provided with lifting slots on the sides and
skids on the bottom. Water inlet and outlet lines of 1/8-in. i.p.s. pipe
allow the inside of the Jacket and the outside of the PR Can to be
flushed.

2.3 PR Can Stopper(9)

The PR Can Stopper is a rigid assembly used in filling the PR Can.
The stopper which fits the opening in the PR Can is mounted 31-1/2 in.
above the floor level on the cross arm of an inverted L-shaped pipe
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bracket fabricated from 1-in. sce dule >C stainless steel pipe. The
stopper is tapered and provided with a Teflon gasket which mates against
the chamfered hole in the Pr. Can during filling. Two short dip tubes of
1/2-in. i.p.s. stainless steel pipe extend through the stopper. One dip
tube, the vacuum line, extends to a point 6-1/2 inches below the top of
the can when the can is in filling position. The other line, the filling
line, ends Justbelow the bottom of the stopper.

3. Filli eration

The PR Can is filled by raising it with a chain hoist until the cham-
fered hole in the can top seals against the Teflon gasket on the PR Can
Stopper. A vacuum is drawn on the Plutonium Transfer Trap, E-21, and the
PR Can is partially evacuated through the dip leg of the vacuum line.
The contents (about 8 gal.) of the Plutonium Concentrator, E-17, are then
transferred to the evacuated PR Can through the filling dip tube. In the
event of error which would otherwise result in overflowing the PR Can, the
vacuum line dip tube discharges any overage into the Plutonium Transfer
Trap. After filling, the PR Can is lowered, the lid is bolted shut, and
the can is weighed and placed in the Jacket Container for transfer.

F. AUXILIARIES

1. Gang Valves

Gang valves are used to operate the steam jets in the Redox Plant.
They consist of four sequence-controlled air-operated diaphragm valves
(steam, purge, shut-off, vont) in the Pipe Gallery(10) operated by means
of a remote manual air operator(O4) in the Operating Gallery. The air
operator has a two-position, "CUUU"OFF" handle. 1lhen the handle is in
the "On position steam enters the jet. When the handle is turned to
"OFF" the air operator automatically s:ts the diaphragm valves in an
intermediato "OFF-l" position as described below. After a short period
(10 to 90 seconds) the air operator automatically returns the diaphragm
valves to the "OF" position. The position assueod by the four air-
operated diaphragm valves corresponding to the manually set positions of
the remote air operator arc shown below:

Steam Valve Purge Valve Shut-Off Valve Vent Valve
(nror Tally tIormally (ormaly (Normally

Closed) Closed) Closed) Open)

OFF Closed Closed Closed Open
ON Open Closed Open Closed
OFF-1 Closed Open Open Closed

Figure XVI-6 shows the operation of the system schematically.

In the *OFF" position the steau, puirge, and shut-off valves are
closed and the valve header is vented to the jet Vent Header. 'hen the
operating handle is turned to "ON", the shut-off valve and steam valve
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are opened, the vent valve is closed, and the jet operates. Immediately
after the handle is turned to "OFF', the steam valve is closed and the
purge valve is opened, admitting air or inert gas to the jet line in
order to purge the line of steam and prevent condensation and reverse
flow of process solution into the steam line. This "OFF-l" position is
automatically held for a period that may be adjusted from 10 seconds to
1-1/2 minutes before all valves return to their normal "OFF" position.

2. Samplers

2.1 Function and types

Remote samplers are employed in the Redox Plant to obtain small

quantities of radioactive process materials for analysis. Samples with a
volume of 0.5 and 5.0 ml. are collected by means of "bayonet"( ) or "trom-

bone".type samplers, which are described in Section 0 of the Hanford Works
Technical Manual, iN-10h75. Where sample quantities of 10 or 100 ml. are
required, the Redox Sampler, described below, is employed.

2.2 Description of the Redox Sampler

The essential elements of the Redox Sampler(15) shown in Figure XVI-7,
are: (a) the sampler filling box, which houses the mechanism and is

shielded with lead or concrete; (b) a sample carrier, containing a poly-

ethylene sample cup in which the sample is collected; (c) an air-operated

lift mechanism which raises the sample carrier through a trap door to a

mandrel or filling spout; and (d) a nitrogen-operated jet, which reduces

the pressure in the sample carrier and allows the stream to be sampled to

flow into the carrier.

Three dip tubes form the elements of the sampler which extend into

the vessel to be sampled. One dip tube carries the sample to the filling

spout or mandrel on the sampler. The second dip tube is the nitrogen jet
discharge line which returns the excess process fluid to the vessel when

the sample carrier is full. The third dip tube is a nitrogen bleed line

which enters the sample line dip tube near the bottom and is used to de-

crease the apparent density of the contents of the sample line when the

elevation of the sampler carrier is above the maximum lift of the jet.

The sampler filling box is supplied with a water flush pipe which

has holes drilled along its length, The flush water is drained to a drain

header in the Pipe Tunnel. A vacuum on the drain header maintains the

Sampler filling box at a reduced pressure. The discharge of the air-

operated lift mechanism vents into the sampler filling box.

2.3 Operation

In operation, the sample carrier is placed on the platform 
of the

lift mechanism through a door in the front of the sampler filling box.
The lid of the sample carrier is rcmovod remotely and the sample carrier

is raised upward through a trap door to the filling spout by means of the

pneumatic lift mechanism. When the platform is at the maximum raised ,
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position, the bottom of the filling mandrel forms a tight seal againstthe polyethylene sample cup. The sample cup is partially evacuatedthrough the suction line of the nitrogen jet. This causes process solu-tion to flow into the cup. When sufficient sample has been obtained (asdetermined by the pre-set position of the end of the nitrogen jet suctionline), excess solution passes through the jet and is discharged back tothe vessel. The sample carrier is then lowered by the lift mechanism. Asthe seal breaks between the sample cup and the mandrel, the sample linedrains back tQ the vessel. The sample carrier is removed from the box bymeans of a special carrying fork.

Some solutions of high density cannot be raised to the sample cup bythe nitrogen jet. This difficulty is circumvented by bleeding nitrogenthrough a fixed orifice into the sample line in the vessel near the bottomof the dip tube. This decreases the apparent density of the sampled fluidso that it may be lifted by the jet. A nitrogen separator in the samplerfilling box, separates the entrained gas from the sample.

3. Strainers

3.1 Design basis

Strainers are used in "cold" solution streams in the tank farm andin aqueous make-up to remove insoluble particles and foreign bodies whichenter with the dry chemicals. All continuous "coldn foods and some batchfeeds to the cell tanks are filtered by disc-type strainers which may becleaned during operation. Other streams are filtered by standard basketscreen strainers which are cleaned between operating periods.

The basket-typo strainers are dosigned for pressure drops rangingfrom 1 to 4 lb./sq.in. at operating flow rates and will remove particleswith a mean diameter ranging from 0.25 in. down to 0.008 in. by means of4 to 125-mesh screens.

The disc-typo strainers arc designed for pressure drops of 0.5 to 2lb./sq.in. at operating flow rates, and will remove particles with a meandiameter of 0.008 to 0.02 in.

3.2 Basket-typo strainers(ld)

In the standard basket-type strainer the stream enters a flangedinlet in the filter, flows downward into the screen basket, through thescreen, and out the flanged outlet which is in line with the inlet. Thecast stainless steel strainer body has a bolted lid which may be openedto permit the removal of the basket for cleaning.

3.3 2If typetrainers(1 6)(17)

The flanged, in-line disc-type strainers, made by the Cuno Engineer-ing Corp., are illustrated in Figure XVI-8. Solution flows downward intothe body of the strainer from the flanged inlet. The fluid then passesradially between a stack of circular discs. The discs are separated by
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spacers which are thinner than the sallest ytrticla to be filtered from

the stream. The fluid passes upward through passages in the stack of
discs and out the outlet line. The passages are closed at the bottom of

the stack.

The stack of discs may be rotated past stationary cleaner blades by
a pandle outside the filter. The cleaner blades scrape from the edge of
the disc the filtered solids which fall to the bottom of the strainer and

may be removed through an outlet during inoperative periods.

The larger disc-type strainers have two or three stacks of plates

which are all rotated simultaneously through gears by an external handle.

4. Remote Lubricating System

4.1 Remote grease supply system (Farval)

Rotating equipment in "hot" areas of the 202-3 Building, such as

pumps, agitators, and the -centrifuge, have ball bearings which require.

periodic grease lubrication. A Farval Dualine system is used to satisfy
the requirements of remote maintenance. The system is illustrated
schematically in Figure XVI-9. The operator, employing a grease gun,
forces grease alternately through two giant button head type Alemite

grease fittings mounted on the Operating Gallery wall. The grease is fed

to the equipment through two lines of a 1/2in. three-way connector and

jumper. From the three-way connector mounted at the equipment the grease

is fed through two Type 347 stainless steel 1/4-in. sch. 40 pipes to a

Farval Dualine valve 9) mounted rigidly on the equipment. The valve

meters 1/20 oz. of grease to each bearing through 3/8-in. Type 347 stain-

less steel tubing each time one of the dual lines is pressurized. Waste

grease is forced out of the bearing through 1/4-in. sch. 40 pipe to a

waste lube adapter bracket bolted to the edge of the equipment mounting

flange. The grease then flows through a funnel-like adapter into a 1-in.

sch. 40 pipe and thence into a waste lube container hung on the side of

the vessel. Waste lube containers(ll) are of two sizes and have a design

capacity sufficient for one year of operation. A 1-3/4 gal. container is

used where grease only is collected. Where grease plus lubricating oil

is collected, a 20.4-gal. container is utilized. The container can be

lifted out of the cell by the crane for replacement.

4.2 Remote oil changing s ote

The 7-1/2 hp. and 5-hp. "hot"Redox agitators have speed reducers

which require periodic remote oil cnanging. This accomplished by supply-

ing oil through a gravity feed line from the Operating Gallery. A portable

hand-operated barrel pump is usod to pump a measurod amount of oil from

a 5-gal. container on the pump into a 1/2-in. threaded inlet on the

Gallery wall. One line of a 1/2-in, three-way jumper is used to carry

the oil to the agitator. Another line of the jumper is used to carry
water to the vapor seal as described in Section 0 of this Chapter. From

the three-way connector at the agitator the oil flows to the speed re-

ducer through a 1/2-in. sch, 40 Type 347 stainless steel pipe. The waste
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oil overflows through another 1/2-in. pipe to a waste lube adapter bracket
and thence to a 20.4-gal, waste lube container as described under F4,
above.
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PART II: PLANT ATD EQU1TIENT, continued

CHATER XVII. PTfPS AND JETS

CONTENTS Page

A. "HOT" SERVICE PUMPS ......... . .............................. 1702

1. Basis of Selection and Design ........... ................. 1702
1.1 General requirements ....................... .......... 1702
1.2 Metering pumps ........................................ 1702
1.3 Eotodynamic pumps ..................................... 1703

2. Regenerative Turbine Pump .................. 1704
2.1 Theory of operation ................................... 1704
2.2 Effect of variables on pump performance ............... 1704
2.3 Adaptation of the regenerative turbine pump ........... 1705

3. Process Requirements for "Hot" Service Pumps .............. 1706
4. Description of Production Units ........................... 1706

4.1 Pumps ....................................... ......... 1706
4.2 Torque tube and shaft ............... ................. 1708
4.3 Bearings .............................................. 1708
4.4 Vapor seal ........................................... 17104.5 Motor and coupling ................................... 1711
4.6 Mounting and interchangeability ............... , ....... 1711

B. "COLD" SErVICE PUMPS ...... I ........................ ....... 712

1. Basis of Selection and Design ............................. 1712
2. Single-Stage Pumps ........................................ 1712

2.1 Requirements .......................................... 1712
2.2 Description ........................................... 1712
2.3 Performance and operation ............................. 171-

3. Double-Stage Pump .......... ,............................. 7
3,1 Requirement .......................................... 1714
3.2 Description .......................................... 1714
3.3 Performance and operation ............................. 1714

C. JETS ......................................................... 1715

1. Function ............ ,...........................,........ 1715
2. Types and Performance Characteristics ......... ,........... 1715
3. Operation............................................... 1715

REFERENCES ........................................................ 1716

DECLASSIFIED



DECLASSIRIED 1702

CEAPTER XVII. PMPS AND JETS

A. "HOTn" aIcE pas

1. Basis of Selection and Design

1.1 General requirements

lEquipment which -is employed in the handling of "hot" process solu-
tions in the Redox Plant has been designed to conform to a number of
special requirements which are intended to minimize the possibility of
spreading contamination in the building and facilitate the handling of
equipment if replacement becomes necessary. The requirements upon which
the selection of "hot" pumps is based are enumerated and discussed below:

(a) Porformance: The pump capacity and head must be sufficient to
satisfy the requirements of the process.

(b) Materials of construction: The materials of construction must
resist corrosion by process fluids and vapors.

(c) Le h of service: The pump is expected to operate for at least
n iro without maintenance and without significant change in

performance characteristics.

(d) Leakage: The pump must either be entirely leak-proof or must be
mounted in such a location that leakage of process fluid is con-
tained within the vessel from which the fluid is pumped.

(e) Sizet The pump must be compact and possess a geometry consist-
ent with the requirements of remote handling.

(f) Strength: The pump must possess sufficient strength to resist
the shocks and impacts which occur during remote handling.

(g) Drainability and flushability: The pump must be drainable.
Pockets or traps which retain process fluids and are difficult
to flush are undesirable.

(h) Other restrictions: The lack of bottom outlets on process tanks
usually demands that the process pumps be submerged within the
tan!:. An externally mounted pump must be completely leak-proof
and possess a suction lift equivalent to the depth of the tank.

1.2 Metering pumps

Many of the "hot" process streams must be pumped at a controlled rate
of flow. In the interest of economy of equipment and reduction in the com-
plexity of flow control instrumentation, the most desirable type of "hot"
pump for the Redox process would be a metering or volumetric displacement
pump which delivers a constant, reproducible flow rate at a given speed.
Flow control would be achieved by controlling the speed of the drive motor.
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The moving elements of metering pumps may be vanes, gears, pistons,
screws, or flexible diaphragms. Constant volumetric delivery depends
on the maintenance of critical clearance relationships between moving
and stationary parts or upon the leak-free operation of check valves.

An evaluation of the performance and reliability of many conven-
tional metering pumps led to the conclusion that the successful develop-
mont and application of a metering pump which would meet all the speci-
fied requirements for a "hot" process pump was not feasible within the
time available for a development program. Thus, the development of flow-
generating pumps and associated flow control instrumentation was stress-
ed in preference to metering pumps. The flow control instrumentation
employed in conjunction with the flow-generating pump is described in
Qhatr X$K.

1.3 Botodynamic pumps(1)

A rotodynamic pump, as distinguished from a metering or positive
displacement pump, is characterized by the use of a wheel or rotor whose
rotating blades or vanes import tangential acceleration to a liquid flow-
ing through the pump. The motion is continuous without reversal of di-
rection. Rotodynamic pumps have the following desirable features: (a)proven reliability and long life; (b) rugged construction with a minimum
of moving parts; (c) readily fabricated from corrosion-resistant materi-
als; and (d) flexibility in performance.

Centrifugal and regenerative turbine pumps are rotodynamic pumps. A
standard centrifugal pump is essentially a "low head" pump; i.e., the
maximum head against which the pump will deliver fluid is relatively low.
In order to develop a greater head in a centrifugal pump it is necessary
either to increase the impeller diameter or to employ multiple pumping
stages in series. Either alternative increases the size of the pump.

The regenerative turbine pump has a capacity which is approximately
the same as that of a centrifugal pump of similar size; but, because of
the design of the Impeller and volute channels, the regenerative turbine
pump develops a higher discharge head. In the Redox process the flow
rates are relatively low and the head requirements are generally higher
than the discharge heads produced by a single-stage centrifugal pump of
reasonable size. The regenerative turbine pump being ideally suited to
such requirements has been selected for use in the Redox process.

Figure Z\VII-1 illustrates the 11erformance characteristics (i.e.,
head vs. capacity, horsepower vs. capacity, and efficiency vs. capacity)
of a standard centrifugal pump and a regenerative turbine pump having
similar impeller diameters and operating at the same speed (1750 rev/
min.X(2) The maximum head developed by the regenerative turbine pump is
several times that developed by the centrifugal pump, while the efficiencies
of the two pumps are similar. The turbine pump requires maximum horse-
power at maximum head (no flow),while the centrifugal pump requires maxi-
mum horsepower at maximum flow. Rotodynamic pumps have no dry suction
lift and are not self-priming. Once primed, rotodynamic pumps have a
suction lift which is a function of pump design.
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2. Regenerative Turbine Pump DECLAS FIED
2.1 Theory of operation

A turbine, or regenerative,puap (sometimes called a peripheral pump)
is a rotodynamic pump so designed that it can develop several times the
pressure obtained from a centrifugal pump having equal impeller diameter
and operating at the same speed. In the turbine pump, liquid flows into
the volute channel which surrounds the impeller vanes (or blades) which ere
located on both sides of the impeller at the periphery. The entering fluid
recirculates between the rotating vanes. Consequently, energy supplied to
the liquid is the result of a number of impacts, or impulses, imparted by
the impeller vanes as the liquid travels the comparatively long distance
(nearly one revolution) from the suction to the discharge ports of the pump.

A partition (or dam), which separates the suction and discharge ports in
the turbine pump, prevents fluid by-passing between the high and low-pres-
sure sides of the pump. Figure XVII-2 is a sectional view of a typical ie-

generative pump and shows the arrangement of the component elements of the

pump.

The impulses given to the liquid by the blades of the turbine impeller
are comparable to the multistaging of centrifugal pumps. The number of im-
pulses given to the liquid by the blades of the impeller depends on the
fluid flow rate and the speed of rotation. Pressure developed in the volute
chamber of the turbine pump is variable, being a maximum at the discharge
port and a minimum at the suction port.

2.2 Effect of variables on pump performance

Two types of variables, i.e., design and operating, affect the per-
formance of turbine pumps. Design variables which affect the pump per-
formance characteristics are impeller diameter and speed. Although other

design variables, such as the cross-sectional area of the volute channel
and the number and geometry of the impeller teeth, affect pump performance,
the relationships existing between the variables are empirical and cannot

be expressed concisely in simple forn. Operating variables which affect

pump -performance include fluid density and viscosity.

2.21 Design variables

(a) Capacity: In general, the capacity of a turbine pump is pro-

portional to the impeller speed and the square of the impeller

diameter.

(b) Mliscbrg hd: The discharge head of a turbine pump is pro-
pjrtMioal to the square of the speed and the cube of the impeller

diameter.

(c) Horsopower: The brake horsepower of a turbine pump is proportional

to the cube of the impeller speed.

(d) Efficiency: The efficiency of a turbine pump cannot be express-

ed in terms of simple relationships. In.general, pump efficiency
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is sa function of a number of energy losses which include (1)friction in bearings and seals, (2) impeller and shaft hydrau-
lie friction, (3) leakage loss between high and low-pressure
areas in the pump, and (4) hydraulic losses due to friction and
eddying.

2.22 OperatinE variables

(a) Density: At constant impeller speed, the discharge head, in
foot of pumped fluid,. and the pump capacity are independent of
the density of the pumped fluid. The discharge pressure, in
lb./sq.in., and the power required to drive the pump are pro-
portional to the density of the pumped fluid, at constant in-
poller speed.

(b) Viscosity: No simple relationship between pump performance and
the viscosity of the fluid pumped can be expressed. In general,
an increase in viscisity decreases the pump efficiency and dis-
charge head, at a given capacity and speed.

2.3 Adaptation of the regenerativo turbine pump

The regenerative turbine punp was selected as the "hot" pump for theRedox Plant because of the above-mentioned desirable features and character-istics. In order to neet the specialroquirements necessitated by thenature of the process, the turbine pump was adapted to submerged operationin the bottom of the vessel from which process fluid is pumped. A typicalpump assombly, showing the arriuguent of the various elements, is shown
in Figure XVII-3. The submerged pump assembly consists of a regenerativeturbine pump mounted vertically on the lower end of a vertical extensionor torque tube. For any particular vessel in which a submerged pump isrequired, the length of the torque tube is specified so that the suctioninlet of the pump is near the bottou of the vessel when the extension tubeis suspended vertically in position on the nozzle of the vessel. The pumpis driven by a vertical drive shaft which extends concentrically throughthe torque tube. The pump impeller is mounted on the lower end of thedrive shaft which is supported by noans of a ball thrust bearing locatedabove the mounting flange of the assonbly. A flexible coupling connects
the stub shaft of the vertical, flango-nounted, 1750 rev./nin., electricdriving motor with the upper end of the drive shaft. All metallic ole-fents of the pump assembly, that are in contact with process fluid, arefabricated from 30 0 -series stainless stol. The drive shaft is guided bymeans of sleeve bearings located in the pump on either side of the impeller,and by a sleeve bearing at the mid-point of the tcrque tube for those caseswhore the shaft length exceeds 5 ft. 10.5 in. The sleeve bearings, con-sisting of boron carbide bushings and stollito journals, are force-lubri-cated by process fluid by delivering a portion of the discharge streanfrom the pump to the bearings through grooves, channels, and holes provid-ed in the pump casing, torque tube, and bearing retainers. The pump dis-chargo line, ounted vertically beside the torque tube, extends upwardsthrough the mounting flange to the male half of a remote connector. Awatr-lubricated, double, rotary seal is eployed to seal the shaft at thepoint of exit from the top of the torque tube. The seal prevents processvapors within the vessel from contaminating the atmosphere in the cellt.
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The pump discharges process solution through a transmitting rotometer

which sends an electrical signal proportional to the flow rate to a re-
corder- controller. The controlling element of the recorder-controller sends
an air signal to a Hammel-Dahl throttling valve located in the pump dis-
charge line.

3. Process Requirements for "Hot" Service Pumps

Seventeen "hot" service pumps are required in the Redox process. Six
teen of the pumps handle "hot" process solutions. One pump, G 1, handling
neutral hexone, is classified as a "hot" pump because it is located in the
canyon area of the 202-S Building. Three of the seventeen pumps, i.e.,
Pumps P.A3, P-B3, and P-C3 were scheduled to pump 40 per cent NaOH to the
Dissolver Off-Gas Scrubbers, A 3, B-3, and C-3. A silver reactor (for de-
tails see Chapter III, Feed Preparation, and Chapter XVI, Other Process
Equipment) will replace the scrubber for the removal of radioactive iodine.
The caustic scrubbers will be held for installation in another location if
it becomes necessary to remove oxides of nitrogen.

The "hot" process streams vary in flow rate from less than 1 gal./min.
to 50 gal./min. and have a range of head requirements from 16 to 164 feet.
(Head, in feet, refers to head, in feet, of pumped fluid. A rotodynamic
pump delivers the same head of fluid at constant speed and viscosity, re-
gardless of density. Horsepower is affected by density of the pumped fluid.)
This range of head and flow requirements are satisfied with two pump designs.
The T-50428 pumps (fifteen required) have a nominal capacity of 25 gal./min.
and the T-50-566 ptums (two required) have a nominal capacity of 50 gal./min.
Table XVII-4 lists the important features of the seventeen "hot" pumps. Be-
cause of the different shaft lengths resulting from variations in the height
of the process vessels, nine spare pumps are required to insure continuity
of process operation in the event of a pump failure. In determining the
number of spare ptmips required, the seventeen pumps are divided into seven
groups based on the seven different shaft lengths required. One spare
pump is provided for each group. The two pumps with a nominal capacity af
50 gal./min. both fall in the group of five pumps with shaft lengths of
9 feet 8-1/2 inches. Thus, in this group, two spares are provided. one
with a nominal capacity of 50 gal./min.; the other with a nominal capacity
of 25 gal./min.

4. Description of Production Units(4  -

An assembly drawing of a typical Reddx pump is shown in Figure XVII-3.
The component parts of the assembly are described below. The pumps were
built and assembled by the Peerless Pump Division of the Food Machinery
Corporation.

4.1 Pumps

4.11 Function

The pumps serve to generate a flow of process fluid to a process in-
stallation, e.g., a solvent-extraction column. A continuous, controlled
flow at the specified operating conditions is necessary for the efficient

operation of the process Two pump sizes are required to cover the range
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of head and flow required by the process. The two sizes, nominally ratedat 25 gal./min. and 50 gal./min., differ only in the thickness of the im-peller blades at the teeth and the cross-sectional area of the liquidchannel surrounding the impeller teeth.

4.12 Description

The pump consists of the multivened impeller together with the suctionand discharge heads containing the channel sections and dam. The sectionalview of the entire pump assembly, shown in Figure XVII-3, is supplementedby a cutaway view, Figure XVII-2, illustrating the action and functions atthe impeller, channels, and dam. Each head is fitted with a bearing andspacer ring. The assembled heads have a maximum diameter of 7.5 in, andare fabricated from cast, Type 347, stainless steel. Liquid enters thepump axially through a 1.5-in. suction pipe, 3 in. long (6 in. in the E-5and E-6 Pumps), in the bottom of the suction head, and is discharged
vertically upward through a 1.25-in. i p.s. discharge line in the dis-charge head. Spacer rings of carbon-filled fluorothene-B (60% carbon),furnished by Carbide and Carbon Chemical Company (Graphitar No. 2 in the
case of P-A3, B3, 03 and spare, P-H5 and spare, and P-GX and spare), main-tain a clearance of 0.005 in. between the ring faces and the impeller side
faces. The rings, pressed and pinned into each pump head, restrict by-passing of fluid. The dam or partition which separates the auction and
dischcrgo ports is cast integrally with the pump casing. The clearance be-
tween the outer edge of the impeller periphery and the concentric, convex
arc of the dam is 3.5 mils. All of tao pumps have 5-in. diameter, Type
347, stainless steel impellers. The nominally-rated 25-gal./min. pumps
have impellers that are 0.375 in. thich at the blades, and the 50-gal./
min. pumps have impellers that are 0.5185 in. thick. The impeller is
keyed to the drive shaft and is free to move axially with respect to the
shaft. Total axial movement of the impeller is restricted to 0.005 in.
by thrust faces on the ends of the impeller hub. These thrust faces act
againstf*&e efiddofthe bearings which are shrunk-fit into each pump head.
(See paragraph A4.3, this chapter, for bearing details.) The thrust faces
are lubricated by solution which is force-fed to the center of each bear-
ing and subsequently discharged across the thrust faces.

4.13 Operation and performance

The performance characteristics (hood vs. capacity) of the two pump
sizes are shown in Figure XVII-5. The curves were obtained using water
as the pumped fluid. Process fluids having different densities and
viscosities will affect the performance characteristics of the pump as
discussed in paragraph A2.2, this chapter. The Redox regenerative tur-
bine pumps have no dry suction lift and are not self-priming. Inherent
design features of the pump require that the pumped fluid be free of
solid material. The pump impeller is free to move axially on the drive
shaft and has an open web between the hub and teeth to equalize the pres-
sure on the two sides of the impeller. This design allows the impeller
to assume a position of hydraulic balance and allows for expansion and con-
traction of the drive shaft. With a blocked discharge, approximately
3500 S.t.u./hr. are theoretically evolved by the 25-gal./min. pump and
8000 B.t.u./hr. by the 5o-gal./min. pump when pumping water (specific
gravity of 1). The heat evolved when pumping process solutions is tabu3at-

OTable XVII-4.
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4. 2 Torque tube and shaft DECLASSIFIED
4.21 Function

The torque tube positions and supports the pumps within the process

vessels. The length of the torque tube is governed by the height of the

process vessel. The pump drive shaft c-tends concentrically through the

torque tube. Although the torque tube provides adequate rigidity to the

pump assembly during normal handling and operation, care must be exorcised

to provent undue shock and strains which might destroy the critical align-
ment of the component elements of the pump assembly.

4.22 Dfscription

The torque tube is fabricated from 2-in. i.p.s., Type 347, stainless

steel pipe with a welded flange at either end. The upper end of the torque

tube is bolted to the mounting flange and the lower end of the torque tube

is bolted to the pump. The length of the torque tube is expressed as 't set

length" and is the distance from the lower face of the mounting flange to

the threaded suction inlet of the pump. The set length varies according
to the height of process vessel in which the pump is mounted. Seven

lengths are required to accommodnto the range of vessel heights. These

lengths are 2 ft. 7 in., 3 ft. 6 in., 5 ft. 0.75 in., 5 ft. 10.5 in., 6 ft.

7 in., 9 ft. 8.5 in., and 11 ft. 2.25 in. Shafts which have a length

greater than 5 ft. 10.5 in. require a guide bearing at the midpoint of the

shaft between the lower bearings in the pump and the upper ball thrust bear-

ing. For the pumps in which the sot length is 5 ft. 10.5 in. or less, thr

torque tube is one-piece construction (no center guide bearing). Three,

equally spaced, elongated holes, 1/2 in. by 1-1/2 in., are provided at the

top and bottom of the torque tube to equalize pressure within the tube 
aid

allow circulation of the inert-gas blanket. For pumps in which the set

length is 6 ft. 7 in. and greater, the torque tube is of two-piece con-

struction flanged in the middle to accommodate the center-guide bearing

housing 10longated holes are provided at the top and bottom of each

section of torque tube.

The drive shafts have a nominal dTietcr of 1 in. and are fabricated

from Type 347 stainless steel shafting. The journal portion of the shaft

is prepared by relieving the shaft 1/16 in. and applying 6 Stellito No. 6

hard facing with an inert-gas-shioldod electrode. The journals are then

ground and polished to a surface finish of 10 microinchos (root-mean-

square) or better; i.e., so that the root-mean-square average height of

protubera ces and depth of depressions does not exceed 10 microinchos

(10 x 104b in.).

4.3 Bearings

4.31 Function

Two types of bearings are employed in the "hot" pumps to guide and

support the drive shaft. The weight of the shaft is supported on a stand-

ard, greaso-lubricatod, ball thrust bearing, located above the mounting

flange and exposed only to cell vapors. The shaft is guided by sleeve
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bearings fnbricated from boron carbicd and lubricated by force-fcoding a
portion of the pump discharge fluid to lubrication grooves and holes pro-
vidcd in the bearing bushing. Boron carbide is used as a bearing material
because of its extreme hardness (between 9 and 10 on Mohs' scale), chemi-
ca. resistance, and demonstrated performance as a bearing material.

4.32 Description

(a) Thrust bearing: The thrust bearing which supports the weight
of the shaft is a New Departure No. 3303, single-row, deep-
groove, ball bearing. The bearing is bolted into a grease cham-
ber above the mounting flange and is lubricated remotely by
moans of the Farvnl remote lubrication system described in
Chapter XVI. The recommended lubricating grease is Texaco Regal
Starfak No. 2.

(b) Sleeve bearings: Each pump has sleeve bearings on either side
of the pump impeller. These bearings are mounted in the suction
and discharge heads of the pump. Each bearing is 1.25 in. long
with a nominal inside diameter of 0.75 in. The bearings are
designed to operate with a diametrical clearance between the
bushing and journal of 1.5 ails. The pump bearings are force-
lubricated by feeding a portion of the pumped fluid to one or
two radial holes located in the axial center of the bushing wall
through a 3/16-in. diameter passageway from the high-pressure
side of the pump. For single-groove bearings (see below), one
holo in the bushing wall is provided. For double-groove bear-
ings, two holes, 1800 apart, are provided. Circumferential slots
in the bore of the bushing housing insure a positive supply of
lubricant to each holc in the bushing.

The center sleeve bearing (for pumps in which the set length
is 6 ft. 7 in. or more) is 1.75 in. long with a nominal inside
diameter of 1 in. The bearing is designed to operate with a
diametrical clearance between the bushing and journal of 2 mils,
and is force-lubricated in a manner similiar to that described
above for the pump bearings. The 3/16-in, diameter passageway
is drilled through a bearing mounting flange from the 1.25-in.
diameter discharge line. The discharge line extends vertically
upward through the bearing flange and parallel to the torque tube.
All sleeve bearings are fabricated from boron carbide, a product
of the Norton Company, and arc polished on the inside diameter,
or' bore, to a surface finish of 10 microinches (root-mean-square)
of better.

Each center sleeve bearing is provided with two, full-length,
axial, lubrication grooves on the inside diameter of the boron
carbide. The grooves are located in a plane perpendicular to the
plane of applied load and pass across the holes provided in the
wall of the bushing. The pump bearings located in pump heads
are provided with single, full-length, axial grooves. The groove
is located opposite the point of applied load. Pumps E-5, E-6,
E-7, and E-8 are provided with pump bearings which have two
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lubrication grooves similar to those described for the
middle bearing. The cross section of all the bearing grooves
is a segment of a circle, 25 mils deep and 3/16 in. wide.

4.33 Operation

Sleeve bearings are designed for operation with a positive supply of
process--fluid lubricant. Dry operation can only be tolerated for the short
interval of time required to flood the bearings at. start-up. Longer peri-
ods of dry operation, resulting from operation with a dry suction, will
cause rapid bearing overheating, expansion, seizing, and failure.

44.4 Vapor seal

4.41 Function

The vapor seal is locoted on the mounting flange of the "hot" pumps
and seals the annular space between the torque tube and the rotating shaft
at the point where the shaft emerges from the process vessel through the
mounting flange. The. seal serves to contain process mists and vapors with-
in the vessel and prevents excessive .dilution of inert gas in the vessels
which are blankoted, under reduced pressure, with nitrogen.

4.42 Description

The component elements of the seal and their relationship to each other
are shown in Figure XVII-3. Essnticily, the seal consists of two station-
ary seal rings mounted in a housing above the mounting flange, and two
rotating seal rings which are mounted in housings that rotate with the sinft.
A Typo 304 stainless steel coil spring separates the two rotating seal hous-
ings, which are free to move axially on the shaft, and exerts a force of
approximately 10 pounds against the seal faces._ The seal rings are fabricat-
ed from boron carbide (Norton Company), and are 5/32-in..vide (0.629 sq.in.
area) at the face. The seal faces are lapped to a flatness of 1 to 2

light bands and a surface finish of 5 nicroinches (root-mean-square) or
better. Each seal ring is set into a Kol--F (polynerized monochlorotri-
fluoroethylene) cup which is in turn pressed into the stainless steel hous-
ings. Rotation of the seal ring within the cup and the cup within the

housing is prevented by raised ribs molded on the Kel-F cups which fit in-

to slots in the seal rings and housings.

The rotating seal-face housings are provided with two 1/4-in, diameter

pins which engage slots in a shaft sleeve surrounding and rotating with the

shaft. A tight seal is maintained betwoon the shaft sleeve and the seal

housing, which is free to rove axially on the sleeve, by means of Meflon,
chevron-type rings.

The seal is, cooled and lubricated by a static head of water which is

introduced into the seal housing betwen the upper and lower seal faces

through a 1/2-in. i.p.s. line entering the housing slightly above the

elevation of the upper seal faces. Air trapped in the seal housing is
vented through the 1/2-in, line which has a minimum slope of 3/16 in./ft.

The seal-water line extends from the pump, through a wall jumper to the
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Operating Gallery, and termintcs in a cnlibrated burette which is used
to measure seal leakage.

4.43 Operation

The seal is designed for operation with water as a lubricant. Dry
operation of the seal for short periods will result in excessive heating
at the rotating seal faces, fusion and charring of the Kel-F cups, and
ultimate seal failure. The rate of seal leakage is measured by observ-
ing the change of liquid level in the calibrated burette which is located
in the Operating Gallery. It is assuued that all seal leakage enters the
process vessel. The total, tolerable, seal leakage into a process vessel
is 1/2 gal./day (80 ml./hr.). A properly operating seal will have a seal
leakage rate of less than 10 ml./hr. The seals have a demonstrated leak-
age, on installation, of less than 15 ml./hr. Excessive seal leakage may
be caused by dirt or grit between the seal faces. Starting and stopping
the pump several times may remove the dirt and return the seal-leakage rate
to an accoptable value. The water-supl-Ly burette should be monitored regu-
larly with radiation detection instruments because of the direct connection
to the "hot" area of the plant.

4.5 Coupling. and raotor

4.51 frutiction

A flexible coupling connects the drive shaft of the pump to the motor
shaft. A flexible coupling is employed in order to reduce the possibility
of bearing wear resulting from misalignmnct between the shaft and motor due
to shock, impact, or mishandling of the assembly during shipping or in-
stallation. The driving motor meets Class 1, Group D, National Bureau of
Fire Underwriters specifications for the electric motors operating in
hazardous areas. This classification is necessary because of the presence
of hoxone vapors in the cells.

4.52 Description

(a) Coupling: The coupling is an all-metal (carbon steel) Thomas
flexible coupling and is painted with Amercoat No. 23.

(b) Motor: The driving notor is a 5-horsepower, 1725 rev./min.,
440-volt, 3-phase, flange.nounted, vertical, Class 1, Group D,
electric motor pointed czternally with Amercoat No. 23. The
motor ball bearings aro externally greased by means of the Farvl
remote lubrication systm described in Chapter XVI. Excess grease
is piped from the bearing housings to grease collectors mounted
near the pumps. Rugal Starfak Nc. 2 grease is recommended for the
motor bearings.

4.6 MounEtfnnd intrcanebiity

The mounting flange of the putwp is bolted and gasketed to an adapter
flango which is in turn bolted to the noz%1e flange on the process vessel.
The adapter flange, or "fried egg", is larger than the pump-mounting flange
and holds the various connector halves and accessory equipment. The go--
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ometry and arrangement of the adapter flange varies from vessel to vessel
depending on the cell layout and equipr:zont arrangement. The pumps are de-
signed for as much interchangeability as the various shaft lengths and
capacity requirements will allow. Any pump will fit any adapter flange.
A typical arrangement of a pump and accessory equipment nounted on an a-
dapter flange is shown in Chapter XVI, Figure XVI-9.

B. "COLp" SZBVICE PUMPS

1. Basis of Selection and Design

The "cold' service pumps for the Rodox Plant were selected on a
functional basis. The essential requirements were that (a) the pumps
meet the hed and capacity requirements for each intended service, and
(b) the materials of construction be chemically resistant to the pumped
solutions. The service conditions for each of the nineteen pumps are
listed in Table XVII-6. Eighteen of the "cold" service pumps are stand-
ard, single-stage, centrifugal units and one pump is a two-stage centri-
fugal unit.

2. Singlo-Stage Pumps

2.1 Requiroments

Eighteen of the "cold" service pumps are standard, single-stage, centri-
fugal units. These pumps range in caprceity from 10 to 80 gal./min. and de-
liver fluid against dynamic heads ranging from 20 to 130 ft. In order to
cover the wide range of head and flow required by the process, single-stage
pumps, equipped with impellers ranging in diameter from 4-13/16 in. to 6-3/8
in. are employed. They are driven at speeds of either 1730 or 3450 rev./
min. The speed of operation and the impeller diameters are shown for each
pump in Table XVII-6.

2.2 Description

A typical single-stage pump is shown in Figure XVII-7.

2.21 Impcller, shaft, and casing

The pumps arc equipped with seziisbroudcd, single-suction impellers
ranging in diameter from 4-13/16 to 6-3/8 in. The impeller is keyed and

locked with double lock nuts to a onc-piece, cantilever shaft. The casing
is of two-piece construction, verticslly split. The inboard half of the
casing contains the volute channel, 1-in. flanged discharge nozzle, and
stuffing-box gland. The outboard half of the casing contains the axial-
flow suction inlet and 1-1/2 in. flanged suction nozzle.

2.22 Packing gland

The stuffing-box gland is provided with six rings of packing, three
on either side of a lantern ring. Water nay be supplied to the lantern
ring through a fitting in the gland. The types of packing required for aoch
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pump depund on the intended chemical service. The types of packing arelisted in Table XVII-6. The gland follower is of the patented "Leak-
ollector" typo which completely encloses the gland. A standard hose con-nection in thu bottom of the follower chamber is provided to remove fluidwhich has looked through the gland. The gland follower is split and naybe renoved without dismantling the pump.

2.23 Boorings

The cantilever shaft is supported by two single-row, deep-groove,
ball bearings, which are mounted in either end of a bearing housing be-twean the pump and the driving motor. The outboard bearing in the motor
end of the housing is fixed in position and carries thrust as well asradial loads. The inboard bearing in the pump end of the housing is freeto move axially in the housing to allow for any difference in expansionbetween the shaft and housing. The bearing housing contains an oil reser-voir for bearing lubrication. The oil level is maintained just below theshaft by means of a constant-level oiler.

2.24 Material of construction

The bearing housing and base plate of each pump are fabricated fromcost iron. All other metallic clements of the pumps, except the ball bear-ings, are made of Irconet, which is the trade name for a variety of chromi-um-nickel stools. The specific composition of the Ircamet for each of thepump parts is shown below:

rComposition, Weight Per Cent
--- t Ni Cri C Cu Mo

Casing, suction piece, impeller,
gland, and seal cage 35 16 0.07 2i25 2.5
Shaft and lock nuts 29 20 3.25 2.5
Gland bolts 12 18 3.0
2.25 Motor and coupling

The pump shaft is driven by the motor through a flexible coupling.The totally enclosed (note exception below), squirrel-cage, inductionmotors which drive the pumps are energized by 440-volt, 3-phase, 60-cyclecurrent, and have sufficient horsepower for the full capacity range of thepump. The motor speed is 1730 or 3450 rev./min., depending on the pump re-quirements. The horsepower and speed of each motor are listed in Table(vp6. The motors which drive the pumps handling organic solutions(Pumps P-8o4-a. end 804-2), are the same as described above except that theymeet Class 1, Group D, Underwriters specifications.

2.3 Performance and oeration

Table XVI-6 lists the actual head developed by each pump at the flowrate specified by the process. In addition, the head developed at no flow(shut--off) is listed. A typical curve may be constructed
AA
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for each pump from the date given, and the flow rate at any other head
readily determined.

The pressure at which the water is supplied to the lantern ring con.
trols the amount of leakage of process fluid through the seal. The re-
commended water pressure is 10 lb./sq.in. greater than the pump suction
pressure.

The recommended oil for use in the bearing housing is a paraffin-base
oil with a 3600F. minimum flash point and a viscosity of 150 to 185 Say-
bolt seconds at 100 0F. The oil should be changed after 800 hours of opera-
tion.

3. toubio..Stas Lgehm P

3.1 Ferqirements

Five ner cent nitric acid must be (elivered from the centrifuge
spray tan]: to the centrifuge nozzles at a flow rate of 10 gal./min. and
a head of 230 feet. A two-stage centrifugal pump, operating at 3450 rev./
min. is required for this service.

3.2 Description

The two-stage centrifugal pump is shown in Figure XVII-7 The pump
is essentially the same as the single-stage pumps described in paragraph
B2.2 of this chapter with the exceptions which are described below.

3.21 Impeller. shaft, and casnE

The two-stage pump has two shrouded impellers keyed back to back on
the shaft. The pump casing is of three-piece construction, vertically
split. The outboard third, or suction plate, contains the axial-flow,
1-1/2 in. i.p.s., suction nozzle, The center third of the casing sur.
rounds and separates the impellers and contains the two volute channels
and the horizontal, 1-in. iLp.s., discharge nozzle. The inboard third
of the pump casing serves as a portion of the bearing cradle and con-
tains the stuffing-box gland.

3.22 PackjjNgLand

The packing gland contains four rings of packing and no lantern
ring. The recommended packing is listed in Table XVII-6. There are
no provisions for water-sealing the gland.

3.23 Motor

The pum> is driven through a flexible coupling by means of a 5-
horsepower, -450--rev./min., 440- volt, phase, totally enclosed,
electric motor.

3.3 Performance and operation

The performance characteristics, head vs. capacity, horsepower vs.

capacity, and efficiency vs. capacity are shown in Figure XVII-8 for the

pump- DECLASSFJED
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1. Function

Steam jets are used in the Eedox Plant to transfer and recirculate
liquids and to partially evacuate vessels. Steam jets are employed where
slight dilution and heating of the fluid handled is not objectionable.
Jets have the advantage of simplicity, freedom from moving parts, and
comnnct construction.

2. Types anPerformance Characteristics

Four sizes of jets are used in the Tedox Plant. They are designated
by their nominal liquid capacity of 3, 10, 25, and 75 gal./min. A typi-
cal jet is illustrated in Figure XVII-9. One jet, J-E21-1, evacuates
26 cu. ft. of nitrogen in 5 minutes to an absolute pressure of 20 in. 1g
in the Plutonium Transfer Trap, E-21. This jet is the same nominal size
as the 3 gal./min. jets. All jets are fabricated from Type 347 stainless
steel.

The performance characteristics for each jet are shown in Figure
XVII-10. The capacity vs. discharge pressure, suction lift, and per cent
dilution of jotted fluid are shown by the curves. The steam consumption
is tabulated for each jet in the legend. All data are based on a 90-lb./
sq.in.ga. steam supply.

3. Operation

Steam jets are operated by 90-lb./sq.in.ga. steam supplied throughon-off gang valves (see Chapter XVI for description). The operation of
the jet is followed remotely by means of a microphone at the processvessel which transmits sound to a speaker in the Operating Gallery. The
character of the transmitted sound is an indication of jet operation.

DECLASSIFIED
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CENTRIFUGAL AND TURBINE PUMPS

CHARACTERISTIC CURVES

SPEED: 1750 R.P.M.
160- FLUID : WATER.

REGENERATIVE TURBINE PUMP', 4.25 IN. DIAM. IMPELLER.
- - -- CENTRIFUGAL PUMP; 6.0 IN. DIAM IMPELLER.

140-

60 120
HEAD - CAPACITY

50 100- EFFICIENCY

BRAKE HORSEPOWER
40 80 - - 1.6

* - EFFICIENCY .

30 60 - 1 .2

\ .

20 40 -/ HEAD-CAPACITY -0c.8

10 00- / ,,,-- .4

BRAKE HORSEPOWER\

0 0
06 1 2 24 30 36

CAPACITY, GAL 7M 1
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WITH BORON CARBIDE SEAL WATER
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I IN. DIAM. SHAFT.

DISCHARGE PIPE SEAL WATER
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INIl .r~ .ORU4I N. TOROUE TUBE.
PIPE. --

-1 BORON CARBIDE SLEEVE AND
EXPANSION JOINT IMPELLER THRUST BEARING.

SPACER RINGS.

25 GAL./ MIN. IMPELLER 50 GAL./ MIN. IMPELLER
AND CHANNEL. AND CHANNEL.

(LEFT SIDE OF SECTION A-A) (RIGHT SIDE OF SECTION A-A)
LUBRICATION PASSAGES

SUCTION PORT. A

DEQIASRED m

DECLASSIREDwom



c&\t

THIS PAGE
NTTW IALLY

LEFT bL -

DEOIAs ifsI

DCLASSIFIED
mi-rWlU

I



TABIZ nfii-k

"HOT" SfVICE PUMPS

Estimated Total Estiated Rest
Operating Broke Desr Flo- Developed

RIremants Horsopmwe GS.An .. /hIr.
Middle Flow Oper. . -p7r

Oper. Pumps Mfr's. Sete Guide Date Head Closed Flow Closed Flo, Closed Flo
No. To Soln. Service No. Length Bearing Oal./Min. Feet Discharge Rate Discharge Rate Discharge Rate

40. Seai-continuou*
P-A3-A A-3-A NOR circulating T-50-428 2'-7" No 19 50 4.0 2.67 1.2 o.8 6300 2900

0% $aui-contihuous

P-A3-4 A-3-B 43O! circulating T-50-428 2'-7" No 19 50 4.0 2.67 1.2 0.8 6300 2900

I
*0s

NeWH
at

Waste
2wr
ANN

3AF

2A1

IUP

2AF
217

Rework

2Er

317

1AF

1$?

Hexone

Nrbeu

neal-c ontimnuus
circulating
Intermittent

transfer
Continuous

astered
Continuous

metered
continuous

astered
Intermittent

stered
Intermit tent

transfer
Intermittent

transfer
Continuous

etered
Continuous

astered

metered
Continuous

metered
Continuous

metered

transfer
Se.i-continuous

T-50-428

T-50-565

T-50-428

T-50-428

T-50-628

T-50-428

T-50-428

T-50-428

T-50-428

T-50-428

T-40-428

T-50-428

T-50-428

T-50-556

'-7r'

91-8.5"

11'-2.5"

5'-0.75"
5'-0.75"

5'-0.75"
5--10.5"

91-8.5"

6'-7"
6'-7-

9'-8.5"

9'-8 .5"

11'-2.25"

91-8.5"

No

yes

Yes

No

No

No

No

Yes

Tes

Yes

yes

Yes

yes

Yes

19

50

9.8

0.44

0.46

10.0

10.0

1.16

1.1

1.1

1.09

3.5

50

55

53

135

135

29
16

75

164

155

45

25

4.0

7.0-*

3.59
3-97
4.66

4.43

4.50

3.72

4.84

4.45

4.03

2.9
8. "

2.67

2.40

2.85

4.62

3.26

3.62

4.30

3.67

4.74

h.33

3.80

1.8

2.6

P-H E-5 Ne circulating T-50-428 3'-6" No 30 50 4.7 2.9
Set length aessured from underside of mfn,ting fiange
below boss on all pup except P-E3 and P-E5 where it
processed par day.I **Theoretical coditions. The 5 h.p. driving motors of

1.2 0.8 6300 2900

6.0 2.7 1U,400 2800

.9 4.8 40

5.0 . 6. 00 610

5.1 5.1 5800

6.2 6.2 0

6.1 2.3 00

0. 02 800 10

6.2 .4

8.7 8.6 5700
4.9 4.9 4900-

5.7 5.5 7400 7200

5.o 5.5 6200 S100

5.7 5.3 5400 5100

5.7 4.2 30DO A60_

6.a 2.3 16,30- 3M0
0.5 0.2 8000 1900

to face of threaded inlet in pump suction plate. 1 1/2 in. sch. 40 pie extends 3 in.
extends 6 in. Operating conditions based on a production rete of 3 1b tons uranium

the 50 gal./min. paps will be overloaded if operated against a closed discharge.
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HOT" SERVICE PUMPS

PERFORMANCE CHARACTERI STICS

Go L./ Min. (T-50-566) Pumps.
Go L/ Min. (T-50-428) Pumps.

5 10 IS 20 25 30 35 40 45 50 55

31 /Min.
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CHAP'ER XVIII. REMO OPERATION AND MAIThENANCE

A. PRINCIPIZS OF 1MOTE OPERATION AND MAIN2ENANCE

The process equipment which is located in the canyon and silo areas
of the RHdox Plant has been designed to give long, trouble-free service
and to require a minimum of maintenance and attention. However, it is
recognized that it may become desirable or necessary to remove and re-
place certain equipment pieces, or to revise process piping. In order to
accomplish equipment removal, replacement, or revision, without exposing
personnel to radiation hazards, remote handling equipment has been pro-
vided for use in the canyon and silo areas of the plant. Railway cranes,
with shielded control cabs equipped with optical viewing devices, allow
personnel to carry out a variety of operations in the cells and in the
silo withdut aangpr of exposure to radiation. The cranes are equipped
with traveling hoists, remoto wrenches, and other specialized handling
equipment.

Process piping, electrical, conduit, and auxiliary lines leading in-
to each coll terminate in stubs which emerge on the inside of the cell
walls at the connector level. The end of each stub is equipped with the
male portion of a remote connector. Connection is made to equipment
within the cells by means of removable jumpers equipped at each end with
the proper half of a remote connector. Process equipment contains con-
nector halves which mate with one end of the jumpers. Each remote con-
nector may be tightened or loosened by rotating a single hexagonal nut
with an impact wrench operated from the crane. Each jumper has a lift-
ing bail or eye positioned at the balance point. Thus all intracell
piping may be removed remotely by breaking two connections with an im-
pact wrench and lifting the piping from the cell with the crane hooks.

Enlarged nuts, similar to the operating nuts on the remote con-
nectors, pperated by the impact wronch, are used to fasten elements of
process equipment together so that one element may be removed independ-
ently from the other, i.e., pumps and agitators may be removed from
process vessels.

Fixed relationships between piping and process equipment are main-
tained by the use of positioning guides and pins. In addition, piping
and process equipment are fabricated to specific dimensions and check-
ed for alignment in a "mock-up" shop (Building 277-S) before attempting
installation in the "hot" area. The "mock-up" shop duplicates the pro-
cess equipment positions in the canyon and silo.

Other factors which pronote successful remote handling are illumina-
tion1. contrast painting, and the skill of the crane operator.

B. CRANES

1. Canyon Cranes

Remote maintenance in the canyon is made possible through the use of
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an electrically driven overhead railway crane(2) which operates on tracks
running lengthwise and on either side of the canyon. The crane has a 60-
ton capacity min hoist for lifting col1 covers and heavy equipment, a
10-ton capacity secondary hoist, and two dual auxiliary hoists of 1/2 and
1-ton capacity for use with impact wrenches, grabbers, or other tools. A
sketch of the crane appears on the perspective cut-away sketch of the Pro-
cessing Building (202-S) in Chapter I.

The crane is controlled from a cab shielded with 2-1/4 to 4-1/2 in.
of steel. The cab moves behind a concrete wall 2 ft. 2 in. thick at the
top and 3 ft. 7 in. thick at the bottom. The cab is ventilated by means
of a blower with a rated capacity of 250 cu.ft./nin. at 1-in, water pres-
sure. The air entering the cab is filtered through Chemical War Service
No. 6 paper filters. The static pressure in the cab is maintained above
that of the surrounding area.

The crane operations are observed from the cab by means of two vari-
able power, monocular type periscopes mounted on either side of the crane
bridge. Powers of 3/4 (680 vision angle), 2-1/2 (250 vision angle), and
5 (12.5 vision angle) may be selected by the operator. The objective of
each periscope may be moved across the canyon and rotated about its axis
to permit increased vision.

The crane is powered by a Ward Leonard, variable voltage (0 to 15
volts), variable speed, direct-current drive system, which provides a
high torque at low speeds. The electrical equipment located directly
over the canyon on the crane trolley is totally enclosed, while that in
the cab is standard. The power supply and communication leads to the
crano are brought in through open conductor and collector shoos located
in the cabway. The maximum lift of the main hook is 60 ft., measured
from the cell floor to the hook in maximum lift position. The minimum
travel speed of the bridge and trolley (horizontal speed) and hoists
(vertical speed) is less than 1 ft./min. The specified maximum travel
speeds, ezpressed in ft./min., are:

Item Direction of Movement Speed, Ft./Min,

Bridge Horizontal (lengthwise of canyon) 140
Main Trolley Horizontal (crosswise of canyon) 5360-ton hoist Vertical 8
10-ton hoist Vertical 28
Auxiliary hoist

trolley Horizontal (crosswise in canyon) 25Auxiliary hoists Vertical 50

The distance across the jaw opening of the main hook on the 60-ton hoistis 8 in., and on the 10-ton hoist hook, 4-1/2 in.

Direct maintonance of the crane hooks and other equipment may becarried out behind a concrete shielding wall at the east end of the canyon.The wall does not extend to the ceiling nor to the north wall of the can-yon, thus permitting the crane and books to travel behind the well. A2-ton capacity, electrically operated crane, mounted on a monorail runningcrosswise in the canyon over the crane maintenance platform, is used for
ng the main crane.
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2. Silo Crane

The silo is equipped with an electrically driven, overhead, railway
crane, (3), (4) which bridges the short dimension of the silo. The crane
has a 10-ton capacity min hoist and two dual auxiliary hoists. The dual
auxiliary hoists (1/2 and 1-ton capacity) are equipped with two impact
wronches and a grabber. A spare hoist line is available for future re-

quirenents. Like the canyon crone, the silo crane is shown on the per-
spectivo cut-away sketch of the Processing Building in Chapter I.

The silo crane may be controlled fron the cab, which is shielded

with 2 in. of stool, with operation observed through a viewing window of

laminated lead glass 4-1/8 in. thick; or the crane nay be operated from

any of seventeen laminated lead-glass viewing windows located in the silo

wll at various levels. The glass laminations are spaced slightly and

the voids filled with nineral oil to minimize internal reflections. Jack

boxes located near each window, are provided. Portable crane controls,

one set for each level, nay be connected to the jack boxes,

The mnximun height of lift of the silo crane min hoist is 91 ft.

7 in. from the silo floor. The minimun travel speed of the bridge,
trolley, and hooks is less than 1 ft./iin. The specified mxinum travel
speeds, expressed in ft./in., are:

Iten Direction of Moverent Soced, t./in.

Bridge Horizontal (longthwise of silo) 80

Trolley Horizontal (crosswise in silo) 25

10-ton hoist Vertical 25
Auxiliary hoist

trolley Ecrizontal (crosswise in silo) 25

Auxiliory hoists Vertical 50

The distance across the jaw opening of the hook on the 10-ton hoist is

4-1/2 in.

The sild-crane electrical system is sinilar to that of the canyon-
crane electrical system, and utilizes a Ward Leonard direct-current drive.

The electrical equipment over the silo area is totally enclosed. The cob-

ventilation systen is the sane as that described for the canyon crane cab.

3. Aids to Crane Operation

3.1 Illunination

Good lighting is essential to precise crane operation. In the canyon,

an illumination intensity of 5 to 10 foot-candles is naintained at the

cover-block level by rows of incandescent light bulbs in the canyon ceiling.
This illumination is augmcnted during operation with the crane by means of
sixteen 1000-vatt lights on the crane bridge and four 1000-watt lights on

the crane trolley. These additional lights increase the intensity to 100

foot-candles at the cover block level. The silo crane is equipped with

two floodlights and three searchlights on each side of the trolley. Each
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light has a capacity of 500 watts. In addition to the crane lights, 88
light bulbs, 200-watt capacity each, are located in the silo wall in
horizontal banks of 9 to 11. The banks may be removed from outside the
silo.

3.2 Contrast painting

Contrasting colors and numbers are used to aid the crane operator in
handling equipment remotely. In general, all lifting bails, connector
nuts, dowel pins, etc., are painted yellow. The cell walls and floors
are painted white. The cell cover tops are grey with a yellow bend a-
round the edge. Equipment pieces, jumpers, connectors, cell covers, etc.,
are numbered in black. The numbering system is described in Chapter XII.

C. REMOTE CONNECTORS

The remote connector is a device for connecting process piping,
auxiliary lines, or electrical conduits by a single operation performed
remotely from the crane cab. The connector is actuated by a single hexa-
gonal operating nut which is turned by an impact wrench. A diagram of a
typical pipe connector is shown in Figure XVIII-l, and of an electrical
connector in Figure XVIII-2. Pipe connectors are made for 1/2, 1, 2, 3,and 4-in. i.p.s. ripe. The 1/2-in. i.p.s. connectors are made to connect
three 1/2-in. lines in a single connector, while the larger sizes are for
one line only. Electrical connectors provide multiple contact points
(usually seven) within each connector and meet Class 1, Group D require-
ments.

1. Pipe Connectors (9)(10)

Pipe connectors (Figure XVIII-1) are either vertical or horizontal,
corresponding to the position of the stationary portion of the cell pip-
ing which is to be connected. Horizontal and vertical connectors are
identical except that the horizontal connectors have open guide skirts
surrounding the female-connector face to allow vertical movement of the
connector over the male portion. In operation, the connectors depend on
three hooks or latches, mounted on the female portion of the connector
and actuated by rotation of the hexagonal operating nut, which grasp orrelease the fixed or male portion of the connector. Contact between thetwo halves of the connector is made at spherically-ground mating surfaces.
The surfaces are Type 347 stainless steel faced with No. 6 Stellite
approximately 1/16-in, thick, applied by holiarc welding procedure, and
ground to a surface finish of 20 micro-inches or better. The female mat-
ing surface is provided with a Teflon gasket held in place by a retainingring.

2. Electrical Connectors (8)

The electrical connectors (Figure XVIII-2) are similar in operation
to the pipe connectors. In the electrical connectors the mating faces ofthe two connector halves are provided with a close fitting labyrinth
joint surrounding the spring loaded electrical contact points (normallyseven). The labyrinth serves the same function as the labyrinth passage-
ways in the shell of a Class 1, Group D, electric motor. Oe-in.conduit
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and No.10 solid wire is used, except for the certrifuge motor leads, which

are No. 4 stranded wire in 2-in conduit.

3. Design Features

The hexagonal operating nuts on all remote connectors are 2 in. across

the flat faces of the nuts, so that one impact wrench will fit all con-

nectors. The minimum rated operating torque is 275 ft. lb. for the 3 adA

4-in. pipe connectors and 200 ft. lb. for the smaller sizes. The maximn"

rated operating torque is 550 ft. lb. for the 3 and 4-in connectors and

400 ft. lb. for the smaller sizes. A safety factor of 2-1/2 based on the

maximum torque is provided. A 10 to 20-second impact period with the im-

pact wrench is sufficient to make a tight connection,

D. SPECIAL TOOLS

1. Impact Wrench

Electrically driven, reversible impact wrenches are used to make and

break the remote connectors and to rotate the remote hold-down nuts on

tanks, columns, and other equipment. The wrenches are suspended from auxi-

liary hoists which are integral with the canyon and silo cranes. 
A sketch

of an impact wrench is shown in Figure X7III-3. The wrench may be operated

either horizontally or vertically by changing the point of suspension.

The wrench is lowered to the floor and the suspension device slid along

the handle to change position. A positioning device prevents the wrench

from turning during operation by enga-img with a connector latch or special

stops provided for the purpose.

The wrench is driven through a train of gears by a reversible 3/4-

horse-power, 3450-r.P.m., 440-volt, 3--phase electric motor. The motor

speed is reduced by a planet-gear assembly, which turns the planet-gear
frame against the cam bells. Cam surfaces of the hammer are held against

the cam balls by the hammer spring. If no resistance to torque is en-

countered, the hammer lugs remain engaged with the anvil lugs, 
thus turn-

ing the socket or wrench. When the torque necessary to turn the socket

exceeds 4-00 to 500 ft. lb., the resistance is transmitted through the

anvil to the hammer, compressing the hammer spring by the action 
of the

cam surfaces and the cam balls. This action disengages the hammer lugs

from the anvil lugs and allows the hammer to be rotated and driven for-

ward by the hammer spring. The hammer lugs deliver a sharp blow to the

anvil lugs. The force of the blow is transmitted through the anvil and

socket to the nut. This hammering action is repeated at a rate of about

900 impacts/min. as long as resistance sufficient to compress 
the hammer

spring Is encountered. To loosen a nut, the motor rotation is reversed,

and the action is repeated in the opposite direction. Loose nuts, when

removed from studs holding equipment in place, are retained in the 
socket

by a snap ring until they can be placed on dummy studs 
for future use.

2. Grabbor(5)

The grabber is a clam-shell bucket device for handling 
small pieces

of equipment that cannot be picked up with the crane hook.
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The tool is powered by a reversible fractional-horsepower electric

motor that rotates a threaded shaft, which in turn opens or closes the
bucket jaws. The lips of the jaws are used to grasp loose nuts and other
small items. Pipe may be gripped in horizontal-pipe jaws, which are
semi-circular notches cut in the sides of the bucket jaws. A single pair
of semi-circular jaws are attached to one side of the bucket for handling
vertical pipe.

E. REMOVAL OF EQUIPMENT FOR MAINTENANCE

Tanks, piping, or other equipment may be removed from the canyon or
silo for repair, replacement, or revision by means of the remote handling
equipment previously described in this chapter. When possible the equip-
ment is partially decontaminated by flushing with decontaminating solu-
tions (Sea Chapter XXIII) prior to removal. Grossly contaminated items
which are to be removed are usually placed in wooden boxes partially
filled with sawdust, to absorb and contain leakage. The box is placed
on a fletcar and removed via the railway tunnel to the burial grounds.

Equipment which is to be repaired or revised is moved by crane to the
remote maintenance shop at the east end of the canyon. Equipment is lower-
ed into the "hot" shop from the canyon through a 12 ft. 9 in. by 27-ft.
opening in the canyon deck. This opening is covered with concrete cell
cover blocks 4-ft. thick. No other entry to the "hot" shop is provided
except through the regulated shop and decontamination room. The remote
maintenance shop consists of three sections, (1) a "hot" shop (40 ft.6 in. x 15 ft. with a height of 26 ft. 3 in.), (2) a decontamination room
(40 ft. 6 in. x 24 ft. with a height of 19 ft. 9 in.), and (3) a regulat-
ed shop (65 ft. 6 in. x 12 ft. 8 in. with a height of 19 ft. 9 in.). A
1-ton capacity, manually operated monorail crane connects the three sections
of the shop. A portion of the "hot" shop is provided with a 12 by 16-foot
stainless steel floor equipped with a "hot" drain where contaminated equip-ment may be flushed and rinsed with decontaminants. Semi-remote or diret
maintenance (depending on the degree of contamination) may be performed
in this portion of the shop which is equipped with a 1-ton capacity manu-
ally operated jib crane. The decontamination room contains two hooded
sinks equipped with water, steam, and acid service for additional decon-
tamination of equipment. In the regulated shop, maintenance can be per-formed under controlled conditions.

Decontamination of equipment that has been in contact with steams ofhigh activity levels (feed and first-cycle waste streams) has generally
been impractical, and in most cases has not been attempted.

Direct maintenance, without removal of equipment from the cells, ispossible if the radiation and contamination levels in the cell are withintolerances specified by the Health Instrument Division (See Chapter XXIfor a discussion of these tolerances).

Special equipment, shown schematically on Figure XVIII-4,(7) has beenprovided for romoving contaminated colunns from the silo. After prelimi-nary flushing of the column to be removed and removal of process lines,the column is lowered by crane into the bottom half of a mild steel casing,or cask, mounted on the silo wall. The upper half "the cask is then
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lowered over the top of the column, and the two cask sections joined re-

motely by a liquid-tight flange. The cask containing the column is then

lowered to a horizontal position and supported on a dolly consisting of

two four-whoelod trucks separated by an R-framo. The dolly and encased

column may be withdrawn from the building through the column-carrier out-

let on a narrow-gage railway provided for the purpose, The column may

be transported by motor crane to the burial grounds for disposal. New

columns are brought into the silo ,and removed from protective casks by a

similar procedure. Supporting fins are ctployed to position and protect

the colun within- the cask.
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Figure =IL-I
THREE JAW PIPE CONNECTOR, HORIZONTAL MOUNTING

FROM CRANE CO. DWG. NO. H-20260)

ACTUATING SCREW
LATCH YOKE
SCREW POSITIONING COLLAR
LATCH GUIDE
LATCH
CONNECTOR BLOCK
TEFLON GASKET

8. GASKET RETAINER RING

9. POSITIONING JAW
I10. PIPE NIPPLE
I . STELLITE NO. 6 MATING FACE
12. CONNECTOR FLANGE
13. KICK PLATE
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Figure I1I2
ELECTRICAL CONNECTOR

(FROM FYLE NATIONAL GO - DWG. NO- 2 216O-J)

1. ACTIVATING SCREW 7. CONNECTOR HOUSING
2. YOKE 8. CONTACT INSULATOR
3. GUIDE PIN 9. CONTACT SPRING
4. LATCH .10. CONTACTS (SEVEN PAIRS)5. SCREW POSITIONING COLLAR 11. CONNECTOR BASE
6. LATCH GUIDES 12, LABYRINTH
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CHAPTER XIX. INSTRUMNTATION

A. INTBEDUCTION

1. General

Industrial instruments fall into two general classes: (a) those
which measure and (b) those which measure and control. A measuring instru-
ment may be used by itself, or it may be combined with a control device to
form an automatic controller. Recording instruments are utilized as a
check on operations and, in the case of flow meters and gravimetric and
volumetric measuring devices, -are often used for determining energy and
material balances.

Continuous processing employed in the Redox Plant requires that auto-
matic instrumentation assume a majority of the control functions over the
maintenance and adjustment of flow rates, specific gravities, liquid levels,
atd temperatures for numerous streams and tanks. In addition to the con-
trol functions by automatic instrumentation, there are many operations ex-
ecuted by operating personnel in one section of the plant which will have
an effect upon plant performance in other process steps upstream and down-
stream from the point at which the operation was carried out. The control
fuvctions performed by automatic instrumentation, as well as those per-
'formed by operating personnel, must be detected by indicating or recording
instruments. This record supplied by instrumentation is, in many instances,
the only information the operator has available for ascertaining the satis-
factory operation of automatic controllers and is used to assist him in the
performance of the necessary operations; In addition to the indicating,
recording, or controlling instrument functions required by process considera-
tions, instruments are required for numerous non-process applications, such
at the determination of radioactivity and abnormal mechanical conditions.

2. Scope of This Chapter

The location and types of instruments, including their auxiliary com-
ponents, as schematicAlly represented on the instrument flow diagrams, are
presented in Section B.

In Section C the arrangement of the receiving (indicating and record-
ing) elements of the instruments on the instrument panel boards is des-
cribed.

The balance of the chapter briefly describes each type of instrument
from a functional viewpoint. General principles, application, component
elements, complementary devices (e.g., alarms, valves, and interlocks),
range, and accuracy are discussed.

B. INSTRUMENT FLOW DIAGRAMS

The instrument flow diagrams show schematically, for each instrument,
(a) the location with respect to process functions and equipment, (b) the
variable.measured, and (c) the type of instrument, i.e., indicating, re-

-m DECLASSIFIED
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cording, or controlling. It also schematically shows the instrument pip-ing or wiring system and the auxiliary components associated with eachinstrument. The diagram is essentially a simplified engineering flow dia-gram emphasizing the instrument system and the primary process system. Itillustrates diagrammatically the relationship of the instruments to pro-cess control.

The diagram is divided among twenty-two separate sheets (Figures XIX-2 through XIX-23) designed to represent as nearly as possible all closelyrelated process functions on a single sheet. The location of the equip-ment on the sheets is intended to result in a generalized flow pattern:(a) non-radioactive streams flow from equipment located in the upper por-tion of the sheet to equipment on the same level or at a lower level; (b)radioactive streams are confined to the lower portion of the sheet, whichis schematically indicated to be a radioactive zone by the simulated wallsection extending horizontally across the sheet.

Panel boards and panel-board instruments are indicated by a bracket-ed band inserted on the left-hand margin of the sheet. The propertymeasured by each instrument, i.e., pressure, temperature, flow rate, etc.,is indicated by the legend (see Table XIX-1) adjacent to each instrument.Beneath the legend appears the scale division and the range of the instru-ment.

In general, heavy ruled lines on the sheets denote service lines foreither pneumatic or electrical operation of the instruments. Heavy linesare also used to denote the flow path of the primary process streams orcontinuously added reagent streams.

The remote connectors are indicated by blocks in which the linesterminate. Pipe and connector size is indicated on the lines. Some con-nectors service two or three lines, as indicated by the continuous rec-tangle embracing two or three individual blocks. Spare and unused con-nectors are indicated by open squares within the center of the block.Sampler connectors, which always employ three pipes, are denoted by ommis-sion of any separation between the inner blocks of the schematic connec-tors.

C. INSTRUMENT PAEIS

The receiving elements, either indicating or recording, for all in-struments whose sensitive elements are located within radioactive zones,as well as other instruments of primary process importance, are mountedon steel panel boards in the operating and sample galleries. The instru-ments are grouped according to process operations on thirteen individualpanel boards as shown in Figures XIX-24. 25, and 26. The process opera-tion corresponding to each panel, or group of panels, is as follows:

DECLNSMFED
ma
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Panel Process Step

A, B, and C Dissolving
D-1 end D-2 Waste Treatment

E-1 Third Uranium Cycle

3-2 Second and Third Plutonium Cycles

F First and Second Uranium Cycles

G Organic Recovery
H Metal Feed Storage and Feed

Pretreatment
Off-Gas Filters

K Solvent-Extrection Columns
L Plutonium Concentration

Three additional panel boards are provided exclusively for health monitoring

radiation instruments. They are: (a) "M", located in the dispatcher's

office, (b) "N", located in the SWP Lobby; and (c) "Q", located in the

crane cab. Speakers for the sound detection system and clocks are mounted

on top of all panel bocrds, except those devoted exclusively to health

monitoring functions. The uppermost zone of each panel board is devoted

primarily to pressure-indicating meters and 
alarm lights. Below these in-

struments are the C-clamp-type indicating purge-gas rotameters. 
The most

important recording instruments are located below the purge-gas rotameters,

approximately at eye level. The lover portion of the panel contains the

manual-control stations for remote-operoted, controlled-sequence 
valves

and the ammeters for electrical equipment, primarily 
pump and agitator

motors.

The legend accompanying each panel-board instrument 
is explained in

Table XIX-1. The "MK" number shown on the panel-board-mounted instruments

denote the number affixed to the instrument data sheet, a source of further

detailed information about the instrument.

D. RADIATION INSTRUbENTS

This chapter describes the radiation instruments 
which ore permanent-

ly installed in the Redox Processing Building. 
These instruments are used

to monitor radiation for purposes of personnel 
safety and process control.

Chapter XXI of this manual discusses the use and operation 
of portable

survey meters.

General principles: Beta and gnana emissions are detected by measure-

ment of the ionization produced by the passage of negatively charged

beta particles (electrons) or the secondary electrons from any electro-

magnetic (garao) radiation through a gns-filled chnamber containiing

oppositely charged electrodes. The current flow in the electrode system

permits a quantitative measurement of the radiation 
penetrating the

electrode chamber.

Application and purpose: Radiation instrunents are employed as a 
supple-

ment to process control and health protection. They serve as (a) an

approximate measurement of decontaminattion of the plutonium and/or uranium-

containing streams and (b) an indication of the level, or extent, of

DECLASSIFIED
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radiation within the zone "seen" by the instrument.

Sensitive element: The sensitive element of radiation instruments is an
ion chamber. This consists of a cylinder containing a gas, an electri-
cally insulated, center, collecting electrode, and a concentric high-
voltage electrode. Different types of chambers, as described below, are
used for process radiation measurement (primarily gamma detection) and
health monitoring applications. Both are manufactured by the General
Electric Company.

(a) The steel ion-chamber shell is a cylinder approximately 5 inches
in diameter and 27 inches long. The chambor is filled with argon at
atmospheric pressure. The chamber is primarily responsive to gamma emis-
sion, since the steel walls stop most of the beta emission.

(b) The fiber ion-chamber shell, also known as a Bealth Monitoring
Ion Chamber, is a fiber cylinder approximately 5 inches in diameter and
19 inches long. The chamber is filled with air at atmospheric pressure.
The instrument employs a minimum amount of metal in order to obtain a rer
sponse (similar to that of the human body) to beta and gamma radiation.

Transmitting element: The small current in the ion chamber flows through
shielded cables to a Bckman Amplifier located in the operating gallery.
The amplifier is a sensitive current-neasuring device which gives full-
scale deflection of an indicating needle with currents of one micro-
microampere- to 0.1 microampere, depending on the range selected. By the
proper choice of input resistance and developed voltage, any one of six
ranges may be used. Voltages up to 0.1, 1.0, or 10 mpy bg impressed a-
cross either of two range resistors, rated at 1011 and 100 ohms. A volt-
age drop of 0 to 50 mv., caused by flow of the amplified current through
a separate fixed resistor, is the variable measured and recorded by the
receiving element.

Receiving element: The voltage drop (0 to 50 mv.) across the fixed re-
sistor is recorded by a multiple-point strip-chart recorder (Brown
Instrument Company). The recorder is synchronized with the action of a
multiple-point switch to record the radiation intensity of several ion
chambers separately or, by selection of the multiple-point switch, any
one point continuously.

Alarm element: None.

Range: The radiation instrument can detect from 0.Q3 mr./hr. to 300
r./hr.

Accuracy: The accuracy of the steel ion-chamber instrument, in terms of
the measured dose rate, varies with the energy of the incident radiation.
If the instrument is calibrated with a 1.0 M.e.v. gamma source, the
meter readings (r./hr.) for 0.25 and 3.0 M.e.v. game will be approxi-
nately 145 and 120 per cent respectively, of the true values.

AWN4.. DECLASSIFIEDgo
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E. VISUAL AND AUDIBLE AIDS DECLASSIFIED
1. Visual Aids

Two monocular-type periscopes are installed in the crane cab and ext
tended along the crane beam to assist the crane operator in manipulation
of equipment within the canyon. For either periscope, magnifying power
and a corresponding vision angle may be selected from the following three
combinations: (a) 3/4 power, 680 vision angle; (b) 2-1/2 power, 250 vision
angle, (c) 5 power, 12-1/20 vision angle. The 6-inch diameter, magnesium
fluoride-coated objective lens can be translated across the canyon on a
rack and pinion drive powered with a 1/4-horsepower electric motor, and
rotated about its path of translation by means of a gear system powered
with a 1/4-horsepower electric motor. The silo crane operation may be
viewed, directly, through 4-1/8 inch thick viewing windows, fabricated
from laminated lead glass.

2. Audible Aids

Microphones are employed to transmit sound from operating equipment
within the canyon cells through an amplifier and speaker system to the
operating gallery. The function of the instrument is entitely qualitative,
and experience and practice are required to differentiate abnormal sounds
from changes in sound frequency or volume resulting from a normal opera-
tion, such as the operation of a jet. The microphone is generally placed
on an extended element such as a pipe line. The microphone and speaker

system are responsive to sound over the frequency range of 40 to 9000
cycles/second. A single 8-inch permanent-magnetic-type speaker and 15-
watt amplifier, together with a multipoint (two to five-point) selector
switch and volume control, enables one receiving station (speaker) on
each panel board to serve a number of detectors.

F. FLOW MEASURFMST AND CONTROL

1. Radioactive Process Streams -- Rotamoter System

The flow rate of nine canyon process streemq, or radioactive streams
commonly referred to as "hot"stroams, must be accurately and continuously
measured and controlled in order to secure optimum process performance, as
explained in Chapter V. The flow-rate measurement and control of these

streams is designed around a rotameter-type instrument.

General principle: Rotameters utilize a constant differential head,
coupled with a variabl-area annultr restriction, to measure the flow
rate of a fluid. This is eccomplished by passing the stream being measur-
ed upwards through a vertical, truncated conical tube with the maximum
diameter at the top. A rotor, in the form of a modified cylinder, with-

in the tube adjusts its vertical position as required by the flow rate to

increase the annular area between the tube and the maximum diameter of the

rotor. The general flow equation relating the variables is Q = CAHl/2,
where Q a flow rate, C = orifice coefficient, A = area (variable), and
H . head difference across the annular restriction (constant).

DECLASSIFIED m
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Application end purpose: Special design, all-stainless-steel rotcmeters
are employed to measure the rates of radioactive streams within the Re-
dox Plant canyon area. By means of appropricte auxiliaries, the measured
flow rate is recorded and controlled to the desired value. The flow rate
is obtained by inferential methods: i.e., the variable measured through
indirect means is the area of the annular constriction, which is directly
related to the flow rate. The reliability of the measurement is adequate
for process control under the conditions for which the instrument was de-
signed and calibrated. Irregular situations, such as change in the
density or viscosity of the measured stream or foreign material in the
stream, can result in erroneous measurements. These conditions can be
corrected by recalibration or flushing. The operation and component ele-
ments of the rotameter flow control are illustrated diagrammatically in
Figure XIX-27 and schematically in Figure XIX-28.

Sensitive element: The sensitive element, a special all-stainless-steel
rotameter fabricated by the Fischer and Porter Co., consists of three
major components. Two of the components, the tapered tube and the rotor,
constitute a flow-rnte responsive system. The tapered-tube section,
integral with the rotameter body, is equipped with rotor stops at the
upper and lower ends which restrict the rotor movement to a 50-mm. work-
ing length. The upper section of the rotameter body is enlarged to pro-
vide increased clearance between the rotor and the rotameter body. This
permits the passage of foreign materials, too large to pass through the
annular space betwon the tapered section of the rotameter body and the
rotor, by flushing at high flow rates. The lower stop prohibits the rotor
from seating against the tapered tube. The resulting small annular re-
striction permits reversed flow and draining of the rotameter and pipiig
systems.

The rotor, in the approximate shape of two cones joined base to base,
is designed to prevent the accumulation of solids on the upper face or
gas on the lower f±cc. An extension rod containing a soft iron core is
suspended from the lower face. The rotor and extension rod move in a
vertical path within the tapered tube, which is flared to a maximum dia-
meter at the top. Thus, as the flow rate increases, the rotor moves high-
er in the tapered section in order to increase the area of the annular
restriction. The vertical position of the rotor, within the working range
of the tapered tube, is directly proportional to the flow rate. The third
component of the rotameter, a pair of stainless-steel-clad inductance
coils positioned concentriccily within the stainless steel coil housing,
permits the position of the rotor to be detected and registered on the
remotely located recorder. Movement of the soft iron armature on the
rotor extension rod into the field of one coil and out of the field of
the other coil causes a relative change in the inductance of the two coils.
The inductance change is detected by the receiving elements.

Transmitting elmennt The inclusion of the two inductance coils as v part
of the null-type, recording and indicating bridge circuit eliminates the
need for a separate transmitting element.

Recording and controlling element: The receiving element, a Foxboro
Dynnlog Recorder manufactured by the Foxboro Instrument Co., employs a

em-0
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null-type, high-frequency (1000 cycles/second), electrical-bridge circuit

to determine the position of the rotor in the rotameter tube by means Of

the soft iron armature attached to the rotor extension. A change in the

position of the armature produces a change in the reactance of both coils.

Each coil constitutes one leg of a bridge circuit. The other two legs of

the bridge are a fixed and a variable capacitance. The unbalance result-

ing from a change in the two reactance components causes a small current

to flow between the bridge terminals representing the junction points of

the reactance and capacitance components. The direction of this current

is detected and its magnitude measured by an unbalance voltage amplifier

and balance control tube. The output voltage of the balance control tube

is fed through a power amplifier to a solenoid motor, which acts to restare

the circuit to equilibrium by movement of the plates in a vari&ble capacitor.

The movement simultaneously positions the recorder pen, which indicates and

records the flow rate.

(a) A manually positioned set pointer is generally employed for

setting the desired flow rate. Any deviation of the flow rate, as in-

dicated by movement of the recorder pen away from the set pointer, causes

the pneumatic pressure in the control system to increase or decrease 
as a

function of the direction of the pen movement and in proportion to the a-

mount of deviation of the pen away from the set pointer. The changes in

pneumatic pressure position the process control valve to bring 
the flow

rate to the proper value as indicated by the set pointer.

The rate of change in adjustment of the pneumatic output pressure

can be controlled by auxiliary control elements, proportional band and re-

set rate. The setting of these devices is empirical and requires the

services of the Instrument Division.

(b) Automatically positioned set pointers are provided for setting

flow rates on three instruments (TFC-E-l, FEC-F-1, and Fc-F-4). Posi-

tioning of the set pointer is accomplished by means of a pneumatic, re-

motely controlled mechanism (Pneumaticset), which operates in conjunction

with a weight factor rccorder-controller. The rate of flow from a tank,

is adjusted to maintain the liquid level in that tank within prescribed

limits.

The response of the flow controller can be varied from 
extreme

sensitivity, i.e., a slight change in liquid level will cause an 
immediate

change in flow rate, to zero sensitivity, which results in cancelling 
out

any adjusting action of the weight factor recorder-controller 
on the flow-

rate controller.

Controlled element: The desired flow rate is obtained by varying the

position of the valve stem of r pneumatically operated, 
diaphragm throttl-

ing valve made by the Hrmmel-Dahl Co. The wetted portions of this valve

are fabricated from stainless steel. The valve stem is sealed against

leakage by a flexible, tvo-;ly, stainless steel bellows. All valves are

of the conical plug type, with a maximum stem travel of 0.5 inch, except

those controlling the 2BP and 3BP streams. The latter two valves, be-

cause of the low flow rates involved, use spline plugs, with a 1.0-inch

stem travel. The superstructure of the valves is black iron painted with
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Amercoat No. 23. The spring action opposing the pneumatic pressure,
applied through a diaphragm assembly, functions to close the valve. The
working range of flow rates through the valves for a fixed pressure drop
varies from 1 t6 50, with movement of the valve plug from minimum to
maximum opening.

Alarm: No alarm circuits are actuated by "hot" flow controllers.

Range: The flow ranges of rotameter flow-control systems vary from abbut
to 15:1, as indicated in the table below. The exact, actual range of

each instrument is determined by individual calibration which is done as
part of the process calibration and is reported on the instrument data.
sheet. The nominal renges of the instruments are tabulated below:

Nominal Range for "Hot" Rotameters

Approximate Approximate Approximate
Operational Flow Rate, Specific Viscosity,

Marking Stream Gel./Min. Gravity Centipoises

FRC-F-7 IAF 0.175 - 1.40 1.68 4.3FPC-F-8 ISF 0.24 - 3.6 1.38 6.8
FRC-F-i 2DF 0.219 - 1.75 1.65 3.3FRC-F-4 3DF 0.219 - 1.75 1.64 4.0
FRC-E-6 IBP to Crdss- 2 - 20~ 1.21 3.7

Over Oxidizer
FRC-E-5 2AF 0.099 - 0.788 1.22 3.4
FRC-E-1 3AF 0.094 - 0.753 1.21 2.7
FRC-D-13 Feed to Waste 1.5 - 15 1.17 2.2

Concentrator
FR-D5-1 Condensate Header 2 - 20 1.0 1.0o

to Coniensate
Strippor Reboiler

Accuracy: The delivered flow rate will be withint 2.0 per cent of the
flow rate indicated by the recording pen, provided the flowing stream has
the same density and viscosity as the calibrating solution or appropriate
correction factors for differences in density and viscosity between the
calibrating solution and process solution have been applied to the re-
corded value. Deviations in density and/or viscosity will require re-
calibration or the application of correction factors to the indicated flow
rate,

2. Non-Radioactive Process Streams

Flow control of "cold" streams is obtainel with three fundamental typesof flow-control syste:s. Rotameters are employed for process chemical
streams; orifice meters are employed for service streams, such as water
and steam; and metering pumps are employed for the addition of reagent
chemical solutions. A fourth type, the nitric acid proportioning system
is essentially a combination of rotameter and metering-pump systems.

neumft DECLASSIFIED MMM
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2.1 Rotemeter system DECLASSIFIED
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General principles: The principles of "cold" rotemeter operation are identi-
cal with "hot' rotemeter principles discussed in Subsection 1, abovet

Application end purpose:. Standard design, glass-tube rotameters ate used

to measure the flow rate ofq "cold' process chemical streams. These instru-

ments are identical in all respects to the "hot" rotameters with the ex-

ception of the position of the inductance coil*, which are above the taper-
Pd tube, and the use of glass tubes, which permit visual checks of the

rotor position and qualitative observations of the flowing stream. The

diagrammatic and schematic illustrations given In Figure XIX-27 end Xfl-28,
although specific for "hot" rotameters, are applicable to the "cold" aystem
with the exception of minor constructional features.

The flow rate is determined indirectly by the position of the rotor in

the tapered, glass metering tube. An extension tube is rigidly attached to

the upper face of the rotor. The upper end of the rotor extension contains

a soft iron core. Movement of the iron core within the field of two induct-

ance coils attached to the top of the rotameter body changes the relative

inductance and permits the receiver to remotely register the per cent of

full-scale travel of the rotor, which is proportional to the flow rate.

Sensitive element: The sensitive element is a standard, transmitting-type,

glass-tube rotemeter manufactured by tho Fischer and Porter Co. All

metallic elements which are wetted by process solution are fabricated from

stainless steels of the Type 300 series. The flow rate is determined by

the position of the rotor, which is detected by the effect of an iron

armature within a stainless steel extension rod on the reactance values of

the two coils mounted above the top of the glass tube assembly. The loca-

tion of the coils above the rotameter permits the flow to enter at the

bottom of the rotameter frame and leave through a port in the top of the

frame. No flow occurs in the core space of the coils.

Transmitting element: The inclusion of the two inductance coils as a pert

of the null-type, recording and indicating bridge circuit eliminates the

need of a separate transmitting element.

Receivingend controlling element: The "cold" rotameters employ a Foxboro

Dynalog Recordet identical with the units described for the "hot" rota'

meters in the preceding hubeection (1) of this chapter.

Controlled element: The controlled element is a dirphregm-motor, air-

operated Hmmel-Dhl valve which has been described in the preceding Sub-
section of this chapter.

Alarm: None.

Range: The nominal range of each instrument is summarized in the 
follow-

ing table. The actual range of each instrument is determined by process

calibration of each individual instrument, which is recorded on the instru-

ment date sheet.

DECLASSIFIED _ .
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Nominal~ Rag or "C old" Rotanrt ers-

Operational
Marking

FRC-2A
FRC-1B
FRC-IS
FRC-2D
FRC-3D
FRC-2A
FRC-3A
ThC-801-S
FRC-801-A
flC-801-B
FrC-801-C
FRC-802-D
FRC-803-D
FEC-802-E
F-RC-803-E
FEC-802-B
FRC-803-B
FRC-802-A
FRC-803-A
FRC-El & 2-A
FRC-801-0
FRC-G3-B

FRC-E6 & 7-B

Stream

IAX

ISX
2DX
3DX
2AX
3AX
ISS
IAS
IBX
ICX
2DS
3DS
2EMC
3EX
2BX
3BX
2AS
3AS

2BP Butt
10S

5% NaGH to Or-
ganic Distil-
lation Column

IBP Butt

Approx.
Flow Rate,
Gal. /Min.

0.7
0.471
0.25
0.876
0.876
0.188
0.164
0.1
0.175
0.094
0.471
0.219
0,219
0.439
0.439
0.037
0.037
0.094
0.094
0. Q5
0.19
0.03

Approx.
Sp. Gr.

5.6
3.76
2.5
7.0
7.0
1.51
1.31
0.8
1,4o
0.753
3.76
1.75
1.75
3.50
3.50
0.298
0.298
0.753
0.753
0.3
1-35
0.3

0.05 - 0.3

0.81
0.80
0.81
0.81
0.81
0.82
0.82
1.21
1.29
1.22
1.00
1.30
1.30
1.00
1,00
1.00
1.00
1.22
1.21
1.34
1.02
1,09

1.34

Approx.
Viscosity,
Centipoises

0.6
0.6
0.68
0.6
0.6
0.68
0.68
2.7
4.6
3,6
0.9
4.6
4.6
0.9
0.9
0.9
0.9
2.8
2.8

7.7 or 1.8
1.0
1.2

7.7 or 1.8

Accuracy: The delivered flow rate will be within ± 2.0 per cent of the
flow rate indicated by the recording pen, provided the flowing stream has
the same density and viscosity as the calibrating solution or appropriatecorrection factors for differences in density and viscosity between thecalibrating solution and process solution have been applied to the re-corded value.

2.2 Orifice-meter system

General principle: Orifice meters operate on the principle of a constant-area flow restriction with variable differential head. The restrictionresults in an increase in velocity of the flowing stream and a consequentdecrease in the hydrostatic head. The relationship of flow rate and headis expressed in general form by the following equation: Q = CARl/ 2 ,where Q - flow rate, C = orifice coefficient, A = area (constant), andH m head difference across the restriction (variable). The difference inhydrostatic head created by the orifice is impressed upon a pneumatic re-lay system which transmits an output air pressure to a receiving instru-ment. The receiving instrument records the amplified difference in bydro-
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static head. By the above relationships, the reading may be converted to

flow rate.

Application and purpose: The orifice-meter system is employed on steam

sad water streams only, since it has a low rangeability (approximately 1

to 3) and is not drainable or flushable. In this type of service, change

in the capacity can be quickly achieved by changing orifice plates. The

pneumatic system requires a clean air supply. In time, oil and foreign

matter accumulate in the air passages and nozzles and erroneous readings

will result. Since the meters are located in an operating area, these

troubles can be quickly remedied or prevented by periodic maintenance.

Figure XIX-29 illustrates diagrammatically the elements of the orifice

flow measurement and control system, and Figure XIf-30 illustrates sche-

matically the components of each element of the system.

Sensitive element: The sensitive element consists of the orifice-plate
restriction and the-pressure taps. The pressure taps are located within

the flanges which retain the orifice plate. The high-pressure tap is up-

stream from the orifice plate and the low-pressure tap, downstream.

Transmitting element: The pressure taps of the orifice plate are con-

nected by a Foxboro -D/P Coll (differential pressure) transmitter. All

parts of the cell in contact with solution, including the force-measuring

diaphragm, are constructed of stainless steel. A pneumatic transmitter,

integral with the diaphragm assembly, converts the pressure differential,
which is in the range of 0 to 100 inches of water pressure, to a proper-
tional air output of 3 to 15 lb,/sq.in. The output pressure from the

D/P Cell actuates a recorder pen to give an indication of the flow rate.

Receiving end controlling element:

(a) Flow indicator. The output air pressure from the Foxboro f/P

Cell is received by a Bourdon-tube pressure gage (range, 3 to 15 lb./sq.
in.ga.), the dial of which is graduated 0 to 100 on a square-root scale.

The dial reading is converted to a flow-rate reading by means of a cali-

bration curve.

(b) Flow recorder. The output air pressure of the D/P Cell is re-

ceived by a pressure-responsive bellows element which converts the pres-

sure to a pen movement. The pen records on a square-root chart graduated

from 0 to 100 and calibrated in flow units of gal./min.

(c) Flow recorder-controller -- manually positioned set pointer.

The flow rate of the measured stream is controlled by a pneumatic regula-
tor which transmits an output air pressure to a diaphragm valve. The

valve throttles the flow to bring the measured flow rate, as indicated by
the recorder pen, into coincidence with the manually positioned controller

set pointer. This is accomplished by a system of linkages which increase

or decrease the output air pressure in proportion to the direction and

deviation of the pen from the set pointer.

(d) Flow recrder-control er -- automatically positioned set pointer.

In order to secure the nisum benefit of automatic control, it is desir-

able in certain applications to make the controller set pointer responsive...a DECLASSIFIED -
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to variations in a primary process variable. This is applied to specific
gravity control in concentrators and vapor temperature in the Hexone Dis-
tillation Column. The deviation of the measured variable, i.e., specific
gravity or temperature, from the value indicated by the set pointer causes
an adjustment in the stream flow rate tending to correct the deviation.
This is accomplished by an indirect action whereby the air output from
the controller on the specific gravity or temperature-controlling instru-
ment is transmitted to a pneumatic device (Pneumaticset) which repositions
the set pointer in the flow controller and, consequently, adjusts the
stream flow rate as required by the primary variable, viz., specific
gravity or temperature.

Controlled element: The output air pressure from manual and automatic in-
dex positioning controllers is transmitted to a pneumatically operated
throttling-type control valve. The flow rate is thereby ddjusted to the
value indicated by the set pointer.

Alarm: None.

Range: The nominal working range of an orifice-meter system(with an
accuracy of ± 3% or better) is from 57.5 to 100 per cent of the maximum
flow rate. Inasmuch as the throttling valves have a rangeability of
approximately 1 to 50, the range of the system is restricted by the
orifice plate. By replacement of the orifice plate the range can be
readily changed. The nominal range of each orifice-meter system is shown
on the instrument flow diagram. The exact range of each instrument is de-
termined by calibration and recorded on the instrument data sheet.

Accuracy: The accuracy of the controlled flow rate is a function of the
per cent of maximum flow rate. At 100 per cent of maximum flow rate the
flow is controlled to ± 1 per cent of the desired value. At 70 per cent
of maximum flow rate the system will deliver a flow rate ± 2 per cent of
the desired flow rate;at 57.5 per cent, * 3 per cent; and at 33 per cent,
± 9 per cent of the desired flow rate.

2.3 Metering-pump system

General principle: Metering pumps utilize a positive displacement system
with adjustable stroke and frequency for the continuous, controlled addi-tion of reagent chemical solutions.

Purpose and application: Metering pumps are employed for the continuousaddition of 25 per cent sodium hydroxide solution to the ICU and 2EU Con-centrators (E-F2-1, E-F5-1) as a means of controlling the acidity of the
2DF and 3DF streams.

Sensitive element: None. The system is manually controlled from an inter-
pretation of the chemical assays of 2DF and 3DF solutions and the observedflow rates of these streams.

Transmitting element: A manually operated pneumatic system located on thepanel board transmits an adjustable and variable pressure (0 to 15 lb./sq.in.ga.) to a pneumatically operated positioner on the pump drive system.

"" DECLASSIFIED m



1914 'S

Receiving end/or controlling element: The pneumatic pressure from the panel-

board-mounted control station is rcoeived by a Conoflow pneumatic piston

motor which, in turn, positions the speed-regulating lever of a variable-

speed transmission.

Controlled element: The controlled element consists of three primary com-

ponents: (a) a Graham variable-output-speed trcnsmission powered by a con-

stant-speed (1725 rcv./min.) electric motor; (b) c Proportioneers, Inc.,

Treet-O-Controller; and (c) a pneumatically powered, single-acting, plung-

er pump. The Treet-0-Controller converts voriable-speed rotary motion from

the Graham transmission to voricble-frcquncy reciprocating motion that

actuates a slide, or "D", valve in the air supply line to the plunger pump.

The stroke length, or displacement per stroke, con be manually adjusted at

the pump by inserting or withdrawing the pneumatic-piston stop. The direct-

connected stainless steel plunger operates in a Grephitar cylinder liner

within the stainless steel reagent head. The plunger is sealed against

leakage by a series of Teflon rings within an outside packing gland. In

normal operation, adjustment of the addition rate is obtained by frequency

control. Stroke adjustment is reserved for compensating for gross changes

in flow rate or flowsheet conditions.

Alarm: None.

Range: The discharge rote can be varied from 0 per cent to 250 per cent of

the normal flow rote shown on the engineer's flow sketches (see Chapter VI,

Section A).

Accuracy: The volumetric delivery will be k 2.0 per cent of the calibrat-

cd delivery rate at all operating rates.

2.4 Nitric acid proportioning system ,

Provision has been made for the continuous make-up of seven streams

of acidified (nitric acid) hexono required as scrub or extractonts for 
the

solvent-extraction column battery. This eliminates the storage of acidi-

fied hexone, on undesirable practice, and reduces the tankage volume 
in

the silo which would have been required for batch make-up of these streams.

General principle: The syste for the continuous blending of nitric acid

and hxone is dependent upon two control actions: (a) flow-rate control

of the larger-volume stream (water-saturated hexono) and (b) addition 
of

a second stream (nitric acid) at o rate proportioncl to the flow rate 
of

the larger stream. By means of this system, the acidity and flow rate of

the blended stream may be adjusted over c wide range of values.

Application and purpose: Nitric acid proportioning systems are required

for seven solvent-extraction columns employing acidified hexone as 
a scrub

or extractent strean (ISX, IAX, IBS, 2DX, 3DX, 2AX, 3AX). The systems

supply acidified hexone ranging in nitric acid composition from 0.01 
to

0.50 molar, with the sane rangeability in flow rate as the other influent

streams to the solvent-extraction battery.

The flow rote of the non-acidified hexone stream is the only variable
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measured. The composition of the acidified hexone is regulated by a com-
bined automatic and manual adjustment. The former, or automatic, action
serves to maintain a fixed ratio between the flow rate of the hexone and
the acid streams, irrespective of fluctuation in the hexone flow rate.
The latter, or manual, action permits adjustment of the ratio which is
directly proportional to the acid molarity of the acidified effluent
stream.

The system produces a reagent stream at the desired flow rate, within
the limitations of the rotameter system. The acidity of the flowing,
blended stream will be maintained within the desired range if the nitric
acid reagent is of constant composition. A change in the molarity of tke
added nitric acid will cause a deviation in the reagent stream which is
directly proportional to the change in molarity of the concentrated acid.

A diagrammatic illustration of the elements of the system and their
relationship is shown in Figure XIX-31, and a schematic explanation show-
ing the components of each element is presented in Figure XIX-32.

Sensitive element: Although two systems (flow-rate control and propor-
tional-rate control) are combined to accomplish the control objective,
they are both flow-rate dependent. The sensing element is a rotameter-
transmitter which is identical in operation and construction to the "cold"
rotameter described under 2.2, above.

Transmitting element: None, as previously explained in conjunction with
"cold" rotameters, under 2.2., above.

Receiving and controlling element: The receiving element, a Foxboro
Dynalog Recorder, is identical with the unit employed for "hot" and "cold'
streams previously described in Subsectiet Fl.

Two controlling elements, both located in the same instrument case,
are employed. One controlling element sends an air signal to a diaphragm
control valve in the non-acidified hexone line. This control system is
identical to that discussed previously under the controlling rotameter
system (Subsection Fl). The other controller element transmits a pro-
portional air signal of 3 to 15 lb./sq.in., depending on the flow rate of
the hexone stream, to a metering-pump system.

(a) Control valve. The flow of the entering non-acidified hexone
stream is throttled by action of a Hammel-Dahl, diaphragm-motor valve
described in more detail in Subsection Fl.

(b) Nitric acid injection system. The varying-output air pressure
from the controller causes the following sequence of events to occur: (1)the air pressure enters a Conoflow piston motor; (2) movement of the
piston motor positions the speed-regulating lover of a stepless, variable-
output Graham speed reducer (0 to 30 rev./min.); (3) the variable-speed,
rotary motion is converted to reciprocating motion by a Proportioneers,
Inc., Treet-O-Control unit, which also embodies a sliding-type air valve;
(4) the sliding, air-pilot valve controls the cycle of a Proportioneerp
air-operated piston pump which is directly connected to the plunger of
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the nitric acid metering pump. The chninge in the volume ratio of acid to

hexone is accomplished by manually lengthening or shortening the stroke of
the pneumatic power piston and, necessarily, the stroke length of the
directly connected plunger delivering acid to the mizing point.

Alarm: Malfunctioning of the proportional addition system, exclusive of the
flow-rate control system, is detected by measurement of the temperature rise
in the hexone stream resulting from the exothermic reaction between hexonw
and nitric acid. The temperature difference between the entering hexone
stream and the acidified hexone stream for each unit is recorded on Tempera-
ture Recorder TR-2A, which has a range of 0 to 100 C. An alarm switch, TAS-
2A, actuated by a temperature difference in excess of the set value, ener-
gizes a light and bell system.

Range:

(a) Rotameter system. The controlled flow-rate range is nominally
1 to 8.

(b) Nitric acid proportioning system. The rate of nitric acid addi-
tion can be varied from 0 to 150 per cent of the established flowsheet rate.
The nominal flow range is shown on the instrument flow diagrams.

Accuracy: The accuracy of the delivered flow rate is within t 2.0 per cent

of the flow rate indicated by the recording pen. The accuracy of the com-

position, or acid concentration of the acidified hexone, is within * 2.0
per cent of the value calculated from the calibration curves for the meter-
ing-pump system.

G. PURGE-TYPE PRESSURE INSTRUMENTS

Purge-type, or dynamic-type, pressure-measuring instruments utilize a

flowing stream of either air or inert gas to counterbalance the pressure or

hydrostatic head of another fluid into which the purging gas flows through
open-ended tubes. This type of instrument is widely used for a variety of
applications which are basically dependent upon the measurement of total or

differences in hydrostatic pressure. The purge-type instruments are suited

to the Redox process because those elements of the instrument located in

the radioactive zones are extremely simple. The auxiliary equipment used
for transmission, indication, recording, and/or controlling of the primary
signal is located in accessible operating areas.

1. Weight Factor Instruments

General principle: The weight factor is determined by measuring the
difference in hydrostatic pressure between two points, one of which is in

the liquid being measured and the other, in the vapor space directly above
the liquid. The pressure at each point is counterbalanced with a gas-fill-

ed column flowing into the system. The difference in gas pressure is

measured with a manometer, or equivalent device. The measured hydrostatic
pressure of the liquid is directly proportional to the weight of the con-

tents of a tank with straight walls, as is apparent from the following
relationships:
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W = A A F,

where W weight of tank contents, lb.
A = cross-sectional area of tank at horizontal

section, sq.ft.;
A F =measured pressure difference, lb./sq.ft.

Application and purpose: Weight factor instruments are employed to de-termine the contents of tanks in terms of (a) the pounds of a specificcomponent, if the weight percentage composition is known, or () theliquid level, or total volume, if the specific gravity is known. Throughrelated control instruments (flow-rate controllers) or controlled elementsCuotor-cperotea vnlves),' weight factor instruments ore also employed as asensing element in the. regulation of liquid levels. In principle, thistype of instrument is limited only by the desired accuracy and the rangeof the receiving element plus the reliability end precision of the tankcalibration relating volume to liquid level. False reading can resultfrom (a) too high a purge-gas flow rate, which introduces line friction,t) leakage in the instrument lead lines, or (c) restrictions within theinstrument lead lines

A diagrammatic illustration of the components of the weight factorrecording and controlling system is shown in Figure XIX-33 and a schematicdescription of the elements of the component parts is given in FigureXIX-34.

Sensitive element:, Two stainless steel 1/2-inch i.p.s. dip tubes, sup-plied with a regulated flow of gas, constitute the sensitive element.

Transmitting eleent: The difference in pressure, or head, is transmittedthrough the gcs-filled lines connecting the dip tubes to the receivingclement. Gas is supplied to each line at a controlled rate of approxi-mately 0.5 Cu .ft ./hr. through a Fischer & Porter Co. C-clamp rotameterwith a range of 0.1 to 1.0 cu.ft./br.

Receiving and/or controlling clement:

(a) nictn.The lines from the dip tubes are joined directlyto a Trimount Instrument Cu. vertical well-type manometer. The high-pres-sure top connects to the manometer well and the low-pressure tap, to themanometer tube. The manometer is filled with Red Oil (supplied by Tri-mount Instrument Co.) which is available with specific gravities of 0.827,1.00, and 2.95. The height of the indicating fluid is measured by a scalegraduated in inches of water pressure and adjustable for zero position.

(b) fRecordi ig-zad cntrolling. The lines from the dip tubes areconnected to high and low-pressure connectio)ns of a Teylor Instrument Co.,oneroid, belw-yercrc which converts the measured pressuredifferential to . linear 0 to 100 scale reading, calibrated in inches ofwater.

The controller transmits an output pressure of 3 to 15 lb./sq.in.go.proportional to the position of the pen from the control set pointer andthe relative position of the recording on the chnrt. The output pressure
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is received by a Foxbcr' Theumtiesot in n Foxboro flow recording and con-

trolling instrument or transmitted directly to o diaphrgm-motor, air-

operated throttling valve; in either case, the resultant is an adjustment

of the stream flow rate.

Controlled element:

(a) Indirect. The weight factor cpntroller functions by repositicn-

ing the control set pointer of a flow recorder-controller 
through the action

of a Foxboro Pneumaticset. The flow recorder-controller maintains the tank

liquid level within predetermined limits by adjusting the 
flow rate from

the tank.

(b) Direct. The Organic Surge Tank, G-1, liquid level is directly

controlled by transmitting air pressure to a diaphragm-motor air-operated

throttling, valve which, in turn, adjusts the discharge flow rate. For a

description of the valve, see Section D of this chapter and Figure XIX-34.

Alarm: A high liquid-level alarm is installed on certain process vessels

and sumps. A pressure-actuated adjustable-range electric switch, made by

the Meltron Corp., is operated by the pressure differential across the high

and low-pressure weight factor dip tubes. The switch energizes a light and

horn, made by the Panalarm Co. The horn has a reset button, but the light

continues to indicate until the liquid level returns to normal.

Range: The instrument flow diagrams (Figures XIX-2 to XIX-23) show the

nominal range for all instruments. The actual range will be determined

by process calibration and the data recorded on the data sheet for each

specific instrument. The ranges of individual instruments vary from 0

to 20 inches of water pressure to 0 to 200 inches of'water pressure.

Accuracy:

(a) Weight factor indicator. The accuracy of the manometer is de-

termined by the smallest graduation on the scale, either 0.1 
or 0.2 inches

of water pressure, and by the position of the liquid level with respect

to the dip tube. As the interface approaches the end of the dip tube, the

accuracy approaches zero.

(b) Weighi factor recorder. The weight factor recorder is accurate

to t 1 per cent of full-scale chart reading. The absolute accuracy varies

directly with submergence end may be readily calculated for each individual

reading.

2. Specific Gravity Instruments

General rinciple Specific gravity of a fluid is determined indirectly

by measuring the difference in hydrostatic pressure 
between two points

in the fluid, with a known fixed difference in elevation. 
The pressure at

each point is counterbalanced with a column of gas flowing 
into the fluid.

The difference in pressure in the gas-filled lines is measured with a

manometer) or equivalent device, from which the specific gravity may be

read directly, as is shown in the following equality:
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P = A Lp,

or p =

where p = specific gravity (or density); P= measured pressuredifference; and "L = fixed distance between points. Since I L isa constant,

p = kAP.

The units chosen for the proportionality constant "k" will deter-mine whether the value is expressed in density or specific gravity units.The Redox Plant instruments will be calibrated in specific gravity units.

Application and purpose: The indication of specific gravity by indicatingand recording instruments is useful in providing an instantaneous partialindication of process performance and for certain applications it is use-ful as the measured variable employed for process control. For example,in the concentration of ICU and 2EU the specific gravity is measured andcompared to a desired value; deviations from the desired value result inadjustment of the evaporation rate by throttling the stream supply to theevaporator. It can be readily appreciated that the measured specificgravity will be at the system temperature and that relationships betweenspecific gravity and temperature must be known to reduce the measured valueto a standard reference temperature. The vessel must contain sufficientfluid to submerge both dip tubes or an erroneous reading will result.Operational difficulties, such as (a) too high a purge-gas flow rate, (b)leakage in the instrument lead lines, and (c) restrictions in the instru-ment lead lines, will result in false readings.

The components of a specific gravity measuring and controlling in-stallation are shown diagrammatically in Figure XIX-35 and schematically,showing the elements of each component, in Figure XIX-36.

Sensitive element: Two stainless steel 1/2-inch i.p.s. dip tubes with a10-inch difference in vertical height, supplied with a regulated flow ofgas, constitute the sensing element.

Transmitting element:

(a) Indicating instruments. The difference in pressure is transmitt-ed through the inert-gas-Filled lines connecting the dip tubes and re-ceiving element (indicating manometer). Inert gas is supplied to eachline at a controlled rate of approximately 0.5 cu.ft./hr. through a Fischerand Porter C-clamp rotameter with a range of 0.1 to 1.0 cu.ft./hr.

(b) Recording and controlli&Instruments. The lines from the diptubes terminate at a Republic Instrument Co. pneumatic differential pres-sure transmitter which transmits an output air pressure to the receiverproportional to the measured pressure difference. In order to increasethe useful range of the recording system, the actual pressure differenceis suppressed by a mechanical system within the Republic transmitter.Suppression results in canceling out the pressure difference when the dip
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tubes ore submerged in wcter; consequently, the transmitter is operable

only for systems with a specific grsvity between 1.0 and 2.0. The output

eir pressure from the Republic transmitter varies directly with the specific

gravity and permits a pressure-responsive element in the receiver to be ali-
broted in specific gravity units.

Receiving and controlling elements:

(a) Indicating instruments. A Trimount Instrument Co. vertical well-
type manometer filled with Red Oil (0.827 specific gravity) is employed for
indicating the specific gravity. For details, refer to Subsection Glof this
chapter.

(b) Recording instruments. The pressure from the Republic pneumatic
transmitter is received by a bellows-type recorder, range 3 to 15 lb./sq.in.,
made by (1) Brown Instrument Co. for all recorder-controllers and (2) Taylor
Instrument Co. for all non-controlling recorders.

(c) Recording and controlling instruments. The recorder is mechani-
cally coupled to a Brown pneuaotic controller. This results in regulation
of the specific gravity of the concentrate in the Urenium (ICU, 2EU, 3EU)
Concentrators and the Waste Concentrator by automatic adjustment of the
steam flow to the concentrator coils. Steam flow is adjusted with a pneu-
matic device (Pneumaticsect) within the steam flow controller, which auto-
matically positions the set pointer on that instrument. The Pneumaticset
is actuated by a pneumatic pressure from the specific gravity controller.

Controlled element: Control is obtained indirectly through a Pneunticset
receiver in the flow recorder-controller. The Pneunaticset repositions

the control set pointer of the flow recording and controlling instrument

to increase or decrease the flow rate in order that the specific gravity
recorder pen will agree with the specific gravity recorder-controller set

pointer.

Alarm: None.

Range:

(a) Indicating instruments. The range is from 0 to 1.7 specific

gravity units.

(b) Recording and controlling instruments. The range is from 1.00

to 2.00 specific gravity units.

Accuracy:

(a) Specifid gravity indicator. The accuracy of a manometer read-

ing is determined by the smallest graduation on the scale, which is 0.005
of a specific gravity unit.

(b) Specific gravity recorder. The specific gravity recorder is

accurate to ± 0.01 of a specific gravity unit.
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3. Interface Instruments.

General principle: The position of the interface between organic and
aqueous phases is determined by measuring the differential hydrostatic
pressure between two points with a known fixed difference in vertical
height. The hydrostatic pressure at each point is counterbalanced tby a
gas pressure within a dip tube. The pressure differential between the
dip tubes is detected by a manometer or equivalent device. The measured
pressure difference between two dip tubes with a known difference in verti-
cal height represents the summation of the product of the height of each
phase multiplied by its specific gravity. The depth of each phase between
two fixed points can be calculated and the location of the interface de-
termined if the specific gravity of each phase, the distance between two
vertically separated points, and the total difference in pressure are
known.

= + =1 p p (H-H )p + Haa = H (Pa-o ) + Hpo,
a P - Hp0

or Ha Pa PO

where &P - measured pressure difference; H0 . height of organic phase
between dip tubes; H. . height of aqueous phase between dip tubes;
H - Ho + Ha w distance between dip tubes (known); p 0 = density of organic
phase (known); p a - density of aqueous phase (known). Consequently, the
interface position for a system with known and constant phase density is
directly proportional to the measured pressure difference.

H = P Hp0K
0 a~0 1 -K

Application and purpose: Interface-detecting instruments are employed on
the solvent-extraction and solvent-treating columns to indicate the loca-
tion of the interface and to permit automatic regulation of the interface
position by adjustment of the flow rate of the effluent aqueous stream.
The instrument is dependent upon the reliability of the two specific gravity
measurements and, under normal circumstances, will indicate and control the
interface as required for uniform process operation. Certain operational
difficulties, such as (a) too high a purge-gas flow rate, (b) leakage in
the instrument lead lines, or (c) restrictions within the instrument lead
lines, will cause false readings.

A diagrammatic illustration of the components of the interface record-
ing and controlling system is shown in Figure XIX-37 and a schematic des-
cription of the elements of the component parts is given in Figure XIX-39.

Sensitive element: Three stainless steel 1/2-inch i.p.s. dip tubes are
submerged in the column disengaging section: the first, to a point about
4 inches above the column packing, the second, 25 inches above the first;
and the third, 25 inches above the second. The first and second dip tubes
are, respectively, the high and low-pressure lines of the interface re-
cording and controlling instrument, and the second and third dip tubes are,
respectively, the high and low-pressure lines of the interface-recording
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instrument. The flow of inert gas through the dip tubes completes the
dynamic sensing system.

Transmitting element: The difference in pressure is transmitted through
the inert-gas-filled lines connecting the dip tubes and receiving element.
Inert gas is supplied to each line, at a controlled rate of approximately
0.5 cu.ft./hr., through a Fischer end Porter Company C-clamp rotameter with
a flow range of 0.1 to 1.0 cu.ft./hr.

Receiving and/or controlling element: A Taylor Instrument Company, anerdid-
bellows recorder measures the differential pressure existing across the dip
tubes and converts the bellows deflection to a pen movement on a 0 to 100
linear-scale chart. A chart reading of 0 is equivalent to a differential
pressure of 20 inches of water and a reading of 100 is equivalent to a
differential pressure of 35 inches of voter.

The interface-position instruments combine two receiving and recording
elements and one controlling element within each instrument case. Normally,
the position of the interface is maintained between the lower and inter-
mediate dip tubes, and the intermediate and upper tubes are both immersed
in the organic phase. Therefore, the control element is coupled with the
pen recording the differential pressure between the lower and intermediate
dip tubes. An adjustment permits the other pen to be coupled to the
pneumatic controller. Normally, the pressure differential between the
upper pair of dip tubes is interpreted in terms of the specific gravity
of the organic phase.

The pneumatic controller maintains the desired interface position
by regulating the flow rote of the aqueous effluent stream from the
column. An output air pressure, which is transmitted from the controller,
operates a flow-throttling valve in the effluent stream. The air pressure
is proportional to the deviation of the pen from the set pointer and the
relative position of the pen on the chart.

Controlled element: The output air pressure from the controller is trans-
mitted to a Hammel-Dohl, diaphragm-motor, air-operated valve installed on
the aqueous effluent line from the colunn. The valve is normally closed
by spring action and is pneumatically opened, as required, to restore the
interface position to the desired point as indicated by coincidence of
the interface-recorder pen with the control set pointer.

Alarm: None.

Range: A differential pressure of 15 inches of voter produces full-scale
deflection of the instrument pen. The effective range of the instruments
is 20 to 35 inches of water pressure, which is the equivalent of a specific
gravity range of 0.8 to 1.4. This is Lcconplished by inserting a 20-inch
water head in series with the lov-pressure dip-tube line. Since the dip
tubes are spaced 25 inches apart, a single liquid phase of 0.8 specific
gravity between the tubes results in a pressure difference of zero (25 x
0.8-20 . 0); wherecs, a single phase of 1.40 specific gravity results in
a pressure differential equivalent to 15 inches of water pressure (25 x
1.40-20 , 15).
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Accuracy: The instrument is fundamentally responsive to changes in pres-
sure differential and can record and control to ± 0.15 inches of water
pressure, From this value and a knowledge of the densities of the aqueous
and -organic phases, the accuracy of the indicated interface position may
be estimated. It has been shown that

HP - Kz-
Ha K, 2

where Ha is the height of the aqueous phase (interface location) in inches,
A P is the pressure differential in inches of water, and KI and K2 are
constants. Also, the constant

K=a -O

where p and po arc the densities of the aqueous and organic phases,
respectively. Since APis accurate to ± 0.15 inches of water pressure,
the accuracy of the interface location (Ha) may be shown,by calculation
from the above relationships, to be equal to O.15/( Pa - PO ).
For example, if values of pa and po of 1.30 and 0.97, respectively,are
assumed, then Ho is accurate to± 0.45 inches. Thus, when the interface
is indicated to be midway between the dip tubes (He - 12.5 in.) deviation
of the actual location from this position may be ± 0.45 inches.

4. Differential Pressure Instruments -- Solvent-Extraction Columns

General principle: Differential pressure is a measure of the difference
in hydrostatic head at two points with a known fixed difference in verti-
cal height. The hydrostatic pressure at each point is counterbalanced
with a gas pressure. The pressure differential in the gas supply lines
is detected by a manometer or equivalent device.

Application and purpose: Differential pressure measuring instruments are
used to measure the differential pressure over a portion of the length or
the total length of a solvent-extrsction column. The measured differential
pressure is useful in (a) detecting flood or incipient flood conditions
within the column, (b) indirectly indicating waste losses, and (c) in-
dicating deviations from normal column operating conditions.

The applications cited ore limited by the accuracy requirements of
the differential method. For example, waste losses in the IA Column in-
crease from 0.2 per cent to 2.0 per cent with an increase in the aqueous
phase specific gravity of 0.015 at a point approximately 6 feet below the
feed point. The accuracy of tho sensing and recording systems is 0.005
specific gravity units.

False readings con result from (n) high gas flow rates, (b) restric-
tions in the instrument lead lines, and (c) leaks in the instrument lead
lines.

The components of differential-pressure-type instrumentation are
shown diagrammatically in Figure XIX-38 and schematically, showing the
elements of each component, in Figure :IX-39. The range and location of
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each pressure-differential-type instrument is tatulated in Table XIX-40.

Sensitive element: Two stainless steel 1/2-inch i.p.s. lines, welded to
the column shell, are used to detect the pressure within the column. Those
applications for detecting a small differential rressure are spaced four
feet apart. Installations for measuring the total column differential have
the low-pressure tap in the column vazt heade:-, and the high-pressure tap
approximately one foot above the effluent *q'ueous-stream outlet.

Transmitting elements: The pressure within the column is transmitted through
the gas-filled instrument lead lines to a Republic Instrument Co. pneu-
matic transmitter. The Republic instrument measures the difference in pres-
sures within the instrument lead lines by means of a force-balancing system
and transmits, to the receiving instrument, a variable output pressure
(3 to 15 lb./sq.in.ga.) proportional to the measured pressure differential.
In order to improve the sensitivity of the pneumatic tramemitting unit, an
additional fixed pressure drop is introduced into the low-pressure lead
line from the column. This decreases the apparent pressure difference be-
tween the column taps and improves the response to small changes in differ-
ential pressure within the column.

Receiving and/or controlling element: The output pressure from the trane-
mitter is coiverted by a Taylor Instrument Company bellows-type instrument
to pen movement on a linear chart graduated from 0 to 100 and calibrated
in inches of water pressure and specific gravity units.

Controlled element: None.

Alarm: None.

Range: The range of the differential-prcssurc-recording system is 0 to
25 inches of water pressure for the instruments measuring the differen-
tial across a fourtfoot distance within the column and varies according
to the column height for instruments measuring total column pressure.

The nominal range .in terms of specific gravity and inches of water
pressure for each instrument is shown in Table XIX-40. The actual range
will be determined by process calibration and recorded on the instrument
data sheet.

Accuracy: The accuracy of the mecsurement is t 1 per cent of full-scale
chart reading end will vary in absolute specific gravity units in accord-
ance with the range of the instrument.

5. Miscellaneous Differental Prussure Instruments

Differential pressure instruments ore used to measure pressure differ-
ences between (a) tanks and colls, (b) tanks and towers, and (c) cells ani
operating galleries. Instruments for these purposes are identical in
principle to the differential pressure instruments for the solvent-extrac-
tion columns. Important differences in detail ore as follows:

(a) Transmitting elements (pneumatic transmitters) are not used.
The limited ranges necessary for these instruments make this possible.
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(b) Manometers (vertical or inclined) are used as receiving elements

for all indicating systems. Manometer ranges are shown on the instrument
flow diagrams.

(c) Taylor aneroid bellows recorders are used as receiving elements
for all recording systems. In general, their nominal ranges are 20 to
40 inches of water, although actual ranges will be determined by process
calibration.

(d) The accuracy of the inclined manometers is 0.01 in. Accuracy
depends on scale graduation and for vertical manometers is either 0.1 or
0.2 in.

H. TEMPERATURE INSTRUMENTS

1. Mercury Thermometers

Mercury thermometers are used to measure the temperature of fluids.
Mercury-type instruments depend on the difference in the coefficient of
expansion of mercury and the confining system, usually glass or metal.
These instruments are used in the Redox Plant solely for indicating
temperatures. The instruments are either mercury-in-glass thermometers,
in which mercury expends cubically into an evacuated space in a glass
tube, or mercury-in-tubing thermometers, in which the expansion of
mercury expands a Bourdon tube. All mercury-type thermometers used in
the Redox Plant are calibrated in Centigrade degrees.

2. Resistance Thermometers

General principle: Resistance thernometers depend on the variation of the
electrical resistance of a metallic conductor with temperature. A tempera-
ture-sensitive resistance coil forms one arm of a Wheatstone-bridge circuit.
The other three arms of the bridge contain resistances which have an ex-
tremely low temperature coefficient of resistance. In operation, any un-
balance of the bridge circuit, due to a variation in the resistance of
the temperature-sensitive element, appears as a potential difference.
The self-balancing bridge recognizes the condition of unbalance, deter-
mines its direction and magnitude, cnd positions the slide-wire or slide-
wire contactor to rebalance the bridge and to indicate the temperature.

Application and purpose: Resistance thermometers are used in the Redox
Plant where temperatures must be recorded or where the temperature is the
controlling element.

Resistance thermometers are limited by the range for which they were
designed and the desired speed of response. The conparatively large mass
of the sensitive element decreases the speed of response of the instru-
ment to instantaneous temperature changes.

Conditions which may cause fTlse readings are (a) open connections
in the bridge circuit and (b) resistance changes in the temperature-sensi-
tive elements due to corrosion or contamination.
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Diagrammatic and schematic illustrations of temperature-controi. in-
stallations and their control actions are shown in Figure XIX-41 and XIX-
42.

Sensitive element: The sensitive element is the tenperature-sensitive re-
sistance of the bridge circuit. The element consists either of a coil of
nickel wire wound on a Bakelite spool for low-temperature ranges (0 to 12)00.)
or a platinum wire wound on a porcelain insulator for high-temperature ranges
(0 to 10000F.). The elements are sheathed in metal cases which protect them
from exposure to corrosive fumes and vapors and prevent, damage to the re-
sistance wire during installation. The sheathed element is approximately
3/8 in. diameter and is inserted in a well which protrudes into the media
whose temperature is desired.

Transmitting element: The inclusion of the temperature-sensitive resist-
ance as a part of the recording bridge circuit eliminates the need for a
separate transmitting element.

Recording and controlling element: The recording element is located at the
panel board and contains the other three arms of the Wheatstone-bridge cir-
cuit, and the detecting, amplifying, and recording elements of the record-
er. A Brown electronic recorder is used for low-temperature service
(0 to.1200C.) and a Leeds and Northrup Micromax recorder is used for high-
temperature service (0 to 10000F.). The Brown recorder is composed of four
units: a conversion stage; a voltage amplifier; a power amplifier; and a
balancing motor. The conversion stage converts the unbalanced direct-
current bridge voltage to a proportional alternating-current voltage. The
voltage amplifier multiplies the o.c. voltage from the order of microvolts
to several volts. The power amplifier delivers power to the balancing
motor. Beth the phase and the magnitude of this driving power are directl3
controlled by the amplified a.c, voltage. The balancing motor recognizes
the phase of the driving power and accordingly balances the instrument by
moving the slide-wire contactor. The slide-wire contactor, pen, and point-
er are directly connected to the motor. The Leeds & Northrup recorder also
makes use of the Wheatstone-bridge method to determine the resistance change
of the platinum element but employs a galvanometer-balancing unit instead
of an electronic detector. The balancing unit determines the deflection
of the galvanometer and rotates the slide-wire to bring the bridge circuit
into balance. Through a mechanical linkage, the pen is moved across a caLi-
brated temperature scale.

Instruments which record only may be nultipoint instruments capable
of recording on a strip chart, through an automatic selector switch, the
temperature detected by two or more sensitive elements. Temperature re-
cording-controlling instruments and certain temperature recording instru-
ments are single-point instruments and continuously record, by means of a
pen and circular chart, the tcnperture detected by one sensitive element.

In the Brown Co. temperature recorder-controller instruments, the
temperature desired at the sensitive element is set by manually position-
ing the controller set pointer. Any deviation of the system temperature
away from the desired temperature is indicated by movement of the pen away
from the set pointer. The controller senses this deviation and increases
or decreases its output air pressure, depending on the direction of the
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pen movement, in proportion to the anount of deviation of the recording
pen from the set pointer. The output air pressure acts upon a responsive
controlled element to increase or decrease the heat supply to the system.

Controlled element: The output air pressure from the controller unit
described above is either used to (a) directly control the steam supply
by the action of a pneumatically operated diaphragm throttling valve or
to (b) indirectly control the steam or water stream by repositioning the
set pointer on a flow recorder-controller.

(a) Pneumatic diaphragm control valve. The controlled air output
from the temperature recorder-controller determines the valve opening of
a Fisher-Governor throttling valve in a steam line. The amount of steam
admitted to the coils of the vessel, in which the temperature is measur-
ed, is increased or decreased in accordance with the direction of devia-
tion of the recording pen from the set pointer.

(b) Pneumatic remote index setting system (Pneumaticset). The con-
trolled air output from the temperature recorder-controller repositions
the set pointer on a flow recorder-controller which regulates the flow of
steam or water to the coils of a vessel whose temperature is measured.

(c) Reactrol system. In the Reactrol system, the power supplied to
a set of heaters in the Silver Reactor is controlled by the temperature
of the gas passing through the Reactor. Movement of the temperature-re-
cording pen away from the desired temperature on the set pointer in the
Leeds and Northrop temperature recorder-controller causes a change in the
amount of heat liberoted by the resistance heaters by varying the current
flowing to the resistance heaters. This is accomplished by changing the
direct-current-voltage output of a Thymotrol unit which converts alternat-
ing current to dircc-o current. This variable d.c. voltage is applied to
the primary windings of a saturable core reactor (transformer) which re-
sults in regulation of the current flow and heat input by controlling the
alternating-voltage output from the secondary winding of the transformer
to 9 heaters, with a total capacity of 12 KW, in the Reactor.

Alarm element: A morcoid switch, located on the slide-wire of the re-
corders, is used to energize a light end horn to indicate high tempera-
tures.

Range: The temperature-recording and recording-controlling instruments
which use a nickel element hove a range of 0 to 120 degrees Centigrade.
The instruments which use a platinum element have a range of 0 to 1000
degrees Fahrenheit.

Accuracy: The accuracy of the temperature-recording instruments is * 1
per cent of full-scale reeding.
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I. MISCELLANEOUS INSTRUEnTS

1. Ammeters

Indicating ammeters ara used to give a visual indication at the panel
board of the instantaneous current consumption of electric motors which
arc used to drive pumps, agitators, and centrifuges. Ammeters are employed
to assist in the detection of abnormal operating conditions which may be
manifested by changing current consumption. Indicating ammeters are based
on the principle that the movement of a pivoted coil in a constant magnetic
field is proportional to the electric current passing through the coil. A
pointer attached to the rotating coil gives a direct reading on a graduated
scale calibrated in amperes. Ammeters are accurate to * 1 per cent of full-
scale reading.

2. Bourdon-Tube Pressure Gauges

Bourdon-tube pressure gauges are used to give a visual indication of
the instantaneous pressure exerted by a non-radioactive fluid in a closed
vessel, i.e., tank, pipe line, etc. The Bourdon tube is a curved (essenti-
ally circular) tube of flat, elliptical cross section, sealed at one end.
Pressure applied to the open end tends to straighten the tube. Conversely,
vacuum causes the tube to curl up. The movement of the closed, free end
of the Bourdon tube is transmitted through a mechanical linkage which, in
the conventional pressure gauge, is multiplied by a rock and pinion system
to activate a pointer. Pressure gauges are calibrated in lb./sq.in.
Bourdon tubes are fabricated from bronze (non-corrosive service) or stain-
less steel (corrosive service). Pressure gauges are accurate to t 1/2 per
cent of full-scale reading.

3. Scales

Indicating-dial, automatic-balancing, dash-pot dampening, platform-
type scales, equipped with self-aligning bearing, manual-locking devices,
and dual, reverse-acting, tore beams for loading and unloading the scales,
are used to perform basic weighing in the Redox Plant. Scales range from
a maximum loading limit of 125 pounds (exclusive of preloading tare) to
10,000 pounds and have an accuracy of ± 0.1 of 1 per cent of full-scale
reading.

4. Gauge Glasses

The gauge or sight glasses which are mounted on vessels to give a
visual indication of the liquid level are mounted vertically across a 12-
inch section near the top of a vessel. A graduated scale, mounted behind
the gloss, gives the tank liquid level in inches. Valves in the connecting
piping at the top and botton of the gouge glass allow the glass to be iso-
lated from the vessel. The gauge glass is held in place by means of peck-
ing glands in the connecting piping.

5. Vibration Indicator

The Centrifuge is equipped with a vibration indicator (wobble meter)
which detects unbalance of the Centrifuge bowl during operation. Severe
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wobbling at high speeds, resulting from unequal bowl loading, May damage
the bearings or other mechanical parts of the Centrifuge. A magnetic

pick-up device, ounted on the Centrifugc shaft, generates a monulated
60-cycle signal with an amplitude of modulation proportional to the shaft

displacement. This signal, aftor arplification, is impressed on the verti-

cal deflection plates of a cathode-ray tube (oscilloscope). The visual re-

sult on the oscilloscope is a closed pattern which appears as a straight
line, for vibration-free operation, or an ellipse, for unbalanced operation.

The wobble of the Centrifuge shaft is proportional to the magnitude of the

fluctuation indicated on the oscilloscope.

6. Speed Indicator

An electrical-type tachometer is mounted on the Centrifuge to indicate

the speed of rotation. The tachometer is essentially an a.c. generator

whose rotor is an extension of the Centrifuge shaft. The output voltage
of the generator is proportional to the Centrifuge speed and is indicated

at the panel board on a voltmeter calibrated in rev./min. The normal

range of the tachometer is 1000 rev./min., but it is overloaded to read a

maximum of 1760 rev./nin. The accuracy of the tachometer is ± 1 per cent
of full-scale reading.

7. Manual-Control Stations

Manual-control stations arc multiported, multiposition, manual-setting,

pneumatic selector valves located at the panel board and are used to load
or unload remotely, according to a pro-set arrangement built into the
selector valve, air-actuated diaphragm control valves located in the steam,
air, inert-gas, and vent lines of the process. Selector valves either
vent the air chamber of a spring-loaded diaphragm control valve or apply
air pressure, up to 20 lb./sq.in4'g., to the diaphragm chamber. In some
selector valves, the air pressure on the diaphragm chamber is adjusted
by means of a pressure-regulating valve located at the panel board.
Manual-control stations have the following positions:

Three-position selector. The three-position selector permits the
alternate operation of two diaphragm-operated valves. Selector positions
are "Off", "One", and "Two". In the "Off" position, both valves are vent-
ed. One valve is pneumatically loaded in the "One" position; the other
valve is vented. In the "Two" position, the arrangement is reversed.

Two-position selector with time cycle. This selector operates the
diaphragm valves in the steam-jet, vent, and purge lines. The various
positions and the operation are described in Chapter XVI, Subsection Fl.

TWo-position selector with time cycle and adjustable loading. This
selector is the same as described above, except that the pneumatic pres-
sure applied to the stean-jet diaphragm valve may be varied by means of a
regulator. This selector is used to adjust the flow rate of the feed to
the centrifuge.

Three-position selector and adjustable loading. This selector per-
mits the operation of either of two diaphragm valves simultaneously with
the operation of a third valve. The schedule of selector positions is
shown below:
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Position

"Off,

"Two"

1930

Valve 1

vent
load
vent

a
'1_lIe_ 2

vent
vent
load

Valve 3

vent
load
load

The loading at Valve 2 is adjuatable.

8. pH Instrument

The term pH is used to denote the concentration of hydrogen ion in
a solution. The pH of a solution is deteriiined electrometrically by
measuring the difference in potential betvcen an electrode which has a
fixed voltage (reference electrode) and an electrode suspended in the
solution and in which the voltage varies wtth the pH. The only pH
instruments which were to be employed for process control in the Redoz
Plant were to control the addition of caustic solution to the Dissolver
Off-Gas Scrubbers. A Silver Reactor (for details see Chapter III, Feed
Preparation, and Chapter XVI, Other. Process Equipment ) will replace the
scrubber for the removal of radioactive iodine. The caustic scrubbers
will be held for installation in another location if it becomes necessary
to remove oxides of nitrogen. In the event pH control instruments are
used, a schematic arrangement of a pH control system has been included in
this chapter and is shown in Figure XIX-43,

9. Conductivity-Typo Level Instruments

Conductivity meters operate by passing an electrical current through
an aqueous solution containing dissolved inorganic salts. They are em-
ployed on underground storage tanks to determine the liquid level of the
waste solution. The "conductivity reel" consists of a stainless steel
electrode suspended in the tank on a stainless steel tape. This electrode
is connected in series with a battery and A galvanometer. As the electrode
is lowered into the tank, the liquid level is detected by deflection of
the galvanometer needle on completion of the circuit from the probe to
ground through the solution. The height of the liquid is determined by
reading the tape, graduated in feet and inches, at the point of initial
deflection of the galvanometer noodle.
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TABLE XIX-l
INSTRUMENT LEGEND

Symb cl

AH
AI
AMP
Cv
DPI
DPM
DPR
FE
FI
FM

FR
FBC
GG
IR

-t m. LC
Cn M

MC
l1 MIC or MK

ni P
"" PAI

pH AMP

pEE
pERC
PTRC
PI

Instrument or Equipment Piece

Alorn Horn
Ampere Indicator
Amplifier
Control VLive
Differential Pressure Indicator
Differential Pressure Transmitter
D ential Pressure Recorder

e Assembly
ndicator
ten-Transmitter or Orifice Differential
ire Transmitter
ecorder

RB corder-Controller
. FGauss

face Recorder
Interface Recorder-Controller
Level Controller
Motor
Manual Control Station
Microphone
Pump
Pressure Alarm Indicator
pH Amplifier
pH Electrodes
pH Recorder
pH Recorder-Controller
Pressure Indicator (Gauge)

Symbol Instrument or Equipment Piece

PR
PS
R
R AMP
RE
RE
RS
SGI
SGM
SO
SGRC
SI
SKR
SW
TAI
TAS
TE
TI
TR
TRC
V
VGI
VOL
WFAI
WFAS
WFI
WFR
WFRC
WI

Pressure Recorder
Pressure Switch
Purge Rotameter
Radiation Amplifier
Radiation Ion Chamber
Radiation Recorder
Reset Button
Specific Gravity Indicator
Specific Gravity Transmitter
Specific Gravity Recorder
Specific Gravity Recorder-Controll
Speed Indicator (Tachometer)
Speaker
Switch
Temperature Alarm Indicator
Temperature Alarm Switch
Temperature Element
Temperature Indicator
Temperature Recorder
Temperature Recorder-Controller
Manometer Check Valve
Vacuum Gauge Indicator
Volume Control
Weight Factor Alarm Indicator (Light)
Weight Factor Alarm Pressure Switch
Weight Factor Indicator
Weight Factor Recorder
Weight Factor Recorder-Controller
Weight Indicator (Scales)

I

C42
C413
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Figure -XIX- 37
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TABLE xI-kio

NOMINAL RANGE AM) LOCATION OF COLUMN PRESSURE TAPS

Distance from
High Pressure
Tap to Canter
of Organic
Overflow Line

3314"
45'11"
21'6"
33'4"
33'4"
21T6"1

33'4"
21'6"
54'3"
30'0"
541'3"
30'0"
20'O"

Distance from
Low Pressure
Tap to Center
of Organic
Overflow Line

17'6"
29'4"
29'4"
17'6"
29'4"
17'6"

Distance from
High Pressure
Tap to Center
of Aqueous
Effluent Line

22' 3-3/8"
1'10-3/8"
10'3-3/8"
22'3-3/8"
17'3-1/2"
15'3-3/8"
17'3-1/2"
15'3-3/8"
l'4-3/8"
1'3 - 3/8"
l'4-3/8"
1'3-3/8"
1'9-3/8"

T'ransmittcr
Range,
In. of Water
Pressure

25"
300"
25"
25"
25"
25"
25"
25"
300"
100"1
300"
loo"
lo0"1

External
Suppres-
Sion, In.
of Water
Pressure

500"
50"
50"
50"
50"
50"
50"
500"
325"
500"
325"
200"

Recorder
Range,
In. of
Water
Pressure

50"-75"
S00"-8300"
50"-75"
50"-75"
50"-75"
50"-75"
50"-75"
50"-75"
500" -800"
325"-425"
500"-800"
325"-425"
200"-300"

Recorder
Range,
Specific
Gravity
Units

1.04-1.
0.90-1.
I.04-1.1

0.77-1.23
0.90-1.18
0.7-1.23
o.9o-1.18
0.83-1.25

NOTE: The transmitter range, external
be changed in the field.

suppression and recorder range are arbitrary values and may 1
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PART IV: PRoq~VS CONTROL, continued
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CEAPTEU TX. ANALYTICAL MTHODS

A. IhMtODUCTION

This chapter briefly outlines the principal analytical methods avail-
able for use in analyzing the various components normally expected in Re-
dox streams. The limitations of each method are presented as an aid to
operating personnel so that they can intelligently interpret laboratory
results and can request determinations which will produce meaningful
data. For each analytical method the precision, accuracy, sample size,
time required for analysis, and impurities known to affect the method
(if any) have been listed together with a brief description of the method.

As time passes many of the methods described may be improved or re-
placed with new and better methods. Therefore, if the outline method
does not meet a particular process requirement the Analytical Section
should be consulted.

1. Definition of Terms

1.1 Time required per determination indicates, unless otherwise noted,
the total elapsed analysis time required for a single determination. It
includes any method delays such as digestion, cooling or agitation but
does not include the time required to get the sample from the operating
building to the laboratory.

1.2 Accuracy as presented in this chapter is stated in terms of the per-
centage disagreement of the average analysis from the absolute or "true"
analysis. This disagreement is tormed the "systematic error".

1.3 Recoverf In radiochemical determinations a portion of the radio--
active element concentration being determined is generally lost and not
counted. TO determine the percentage of the radioactive element lost,
a largo quantity of an inactive isotope (large in comparison with the
radioactive element concentration) is added and its chemical yield (re-
covery) calculated.

1.4 Precision is an indication of the reproducibility of the method.
In this chapter the precision figures represbnt 99% limits. In other
words, in ninety-nine out of one hundred determinations statistical
studies have shown the reported value does not vary from the mean value
by more than the stated precision.

1.5 S omple size is the volume of sample actually required by the ana-
lytical method for a singlc dotormination. For most Redox samples dupli-
cato determinations will be made for each requested analysis so the total
volume required for a requested analysis will be twice the volume shown
on the method tabulations.

For many of the radiochemical methods the sample volume required is
dependent upon the precision required of the method and the concontration
of the radioactivo element. Statistical studies have shown that the
following counting precision may be expected from the ASP (Alpha-Simpson-.

DE.CLASSIFIED amp
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Proportional) and BGO (Beta-Gnmma-Offner) counters:

Total No.
Precision (99% Limits) of Counts*

*1% 66,000
±2% 18,000
±5% 2,600

k10% 700
± 20% 170

*Noto: This is the total number of counts counted for the deter-
mination -- irrespective of whether they were counted
in a short time for a sample of high radioactivity, or
a longer time for a sample of lower radioactivity.

The specific activity for one microgram of plutonium is approximately
1.48 x 105 disintegrations per minute (cpprouimately 74,000 alpha counts
per minute on a 50% geometry ASP counter). Therefore, if a five minute
count is to be made and one per cent counting precision is desired, the
sample aliquot used for a determination should contain approximately 0.2
microgram of Pu. Similarly, for a five minute counting period and 20 per
cent counting precision the sample should contain approximately 0.0005
micrograms jf Pu. If insufficient sample is available to obtain the
counting precision desired during a short counting period the counting
1rocision may be increased by lengthening the counting period.

B, PHYSICAL PROPERTIES

1. Specific Gravity by Falling Dro

Application: Since such a small volume of sample is required the method
is ideal for determining the specific gravity of "hot" radioactive aqueous
strenms such as LAW, IAF, ISW, and Dissolver Solution.

Description: Specific gravity is determined by measuring, at a carefully
controlled temperature, the length of time required for a carefully form-
ed smll drop of sample to fall (or rise) through a fixed distance in an
immiscible liquid. Changes in composition of the immiscible liquid are
detected by making periodic determinations with standard samples.

Time required pr determination: 20 minutes.

Systematic error: Minus 0.02 to plus 0.02% (i.e., 0.0002 g./ma.).

Precision (99, limits): Better than ±0.1% (±0.001 g./ml.).

Sample size: As little as one drop (0.005 ml. from a special device
which makos small drops) may be used. However, greater precision can
be obtained by making several determinations. (3 to 5 drops generally
uwed).

DECLASSIFIED
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2. Secif c Gravty by Fyonometer OECLASSIFIED
Application: The specific gravity of both bexone and aqueous samples is

determined by this method. For samples such as IAF and IAW which con-

tain appreciable amounts of fission products the Falling Drop method

should be used.

Description: The weight of a known volume of sample at 250C. is compared
with the weight of an equal volume of water at 40C.

Time requireAIer determination: 25 minutes.

Sstematic error: Minus 0.02 to plus 0.02% (i.e., 0.0002 g./ml.).

Precision (99 Limits): ±0.05% for aqueous samples
(approx. 0.0005 g./ml.),

0.1% for hexone samples
(approx. 0.001 g./ml.).

Sample size: "Cold" samples, 5 ml.
Slightly radioactive samples, 2 ml.

C. CHEMICAL DETEFMTRATIONS

1. Aluminum Nitrate byAcidimetric Titration

Application: Aqueous phase concentrations of Al(NO3)3-9H20 (ANN) ranging
from 1 to 800 g./1. may be determined by this method. The method should
not be used for samples with a UNH to ANN ratio exceeding four or a
Fe(N03)3 to ANTIN ratio greater than one third.

Description: The pH of the sample is carefully adjusted to approximately
10.d by the addition of sodium hydroxide (or HU if sample is too basic).
At this jIA ANN las been converted to sodium aluminate: and uranyl nitrate,
ferric nitrate, and sodium dichromate have been converted to sodium
diuranate ferric hydroxide, and sodium chromate. One molar potassium
fluoride is then added to the solution, reacting with the sodium aluminate
to form K3AlF6 and releasing NaeOH and KOH which are titrated with stand-
ard HC1 until the pH before 1F addition (approximately 10.8) is again
obtained.

Time requiredpr dtermintion: pr40 minutes.

Systematic error: Zero to minus 0.1%.

Precision (99% limits):

Sample size: The sample selected should contain from 1 to 8 milligrams
of ANN.



2006

2. Chromium-Dipenylcarbazide Method DECLASSIFIED
Application: This method, like the Microvolumetric Determination, may be
used for the determination of Cr(VI) or total chromium concentrations of
aqueous Redox solutions greater than 1 g./1. (e.g., IAF, LAS, 2AS). None
of the chemicals present in the Redox samples is expected to interfere
with the method.

Description: Diphenylcarbazide reacts with dichromate to give a charac-
teristic violet color in dilute acid solutions. The optical density,
which is directly related to the dichromate concentration, is determined
with a specrophotometer by passing 540-millimicron light through a fixed
depth of the solution.

If total chromium is to be determined, the Cr(III) present in the
solution must initially be oxidized by boiling the solution with ammonium
persulfate and sulfuric acid in the presence of silver nitrate.

Time required per determination: Cr(VI) -30 minutes, Cr(Total) - 40 minutes.

Systematic error: Minus lo to plus 1% (Estimated).

Precision (99% limits): EStimated ±10%.

Sample size: Sample chosen should contain from 0.02 to 0.1 milligrams of

Cr2 07

3. Chromium -- Microvolumetric Determination

Application: Cr(VI) or total chromium concentrations of aqueous Redox
solutions greater than 1 g./1. may be determined by this method (e.g.,
IAF, IAS, 2AS). Ferrous iron interferes with the Cr(VI) determination.

Description: The concentration of Cr(VI) is determined by adding a
measured excess of standard ferrous ammonium sulfate to the sample there-
by reducing Cr(VI) to Cr(III). The excess ferrous ammonium sulfate is
then determined by titrating (oxidizing to Fe(III)) with standard ceric
acid sulfate using ferroin indicator.

When the total amount of chromium present in the sample is determin-
ed, the procedure outlined above is followed after any Cr(III) has been
oxidized to Cr(VI) in caustic solution by hydrogen peroxide. Excess
peroxide is destroyed by heating with platinum black catalyst.

Time required per determination: Cr(VI) -- 4o minutes,
Cr(Total) -- 60 minutes.

Systematic error: Approximately plus 1 to 2%.

Precision (99% limits): Approximately ± 3%.

Sample size: Sample chosen should contain approximately 0.5 milligram of

Cr207  .
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4. Ferrous Sulfanate - Volumetric Determination as Ferrous Iron
an d --SUlfa:6ric- Acid~.

Application: Aqueous ferrous sulfamate concentrations in the range of
10 to 500 g./i. may be determined by this method (Ferrous Sulfamate
Makeup, IBX, IBP). For low concentrations of ferrous sulfamate

(0.3 to 10 g./l.) greater precision may be obtained using the Gasometric
method.

Descrition: Ferrous iron and sulfanic acid arc determined stepwise.
The concentration of ferrous iron is first obtained volumetrically by a
potontiometric titration with standard potassium permanganate. The
permangunate titration is stopped as soon as the potentiometer indicates
that the ferrotis ion has all been oxidized. The sulfamic acid coticen-
tration of the snple is then determined (after heating the sample to
5000.) by titrating with standard sodium nitrite until the sulfatnte ion
has been converted to sulfate. Since forric iron subdues the potentio-
metric end point of the permanganate titration and completely obsboes
the nitrite end point, it must be complexed as it is formed by the addi-
tion of phosphoric acid to the samplo prior to titration.

Time roquired per determination: 60 ninutes (30 minutes for ferrous
iron, and an additional 30 minutes for sulfanate) .

Systematic error: Ferrous iron - . Approxinately minus 10%.
Sulfanic Acid Approximately minus 3%.

Precision (99% limits): Ferrous iron -- Better than ± 4%.
Sulfamic Acid - fetter than ± 6%.

Sample size: Sample should contain from 5 to 10 milligrams of ferrous
sulfamte.

5. Hexone Irpurities - Dinitro Isobutane

Application: Dinitro isobutane concentrations in hexone greater than
0.02 g.71.Tay be determined by this method. Dinitro isobutane is of
interest since it nay be formed in recycled hoxone as a produ t of the
reaction with nitric acid. Chemical Research Section data (5 indicate
that concentrations up to 37 g./l. have little effect on IA Column
operation.

Description: Dinitro isobutane is extracted from hexone into 2 M
potassiua hydronide. Fixed wevelength ultraviolet light (385 nillini-
crons) is passed tLrough a fixed (Iuoth of soiution and the absorption
recsurad by a spoctrophotoneter. The solution closely follows Beer's
Law and e cinitro isobuterie concentration is proportional to the
absorntion.

Tine required mar determination: 1b5 ninutes.

Systematic error: For samples containing from 0.02 to 0.5 g. dinitro
isobutane7l. -- zero to minus 1%.

- DECLASSIFIED wow=
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Precision (99% limits): Better than ± 2%. DECLASSIFIED
Sample size: Approximately 5 ml.

6. Rexone Impurities -- Mesityl Oxide

Application: Concentrations less than 0.5 g./1. of mesityl oxide ii
hexone are determined by this method to ascertain the fitness of hexone
for use in the Rcdoz solvent-extraction battery. The mesityl oxide con-
centration of purchased epone must be less than 0.3 volume per cent
(approxinately 2.5 g./1), Uranyl nitrate and nitric acid interfere
and are removed. by extraction with water.

Description: The absorption of a specific wavelength (231 millimicrons)
of light by a sample containing an unknown amount of mesityl oxide In
iso-octano is compared with the absorption of standard solutions contain-
ing known amounts of mesityl oxide in lAo-octane. To determine the ab-
sorption effect of any hexone present in the original sample, a determina-
tion is carried out using a pure hexone-iso-octane blank and a suitable
correction is made to the result obtained on the unknown.

Tine requirod par determination: 30 minutes.

Systematic error: Minus i% to plus 1% (estimated).

Precision (99% limits): Estimated ±10%.

japple sizc: Less than 0.1 ml.

7. Hxono Impurities -- NotbyIaobutyl Carbinol

Application: Concentrations of methyl isobutyl carbinol (MIBC) as low as
0.1 g./. can be determined by this method. From the determination the
suitability of the solvent for use in the Redox extraction batteries is
determined. The methyl isobutyl carbinol concentration or purchased haxone
must not exceed 0.6 volume per cent (approx. 4.8 g./.).(l. After pre-
treatment the concentration should be reduced to 0,03 volume per cent
(0.24 g./l.) or less.

Description: The method is based upon the pruferential oxidation of
primary or secondary alcohols by acid dichrouate solution. To a given
sample volune acidified by the addition of nitric acid, small titers of
potassium dichromate are added until the characteristic potassium dichro-
mate color does not disappear from the hexone phase on standing after
vigorous shaking.

Tine required per determination: 20 minutes.

Systematic error: Minus 0.1 to plus 0.1 g1. (estimated).

Precision (99% limits): Better than ± 0.2 g./l. (estimated).

Sample size: 5 ml. or less.
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8. nexone rrnpurities -- M4ethyl Isopropyl riketone

Application: Mothyl isopropyl diketono concentrations in hexone greator

than 0.05 g./i. may be determined by this nothod. This impurity is ci
interest since it nay be formed in recycled hexono as a product of t

reaction of hexone with nitric acid. Chemical Research Section datar5)

show that concentrations up to 28 g./:. cause no adverse effects in the

IA Column.

Description: The hexon sample is placed directly in a cell and fixed
wavelength T432 nillinicrons) ultraviolet light is passed through a
known depth of sample. The absorption of the sample -- measured by a
spectrophotoneter -- is dependent upon the nethyl isopropyl diketone
concentration in the sample.

Tine rouired por determination: 20 ninutes.

Systematic error: Minus to plus 5% (estinated).

Precision (99 limits): ±10 (ustinated).

Semple size: mprxiratclh 5 ml.

9. RonoIrguritcsr Orgnic Acids

Applicption: In hexon solutions contnining no nitric acid, weak
organic acie concentrations (rarortod as acetic acid) as low as 0.01
g./1. nay be detected by this acthod. The organic acid c nqentration
of purchased hexonc must not excod 0.05 vol]rie per cent 3-) (approx.
0.5 g./l.). If the hoxone solution contains an appreciable concentra-
tion of nitric acid (i.e., column extractants containing 0.2 to 0.5 M
HNO3) the method nay be used to detect organic acid concentrations
greater than 1.5 g./l.

Description: The sample is diluted with isopropyl alcohol and the
organic acid concentration is determined potentiometrically by titrating
with standard potassium hydroxide. Two potontiometric breaks are obtain-
ed, one for any strong acids (i.e., nitric acid) present in the sample
and one for the organic acid end point. The volume of NaOH required to
titrate between the two end -points is a measure of the organic acid
present.

Tine required per determination: 45 minutes.

Systenatic error: Plus .

Precision19% limits) Approxinatcly ±5%.

Sa:plo size: Scuple should contain sufficient organic acid to require
5 to 3 ml. of 0.1 N KOH for the titration (i.e., 5 ml. of sample for a
sample containing i g./l. organic acid, cniculted as acetic acid.
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2010DECLASSI
10. Hexone Impurities -- Oxidizing Normality

Application: The- oxidizing normality of Redox hexone may be used to do-
termino the suitability of solvent for reuse in the plant. ,Te oxidiz-
ing normality 6f purchased hexone should not exceed 0.001 N.

Description: The moles of ferrous iron oxidized per liter of hexone re-
presents the oxidizing normality of the hexone. Hexone is agitated in
contact with a solution containing ferrous anonium sulfate, nitric acid,
and sulfanic acids The decrease in the aquvous phase ferrous ion con-
centration is determined colorimetrically. The optical density of the
sample is deternined by passing light of 508 millimicron wavelength through
a fixed depth of aqueous sample to which o-Phenanthroline has beon added.
(o-Phenanthrolino reacts with ferrous iron to form a red complex).

Time reLuired per determination: 30 minutes.

Systematic error: Minus 5 to plus 5% (estimated).

Precision (99S limits): Better than t20 .

Sample size: Approximately 50 rl.

11. Hexone Impurities -- Reducing Normality

Application: The reducing normality of Redox hexone may be determined
occasionally since it gives a rough approximation cf the suitability of
the solvent for reuse in the plant. Specifications limiting the reducing
normality of plant hexone are not available. However, since the main
contributor to the reducing normality of he one is methyl isobutyl carbinol
the expected range of reducing normality ( 0.001) may be calculated
from the MIBC specification ( i 0.03 volume per cent). Since the method
is not precise the suitability of the hexone for reuse should be deter-
mined by the other impurity methods whenever possible.

Description: The moles of dichromate reduced per liter of hexone re-
presents the reducing normality. A measured excess of standard sodium
dichronate is added to the sample, and the excess titrated with standard
ferrous anonium sulfate to the endppoint oftferrion indicator.

Tine required per determination: 30 minutes.

Systematic error: Unknown at time of writing.

Precision (99A limits): Within a factor of two (estimated).

Sample size: Approxinately 25 ml.

12. Nitric Acid by Fluoride Complcxinp

Application: The nitric acid concentration of aqueous and hexone solutions
(greater than 5 g./l.) my be obtainod by this method. Since the deter-
rination has proven satisfactory for sonll sample volumes, it has been
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selected for use on "hot" radioactive solutions such as IAW. This method,
rather than the potassium oxalate method, is used for solutions contain-
ing ferric iron since fluoride forms a "tighter" iron complex than the
iron-oxalate complex. The uranium, aluminum, and iron interferences are
minimized by the formation of fluoride complexes when potassium fluoride
is added to the sample. Chromium (VI) is not complexed. Therefore, its
concentration must be determined and a suitable correction applied.

Description: The nitric acid concentration is determined volumetrically
by a potentiometric titration with sodium hydroxide. Potassium fluoride
is added to the sample solution prior to titration to complex iron,
uranium, and aluminum which would interfere with the determination.

Time requireC per determination: 45 minutes.

Systematic error: Approximately zero to minus 2% (estimated).

Precision (99% iimitf): Approximately ±1 g./l.

Sample size: Method is scaled down for micro determinations. Samples as
small as 0.010 ml. may be used.

13. Nitric Acid by Oxalate Cmplezing

Application: Both aqueous and organic samples may be determined by this
method. Uranium, aluminum, and chromium ions interfere with the method
and must either be removed (Cr removed by precipitation as PbCr0 4 ) or
obviated (uranium and aluminum comploxed by addition of potassium oxalate).
Since ferric iron forms a "tighter" complex with fluoride than with
oxalate, samples containing iron should be analyzed by the fluoride method.

Description: The nitric acid concentration is determined by a potentio-
metric titration with standard sodium hydroxide. If chromium and uranium
are present in thc sample, potassium oxalate and lead nitrate are added to
minimize interference. The chromium concentration must be determined so
that a suitable correction may be made for the nitric acid released (and
titrated) when chromium is precipitated as lead chromate. Water is added
to hexono samples and the potentiometric titration is made on the aqueous
phase containing the extracted nitric acid. For "acid deficient" samples
a measured amount of standard nitric acid is added to the sample so that
the potentiometric end point may be approached from the acid side.

Time rcauired per determination: Samples containing no interfering ions
-- 30 minutes.

Samples containing interfering ions
-- 45 minutes.

Systematic error: Approximately zero to minus 2%.

Precision (994 limits): Approximately ±1 g./l.
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Sample size: If the radioactivity of the sample permits, sufficient sample
should be taken to require approximtely 0.005 mole of sodium hydroxide -
for neutralization. Samples as small as 0.1 ml. may be used with a reduc-
tion in the precision attained.

14. Nitric Acid from pH Measurement

Application: This method may be used for the determination of the hydrogen
ion concentration for those Redox streams in which only one appreciably
hydrolyzed component is present. The concentrations of the hydrolyzed
compounds must be accurately known since errors in these concentrations
contribute to the total error of the determination. Of the solution com-
ponents normally expected in fedox streams, only aluminum and uranium are
present in sufficient quantities to be appreciably hydrolyzed in neutral
or near neutral solutions;

Description: The pH of the sample is measured on a Beckman, Model G, pH
meter. Since this method is only sensitive in nearly neutral solutions,
samples which are highly acidic or basic are either diluted or neutraliz-
ed so that the acidity falls within the sensitive pH range. The acid con-
centration is read from standard calibration curves.

Time reuired per determination: Approximately 15 minutes tor'4Ldetemina
tion. However, the aluminum and uranium concentrations must be accurately
known. Therefore, the time required to get an answer from the laboratory
may be controlled by the time required for an aluminum or uranium analysis.

Precision and systematic error: Since the precision and accuracy would be
dependent upon the error in the aluminum and uranium analyses these figures
are not given. However, the pH meter may be read to ± 0.05 pH unit.

Sample size: Samples as small as 0.05 ml. may be used.

15. pH Measurement by One-Drop Electrode

Application: The hydrogen ion concentration of small amounts of radio-

active aqueous solutions may be determined by the one-drop electrode.
From the determination, the completeness of neutralization of wastes to

be stored in underground tanks may be determined.

Description: The pH is determined potentiometrically by placing about

one drop of sample into the cup-shaped, one-drop electrode of a Model
G pH meter.

Time required per determination: 15 minutes.

Systematic error: Dependent upon standards used to calibrate pH meter.

Precision (99% limits): ± 0.05 pH units.

Sample size: One drop (not less than 0.075 ml.).
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16. Plutonium -- Chemical Assay Method

Application: This method is used to determine plutonium concentrations
above 10 71. such as those present in Pu Concentrate. It may be used
to determine the "true" Pu concentration of a sample.

Nitrates and iron interfere with the analysis. Nitrates can be re-
moved by adding sulfuric acid and evaporating. If iron is present, its
concentration must be determined and a suitable correction applied.

Description: Plutonium is reduced to the trivalent state with an excess
of titanous chloride and then titrated, reoxidized to Pu(IV), with
standard ceric sulfate under an inert atmosphere. Because of the lack
of suitable color indicators, a potentiometric titration is made using a
Ce(IV)-Ce(III) reference electrode and a platinum (indicator) electrode.
The first titration break represents complete titration of excess titanous
ion while the second indicates completion of the plutonium titration.

Tine required er determination: Arproximetely 45 minutes.

Systematic error: Minus 0.5 to plus 0.5%.

Precision (99% limits): ± 2.5%.

Sample size: 0.1 ml. for a sample containing 10 to 15 g./1.

17. Sodium Determined by the Flame Spectrophotometer

Application: Aqueous phase sodium concentrations greater than 0.01 g./1.
may be determined by this method. The concentration of the solution must
be fairly well established (except Na concentration) for the result ob-
tained with the sample is compared with standard solutions of approximately
the same overall composition.

Description: An aqueous solution of sodium salt is atomized and then intro-
duced at a carefully controlled rate into a flame where it is ignited giv-
ing off the characteristic yellow sodium color. The intensity of light
emission at a wavelength of 584 millimicrons is measured with a spectre-
photometer and compared with standard sodium solutions measured in the
same manner.

Time required per determination: 15 minutes.

ysxtematIc error: Approximately plus 1%.

Precision (99% limits): Arproximately ±10%.

Sample size:_ A sample should contain approximately 0.0005 grams of sodina.
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18. Spectrographic Assay of Uranium DECLASSIF D
Applicatidn: The concentrations of trace impurities in concentrated urani-
um solutions (i.e., Decontaminated UNE Storage of 3EU Concentrate Sampler
Tank) may be determined by this method,

Concentrations of impurities in U308 as low as the following may be
detected:

Ag 0.1 p.p.m. Co 100 p.p.m. Mg 10 p.p.m. P 5 p.p.m.
As 5 Cr 10 Mn 5 Pb 5
B 0.2 Cu 20 Mo 20 Sb 2
Be 0.1 K 50 Na 5 Sn 5
Bi 1 Li 5 Ni 10 Zn 100
Cd 1

Descrition: The sample is evaporated to dryness, then heated to 700 to
80000. in the presence of air to convert UNE to U308. An aliquot of the
U308 and a small amount of pure gallium oside (two weight per cent) are
placed in a graphite crater electrode and arced using a direct-current
source. The spectrum of the gases volatilized by the arc is photographed
using a quartz prism spectrograph and the concentrations of impurities
are estimated by visual comparison of the spectrum with the spectrum of
previously prepared standards. The gallium oxide volatilizes during arc-
ing "flushing" volatile impurities from the U308 sample.

Time rdquired per determination: Elapsed time -- 8 hours.
Operator time - 2 hours.

Systematic error: Dependent upon accuracy of the standards and the
sensitivity of the photographic plates.

Precision (99% limits): At the lower limits indicated above precision
of approximately ±100% may be obtained.

Sample size: For a single spectrographic "shot" (a determination on
approximately one third of the spectrum) a minimum of 100 milligrams of
U308 is'needed. For a total analysis, duplicate determinations over the
entire spectrum, a minimum of 600 milligrams of U308 is required.

19. Sulfamic Acid -- Gasometric Determination

A lication: Aqueous concentrations of sulfamic acid in the range 0.3
to 25 g./1. may be determined by this method. Concentrations greater
than 10 g./l. may be determined faster with comparable precision using
the potontiometric method. Compounds other than sulfamic acid which
contain the amino (-NE ) group interfere with the method (such com-
pounds are not oxpected in Redox stroans).

Description: The sulfamate concentrotion of the sample is determined
gasometrically by measuring the volume of nitrogen evolved when sulfa-
mate is converted to sulfate by the addition of sodium nitrite to a hot
acidic sample solution. Nitrogen and otides of nitrogen are swept from
the reaction vessel by pure carbon dioxide. Carbon dioxide, and oxides
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of nitrogen (formod by the reaction of nulfuric nei4 with any excess of

NaNo 2 ) are absorbed whon they are passod through , cories of absorbing
solutions (liquid bromine, sodium sulfitse. -nJ potrssiun hydroxide).

Time required perdeterninatin: Approxinctely 60 inutes.

Systematic error: Minus 2 to plus 2%.

Prcisionl9t limits): ± 4%.

Sanplc size: Sasple should contain apycoximctely 2 milligrams of sulfmuic
acid.

20. Urtniup. bv Chronous Sulfate Titract*on

Application: The method may be used for hioxonO or aqueous phase samples
containing nore than one grarn of UNITI er liter (e.g., TAP, IBU, 2DU, 2EU).
Nitratos interfere with the method and must be removed by heating with
sulfuric and formic acids. TIf iron and phosphate are both present in a
sample the method should not 1e used. However, the method may be used if
either iron or phosphate is present alone.

Description: Uranium is d0etrnined volunotrically by titrating to the
potentionotric end oint wit standardized chronous sulfate solution.

Time reguired pr deternination: 15 minutes.

Systematic error: Approximately minus 0.5%.

Precision (99% linits): Approximately ±3%.

Sample size: The sanple size is depondcnt upon the UN? concentration.
Sample sizes should, if possible, be chcson so that the sample contains
from 7 to 15 milligrams of UNH.

21. Urcniun by Coulonetric-Titrution

Apnlication This method may bo used for the determination of uranium
concentrations as low as 1 g./l. in all Rodox streams.

Description: The sample and added iron solution ore passed through a lead
reductor column to reduce the uranimt and iron to the quadrivalent and
bivaleut states Aespectively. The solution is then placed in a couloieter
cell and a constant current is passed ihugh the solution until the
potentionter "brock" is reached. This brealk represents the conversion ofall the uraniui in the solution to U(VI). The length of time the current
flows before the break is dependent upon the uranium concentration of the
sample. Nitrate ion interferes with the :niothod and must first be removed
by boiling the sample in the presenco of Pydrobronic acid.

Tine required per detemination: Apirorinately Ii45 minutes.

Systematic error: Approxiately plus 1%,

Precision (99% limits): Better than a 5% mtoel
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Sample size: The sample chosen should contain approximately one to ten
milligrams of uranium.

22. UraniumSby the Fluorophotometer

Application: The fluorophotometer (also called 'fluorimeter") may be used
to determine low uranium concentrations in both aqueous and organic samples
from 0.0001 to 1 g.UNH/l.

Description: Uranium compounds, when fused with sodium fluoride, fluoresce
when exposed to ultraviolet light, the amount of fluorescence being pro'
portional to the amount of uranium present. A monochromatic ultraviolet
light (365 millimicrons) is directed on a carefully prepared fused sample.
The fluorescent light is filtered, and the intensity of the monochromatic
fluorescent light (555 millimicrons) passing through the filters is measur-
ed. High concentrations of compounds not volatilized during the fusing
operation absorb a portion of the fluorescent light. (This effect is
known as quenching.) Since a given amount of an interfering compound ab-
sorbs a fixed percentage of the uranium fluorescence the quenching effect
may be determined by making two determinations, the first on an unspiked
portion of the sample and the second on a portion of the sample spiked
with a known amount of uranium;

Time required per determination: 45 minutes.

Systematic error: Approximately plus 0.3%.

Precision (99% limits): Better than 1 20%.

Sample size: The accuracy and precision figures listed above may be ob-
tained if the sample contains from 0.01 to 1 microgram of UNE.

23. Uranium by the Polarograph

Application: The polarograph is an instrument available for the determina-
tion of UNM concentrations in aqueous solutions containing from 1 to 20
g.UNH/l. Ordinarily, the fluorimeter is used for the detection of concen-
trations up to one gram UNH/i. in waste solutions and other methods (X-ray,
Chromous Sulfate Titration,and Coulometric Titration methods) are used for
the detection of concentrations above 1 g.UNE/l.

Description: An e.m.f. is applied to a sample solution containing
hexavalent uranium. This applied e.m.f. is gradually increased, with
only a slight increase in the "residual current" flowing through the
solution, until the decomposition potential is reached. At the decom-
position potential the flow of electrons and the diffusion current
quickly increase as the U(VI) is reduced to U(V). The increase in diffu-
sion current is dependent upon the uranium concentration of the sample.
For any given sample solution the diffusion current is compared with
diffusion currents obtained for standard UN solutions in the same equip-
ment. Ions such as iron with reduction potentials close to U(VI) inter-
fere and must be reduced chemically or complexed before electrolytic re-
duction of the uranium.
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Time required er determination: 30 minutes. ASS/p/g
Systematic error: Approximately plus 2%.

Precision (99% limits): Better than 16%.

Sample size: Dependent upon UNH concentration. For a solution contain.

ing 10 to 100 g.UNH/1., a 1 ml. sample is required. For a sample con-

taining 0.2 to 10 g.UNH/l., 5 ml. are required.

24. Uranium by the X-Ray Photometer

Application: The method is used for either hexone or aqueous solutions
(e.g., 2DU, 3DU), containing high UNH concentrations (5 to 1000 g./i.).
Since the absorption of X-rays increases very rapidly with increasing
atomic number the sample to be analyzed must contain an appreciable con-
centration of only one element of high atomic number.

Description: X-rays are passed through a fixed depth of sample solution
and a portion of the beam, depending upon the concentration of high
atomic number elements in the sample, is absorbed. The same X-rays are
passed through varying known thicknesses of aluminum which have been cali-
brated against known standard uranium concentrations until the absorption
of the aluminum matches the sample absorption,

Time required per determination: 20 minutes,

Sytematic error: Minus 1 to plus 1%.

Precision (99j limits): ±1 to 2%.

Sample size: The minimum volume required for routine analysis varies
with the uranium concentration. Solutions containing more than 100
g.UN1/1. are diluted to provide enough volume of 5 to 100 g.UNH/l. solu-
tion to fill a photometer sample cell holding 3 ml. Larger cells may be
used if sufficient sample is available.

D. RADIOCHEMICAL DETERMINATIONS

1. Americium and Curium -- Cerium Fluoride Precipitation Method

Application: The method is used for the determination of americium plus
curium concentrations in the presence of plutonium in Redox streams con-
taining no amphoteric ions such as aluminum (i.e., IAF solution).

Description: Americium and curium are determined together and no attempt
is made to differentiate between them. Any plutonium present in the sample
is oxidized to the Pu(VI) state with an excess of ceric sulfate to prevent
its precipitation when americium and curium fluorides are carried quantita -
tively from the solution on cerium fluoride precipitate. The precipitate
is then washed, dried, mounted on a platinum disc, and counted by means cff
a standard alpha counter.
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If plutonium is also to be determined the supernate and wash solutions

are collected. The plutonyl and ceric ions are reduced with hyrdoxylamine
hydrochloride and then precipitated as fluorides. The precipitate is then
washed, dried, and counted.

Time required r determination: Approximately 40 minutes.

System tic error: Minus 2 to plus 24.

Precision (9_ limits): *i0%.

Samplo size: If the radioactivity of the sample permits, to obtain the
above stated precision, a sample size should be chosen so that approximately
200 alpha counts/minute are registered on the counter. IAF solution may
contain from approximately 8 x 104 to 2 x 105 americium plus curium alpha
counts/minute/mifliliter (depending upon the pile history and "cooling" re-
cord of the uranium used in preparing the IAF solution). Therefore, a 5
microliter sample (the smallest accurately measurable sample volume) pro-
vides more than the required 200 counts/minute.

2. Cerium -- Oxalate-Iodate Precipitation Method

Application: All Redox samples.

Description: Cerium activity is separated from other fission product
activities by two precipitations. Cerium (including non-radioactive cerium
added as a carrier) is first precipitated with oxalic acid. The washed
oxalate precipitate is dissolved in nitric acid; cerium oxidized with
bromate; and ceric iodate precipitated. The separated iodate is destroyed
with oxalic acid and cerium is reprecipitated as the oxalate for mounting
and counting. Since the radioactivity of the praseodymium daughter of
cerium is measured, the mounted sample must be allowed to stand approxis
mately two hours before counting to permit the cerium-praseodymium transient

,equilibriun to be reached. The "hard" beta radiation passing through 6355
mg./sq.cm. aluminum absorber is measured on a standard BGO counter.
Corrections are made for the carrier recovery which is determined from the
weight of the final oxalate precipitate and the weight of cerium carrier
originally added.

Time required per determination: 40 minutes operator time,
2-1/2 hour elapsed time.

Systematic error; (500 to 5000 counts/minute) Plus approx. 10%.

Precision (95% linits): For 500 to 5000 counts/m~nute, ±10%.

Sample size: If possible, for the above systematic error and precision,
the sample should be chosen so that 500 to 5000 counts/minute are regis-
tered on the counter. Since a 0.005 nl. IAF sample (the smallest accur-
ately measured sample volume) contains for more cerium (1 x 107 counts/
minute) than required for the analysis, the sample is initially diluted
and an aliquot is chosen to give the required 500 to 5000 counts/minutee
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3. Cesiun C-loroplatinic Acid Method ED
Application: Radiocesium in all Redox so ples my be determined by this
method.

Description: Radiocesiu and a carefully measured quantity of inactive
cesium "carrier" remain in solution when interfering fission products
are removed by scavenging with ferric hydroxide formed in the solution.
Cesium in the supornte is then precipitated as the chloroplatinate from
acid solution. The cesium chloroplatinate precipitate is then washed,
mounted on a weighed brass counting disc, dried, and weighed. From the
weight of cesium chloroplatinate the cesium recovery may be calculated.
The beta emission of the radiocesium in the precipitate is then deter-
mined using a standard BGO counter.

Tine required per determination: 45 minutes.

Systemtic error: Approximately minus 10% above 1000 counts/minute.

Precision (99% limits): Above 1000 counts per minute, better than ±10%.

Sample size: To obtain the systematic error and precision indicated a-
bove the sample should contain approximately 1000 to 5000 cesium counts
per minute. A 0.005 ml. IAF sample (the smallest accurately measured
sample volume) contains far more cesium (5 x 105 counts/minute) than re-
quired for the analysis. Therefore, the sample is initially diluted and
an aliquot is chosen to give the required 1000 to 5000 counts/minute.

4. Gross Beta by BOO Counter

Application: The BGO (Beta-Gana-Offner) counter may be used for the do-
termination of total countable beta radiation. Gamma radiation is count-
ed along with beta but the proportion of gainn counts is generally only a
small fraction of the total and therefore r.-y be neglected. However, if
the gonna counts are a large percentage of the total counts, the gama
count nust be determined and beta calculated by difference. The counter
may also be used for gross garma deterninotions but for most routine
gross gana analyses the Shonka chamber will be used. Only beta radia-
tion (i.e., 0.15 MEe.v. beta or above) capable of passing through a 20
ng./sq.cn. aluminum absorber is counted in the test.

Description: The sample is pipetted onto a watch glass, evaporated to
dryness,and counted on a BGO counter, with a 20 mg./sq.cm. aluminum ab-
sorber interposed between the sample and the counter.

Time required per determination: 45 minutes.

Precision (99% limits): Approximately ± 4 to 2% for a five minute count
of a sample containing 1000 to 5000 counts per minute.

Sample size: If possible, to obtain the above precision, the sample size
should be such that 1000 to 5000 counts/minute are received by the countar.
(See the discussion at the beginning of this chapter.) One milliliter of
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IAF solution contains approximately 5 x 109 counts/minute. Therefore, to
obtain the desired number of counts, a small volume (less than 0.1 ml.) is
diluted and an aliquot taken to give the required number of counts. The
recovered uranium solution In Decontaminated UN! Storage should contain
approximately 20,000 beta counts per minute per gram of uranium.

5. Gross Gamma by Shonks Chamber

Application: Gross gamma may be determined for all Redox samples which
contain from 0.02 to 1000 microcuries of gamma activity.

Description: A sample -- gas, liquid, or solid -- is placed in the Vefl
of the ionization chamber. The gamma radiation of the sample passes
through the inner wall of the chamber into high-pressure argon gas sur-
rounding the chamber producing ionization of the gas. The ionization
causes an increase in the current flowing between an electrode in the gas
and the ionization chamber wall. The current is measured and recorded
using a vibrating-reed electrometer and recording potentiometer and com-
pared with the ionization current produced by standard radium samples.

Time Equired per determinatiot: Less than 10 minutes.

Systematic error: Dependent upon similarity of gamma radiation of the
sample to that of the radium standards. The standard radium samples ex-
hibit 12 different energy radiations ranging from 0.184 to 2.2 M.e.v.
The weighted average radiation is approximately 1.2 M.e.v.

Precision (99% limits): Varies with the gamma activity of the sample,
from 10.21h for 100-microcurie samples to approximately 10% for 0.02-
microcurie samples.

Sample size: The ionization chamber well will hold any size sample up
to approximately 40 ml. However, if possible, the sample size should be
selected so that the gamma radiation of the sample is between 0.1 to
100 microcuries. One milliliter of IAF contains approximately 1 x 10
microcuries of game radiation. Therefore, an undiluted 5-microliter
IAF sample can be measured in a Shonka chamber.

6. Iodine -- Continuous Extraction Method

Application: The concentration of radioiodine may be determined for all
Redox samples by this method. If the radioactivity ratio of ruthenium to
iodine is high (greater that 100), sufficient ruthenium may be carried a-.
long with the iodine to interfere with the method. For such samples in-
active ruthenium "holdback" carrier should be added to the sample.

Description: A measured amount of inactive potassium iodide carrier sol-
tion and sodium bisulfite solution are added to the sample. Higher oxida-
tion states of iodine are thus reduced to iodide. Nitric acid and sodium
nitrite are then added to the solution to oxidize the iodide. The iodine
formed is extracted into carbon tetrachloride then back extracted into a
sodium bisulfito solution. From the gammc activity and the total iodine
content of the sodium bisulfite solution which are determined by counting
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in a Shonka chamber and by the Volhard volumetric method respectively,
the concentration of radioiodine in the sample may be calculated.

Time rejuired per determination Approximately 30 minutes.

Systematic error: Approximately minus 7%.

Precision {99% limits): Better than ± 10% for a Shonka current repre-
senting 0.1 microcurios of gamma activity,

Sample size: The sample size should be chosen so that the current reg-
istered by the Shonka counter represents at least 0.1 microcuries of
gamma activity. This amount of iodine gamma activity is present in
approximately one milliliter of dissolver solution prepared from 90 day-
"cooled" slugs.

7. Ne3tunium byTTA Extraction

plicetion: This method may be used for the determination of low Np237
concentrations in the presence of large quantities of plutonium (IBP) and
uraniun (Dfcontaminated UN).

Descrition:_ Neptunium and plutonium are separated from uranium when thq
arc carried on LaF3 precipitate forned in the solution. The precipitate
is washed and dissolved with hydrochloric and boric acid. Plutonium is
separated from neptunium by reducing Pu with stannous chloride to the
trivalent state which remains in the aqueous phase when neptunium is ex.-
tracted into 0.5 M TTA (thonoyl trifluoro acetone) in benzene. The
neptunium and a small amount of interfering Pu is back extracted into a
concentrated HCi solution. A large portion of the already small Pu inter-
forence is removed by a second reduction and TTA extraction. A portion cf
the organic phase containing the neptunium is then mounted on a platinum
disc, dried, and counted on a standard alpha counter.

Tine rtured per determination: Approximately 90 minutes.

Systematic error: Approximately minus 20%.

Precision (99 limits): Approximately ± 10%.

SMpILC size: To attain counting precision within the above limits the
sample should radiate approximately 500 to 5000 neptunium alpha counts
per minuto during a 5-minute counting period. One milliliter of IAF solw
tion contains approximately 500 neptunium alpha counts/minute.

8. iobium .- Potassiurl Rromte Method

Application: The radioniobium (fornerly radiocolumbium) concentration of
all PRdor sarples may be determined by this nthod. The method should not
be used for scriples containing an arpreciablc fluoride ion concentration.

Description: Radioniobium and inactive carrier niobium are precipitated
as a niobium hydrate from a boiling hydrochloric-oxalic acid solution whvr
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solid potassium bromote is added to the solution to destroy the soluble
niobium oxelate complex. Zirconium holdback "carrier" is added prior to
precipitation to minimize the interference of "carried" zirconium in the
precipitate. The washed niobium hydrate precipitate is dissolved in
ozalic acid. The interfering rare earth radioactive elements are then
"carried" whon lanthanum and thorium oxalatus are precipitated. The
niobium in the supernate is reprecipitated as potassium bromate is added
to the solution. The precipitate is washed with diethyl other, dried,
weighed, and the chemical recovery calculated. The goa radiation of the
dried precipitate is then counted on a BO counter.

Time required per determination: Approximately 40 minutes.

Recovery: Better than 95%.

Precision (99% limits): ±15%.

Sample size: If the radioactivity of the sample permits, for the counting
precision stated above, the sample size should be chosen such that a mini-
mum of 300 gama counts per minute are registered on the BGO counter dur-
ing a five-ninute counting period. Since one milliliter of dissolver solu-
tion contains approximately 2 x 106 niobium gatno counts/minute, a 5-
microliter sample (the smallest accurately neasured sample) would be more
than adequate for the deternination.

9. Plutonium Adsorbed on Sunr Filtrol

Application: This method was developed to detect plutonium adsorbed on
Super Filtrol scavenger before sending the Super Filtrol to underground
waste storage.

Description: Super Filtrol on which Pu has adsorbed is dissolved in con-
centrated hydrofluoric acid and digested with concentrated sulfuric acid.
An aliquot of the sample is then analyzed for Pu using the standard lan-
thanum hydroxide-sodium uranate method or the LaF3 method.

Time required per determination: 150 minutes.

Recovery: 97 to 99% dependent upon method used for final Pu analysis.

Sample size and precision: Sample size is dependent upon the plutonium
concentration, and the precision required of the determination. For a
discussion of those factors refer to the beginning of this chapter. For
1 to 2 per cent counting precision the sample size should be regulated so
that during a fivc-ninute counting period 3000 to 15000 counts per minute
(approx. 0.04 to 0.2 micrograms of plutonium) are registered on the stand-
ard ASP counter. If it is assumed that 0.2% of the plutonium processed in
the plant is adsorbed on the Super Filtrol 3000 counts/minute would be
present in approximately 0.01 ml. of slurry waste.

10. Plutonium -- Direct Evaporation Method

Application: Plutonium my be determined by this method for these streams,
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both hexone and aqueous, containing little or no uranium (e.g., 2BP, 2BW,
3BP, 3BW, Pu Condensate). The sample should be essentially free of salts
(less than 0.25 mg.) which are not volatilized when the sample is evaporat-
ed to dryness, for such salts absorb a portion of the plutonium alpha
radiation.

Description: The sample is transferred directly to a platinum disc and a
small amount of lanthanum fluoride is precipitated on the disc to insure
even distribution of the plutonium over the surface of the disc. The pre-
cipitato is then evaporated to dryness and the sample is counted on a
standard alpha counter.

Tine requiredper determination: 45 ninutos.

Rhcpvera: Approximately 100%.

Sanple sizeand precision Sample size is dependent upon the plutonium
concentrotion anf the precision required of the determination. For a
discussion of those factors see the beginning of the chapter. For 1 to
2% counting precision the sample chosen should contain sufficient plutoni-
un (0.04 to 0.2 ricrograns) to register 3000 to 15000 alpha counts per
minute on a standard ASP counter during a 5-minute counting period. A
5-ricroliter sample of 3BP contains more than 15000 alpha counts/minute.

11. Plutonium -- FluoridePcipitation Method

Application: This is a radiochenical nethod which may be used for the
determination of high plutonium concentrations (e.g.,fDissolver Solution,
Pu Conc.). When a hexone phase sample (IAP) is analyzed a small amount
of acetone must bo added to increase the solubility of hexone in water.
The method should not be used for samples (IAW, IBP) containing relatively
large concentrations of ions such as aluminum which compete with plutonium
for the fluoride.

Description: Pu(III) and Pu(IV) are separated from interfering substances
by "carrying" the plutonium on a lanthanum fluoride precipitate formed in
the sample solution. The precipitate is centrifuged and washed before
counting in a standard alpha counter. If the total amount of Pu is to be
determined by this nethod, the sample must first be treated with a re
ducing agent (IH20Hr.Cl) to convert the Pu(VI) to a lower valence state.

Tine required per determination: 90 minutes.

Recovery: 99 to 99.5%.

Sample size and rrecision: Sample size is dependent upon the plutonium
concentration and the precision required of the determination. These
factors ore discussed at the beginning of the chapter. For 1 to 2 per
cent counting precision the sample size should be regulated so that during
a 5-minute counting period 3000 to 13000 counts per minute (approximately
0.04 to 0."i licrograms of plutoniu) are registered on the counter. A
5-nicroliter sample (the smallest accurately neasured sample volume) of
IAF contains approximtely 50,000 plutonium alpha counts/minute.
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12. Plutonium -- lanthanum Hydroxide-Sodium Uranate Method

Application: This method is used for those streams which contain large on-
centrations of amphoteric ions such as aluminum which compete with lanthw
num during the formation of LaF precipitate. Among the samples which may
be analyzed by this method are 4AW, ISW, 2DW, 2AW, and other waste solutions
containing large concentrations of aluminum nitrate.

Description: Plutonium is separated from amphoteric elements, particularly
aluminum, when it is carried from the solution on a precipitate of La(OH)2
and sodium uranate. The washed precipitate is then dissolved in nitric
acid and plutonium is reduced with NH20H-KC1. This reduced plutonium is
carried from the solution on a LaF3 precipitate. The precipitate is mount-
ed on a platinum disc, dried, and counted in a standard alpha counter. In
the presence of large quantities of Cr(III) a portion of the plutonium is
not carried during the hydroxide precipitation step. To overcome this
effect Cr(III) is oxidized to Cr04 " using H202 as the oxidizing agent.

Time required per determination: 150 minutes.

Eecovery: Greater than 97%.

Sample size and precision: The sample size is dependent upon the plutonium
concentration and the precision required. A brief description of these
factors may be found at the beginning of this chapter. Generally, for Be-
dox samples the method will be used for determining low Pu concentrations
requiring only fair counting precision. For approximately 20% counting
precision the sample chosen should (radioactive level of sample permitting)
contain approximately 0.0004 micrograms of Pu. A 5-microliter sample of
IAW solution containing 1 x 104 g.Pu/liter is required for a determination.

13. Plutonium -- Low-Level Plutonium by Fluoride Precipitation

Application: This method is used for the determindtion of low plutonium
concentrations in the presence of relatively high uranium concentrations
(e.g., ICU, 3EU, Decontaminated UNH Storage). The method may be used for
analyzing bexone samples if a small amount of acetone is added to the
sample to increase its solubility in water.

Description: An initial lanthanum fluoride precipitation is made to separ-
ate the plutonium from the bulk of the uranium and other interfering ions.
The precipitate, which has "carried" the plutonium and a slight amount of
uranium with it, is then metathesized with potassium hydroxide to form
lanthanum hydroxide. This La(OH) precipitate (and the "carried" plutoni-
um) is dissolved with concentrate. nitric acid and again treated with HF
to fortm a second lanthanum fluoride precipitate. The washed LaF is
mounted on a platinum disc, dried, and counted on a standard alpAa counter.

Time required per determination: 180 minutes.

Recovery: Approximately 95%.
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Sample size and precision: Sample size is dependent upon the plutonium
concentration and the precision required of the determination. These
factors are discussed at the beginning of this chapter. Generally only
fair precision will be required for these low level Pu streams. For
approximately 20 per cent counting precision the sample selected should
register approximately 40 counts per minute on the standard counter for a
5-minut counting period. A 5-microliter sample of ICU containing
1 x 10~ g.Pu/liter is required to produce the required 40 Pu alpha counts/
minute.

14. Plutonium -- TTA Extraction Method

Application: This method may be used for the detection of the low plutoni-
um concentrations found in Redox waste streams (e.g., IAW, 2AW, 2DU).

Description: Of the three principal valence states of plutonium only
Pu(IV) is extracted from aqueous solution by TlA (thenoyl trifluoro acetone).
To determine the total amount of plutonium in the sample it is therefore
necessary to reduce plutonium (and ferric iron catalyst) to Pu(III) with
hydroxylamine hydrochloride, then oxidize to Pu(IV) with sodium nitrite
and extract into 0.5 M TTA in xylene. An aliquot of the organic phase is
mounted on a platinum disc, dried, and counted on an ASP counter. Since"polgmeric" Pu does not extract it must be destroyed by initially adding
nitric acid and heating the solution.

Time rguxiredner determination: 60 minutes.

Recovery: Greater than 95%.

Precision and sample size: The sample size chosen is dependent upon the
precision required, the radioactivity of the sample, and the plutonium
concentration. Since this method is to be used for waste streams con-
taining low plutonium concentrations, approximately 10 per cent counting
precision may be tolerated. As indicated in the beginning of this chapter
this precision represents a counting period of five minutes on a disc con-
taining approximately 0.002 micrograms of Pu.

15. Plutonium -- Zirconium Phenyl Arsonate Method

Application: The method is designed primarily to differentiate between
Pu(III and Pu(IV). The method is applicable when the Pu(III) to Pu(IV)
ratio is high but when the ratio falls below 0.4 the accuracy decreases
rapidly.

The method may also be used to differentiate between Pu(IV) and Pu(VI).
For this differentiation it is assumed that a negligible quantity of Pu(II)exists in a solution containing Pu(IV) and Pu(VI).

Description: Plutonium (IV) is carried from acid solution by a zirconium
phenyl arspnate precipitate while Pu(III) remains in solution. The sepa-
rated precipitate containing the Pu(IV) is dissolved in hydrofluoric acid.Next the Pu(IV) is reduced to Pu(III) by hydroxylamine and carried on a
IaF 3 precipitate formed in the solution. This precipitate is then washed,
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mounted on a platinum disc,cnd counted in a standard alpha counter.

The Pu(III) remaining in the supernato from the zirconium phenyl
arsonato precipitation is carried from solution on a LaF3 precipitate. The
precipitate is washed, mounted on a platinum disc, dried, and counted in a
standard alpha counter.

If the Pu(VI) and Pu(IV) concentrations are being determined the Pu(VI)
remaining in the supernate after zirconium phenyl arsonate precipitation
must be reduced to Pu(III) before it is carried on LaF3'

Time required per determination: 150 minutes,

Recovery: Approximately 95%.

Sample size and precision: Sample size is dependent upon the plutonium
concentration, radioactivity, and precision required for the determination.
These factors are discussed at the beginning of the chapter.

16. Ruthenium - Direct feduction Method

Application: Radioruthenium may be determined in all Redox samples by this
method.

Decriion: A known amount of inactivo ruthenium carrier is added to the
sample which is subsequently reduced to ruthenium metal with magnesium in
a strong hydrochloric acid solution. The metal is filtered, dried, and
weighed. The "hard" beta emission passing through a 355 mg./sq.cmvi1Ummtfm
absorber is measured on a standard BGO counter. The effect of interferig
activity of zirconium and cerium is minimized by adding inactive zirconium
and cerium "holdback" carriers to the sample so that only a small percent-
age of the radioactive zirconium and cerium is carried with the ruthenium.
From the ruthenium recovery and the beta activity of the ruthenium metal
the active ruthenium in the original sample may be calculated.

Time required per determination: 30 minutes.

Recovery: Approximately 101% for high counting rates (1000 to 7000 counts/
minute). Approximately 120% for low counting rates (less than 1000 counts/
minute).

Precision (99% limits): ± 10%.

Sample size: For the above counting precision the sample should emit
approximately 1000 to 7000 ruthenium "hard" beta counts per minute. A
5-microliter sample (the smallest accuratoly measured sampke volume) of
Dissolver Solution contains far more radioactivity (1 x 10 Ru beta counts/
minute) than required for the determination. Therefore, the sample must be

initially diluted and a suitable aliquot taken for analysis.

17. Zirconium .-- TTA Extraction Method

Application: The method may be used for the determination of zirconium in
all Redox samples. Plutonium interferes with the method and must be re-
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duced to Pu(III) by the addition of NH20H-HCl to prevent its extraction
into the benzone layer.

Doscription: After careful adjustment of the nitric acid concentration
of the samplo, zirconium is quantitatively extracted into a benzene solu-
tion of TTA (thenoyl trifluoro acetone). The radioactivity of the benzone
layer is then mcasured in a Shonka counter.

Time required per determination: 35 minutes.

Systematic error: Minus 25 to plus 25c (estimated).

Precision (99% limits): ± 25% (estimated).

Sample size: For maximum counting precision the sample size should be
selected such that a current representing 300 or more gama counts per
minute is registered on the Shonha counter. The required 300 zirconium
garrn counts/minute are contained in a 5-microliter sample of Dissolver
Solution.

DECLASSIFIED a6

,' t_, / / D --'2

UECW%)I'FIE" --'



tK- 2028 DECLASSFIEam
REFERENCES

(1) Richards, R. B. and Smith, R. E., Project C-187-D Purchase Specificar-
tion -- Methyl Isobutyl Ketone (MIBK), 12-5-50.

(2) EW-12867* H. W. Laboratory Manual, 200 Area Section. Author not
stated. 7-1-50.

(3) H-14524 Preliminary Analytical Requirements for Redox Production
Plant No. 1 (Revised September 20, 1949). R. J. Sloat. 9-23-49.

(4) EW-14744 Tentative Analytical Methods and Estimted Sample Sizes
for Process Control of Redox Production Plant No. 1. R. J. Sloat
and J. W. Hall. 10-19-49.

(5) HW-15074 Chemical Research Section Progress Report for October 1949.
F. W. Albaugh. 11-15-49.

(6) HW-18816 Estimated Analytical Load of Redox Production Plant No. I
During Routine Operation (18 Months After Cold Startup). R. J. Sloat.
9-15-50.

* Principal Reference

otcaSSEED
ema



/dc
aMEMO CUELASSIFIED

PART V: SAFETY
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CHAPTER XXI. HEALTH PROTECTION FROM RADIATIONS

Nuclear radiations are inseparable from the atomic energy program and
the production of plutonium. Radiations of the types encountered in the
chemical separations plants have been known for over half a century, and
their action on living tissue and matter is reasonably well understood.
Slowly during the last 50 years, standards of protection were established
which regulated the conditions under which work with radioactive materials
was performed. Although these standards provided valuable guidance during
the first years of the atomic energy development, the radiological problems
encountered on this project were many times greater than those ever faced
before. Instead of about three pounds of radium under human control,
there are now radioactive materials equivalent to millions of pounds of
radium. In addition to a few kinds of radiomaterials known previously, we
now deal with hundreds of kinds comprising nearly every known element and
several new elements. Much effort is being devoted presently to the study
of radiations, their hazards and effects, and methods for control of these
hazards, The principles followed in the protection of personnel from
radiations by shielding are discussed in Chapter XXII. The present chap-
ter deals primarily with the hazards of radiation and personnel protection
methods other than shielding.

A. NATIE OF RADIATIONSS)

Nuclear radiations are invisible and undetectable by the unaided
senses. They are of two generalrtypes: (a) bits of matter from the
nucleus of atoms (neutrons, beta, and alpha particles), and (b) electro-
magnetic waves called gamma rays or photons. The radiations emitted in
the chemical separation processes are alpha, beta, and gamma. Neutrons
are emitted only during the pile reaction and, therefore, will not be con-
sidered in this chapter.

1. Alpha Particles

As stated in the H.E.. Technical Manual:(9)

Alpha particles are helium nuclei of mass four and positive
charge two. They are ejected spontaneously by the nuclei of
uranium and plutonium atoms, but not by fission-product elements.
Because of the large mass and charge of the alpha particle, its
penetrating power is very low. For example, the alpha particles
from uranium are completely stopped by about one inch of air,
0.001 Inch of aluminum, or 0.0001 inch of lead. Alpha particles
present an important hazard only when the parent substance is
taken into the body.

2. Beta Particles

Beta particles, emitted by radioactive nuclei, are fast electrons
of very small mass, about 1/8000 that of an alpha particle. They carry
a negative chargqf one unit and are emitted with energies rarely ex-
ceeding 3 M.e.v. 43) Their penetrating power is rather low (2 M.e.v.
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betas are completely stopped by about 23 feet of air or about 1/8 inch of
aluminum). The beta radiation hazard assumes importance only when the
observer is directly exposed .to the source or when the emitter is taken
into the body. Under exceptional circumstances the secondary radiation
produced upon absorption of beta particles in matter (Bremsstrahlung, or
"slowing.down radiationt) may also represent a hazard.

3. Gamma Rays

Gamma rays have a wave length roughly one-millionth the wave length
of visible light. The most penetrating radiation emitted by the fission
products is the 2.1 M.e.v. gamma radiation of lanthanum. Unlike alpha
and beta particles, gamma radiation has no definite range in mtter but
is absorbed exponentially. The intensity of a beam of 2 M.e.v, gamma
radiation is reduced ten-fold by passage through 1300 feet of- air, 20
inches of water, 8.5 inches of concrete, 8 inches of aluminum, or 1.7
inches of lead. Reduction of the intensity of this radiation by a factor
of 100 is obtained by using a shield of 3.4 inches of lead. Although
gamma rays are less damaging than alpha or beta radiation, quantity for
quantity, they are a major problem because they penetrate so deeply.

B. CURRENT PERMISSIBLE RADIATION BFPOSURE LIMITS

For any systematic program of radiation control, it is necessary to
know precisely what quantities and rates of exposure can be permitted.
The permissible radiation exposure limit is the quantity of radiation
which a human can withstand day after day without perceptible damage to
the body. Because of the lack of full, exact knowledge, the permissible
exposure limits at Hanford Works are conservatively set and frequently
reviewed in light of new information. The safety factors involved are
not exactly known. In some cases they may be quite large; in others,
just adequate.

1. Definition of Terms

A "roentgen" (r.) is a quantity of gamma or X rays that corresponds
to an absorption of 93 ergs per gram of water,('0

A "rm." (roentgen equivalent physical) is a quantity of any
ioniizng radiation that ilfl deliver an amount of energy (93 ergs)
equivalent to a roentgen to one gram of tissue.(4)

A "rem." (roentgen equivalent man, or mammal) is that dose of any
adiaTion which produces a biological effect equal to that produced

by one roentgen of high-voltage X radiation. This is not an abso.
lute definition A voltage of 400 kilovolts, or more, is considered
a high voltage.?h) One rep. of another type of radiation, deliver-ing an equivalent amount of energy, would create more rem, of damage
than one rep. of gamma or X rays as follows;(7)
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Gamma or X rays 1 r. 1 rep. = 1 rem,

Beta particles - rep. * 1 rem,

Alpha particles 1 rep. a 20 rem.

A curie is a measure of the activity of a radioactive material. The
sampe is said to have one curie of radioactivity when the number of
disintegrations of its atoms per second is equal to 3.7 x 1010.
Since conventional instruments for measuring radioactivity actually
count the number of particles (i.e., alpha or beta) emitted per unit
of time rather than the number of atoms disintegrating per unit of
time, the number and types of particles emitted per disintegration
must ibe known or estimated to convert the -radioactivity measurements
to curies. This conversion from "counts" to curies is discussed in
more detail in Chapter I. The absolute curie defined above should not
be confused with the "countable" curie explained in Chapter II.

2. ternal Radiation osure Limits for Hanford orks(5)

2.1 General body exposure

General body exposure limits for radiation are set for certain critical
tissues, the selection of which depends on the irradiation pattern. For
gamma radiation of quantum energy less than 3 Mle.v., the critical tissues
are probably the blood-forming tissues (i.e,, the bone marrow) convention-
ally assumed to lie at a depth of 5 cm. For this radiation, the maximum
permissible limit is 0.3 roentgen per week to these blood-forming tissues.
For practical reasons, this limit is better expressed in terms of the
surface dose per week and on this basis would be 0.5 roentgen per week.
This corresponds to 0.3 roentgen per week measured in free air by an in-
strument such as a C.P. meter. The difference between the 0.5 roentgen/
week surface dose and the 0.3 roentgen/week measured in free air is due
to back-scattering effects not detected by the CP. meter.

The critical tissues for high energy beta radiation (up to about 3
M.e.v.) are probably the superficial tissues of the skin, assumed to be
the basal layer of the epidermis lying at a depth equivalent to 7 mg./
sqlm. For this radiation the maximum permissible limit is 1.5 rep.
per week to the surface of the body*. However, in practice, beta radia-
tion is almost always accompanied by gamma radiation. For such a com-
bination it is difficult to predict which tissues, the skin or the
blood-forming organs, become critical. For this reason when both beta
and gamma radiation are present, the maximum permissible limit is 0.5
rep, per week to the surface of the body, the gamma and beta components
being considered additive. Since surface dosage rates cannot be deter-
mined easily for mixed radiations, the maximum permissible limit at
Hanford is taken as 0.3 rep. per week measured in free air.

*) This is the proposal of the International Commission on Radiological
Protection. The U.S. Committee has not yet decided between 0.5 and
1.5 rep. Hanford will continue to operate on the lower limit until

siglicision is made.
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2.2 Exposure of hands and forearms only
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In the case of exposure of only the hands and forearms, the basal
layer of the epidermis (rather than bone marrow) is considered the
critical tissue for both beta and gamma radiation. For this reason,
the permissible limit in this special case is 1.5 rep. per week, the
gamma and beta components being considered additive.

3. Permissible Contamination Maxima for Hanford Works

Permissible concentration levels of radioactive materials taken into
the body are based on an allowable exposure of 0.3 rem. per week to the
organs significantly affected, except in those cases where a more reliable
estimate can be obtained from comparison with radium toxicity. The
following table presents the limits for various radioelements (listed
in the order of their atomic number) which are of concern in the Redox
Plant:(2)

Kr 8 5

Sr 8 9
Se90 (+190)

Xel3
I If

Retention
in Body,

Microcuries

(a)
2
1

0.3
300

Xe 100
U (natural) 0.07 (sol.) in be

0.009 (insol.) in l
pU239 0.04 (sol.)

0.008 (insol.) in 1
Fission products (a)

(idixed)

Concentration
in Air,

Microcuries/cu.Cm.

1.h x 10-5
approx 2 x 10-8
approx. 2 x 10-10

3 x 10-9
5 x 10

1.7 x 10-6
ne 1,7 x 10-11
ungs

2 x 10- 1 2

ungs
1 x 10-9

Concentration in
Drinking Water,

Microcuries/Cu.Cm.

(a)
7 x 16-5
8 x ia- 7

3 x 10-5
4 x lo-3
1.5 x 10-3

(a)

1.5 x 10-6

(a)

(a) Limit not determined.

h. Permissible Personnel Contamination Limits(5)

Permissible contamination limits for personnel and clothing are set
so that overexposure of personnel and undue spread of contamination are
considered impossible. The following table presents these limits:
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Types of
Contamination

Maxima Permissible
Contamination

Skin-general

Skin-hands

All

Alpha (Pu)

Beta

Shoes (personal)-
soles

Alpha (Pu)

Beta

Shoes (personal)-
surfaces other
than soles

Clothing (personal)

Clothing
(protective.-SMP)

All

Alpha (Pu)

Beta

No detectable contamination.*

Less than 500 disintegrations/min.
total per hand as determined by
Four-Fold Alpha Hand Counter.

15 registers per 24 seconds with
scales of 8, on Four-Fold or Five-
Fold Beta Hand Counter.

Less than 500 disintegrations/min.
with Poppy.

Fixed on bottom of shoe after
cleaning-25 registers per 24
seconds on scale of 8 shoe
counter.

No detectable contamination.*

No detectable contamination.*

500 disintegrations/min. per 0.1
square feet.

1 mrep 4/hour surface dosage rate.

* Monitored with Poppy for alpha (low limit of detection a 500
dis./min.) and G.M.-type instrument for beta and gamma (low
limit of detection a 100 co,/min.)

5. Surface Contamination Limits for Hanford Works( 5 )

5.1 Radiation Danger zones and regulated areas

Corntrol limits are as deemed necessary and practical by the Operating
and H.I. Divisions coircerned.

5.2 Non-regulated areas

No detectable contamination (as monitored by the Poppy and G.M.-type
instruments) is permissible.
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C. METHODS OF, MONITORING(S)

Various elaborate provisions in building and equipment deip and
in equipment operation have been made for the protection of peltonnel
from the hazards of radiation. In addition to these safeguardbh it is
considered essential that a thorough and constant program of ridiatibn
monitoring be maintained so that accidental overexposure of petf6nuel
is avoided.

The chief items requiring constant and careful monitoring An in-
cluded in-five categories: (a) operating areas and equipment, (b)
personnel, (c) ventilation air, (d) stack gas, and (e) environhe De-
scription of the detailed monitoring procedures and equipment tsed at
Hanford Works for health protection is beyond the scope of this dhapter,
but the following discussions cover the general features invollr6d in
the control of radiation hazards in each of the five categorieb.

1. Monitoring of Operatng Areas and ent

Although the equipment and facilities provided are adequate for
handling the active process solutions under normal operating conditions,
in the event of operational accidents or the need to enter any of the
equipment cells or areas for inspection or maintenance, it is necessary
that the areas and equipment be surveyed for presence of contamination
and radiation. In addition, surveys of all the operating areas of the
plant are made on a routine basis in order that contamination can be
removed, and radiation confined.. The techniques of decontamination are
discussed in Chapter XXIII.

1.1 Health Monitor (HM sstaion

Fixed monitor stations which measure and
tion levels in the Redo: Plant are located as

Location of Chamber Number

Pipe Galleries
Canyon Deck
Remote Shop
Decontamination Room
Train Tunnel
Crane Maintenance Platform
Silo Crane Deck Level
Silo Sampling Gallery
Silo Feed Tank Level
Silo Operating Gallery
Operating Gallery
Sample Galleries
Canyon Crane Cab

6
6
1.

1

1
1
1
1

11
6
1

record instantaneous radia-.
follows-

Location of Recorder

Dispatcher's office
Dispatcher's office
Dispatcher's office
Dispatcherts office.
Dispatcherts office
Dispatcherts office
Dispatcher's office
Silo Operating Gallery
Silo Operating Gallery
Silo Operating Gallery
Operating Gallery
SWP Lobby
Crane Cab

A complete installation consists of an ion chamber, a Beckman RXG ampli-
tier, and a recorder. ' Fiber ion chambers are used for gamma monitoring;
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an acetate window permits it to be used also for beta monitoring, Radiation
fields which can be detected reliably are limited by ionization chamber voli.
ume, which is, standardized, and by the Backman amplifier, which pro*ides
six sensitivities permitting measurement 9t fields from 0.03 mr./hr. to 300
r./br. The Operating Division must change, the sensitivity on the canyon HM
Chambet amplifiers yhen operations (e.g.5 charging of- a dissolver) in the
canyon Ichnge the radiation level. The HM instruments are calibrated weekly
by the Health Instrument Division.

1.2 Portable u aey Ln#?umsnts5)

The value of any radiation survey is dependent onxthe judgment of the
surveyor in selecting an instrument, making the survey, and interpreting
the data. If quantitative measurements are made, survey instruments must
be used in substantially the same manner as they were calibrated. Other-.
wise varable and indeterminate errors are introduced; however, since most
survey instruments operate on the same principle (i.e., measurement of the
degree of ionization caused by radiation passing through gas in an enolosed
chamber) qualitative indications ban sometimes be obtained when an instru-
ment is not calibrated for a specific radiation. With regard to alpha
measurements, the short range and low penetrating power of the particles
require that the instrument be lused as close as possible to the area being
exained and with no absorber (paper, film of water, etc.) between the
source and the sensitive element.

The matter of a time constant must not be overlooked in making any
survey with a direotareading instrument. EVery instrument requires a
fixed amount of time, usually of the order of seconds, for it to reach
a steady reading, or to give any reading at all. It is quite possible to
miss radioactive contamination or beans by too rapid survey of the area.
For these reasons, considerable skill and experience are required of the
surveyor to detect the presence of radiation or to be assured, based on
a rapid survey, that radiation is-absent.- A complicating factor in the use
of the instruments is that flames, draftss or mechanical disturbances of
the chmbosa may affect their readings in some cases.

Six of the most common partable survey instruments are classified
below-

Instrument Function Radiation ajn(a) Oomments

*.p.(b) Meapurement Beta 0-35,000 iirep./hr. Light weight
of radiation Gamrn 0-5000 mro/hr. and very reli-
field. able.

Zeuto Detection of Alpha 04.0,000 dis./min. Very satisfac.
surface con- Beta 0.200 mrcp./hr. tory for general
tamination. usage.

Juno Detection of Alpha 0-4,,000,000di./min. Versatile.
surZ4ce con- Beta 0.415;000 mro./hr.
tamination and Gamma 0.5,000 mr./hr.
measurement of
radiation field.
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Instrument Function Radiation Range(a) Comments

Poppy Detection of Alpha Greater than 500 Many special
surface con- dis./min, probes available.
tamination. Probes quite

fragile.

Portable Detection of Beta Detection on-y Instruments areG.M. surface con- Gamma 0-80,000 co. /in. equipped with
tamination and probe.
measurement of
radiation field.

Portable Detection and Beta(>0.5 Detection only Stable zero.
Beckman measurement M.e.v.) 1-2000 mr./hr. Very shbrt time

of radiation Gamma constant.
field. Heavy.

Notes: (a) Values for alpha and beta are typical values and
may vary to some extent from one instrument to
another.

(b) This is the complete designation of the instrument.
Officially the letters no longer stand for "Cutie
Pie".

The description of the Juno below, illustrates the principle used fordistinguishing and measuring the dose-rate of an individual radiation inthe presence of other radiations. Although the other instruments differin their physical arrangements and electronic circuits, this principleis the same. The ionization chamber window of the Juno can be coveredby a nylon shield and an aluminum shield. Any reading on the microammeterwhen both shields are in place is caused by gaima rays penetrating tothe ionization chamber; the intensity of gamma radiation is obtained froma curve relating scale reading and mr. per hour. For measurement of betaradiation, the aluminum shield is removed, and the microammeter on theinstrument is read a second time. The increase in microamperes above thethe previous reading is caused by the beta radiation and is interpretedon the beta calibration curve. When both the nylon and aluminum shieldsare removed, the microammeter reading represents the total alpha, beta,and gamma radiation present. Subtraction of the second reading fromthe third gives a reading which is referred to the alpha calibrationcurve. Since some soft beta radiation is absorbed by the nylon shield,this latter reading represents small quantities of beta radiation inaddition to the alpha; however, this inaccuracy is unimportant.

The portable survey instruments are stored in the S.W.P. Lobby.After the instrument is used, it is returned to the Lobby, surveyed forcontamination and cleaned, if necessary, before it is returned to storage
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2. Monitoring of Personnel

2.1 Special Hazard Bulletins

Procedures issued by the Special Hazards Committee form the basis of
the radiation protection policies for personnel in the plant. The follow-
ing bulletins have been issued to date:

Bulletin No. 1 - "Plant Procedure for Work in 'Radiation Danger
Zones'&.

Bulletin No. 2 - "Procedure for Suspected or Known Excessive Radiation
Eposure or Contamination."

Bulletin No, 3 - "Contaminated Waste Disposal."

Bulletin No. l --. "Procedure for Injury in Contaminated Work Zones."

Bulletin No, ... "Procedure for Inter-Area and Off-Plant Transfer of
Special Process Naterials."

Bulletin No. 6 -- "Investigation and Reporting of Unsafe Practices or
Incidents Arising from Special Hazards."

Bulletin No. 7- "Procedure for Release of Equipment from Areas
Wherein Contamination is Possible."

Bulletin No. 8 .- "Procedure for Fire-Fighting in Radiation Danger
Zones."

2.2 Personnel exposure monitoring

All persons working in thoie plant areas in which exposure to raxia-
tion is considered possible are required to wear two pocket meters, or
"pencils", and a film badgo, These instruments are intended to indicate
the degree of beta and gaax radiation exposure which each individual

experiences.

The pocket meter is essentially an ionization chamber. In use, a
predetermined charge is placed on an electrode. The extent to which the

charge is dissipated is an indication of the exposure to radiation. The

charges on the two motors are read at the end of each shift of use and

can indicate gamma dosages from 5 to 280 mr. Since these chambers may be
discharged by mechanical shock, dropping them or otherwise subjecting
them to sharp blows should lbe avoided.

The film badge contains two separate films, one more sensitive than

the other, which are sensitive to beta and gamma radiation. A silver

shield covers approximately three fourths of the film surface so that

it is possible to obtain an indication of the relative exposure to beta

and gamma radiation. Perforations in the silver shield are used for

permanently recording the wearer's payroll number by exposure of the

shielded film to a known source of X rays. With each lot of film used,
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counting instruments (or on both a Poppy and Gad.-type instrument) after
each exit from a Radiation Danger Zone, before eating or 5moking, and be-
fore leaving the process area for the dayr. However, hand and shoe counting
instruments should be considered as a check of prior contamination control
methods and not as a means of contamination control in themselves. A high
hand or shoe count is unusual and calls 'gor inmediate and thorough investi.
gation and decontamination, by approved methods.

3. Ventilation Air Monitoring

The methods of air sampling and analysis described in this section
apply to particulate radioactivity only. They are of no value in monitor-
ing of radioactive gases such as xenon or krypton, and they pick up only
approximately five per cent of the radioiodine. Eperience has shown that
such coverage is adequate, unless radical changes in dissolving schedules
are introduced.

A vacuum air sampling system is installed in the Redox Plant with 101
sampling points located throughout, the building. Thirty of these sample
points are located in the sample galleries of the canyon and silo. These
thirty have six-foot hoses provided which make them semi-portable in that
it is possible to move the air sampler to within two feet of process solu-
tion sampler boxes, Sixteen sample points are -loc-ated on the canyon walls,
four feet above the deck and staggered on north and south walls. The re-
mainder of the sampling points are distributed throughout the building.

Each sampler has a rated capacity of twenty cubic feet per minute and
is equipped with an orifice and manometer for indicating air flow rates.
The vacuum is maintained by one of two vacu~w pumps, one pump being wired
to the emergency electrical system so that continuity of sampling is assured.

The Health Instrument Divisi6n has the responsibility for sampling and
analyzing the air in the building. Filter papers used for collecting the
samples are of two types.- (a) Chemical Warfar6 Service Type 6, an asbestos
paperi and (b) Whatman-41 Ashless filter paper. The filter paper, 4-1/4
inches by 8-1/2 inches, is inserted'into a brass, perforated, cylindrical
head with 70 per cent free area. Air is drawn through the paper until
minimum of 200 cubic feet has been pulled in approtinately 10 minutes.(9)
However, continuous samples of eight hours or greater duration offer a
better indication of the particuate activity that personnel might inhale
while working prolonged periods in an area.

Particulate contamination collected on filters is measured by its
activity.- When the ashless filter paper is used, the paper is digested
with acid, and the solution is evaporated to dryness. Counts are made
of the solid residue. When the sample is taken on asbestos filter paper,
the Horizontal Pig Air Sample Counter or Mica Window counter is used for
determining the beta and gamma activity. The optimum time for these
readings is within an hour after sampling. If the beta count indicates
a high concentration of beta emitters, additional counts are taken to
estimate the half. life.
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standards composed of tA blank and a series of filns exposed to known
radiatioin sourcb' are processed. - The exposure experienced by the wearer
is determined by-comparisoi of, the blackening of the wearer's film with
the standards by means of -a senntive 'densitometer. Over a range of 20
mro" to 20 r. of radiations, goodaccuracy and reproducibility are obtained.
The film badges are generally worn for a two-week period, after which they
are monitored and reloaded. If the pocket meters, one as a double.check
of the other, indicate that the individual has been exposed to significant
radiation, the film badges are processed inoediatelys- The developed filn
comprises a permanent record of each employee's exposure to beta and gamma
radiation. Where radiation exposure of the hands may be significantly
higher than to the ihole body, hind monitors in the form of rings contain-
iri fJIM are worh also.

Routine interim physical rechecks are made on process plant employees
so that any systemic radiation effects would be detected,, For separations

.process plant employees, routine thyroid checks for detection of radio-
iodine are made4 &ployees routinely give large.volune, urine samples
Which are analyzed for presence of plutonium And/or other radioelements
when applicable.

2.3 Monitoring of personnel leaving a Radiation Danger Zone

Personnel workipnI in a Radiation Danger Zone wear protective clothing
and eduipment prescribed by the supervision of the Hdalth Instrument,
Operating, and Servicing Divisions when the Special Work Permit is issued.
Protective clothing and equipment of the following kinds are prescribed:

Body protectionn.. coveralls, laboratory coats, rubber suits.
Foot protection - plant-issue shoes, shoe covers, rubbers.
Hand protection - canvas, rubber, or leather gloves.
Head protection - loth or rubber hats.
4espiratory protection - respirators, assault masks, -fresh air

masks1 breathing air supply, or Chemox
masks.

Before remova, 'protective clothing'should always be surveyed with
detection-type intivients for contamination. This is done in the S.W.P.
Lobby which is the exit from all Danger Zones. Removal of foot protection
i done first in a manner so that the individual steps from a poteritially
contaminated area into a clea area without transfer of possible contami-
nation to the floor of the clean area, The shoe covers are discarded
into a bag for contaminated laundry. The next step involves the survey
of all protectiv eclothing and exposed skin surfaces. Both the Poppy
and G.M. instruments are used for a complete survey for alpha, 'beta, and
ganma-wemitting radioclezonts. If contamination is found, extra precaution
must bektaken in the removal of the clothing so that contamination is not
spread. A resurvey of the individual must be done after his clothes are
removed. The used clothing is placed in another hamper and, if it is
contaminated, it is wrapped and labeled for guidance of the laundry.

Regardless of the estimated possibility of contamination spread,
hand and shoe counts must be made on both alpha and beta-gonna-type

401 DECLASSIFIED



2113 DECLA$SIFJED
The Standard Parallel Plate Chamber or the Long Tom Chamber is usedfor counting the alpha activity which is emanated from radon, thoron,their daughters, and plutonium (or uranium). Two counts are taken, the'six-hourt count and the "twenty .four..hour" count. From these two countsthe background due to radioactivities controlled by the Th B deday ratecan be obtained and the activity of the plutonium (or uranium) can be cal-culated. If both plutonium and uranium are possibly present in the air,their concentrations can be determined either by chemical analysts of thecontamination collected on the filter paper or by range determinations

on the alpha particles. Respiratory protection is required if the activitydetermined from an air sample indicates air contamination in excess ofone of the following working limits:

Fission products (mixed) - 1 x 10- 9 microcurie/cu.cm.

Plutonium 3---- 3 x 10 1 1 microgram/cu.ot.

Uranium -- ------- 3 x lo-5 microgram/cu.em.

4. Stack Gas Monitorn

The stack gas is monitored for particulate activity; at present,activity due to radioactive noble gases is not monitored. Prior to theinstallation of scrhbers and filters in the waste gas lines f theprecipitation process plants, much difficulty was experienced( withcontamination of the areas around stacks by radioactive droplets, dustparticles, and radioiodine. Both the precipitation process plants andthe Redox Plant have extensive filtering and treatment facilities sothat- ground contamination from stack gases should be eliminated. How-ever, monitoring of the stack gases is necessary as a check on thesatisfactory operation of this equipment.

In the Redox Plant, waste gas sampling points are provided at theinlets and outlets for each of seven filters, A large sand filter isprovided for filtration of outgoing ventilation air. Separate glasswool filters are provided for the following: (a) each of the three dis.solvers, (b) oxidizer, (c) vessel vent hoador, and (d) condenser ventheader. In addition, gas samplers are installed in the stack at positionsten feet above the breeching inlet to the stack- line and four feet belowthe top of the stack. For particulate activity, samples similar to thoseused for ventilation monitoring are taken at these points on a routinebasis and analrzed by the Health Instrument Division. No samples aretaken specifically for radioiodine, krypton, and xenon, but the filterpaper is known to retain about five per cent of the radioiodine activity.

5. Environs Monitoring

During 19 to 1951, the amount of radioactive materials (i.e,particulate matter and iodine) released into the environment has beengreatly reduced particularlythat from the separation rocess plant
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the wastes released are not qdyersely affecting the welfare of the region.

A typical monthIs monitoringk7 J involves taking and analyzing 600 samples
of river and well water; 4000 air samples; 500 samples of vegetation, soil,
and mud; and making 15 surveys of special areas with portable instruments.
Monthaby-month distribution of radio-materials in the air, water, and
earth around the reservation is mapped and, in addition, radioactivity
measurements at scores of locations ouAside the reservation are reported.

D. EFECTS OF RADIATION ON THE BODY(h)

The material to be presented in the subsequent paragraphs on radiation
effects and their treatment is included for general interest only. The
reader should keep in mind that the previously described design and control

methods employed in plant operation during the past seven years have pro-.
vided an extremely safe operational environment. The material is offered

to give the reader an appreciation of the need for the precautions and
controls described previously so that he may conduct himself in his work
with the awareness that considerable thought and effort has gone into the

evolution of workable and reliable safe practices. Every effort is being
made to expand and apply new knowledge on radiation hazards and treatment

as it becomes available. Therefore the subject matter to be described
will have to be amended and revised from time to time.

1. General Principles Governing Biological Effects

1.2 Effects on tissue

The site of action ot radiation upon human and spimal tissues
is the individnal cell. The part of the cell most sensitive to radiation

is the cell nucleus; the materiAl surrounding the nucleus is also sensitive,
but to a lesser degree. Specific changes which may be detected in a cell

following irradiation are as follows:.

(a) C sis - dissolution of the cell with a shrinking nucleus.

aing of the chromatin in the nucleus. A structureless
mass results whidh may go to liquidation.

(b) Changes in cell division - mitosis may be stopped, or
daugiter ceels may develop into giant cells.

(a) Changes in function of the cell - e.g., motility is stopped
or epressed, secreting ce.s may stop secreting$ and change

in cell nutrition may occur.

It should be emphasized that any of these changes can result from other

stimuli besides radiation, and that a specific irradiation effect does

not exist.

1.2 Radiosensitivity and reversibility

Although all body tissues are affected by radiation, certain tidsues

display a higher degree of vulnerability than others when exposed to the
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same source of radiation. Radiosensitivity is a term which denotes re-.
lative vulnerability of various tissues. lymphoid tissue, bone marrow
sex organs, and the lining of the small intestine are the most radio-
sensitive tissues. uscles, nerves, and fully-grown bones are the least
radiosensitive; and other tissues, such as skin, liver, and lung, lie in
between these extremes.

The reversibility of radiation effects is important particularly
in occupational exposure. Reversibility is a term which denotes the
relative ability for tissue to return to its previously normal state
after it has been exposed to radiation. The degree of reversibility
depends upon the intensity of the radiation received and upon the regen-
erative or reparative properties of the tissue. Some tissues such as,
skin, the'blood-forming elements, membranous linings of body cavities,or glands, are endowed with a special mechanism for repair and regenera-
tion. Other tissues, such as muscle, brain, and- certain structures of the
kidney or eye have no provision for regeneration, and repair is formed
by a scar which does not tako the place of the tissue it replaces. The
latter effect is said to be irreversible. Although a tissue may be re-
paired a few times following exposure to radiation, it may not have
sufficient recuperative capacity to regenerate itself again and again.
Hence, previously sustained radiation injury should be properly appraised
and repetition should be avoided.

1.3 Total exposure and time factor

In all acute radiation injuries, the total amount of radiation re-
ceived and the exposure rate are the critical factors. Exposure to
radiation of high intensity for a short time will cause much more damage
than the same integrated exposure divided and administered at intervals.
A certain degree of tissue recovery may take place in the intervals
between such periodic exposures.

1.4 Biological effectiveness of various radiations

The various ionizing radiati6ns produce qualitative effects which are
indistinguishable from each other. However, the biological effects of the
different radiations are not quantitatively equivalent, as indicated inSection C2 of this chapter. The biological effectiveness of a radiation
depends on the specific ionization or linear ion density induced by the
radiation which varies directly with the square of the particlet s charge
and inversely with its speed. If the radiation (such as gamma) does not
consist of charged particles but indirectly ejects charged particles from
the matter through which it passes, its effectiveness is considered asthat of the ejected particles.

2. Effects of External Radiation

The characteristic effect on the skin of overexposure to radiationis the production of erythema or redness. This effect resembles sunburnexcept that the interval between a single exposure to the radiation anderythema is about 4 weeks. At Hanford Works the concern for this injury

DECLASSIFIED



2116 DECLASSIFIEDanow

is not from a single exposure but from small daily overexposures which may
lead to more serious effects.

Radiation has no appreciable effect directly on the circulating blood.
The- effect is priparily on the tissues which form the blood. Changes in
the blood count may be observed within an hour after total body overexposure.
The rapidity and magnitude of the observable effect and the recuperation
time depend upon the dose and the regenerative powers of the blood-forming
tissue6 Blood counting is, therefore an early and available index of over-
exposure to radiation. When some cella in the blood are destroyed, many
functions of the blood (ihe., respiratory, nutritive, excretory, and protec-
tive) are impaired, the degree of, impairment depending upon the severity of
cell destruction.

The following excerpt from The Effects of Atomic Wea na(i) presents
the most recent information relartVeCto!iMe ele't on umans of large
acute exposures to radiation:

Because large acute exposures to radiation have been accepted
by human beings only as a result of accidents, it is impossible to
state definitely that a particular amount of radiation will have
certain consequences. Nevertheless, from experiments with animals,
whose sensitivity to radiation relative to that of human beings has
been studied, certain general conclusions have been drawn. These
cannot be exact, in any event, since there are marted variations
among individuals insofar as sensitivity to radiation is concerned,
The probable early ef±eqts of acute radiation exposures to the whole
body are show be1ow: 1 )

Acute Dose Probable Effect

0-25 r. No obvious injury.
25-50 r. Possible blood changes but no

serious injury.
50-100 r. Blood--cell changes, some injury,

no disability.
l00-200 r. Injury, possible disability.
200400 r. Injury and disability certain,

death possible.
4O r. Fatat to fifty per cent.
600 r. or more Fatal.

With reference to any of the specific- acute doses in the above table, some-
what larger exposures may be received, with an equivalent likelihood of
injury, if exposure is protracted over several days or weeks, or if it is
limited to a portion of the body.

3. Effects of Internal Radiation

The effects of taking radioactive materials into the body depend on
the nature of the radioactive materials and, to.some extent, on the path
by which they enter. An important factor is the tendency for certain
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elements to concentrate in specific body tissues. For example, iodineconcentrates in the thyroid glands whether it is inhaled or ingested.Plutonium (which deposits in the bone marrow) is more dangerous wheninhaled or introduced through a wound than when it is ingested.

Radioactive materials in the body cause injuries similar in natureto those from external radiation but more localized. Iodine has atendency to destroy the thyroid gland cells and, therefore, indirectlycause interference with the regulation of growth and other functions ofthe body. Plutonium and fission products destroy the blood-forming
mechanism in the bone marrow,

4. Treatment of Radiation Injuries

A great deal of experimental work has been done on treating ofradiation injuries. (6) No practical method has been found for preventingthe death of cells or tissues heavily injured by radiation. However, theregenerative powers of the body are great, and if the body can be helpedto survive the acute stage of illness, even the most radiosensitive
tissues may be able to resume their normal functions. Many treatmentshelp the body through the acute stage of the illness. Whole blood, plasma,and plasma substitutes revive the blood supply to the body. Penicillinlimits infections. Certain materials, such as toluidine blue, help toreverse the tendency to bleeding. Physicians also maintain the salt andwater content in the patientfs body. Adequate nutrition, especially withsubstances used by the body to manufacture proteins and cells, is alsonecessary.
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Rndioactive fission products arc feried during irradiation of the

uranium slugs, as described in Appendix A. The high initial beta and

gam radioactivity due to these fission products in the slugs decreases
with "cooling", as discussed in Chapter II. Since this radioactivity is
harmful to personnel, they must be protected from it by distance or by
intervening shielding materiols. As discussed below, the vessel wells
absorb the bata radiation, but several fact of concrete are required to
reduce the very penetrating garra rays to a harmless level.

Irradiated uranium emits three principal types of radioactivity:
alpha and beta particles, which are discussed in Section A, below, and

garm rays, or photons, which are discussed in Section B of this chapter.

A.. AB8ORPION OF ALPHA AND 3BETA PARTICIS

1. Albh, Radiation

The isotopes of uranium and sone of the transuranic elements which

are formed during irradiation enit alpha particles, which are helium

nuclei. Due to their large mass (compared with electrons or photons)
and double charge, the ion production per unit length of path (i.e.,
rate of anergy'absorption by matter through which the particle passes)
is high. This means that the total energy of the particle is absorbed

in passing through a relatively snall amount of matter, the distance
traveled being known as the range in that material. For exanple, the
age of the 4.18 M.e.v. (Million electron volts) alpha particle from

is approxinately 1 inch in air, 0.001 inch in the dead layer of

skin, 0.0006 inch in aluminum, and 0.00035 inch in lead. Because of

the above-nontioned short range of alpha particles, alpha radiation is

an important hazard only when the alpha emitter is taken into the body.
No shielding is required to protect personnel from external alpha radia-

tion.

2. Beta Radiation

Fission products and some of the transuranic elements which are

formed during irtadiation, as well as sone of the daughter elements of
uranium, emit electrons known as beta particles, or beta rays. Beta

particles do not produce as many ions por unit length of path as alpha
particles and, therefore, are more pcnetrati . For exampleo the 2.3

M.e.v. beta particle from either UX2 or Rh10 has a range of approximate-
ly 25 feet in air or 0.15 inch in aluminwa. Beta particles do not normal.

ly penetrate container walls. They constitute a radiation hazard only
when taken into the body, or when the individual is exposed directly to
the source) such as the exposed surface of a solution containing beta
emitters, or a bare radioactive metal.
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B. ATTENUATION OF GANMA RAYS

1. The Gamma-Ray Attenuation Problem

Most fission products and transuranic elements which are formed dur-
ing irradiation, as well as most isotopes of uranium and its daughter
elements, emit a very penetrating form of radiation known as gamma rays.
Gamma rays are electromagnetic radiations, or photons, originating from
a nucleus. Unlike alpha and beta particles, gemma rays have no definite
range in matter, but are absorbed approximately according to an exponen-
tial law on passing through the material. The range of gamma ray energies
of interest in the 200 Areas is from 0.1 to 2.3 Million electron-volts
(M.e.v.).

Attenuation (i.e., intensity reduction) of gamma rays may be accomp
lished by distance; by passage through matter and by scattering. The
various attenuation mechanisms are considered in detail on the following
pages of this section. These mechanisms are employed in the Redox Plant
to reduce intensities to values consistent with personnel safety. As dis-
cussed in Chapter XXI, the tolerance level for uncontrolled zones, such as
the storage and operating galleries, is 0.1 mr./hr. (milliroentgens per
hour). For controlled zones, such as the sample galleries or the canyon
deck, the tolerance level is 1 mr./hr.

The table below lists gamma ray intensities and required attenuation
factors corresponding to typical radiation sources in the Redox Plant. 'he
tabulated intensities are values at points which are 8 feet from the equip-
ment piece, in tie case of tanks, or 12 feet from the equipment piece, in
the case of columns. Each of these dimensions approximately equals the
effective distance from the particular radiating source to the outside of
the shielding wall. Therefore, the attenuation factor for that source is
only that required of the mass of the rhield and is not a function of dis-
tance. Attenuation factors listed are tbose required for uncontrolled
zones.

Gamme Ray Intensit

Source Intensity, R..Hra) Attenuation Factor
(0 fays 'Cooling "Required

IAF Tank 1750 2 x 107
IAF Tankb 3 2 0 0 (b) 4 x 0
Waste Concentrate

Receiver 60o 6 x 106
IA Column 186 2 x 106
IB Column 0.2 2000
IBP Receiver 0.4 4000
3EU Receiver 0.0007 7

Notes: (a) One r. (roentgen) of radiation liberates 83.8 ergs
in each gram of air. (See Chapter XXI).

(b) This intensity and attenuation factor result from
40-day, rather tm ing",
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Apart from the attenuating effects of any matter through which the
radiation passes, the intensity of gamma rays at any point varies with the
distance from the source. It is also a function of the shape of the source.

For a mathematical point source gamma ray intensity is inversely pro-
portional to the square of the distance from the source. For an infinite
line source the intensity is inversely proportional to the first power of
the distance. At points close to very large plane or bulk sources the in-
tensity is not reduced due to distance alone, although, of cource, atten-
uation takes place by the absorption mechanisms discussed under 3.2, below.

As en approximation usually sufficiently close for practical purposes,
a real object source may be considered a point source when the distance CI
the receptor from it is greater than the largest dimension of the source.
Thus a sample or a tank viewed from a sufficient distance may be treated
as a point source.

Similarly, a long source, lihe a column or pipeline, may be treated as
an infinite line source if it is longer than the distance to the receptor
and its diameter subtends an angle smaller than 600 at the receptor.

Large bulk sources or surface sources, such as process vessels or
spills viewed from above, produce an intensity which either does not vary
with distance or decreases more slowly than inversely with the first power
of the distance. This is true when the distance is less than the diametar
of the source. The intensity varies inversely with nearly the square of
the distance when the distance is larger than the diameter of the source.

3. Attenuation by Passage thro'uh Matter

3.1 General

Unlike alpha and beta particles, gamma rays are not completely stopped
by passing through a certain thickness of matter, but are attenuated by a
factor which is, approximately, an exponential function of the thickness of
matter traversed. This attenuation is the result of partial absorption af
the gamma rays by three possible mechanisms: photoelectric absorption,
Compton scattering, and pair production. These absorption mechanisms are
described, and their relative importance under various conditions is dis-
cussed, under 3.2, below. The calculation of attenuation factors for
gamma rays of various energies passing through various shielding materials
is discussed under 3.3, below.

3.2 Absorption mechanisms

3.21 Photoelectric absorption

Photoelectric absorption occurs when the entire energy of the photon
is used to eject an electron from one of the inner orbits of an atom.
Absorption by this mechanism predominates at low gama energies and in-
creases with the atomic number of the absorber. In light elements, such

DECLASSIFIED
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as aluminum, the photoelectric effect accounts for most of the absorption
up to about 0.1 M.e.v. In heavy elements, such as lead, it is effective
up to about 1 M.e.v.

3.22 Compton scattering

Compton scattering is a collision of a photon and an electron in

one of the outer orbits of an atom in which part of the photon's energy
is used to eject the electron from an atom, while the remainder of the

energy appears as a scattered photon. This process accounts for most of

the absorption in the intermediate energy range (0.1 to 10 M.e.v. in

aluminum; 1 to 4 M.e.v. in lead). Compton absorption varies with the

number of electrons per cubic centimeter of absorber and hence is pro-
portional to the density of the absorber. Therefore, in the energy range
where this process predominates, the effectiveness of a shield is roughly

proportional to its sectional density, expressed in grams per square cen-

timeter, and is nearly independent of the composition of the shield.
Compton absorption decreases with increasing gamma energy.

3.23 Fair production

Pair production occurs when a photon enters the field of a nucleus
and is converted into a positive electron (positron) and a negative
electron, plus a certain amount of translational energy of these particles.
The electron is absorbed like a beta ray; the positron collides with
another electron and the mass of the two particles is converted into two
0.5 M.e.v. photons. This phenomenon occurs to a significant extent only
at very high gamma energies (above 10 M.e.v. in aluminum; above 4 M.e.v.
in load) and increases rapidly with the energy of the photons and the
atomic number of the absorber. Pair production does not take place to axr
significant extent in Redox Plant shielding, since the highest gamme energy
encounterod is only approximately 2.5 M.e.v.

3.24 Absorption in lead

Figure XXII-1 shows the contribution of each of the absorption mecha-
nisms to the total absorption of gamma radiation in lead. Individual and
total absorption coefficients are plotted as functions of photon energy.
Below approximately one M.e.v., photoelectric absorption is the predomi-
nating mechonismj from about one to four M.e.v., Compton scattering accoints
for most of the absorption; and above this range absorption by pair produc
tion becomes particularly significant.

3.3 Attenuation calculations

3.31 Thaptenuationeqation

The attonuntion of gam radiation upon passage through matter may
be computed. from the following equation, based on the combined effects of
the absorption mechanisms involved:

I= Bloe- t .. ,............................(1)

tU LASIFED
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where I c radiation intensity after traversins t centimeters of
absorber, in roentgens/hour;

B a correction factor for secondary photons producea br
Compton scattering (see text and table below);

I = initial radiation intensity in r./hr. at 1 cm.
(see 3.23, below);

e 2.718;

p = absorption coefficient in reciprocal centimeters
(see Figure XXII-2).

The absorption coefficient, p., is equal to the reciprocal of the mean
free path, in centimeters, of the radiation in the absorber. This mean
free path is the thickness of absorber required to reduce gamma ray in-
tensity by a factor of e.

The empirical correction factor B allows for the photons which are
not destroyed (but merely reduced in energy and diverted) by Compton
scattering. The magnitude of B varies with the absorber material, with
energy level, and, probably, with shield thickness. Previously, it was
believed that the value of B becomes constant a r the radiation has
traversed several mean free paths. Recent datal0  indicate that this is
not true. It is possible that B increases with the shield thickness, t,
raised to some power, probably between 0.5 and 2. Several experimenters
are currently working on this problem. The values of B used in designing
the Redox Plant are shown below.

Magnitude of Correction Factor B (7,8)

Absorber Correction Factor B
At 0.5 M.e.v. At 1.0 M.ev. At 1.5 M,e.v. At 2.0 M.e.v.

Air --- --- 6 ---
Water 6 3 --- 3
Concrete --- 1.5 --- ---
Steel 1&2  1.2 1.2 1.2
Lead 1.0 1.0 1.0 1.0

For use in the equation above, Figure NII-2 presents a plot of the
total absorption coefficient ( p.) as a function of gamma ray energy, for
each of several common absorbing materials. Also included are two other
ordinates, related to the absorption coefficient, which in some cases are
more convenient to use: (a) the thickness in inches required to reduce
the primary radiation intensity by a factor of 10 and (b) the mean free
path, in centimeters. It should be emphasized, however, that the thick-
ness to reduce the primary radiation by a factor of 10 does not allow for
secondary photons produced by Compton scattering, which are taken care of
in the equation above by the "B" term.
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3.32 Calculation of initial radiation intensity

For the practical application of Equation (1), above, the initial
radiation intensity, Io, of the source must be known in the current units.
Values of 10, in r./hr. at one cm., for point sources and large sources,
may be calculated by means of the equations shown below.

The intensity of radiation from a point source, in r./hr. at one cm.,
may be computed from the curies of radioactivity, C, and the photon energy,
E, in M.e.v., as follows:

I = 5500CE.....................................(2)

In a large source, such as the IAF Tank, a considerable fraction of
the intensity is absorbed in the source itself and appears as heat energy.
It is evident that radiation from incremental volumes near the surface is
not attenuated, but radiation from incremental volumes some distance from
the surface will be attenuated to an extent dependent on the distance the
ray traverses in reaching the surface. Thus, the fractional contribution
to the total radiation leaving the surface decreases exponentially as
incremental volumes further from the surface are considered. It may be
shown by integration that the total radiation from an infinitely thick
source is equal to the radiation from a source one mean-free path in thick-
ness, measured in the direction of the beam, without self-absorption. The
intensity of radiation from the IAF Tank is thus computed from the curios
per ml. of IAF, c, for each photon energy, E; the mean free path, 1/it,
in cm.; and the projected area, A, of the tank in sq. cm. as "seen" by the
receptor.

p0 E ................................. (3)

To compute the intensity penetrating a shield the intensity arrived
at by Equation (3) is divided by the square of the distance between sourc
and receptor and by the attenuation factor of the shield. For a rigorously
accurate solution, this must be done for each energy and the intensities
summed to obtain the total intensity. However, a solution accurate enough
for most practical purposes may be obtained by the use of conservative
simplifying assumptions about the photon-energy spectrum of the source.
For example, in shielding calculations for Redox process materials, the
assumption that all the photons have an energy of 1.5 M.e.v. will generally
yield approximately correct results.

4. Attenuation by Scattering

4..l Scattering by solid objects

As discussed previously, when a primary gamma ray impinges on matter,
such as a thick slab, the mechanism of Compton scattering produces photons
of reduced energies. These photons are scattered in all directions, some
of them escaping from the slab on the same side as the source. The net
effect is a "reflection" of a portion of the primary ray. However, unlike
the reflection of light, the fraction of the photons which rebound are
scattered back away from the surface in all directions.

WaIM DECLASSIFIED a
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In the design of shielding, gamma ray attenuation resulting from
scattering by the shield must be considered in addition to attenuation by
passage through the shield. If there is any possibility for radiation to
be scattered around a shield or through an opening in the shield, the de-
sign must insure adequate attenuation by scattering. In practice this is
accomplished by means of labyrinths. The labyrinth provides an adequate
thickness of shielding for attenuation (by absorption) of straight-line
radiation and, at the same time, attenuates to a harmless intensity the
radiation which is scattered through the labyrinth by successive "reflec-
tions".

Figure XXII--3 gives relationships useful for estimating energy and
intensity value for photons scattered from a thick slab. The problem is
illustrated by the sketch which shows a ray from a source, S, incident at
a given angle 91, to a massive scatterer of unit projected area as defined
in Figure XXII-3, and scattered into unit solid angle at a given angle, 92 .
The scattered angle, 9, measures the deviation of the scattered ry from
the path of the primary ray. All angles are measured in a plane passing
through the'source, the scattered, and the receptor.

The two plots in Figure XIII-3, for primary rays at energies of 2 and
0.5 M.e.v., respectively, show intensity functions versus angle of "reflec-
tion", 02; for Various values of angle of incidence, 91. If the cross-
sectional area of the incident gamma ray at the scatterer is less than the
projected area of the scatterer, the staller area is used in computing the
scattered radiation intensity. The use of these figures to compute the
radiation scattered from a thin scatterer (on the order of one 'mean free
path) will yield intensities considerably too high. When the source and/
or the scatterer may not be considered "points" they should be divided
into parts; each small part is then considered a "point", and the total
intensity is the sum of the intensities from all parts of the scatterer
resulting from exposure of each to all parts of the source.

The energy of the major component of the scattered radiation may be
computed with the equation given on Figure XXII-3. The remainder of the
scattered radiation vill be even less energetic since it originates from
multiple scattering.

When an opening, such as a doorway, is provided in a shield, it must
be in the form of a labyrinth so that direct radiation will traverse the
usual shield thickness. For example, an opening in a 5-foot shield must
be constructed so that any straight radiation path passes through at least
5 feet of shield calculated by adding the distance in each part of the
labyrinth. In addition, the radiation which enters the opening must be
subjected to a sufficient number of scattorings to reduce the intensity
of radiation reflected through the labyrinth to a harmless level.

4.2 Sky shine

"Sky shine" is a special case of scattering from a massive "shield".
the atmosphere, with both the source and the receiver in the shield. The
radiation intensity due to sky shine is presented, in Figure XXII-4, for
radiation projected vertically in a moderately narrow cone (approximately
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1 steradian* or a 600 angle) with the receptor at the level of the source
at a horizontal distance, d. However, for radiation projected into a cone
of solid angle approaching 2 i steradians (i.e., a hemisphere), this figure
yields intensities several times too low. For large angles (greater than
7' steradians or 1200), the equation given on the figure may be used as an
approximation. This equation is based on 2 M.e.v. primary radiation.

C. REDOX PlANT SHIELDING

After its discharge from the piles, irradiated uranium is transported
to the 212 Building for storage. From storage, it is transported, as re-
quired, to the Rodox Processing Building (202-S)for processing. During
all phases of these operations, shielding adequate for personnel safety
is required. Such shielding has been incorporated into the design of facili-
tics in accordance with principles discussed above. Radiation intensities
are thereby reduced to a maximum of 0.1 mrep./hr. (milliroentgon equiva-
lent physical per hour) in uncontrolled zones or 1.0 mrep./hr. in controlled
zones.

Irradiated uranium slugs are tronsported, by railroad, in massive
casks (described in Chapter XVI) which provide 12 inches of lead for
shielding. This shielding reduces gamma intensity outside the cask to the
order of 1 mr./hr. Each cask houses one bucket of uranium (approximately
one-half ton). Upon arrival at the 212 Building, the irradiated uranium
is stored under a minimum of 16 feet of water. Since the water provides
adequate shielding, the remainder of the 212 Building is of conventional
construction. After the rcquired "cooling" period, the slugs are trans-
ported to the 202-S Building.

At the 20CS Building, the bucket of slugs is removed from the cask
by moans of the cranm. During this operation, the intensity of radiation
beamed through the railroad tunnel is high; therefore, casual bystanders
are excluded from entering the tunnel by a fence on the north side of the
building. Also, since no special shielding is provided for raidroad
personnel, they must withdraw to the Gatehouse.

The principal shielding elements in the 202-S Building are concrete
walls and roofs. For economy of design and construction, the thickness af
any continuous wall is constant. The thickness is that required to give
protection from the radiation source of maximum intensity shielded by the
wall. Thus, the shielding for many parts of the building is more than
adequate.

The upper walls of the canyon are 3 feet 10 inches thick and were
designed to protect personnel in the operating gallery when one bucket of

-------------------------------------------

*) A steradian is defined as the solid angle subtended at the center of a
sphere by an arca on the sphere's surface equal to the square of the
radius. (Thus, the surface of the entire sphere subtends 4 7r
steradians.)
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slugs is suspended near the wall. The ceiling of the cross-canyon passagp
is 4 feet thick and protects personnel from slugs overhead. The lower can-
yon all,on the north, is 5 feet thick and protects an operator in the
sample gallery (a controlled zone) from a full charge in a tank directly
through the wall from him. The lover canyon wall, on the south, is 5 feet
6 inches thick and protects an operator in the storage gallery (an uncon-
trolled zone) from a full charge in a tank on that side of the canyon.

The roof over the dissolver cells and railroad tunnel is 9 inches thlck.
This protects people outside the building from sky shine. Over "colder"
parts of the building, roof thickness is reduced to 6 inches. Except for
the westernmost cell cover on the north side, all cell covers are 4 feet
thick. This permits access to the canyon when covers are in place and no
radioactive material is above deck level.

To eliminate direct radiation to the crane cab, the cobwoy is shielded
by a concrate wall 2 feet 2 inches thick. The crane operator in the cab
is protected from scattered radiation by 4-1/2 inches of steel on the top
and upper sides, 3 inches on the lower sides, and 1-1/2 inches on the
bottom.

The silo-wall thickness of 3 foot 6 inches was determined by the
shielding requirements for the IA Column filled with IAF. Silo windows
are 3 feet thick for the IA and IS Columns, and 20-inches thick for the
other columns.

DECLASSIFIED
a....



221) DCCCASSIFiEtg
REFERENCES

(1) Cork, Radioactivity and Nuclear Physics, D. Van Nostrand Co.,
Now York (1947).

(2) Heitlor, The Quantum Theory of P'adition, 2nd. Ed., Oxford Univ.
Press, London (1944) .

(3) Basotti,
New York

-<eronts of Nuclear Physics, Prentice Hall, Inc.
(1Q36).

(4) n-Tlo475 E.W. Technical Manual, Soction C. Author not stated.
5-1 44. Pp. 131-144, 1101-1109.

(5) HW17415 Activity of Fission Products. P. R. Gillette. 4-14-50.

(6) KAPL-317 Compton Scattering of Gomma Rays from a Thick Slab at
Show Angles. L. Tanks and L. H. Root, General Electric
Co. 3-20-50.

(7) KLX-24 Nomograms for the Cniculetion of Gamma Shielding.
J. L. Baldorston, J. J. Taylor and G. J. Brucker,
Kellex Corp. 11-15-48.

(8) R--132

(9) TNX-7

Scattv--ing wad Atserptic:i of Gamma Rays and Neutrons.
N. S. Plessot an S. T. Cohen, REnd Corp. 3-1-49.

The Computotion cf Radiation Hazards, C. W. J. Wende,
du PvoutCSQo. :114 .

DECLASSIFIED

HW-i8700



4tv 4W
DEC1ASS~FIE~I

THIS PAGE
NTE"'[IONALLY

LEFT BLANK
I

a

DECLOWIED



H W- 18700

Oure X33I-1"
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DETI fromENT FOR COMPTON
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PART V: SAFETY, continued

CHAPTER XXIII. DECONTAMINATION OF SURFACES

COITNTS

A. INTMOJYUCTION ................................................

1. General ..................................................
2. Terminology ..............................................

/1103own

Page

2302

2302
2303

B. APPLITION TO REDOX PLANT ................................... 2303

1.
2.

Factors Influencing Decontamination ......................
Provisions for Application of Decontamination Procedures .

C. STAINLESS STEEL...................................

1.
2.
3.
4.

Internal Alpha Contamination ............
External Alpha Contamination ............
Internal Beta and/or Gamma Contamination
External Beta and/or Gamma Contamination

D. OTrR MATERIALS OF CONSTRUCTION ...........

1.
2.
3.
4.
5.

Iron and Carbon Steel ....................
Concrete ................................
Glass ................. ,...................
Lucite ...................................
Wood ...................... ..............

E. PfOTLCTIVZ CATINGS ...........................................

1.
C.0

4.
5.
6.

Requirements of a Protective Coating ..
Components of a Protective Coating ....
Decontaminants ....... ,................
Redox Plant Protective Coatings .......
Strippable Coatings ...................
Polyethylene ..........................

...

F. SKf ...................................

G. CLOTHING ... ..........................

2303
2304

2305

2305
2305
2306
2307

2307

2307
2308
2308
2308
2309

2309

2310
2310
2311
2311
2312
2312

2313

2314

........... ......................... 2315

DECLASSIFIED

...

.,.

...

...

...

...



2302 0ECSASS/FI ED
CHAPTER XXIII. DECONTAMINATION OF SURFACES

A. INTOfUCTION

1. General

Surface decontamination will find application in the Redox Plant for
the removal of radioactivity from the various operating equipment and
areas in order that personnel may approach the equipment to make necessary
maintenance changes. The circumstances reqviring the removal of activity
from surfaces will very widely. The intensity of radioactivity present in
the *rious areas within the plant will cover a very wide range and the
types of work which require decontamination of equipment and areas will
also vary considerably. The total radioactivity entering the plant will
pass successively through the dissolver cells, feed treatment, first decon-
tamination column, and the waste handling cells; the balance of the plant
will be processing material reduced in radioactivity by factors up to 105
compared to the original specific activity. Consequently, for most main-
tenance work it will be necessary to remove equipment from the areas as-
sociated with process steps preceding the IB Column because of the high
degree of contamination present. Areas and equipment associated with pro-
cess steps subsequent to this point, although designed for remote hand-
ling and maintenance, may possibly be reduced in radiation intensity to a
point permitting personnel to work on the equipment in place under SWP
(Special Work Permit) conditions, The first-noted condition requires that
only the equipment necessitating maintenance attention be reduced in the
degree of contamination. The seond condition demands not only that the
specific piece of equipment be decontaminated, but also that all other
pieces and structural elements which "see" the zone where work is to be
performed be reduced to a tolerable level as determined by the length of
time required to perform the work.

The decontamination of process equipment resolves essentially to the
problem of removal of radioactivity from stainless steel. This particular
material has received considerable study, and a fair degree of success has
been realized up to the present time. The structural and supporting ele-
ments of the plant are fabricated almost solely from concrete and mild
steel. These materials are extremely difficult, if not impossible, to
decontaminate. Within the plant, all non-stainless steel elements with
a few very minor exceptions have been protected with Amercoat No. 23, a
proteqtive coating which has good resistance to process chemicals and
prohibits wetting the bare material with contaminants. This permits the
use of chemical reagents for decontamination purposes which might other.
wise react with the unprotected surfaces.

Decontamination of the surfaces of equipment and structural elements
of the Redox Plant will necessarily be performed on the basis of empirical
procedures which result from knowledge ottained at Hanford Works, in plant
practice and laboratory studies, and from Oak Ridge National Laboratories
(OPNL) experience in semivorks and pilot plants. The usefulness and feasi-
bility of decontamination has been demonstrated at those sites. For ex-
ample, at aPMN one building has been used, successively, for pilot plant
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operations on the BliP%4 process and various solvent-extraction processes.
During those orerctions, total radioactivity ranged from tracer level to
full Hanford level. The nrincipal difficulties at that site wore en-
countered in the decontamination of concrute and mild steel surfaces. To
stainless steel process equipment lent itself readily to adequate decon-
tamination. The ability to decontaminate under these conditions has en-
abled the unit, which is maintained solely by contact methods, to function
more or less continuously for six years. The confidence in dontemination
which has been developed at ORNL is exemplified by a report(io describing
a proposal for a separations plant employing only contact maintenance.

Previously developed decontamination techniques satisfied specific
conditions but will not necessarily constitute optimum procedures for the
Redox Plant, For example, nitric acid is a widely used reagent which could
give unfavorable results under some circumstances because of its etching
action on stainless steel. Similarly, many other reagents have been re-
ported to be efficient in the removal of radioactivity, but the effects af
their renoated use on the surface being treated have not been noted or
correlated. The following sections describe the reagents and techniques
which have been enployed for decontamination procedures, together with any
qualitative or quantitative results which have been obtained. Further
study of docontamination problems is expected to lead to more rapid and
less costly methods.

2. Terninology

The procedure of decontariination has given rise to the use of certain
special teras and concepts.

The tern docont nination is used to designate the removal of radio-
active chomical elements from solid surfaces.

Contaminorants are the radioactivo elements present on the solid surface.

Maciz'snsn o- contamination is the means whereby the radioactive ele-
ments are transferred to and fixed to the solid surface.

Decontamination methods are the means utilized to remove the radio-
active elements. They may be generally classified as (a) physical -- totbl
or partial removal of the contaminated surface; (b) chemical -- reaction
with the radioactive elements or the larger mass of the associated non-
radioactlve materials to convert to a soluble or extractable condition; md
(c) physico-chemical -- suspension by surface-active agents.

B. APPLIcATION TO JDO -I'T

1. Factors Influencing Decontanintion

Because of particular process and design characteristics, it is anti-
cipated that decontamination of surfaces will find more application to the
Rodox Plant than has been the case with the BiPO4 plants. Some of these
characteristics and their effects are described below.
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(a) The inactive anions and cations in the Redox process solutions

do not normally form insoluble compounds, and any deposits form-
ed by exceeding the saturation point, such as would result from
leakage and evaporation on an external surface or concentration
within stagnant zones in evaporators or concentrators, should be
removable with water flushes. In contrast, relatively insoluble
phosphate and fluoride compounds constitute a necessary paxt of
the Bismuth Phosphate process. Consequently, the removal, by
simple water flushes, of deposits resulting from leakage or
splashing onto normally dry surfaces has not been effective.

(b) The Bedox Plant- incorporates more advanced design for confining
process materials within the interior of processing equipment.
Most generating equipment such as agitators and centrifuges are
totally sealed. All tanks are connected to a closed, venting
system which will confine the particulate activity resulting
from agitation and movement by pumps and jets from vessel to
vessel.

(c) The employment of continuous flow equipment in the Redox process
necessitated increased mechanical complexity with a greater possi-
bility for equipment replacement and adjustment.

(d) The zones of activity level will be reduced to a low level within
the first decontamination cycle. This will increase the proportion
of the total processing area which can potentially be servico er
direct-contact, SWP maintenance.

(e) Facilities (Remote Shop, R.gulated Shop, Decontamination Room),
as described in Chapter XVIII, have been provided for servicing
repairable contaminated equipment.

2. Provisions for Application of Decontamination Procedures

2.1 Protective coatings or sheathing

Structural elements in the plant have been either protected with a
chemically resistant coating, such as Amercoat No. 23, or constructed of
18-8 Cr-Ni stainless steel. Thus, all exposed concrete within cells has
been protected with Amercoct No. 23, with the exception of the areas imme-
diately around the extraction columns which are protected with stainless
steel sheathing. Structural steel elements and certain equipment fabricat-
ed from carbon steel have been protected with Amercoat No. 23. This type
of construction will permit removal of the gross radioactivity by simple
water flushing.

2.2 Materials of construction

Process equipment which is normally wetted by process solutions has
been fabricated almost entirely from stainless steel. Some important but
relatively small elements utilize Stellito, boron carbide, and Teflon. All
of these materials have exceptionally good resistance to chemical attack
and are oapectod to be readily decontami uL
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2.3 Desinfneoturo s

Process equipment design utilizes dreinable and flushable surfaces
for all components normally in contact with process solutions. The pro-
coss equivprmnt also incorporated water-flooded seals for all pumps and
agitator shafts which, in conjunction with the vent header system, effec-
tively restrict major contamination to interior surfaces of the process
system.

C. STAINIESS STEEL

The process equipment components (tanks, lines, pumps, etc.) of the
Rodox Plant are fabricated almost entirely from the 300 series of chrome-
nickel stainless steels. The specific typo employed has been chosen on
the basis of corrosion resistance and the type of fabrication permissible.
The decontamination of stainless steel will consequently be of prime
interest. Since the problem of 'decontcmination is solved by an empirical
approach, discrimination between the types of the 300 series is not justi-
fiable except by reason of the superiority to corrosion resistance of the
25-12 Cr-Ni type over that of the 18-8 Cr-Ni type.

The contamination of stainless steel can be placed in four categories:
(a) alpha contaminants on internal surfaces, (b) alpha contaminants on ex-
ternal surfaces, (c) beta and/or gamr, contaminants on interior surfaces,
(d) beta and/or gamma contaminants on ortorior surfaces. The recommended
procedures are based on empirical results obtained at Oak Ridge National
Laboratories and Hanford Works. In general the least corrosive decon-
taminant should be used so that attack upon the equipment may be maintain-
ed at a minimum. Internal surfaces should be first in the sequence of do-
contamination because of the greater freedom and control associated with
this operation.

1. Internal Alpha Contamination

Internal alpha contamination will generally be most severe in equip-
ment associated with steps subsequent to the IA Column and, primarily, with
steps subsequent to the 2D and 2A Columns.

Nitric acid is the preferred decontamination reagent, as the chemistry
of the mrincipil alpha contaminants (Pu nmL U) favors solution in this
medium, Sixty per cent acid is the most effective, although lesser con-
contrations have bcen used successfully. Some judgment must be exercised,
as it is possiblo to roughen highly polishod surfaces with strong (20% or
greater) acid. Normally, a temperature of 25 to 300C. is adequate. Goncr-
al physical and chemical principles indicate that higher temperatures would
be more effective, although there is no substantial information to support
this.

2. External Alpha Contamination

The most probably areas of external alpha contamination within the
Redox Plant will be coincident with those for internal contamination. The
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problem of decontaminating external surfaces is complicated by the possi-
bility of extending the contamination to otherwise clean areas. Therefore,
caution must be exercised, since the need for decontaminating surfaces
adjacent to those originally contaminated my be increased by unrestrict-
ed and uncontrolled flushing.

The following precautions should be observed in decontaminating ex-
ternal surfaces:

(a) The redistribution of existing contamination should be limited
to the smallest possible area.

(b) The surface should not be flooded with water or other decon-
taminating reagents.

(a) The surrounding surfaces which might be wetted during the de-
contamination treatment should be protected.

(d) Contaminated materials such as tools, rags, swabs, or gloves
should not be placed in uncontaminated areas. Disposable con-
tainers such as bags or boxes should be used for storing of all
cleaning supplies.

The choice of decontamination reagents will be dependent on factors
such as the original surface finish, necessity for preserving the finish,
and limitations of drainage facilities for solvents or highly reactive
chemical agents. The materials listed below have been found to be useful
for room-tomporature application, but tiLir relative effectiveness has not
been established.

(a) Nitric acid (60 per cent).

(b) Organic solvents; e.g., Stoddard Solvent, CC14 .

(c) Citric acid (20 per cent).

(d) Permanganate-bisulfite. The sequence of operations consist of
scrubbing the surface with saturated DMn04 solution, removing
the 131n0 4 by wiping, scrubbing the surface with 10 per cent
NoHSO3 solution, and flushing the surface with water.

(o) Chromic acid (corrosive to stainless steel).

(f) Abrasives; e.g., Bon Aid.

3. Internal Beta and/br Ganna Contamination

Beta and gamma contamination will be the predominant contamination
through the IA Column and, because of the less favorable chemistry of the
fission products, may accumulate in subsequent process equipment despite
the large docontamination achieved through the first decontamination cycle.
Since most of the surfaces contaminated with beta and/or game contaminant s
will also be contaminated with alpha contaminants, it is general practice

%awn DECLASSIFIED M



DECLASSIFIED /
2307 1W-

to use nitric acid for the first flush, particularly if any significant
amount of plutoniun holdup is suspected. Although beta and/or gamma con-
taninants are not completely removed by nitric acid, it is believed that
it is useful in removing the major portion of non-radioactive materials
constituting the film in which the radioactivity is bound.

Oxidizing, reducing, and complexing agents have been successfully
used at Oak Ridge National Laboratories. In one instance, a dissolver
tank with an original activity level of 80 roentgens/hr. at 10 feet was
reduced to 10 rr./hr. at a distance of 3 inches. The various decontani-
nating agents used and their relative effectiveness are indicated in Table
XXIII-1.

In addition to these liquid decontaminants, live steam has been re-
ported to assist materially in the decontaminating process. The optimum
conditions of its use have not been established. The mechanism of decon-
tamination with steam is not fully understood. It is conjectured that it
penetrates minuto racesses inaccessible to liquids. It is believed that
it also acts by the exertion of some abrasive action.

4. External Beta nd/orr Grma Contanination

The nost Probable zones of contamination will be coincident wi$h
those for internal contamination. This decontamination problem is the
most difficult of the four discussed because (a) the flush solution is not
confined by the equipment and (b) precautioncry measures to restrict the
spread of contamination by the decontaminating agents cannot be employed
because the range of the gamna rays prohibits the approach of personnel to
the contaminated surfaces. The decontaminating agents reconended for the
preceding case (Subsection 3.) can be employed for removal of the con-
tamination. To ninimize the fraction of contamination on the surfaces con-
tacted by the decontaminating agents in the course of their flaw from the
area undergoing treatment to the collection point (sump or drain), the
entire wetted area should be liberally flushed with water as a concluding
treatment.

D. OTErM MATERIATB OF CONSTRUCTION

1. Iron and Carbon Steel

1.1 General

Iron and carbon stol have been onployod for machine and structural
elements (e.g., electric riotors, jumper braces) which are not normally
wetted by process solutions. As installed, these elements are protected
by a chemically resistant coating, Aercoat No. 23. The type of contam-
ination expected on these surfaces follows the pattern given in Section C
of this chapter. Experience with decontamination of unprotected iron or
stool has been generally unfavorable. Corplete removal of the contaninat-
ed piece, if possible, appears to be the most practical solution to the
problom.
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1.2 Decontominants

Nitric acid, although effective in decontaminating chrome-nickel steels,
is not effective in the decontamination of unprotected iron and steel. The
degree of re-adsorption of the highly diluted, radioactive elements by the
freshly formed, unoxidized metallic surface appears to create a practical
obstacle which limits the decontamination. In the course of trying to do-
contaminate s unprotected iron and steel surfaces at Oak Ridge National
Laboratories . water flushing reduced the measured radiation from 10
roentgens/hr. at a 3-foot distance to 10 roontgens/hr. at a distance of
1.5 foot. Subsequent treatment with solutions of ENO and HCl did not sig-
nificantly reduce the radiation intensity. In additiin to the ineffective-
ness of acidic solutions, their use increases the difficulty of successfully
removing the contamination with subsequent decontaminating agents because
of the surface-etching effect of the aid.

Alkaline solutions (sodium carbonate) and detergents have been report-
ed, on a qualitative basis, to be the most effective agents.

2. Concrete

Concrete, in the absence of a protective surface coating, retains con-
taminants to a high degree. Chemical or physico-chcnical reagents have not
been effective in removing either cheically fixed or physically adsorbed
radioactivity. The Redox Plant has been designed and constructed on the
basis that concrete surfaces will always be protected by a chemically re-
sistant coating (Anercoat No. 23). In the event of contamination which
penetrates through to the concrete base nutrial, only two courses appear
practical: (a) physical removal of the contaminated surface, or (b) shield-
ing of contcninatod concrete surface to emrnit necessary maintenance wor
in the immediate area of contamination.

3. Glass

The use of glass in the 202-S Building is limited to the silo viewing
windows. Glass finds its greatest application in the construction of labo-
ratory equipment. As such, no general predictions can be made regarding
the probable type of contamination. A five per synt solution Of NH4HF2 has
been effective in decontaminating glass at ORNLu. Etching does not ro-
sult if the tine of contact is kept to a minimum.

4. Lucite

Lucite (polymerized methyl motirorylate), a transparent thermo-plastic,
is a construction naterial of the PR Cage and also finds numerous applica-
tions as a component in laboratory equipment. The transparency of Lucitc
is an essential requirement in its F11 Cage application; therefore, precau-
tions must be taken to use decontaminating agents which do not cause
"fogging". In laboratory applications loss of transparency is of less
concern. Cloaning solution (95% sulfuric acid saturated with sodium dichro-
mate), routinely used in laboratories as a decontaminant for Lucite, causes
"fogginess", which increases with the nutbor of applications.
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The primary contaminant in the PR Cage is plutonium in an aqueous
nitric acid system. The preferred procedure for removal of plutonium
contamination is as follows:

(a) The adjacent uncontaminated areas are protected with absorbent
paper.

(b) 5 to 10% nitric acid solution is applied by swabbing. (Nitric
acid in concentrations in excess of 20% attacks Lucite). The
swabbed area is permitted to remain wet for 3 to 5 minutes.

(c) The nitric acid is removed by sponging the surface with water.

(d) A detergent, 1% Muslor 224 or a saturated aqueous s olution of
Calgon, is applied by swabbing or sponging. (Muslor 224 is a
product of Synthetic Chemicals, Inc.; Calgon, of Calgon, Inc.).

(a) The detergent is removed with water.

(f) The surface is dried with soft, clean, non-abrasive cloth or
paper.

Personnel carrying out the decontamination must be adequately protected
from the alpha radiation present, accordtng to procedures described in
Chapter XXI. In order to avoid recontamination of the surface separate
containers must be provided for clean and used cleaning materials.

The transparency of a polished Lucite surface may be Impaired and
permanent fixation of plutonium may be caused if the surface is wetted by
a reagent in which Lucite is soluble. Since Lucite is soluble in many
common organic solvents, including hexone, no organic solvents should nor-
mally be used for cleaning or decontaminating it.

5. _Wood

Wood is utilized primarily for those structural or equipment items,
such as office fittings and furniture, not normally subject to contamina-
tion. Occasional temporary requirements may result in the introduction af
wood into process or laboratory areas. Decontamination f wood is extreme-
ly difficult because of its porous, absorbent structure. 2) Protection
from f cation of activity is dependent upon the applied protective coat-
ing.( In the event that contamination penetrates the protective coat-
ing either partial or total removal of the wood appears to be the most
practical and economical procedure.

E. PROTECTIVE CQATINGS

The surfaces embraced by this classification are second in importance
only to the stainless steels since the other principal materials of con-
struction for radioactive zones (concrete, iron, and mild steel) do not
generally lend themselves to decontamination by treatment with chemicals.
Therefore, to permit decontamination of these essential materials of con-
struction, they must be protected with a surface film.
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1. Requirements of a Protective Coating

The ideal protective coating should meet the following specificaticna:

(a) The coating must form a permanent and tenacious bond to the base
material.

(b) The coating must have chemical resistance to the process solutions
with which it may be wetted and to the decontaminating agents lth
which it will be accidentally or intentionally wetted.

(c) The coating must have flexibility compatible with the surface to
which it is applied, as this surface may change dimensionally
due to mechanical or thermal stresses.

(d) The coating must have adequate abrasion resistance. Extreme
brittleness or low cohesion will permit the coating to be des-
troyed by normally expected mechanical action.

(e) Only materials which set with a smooth and glossy surface are
satisfactory. Finishes similar to "crackle may result in a
small, but finite, retention of solutions or their residue upon
evaporation.

(M) Unsaturated linkages tend to react irreversibly with iodine to
form a permanent fixation. Otherwise, the chemical composition
does not appear to correlate with susceptibility to decontamina-
tion; i.e., vinyl, methyl methacrylete, furpusWehyde, or
formaldehyde resins exhibit no differences. C

(g) Decontamination appears to be most readily accomplished on those
films which are the least wetted by water.

2. Components of a Protective Coating

In effect, a complete protective coating should be built up in three
layers: the seal coat, the permanent surface coat, and the final surface
coat. Three separate materials or a single material may be used. In
either case, the requirements noted below must be satisfied.

2.1 Seal coat

This coat must penentrate the porous material (concrete to a depth CC
several millimeters) and fill all pores or small voids.

2.2 Permanent surface coat

This is preferably a homogeneous oxtension of the seal coat and must
exhibit good chemical resistance to attack by process or decontaminating
solutions as well as low adsorptivity.
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2.3 Final surface coat

This film should be smooth, chemically resistant to process and
decontaminating solutions, and not readily wetted by them.

3. fecontaminants

Since the protective films are the only barrier to essentially
permanent contamination of the base materials, it is important to use
a decontaminant which will inflict the minimum damage to the coating.Highly reactive materials such as nitric acid, chromic acid, or caustic
soda should be used only as a last resort. The following agents, listed
in order of preference, are recommended.

(a) Water.

(b) Detergent solutions.

(c) Complexing agents, oxalates, citrates, tartrates.

(d) MnO4 -- NaHSO3 . This requires direct manual application of
a 1 to 2 per cent 1~nO4 solution for a five-minute period follow-
ed by scrubbing with a 10 per cent solution of NaHSO3 and,finally, wiping or washing with water.

4. Redox Plant Protective Coatings

The protective coatings employed in the Redox Plant for applicationto steel and concrete surfaces are Amercoat No. 23 and, to a lesser ex-tent, Amorcoat No. 33. The Amercoats are manufactured by Amercoat
Division of the American Pipe and Construction Company from a resin ofvinyl chloride polymerized to varying degrees and dissolved or suspendedin a mitod organic solvent. The organic solvents are predominantly
ketones and all of the formulations contain 10 to 20 per cent methyl ethylketone, which las an open-cup flash point of 66eIF. and lower and upper
explosive limits of 1.8 to 11.5 volume per cent. After complete dryingthe surface finish is free of organic solvents and no fire or healthhazard exists,

Amorcoat No. 23 consists of two prime coats, three body coats and,lastly, three seal coats. It represents as near an approach to the de-sired properties of protective coatings as it was possible to procure forapplication by conventional brush or spray methods. Since the materialis not completely resistant to the hexone solvent, care must be exercisedto prevent contact in the event of hexone leakage. Water should be em-ployed to flush the surface to prevent damage to the coating and to min-imize the likelihood of fixing any contamination in the protective coat-ing. Amorcoat No. 23 exhibits a high retentive capacity for contaminationwhen wetted by hexone.

Amorcoat No. 33 is a single-component finish applied as a minimum ofthree coats. The base resin is polyvinyl chloride. The finish hasessentially as good chemical and abrasion resistance as Amercoat No. 23but it is not suitable for prolonged contact with aqueous solutions. It
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is used only in .those areas which are subject to vetting only by splashing
or yhich are accessible to operating personnel for immediate flushing.

Another Amercoat, No. 5, is a three-component finish consisting of
primo, body, and seal coats. The base resin is polyvinyl chloride. It is
so formulated that it has better resistance to concentrated (60%) nitric
acid than either No. 23 or No. 33, but it lacks the abrasion resistance af
these coatings. It is not used in the Redox Plant, but it will be employ-
ed to cover the interior surface of the concrete pipe trench connecting
the 200 East and 200 West Areas.

5. Strippablo Coatings

Strippable coatings, unlike the permanent coatings discussed so far,
function by retaining the contamination in a soft, flexible, slightly
adhesive film which can be physically removed from the protected surfaces.
Such coatings are usually porous or tacky and readily wetted by process
solutions. Their chemical or solvent resistance must be sufficient to pro-
vent disintegration.

Although coatings of this type are not specified in the Redox Plant,
the advantages inherent in a strippable coating may render its use' desir-
able iu certain applications, particularly in the Laboratory Building
(222-5).

A series of studies at ORNL~g on the retention of contaminants and
the chomical resistance of various strip coats to HCl, HNO3, H 0 4, and
hexone indicated that D-1000, polyvin y1 butyral dispersion, ma e by Mon-
santo Chemical Company, was the most effoctive in resisting chemical at-
tack and fixing the contaminants in the coating. Other strip coat
evaluated by (RNL, Liquid Strip Coat 5334A, a product of American
Resinous Chemical Corp., Cocoon Strip Coet, a product of Hollingshead
Corp., and Spraylat, a product of Sproylat Corp., were. inferior to
D-1000 in terms of retention of radioactivity or chemical resistance.

6. Polyetiglene

Polyethylene is a high molecular weight, ethylene polymer. When
applied as a sheet or flame-sprayed coat, it is nearly totally resistant
to attack by inorganic chemicals or solvents. The surface of the coat-
ing is extremely easy to decontaminate. Polyethylene was not originally
specified for application to the Redo% Plant, but it is available for use
in special situations calling for its desirable properties.

Highly specialized techniquse are vequire& for obtaining a satisfactt-
ry polyethylene coating. The ocrreacc of pinholes in the surface was the
principal deficiency observed duni ig tho development of methods of apply-
ing polyethylene coatings to a coILcrete surfacc. This cendition did not
prevail on application to a motllic sur-foco. The problen has been re-
duced in magnitude through improved tccnniquos of spplication and the pro-
paration of i smooth and dense concrete L, rface prior to flame spraying.
Pinholes now occur at a frequency of oze pcr square foot and their total
elimination is considered possible.
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Only uncompounded polyethylene, free of color additives such as T102
should be used for coatings since these additives have been found to act
as adsorption centers for contaminants. Bocause of the high degree of
water repellency of polyethylene, water flushes are generally adequate
for decontamination, although more reactive agents, such as nitric, hydro-
chloric, or hydrofluoric acids, as well as suitable solvents (hexone),
may be used without injury to the material. Prolonged contact of poly-
ethylene with concentrated solutions of inorganic chemicals or nitric acid
may result in embrittlement and cracking.

F. SKIN

Skin decontamination is especially important because of the danger
of the entrance of contaminants into the body, either orally or through
skin breaks.

The rate of skin decontamination varies considerably among individuals
ant, is largely dependent on the original condition of the skin. In all
cases where a rough outer layer of skin is present, decontamination is
more difficult until this outer layer is removed and the skin surface is
polished.

It has been found at Hanford that the best decontaminating agent for
removal of uranium contamination is a mixture of sodium bicarbonate and
a detergent (such as Duponol) combined in a one-to-one ratio and applied
to the wetted, contaminated skin. The material should be worked o a
lather for about one minute, then rinsed off under running water.V A
detergent and sodium bicarbonate should be used for plutonium removal and,
if necessary, a permanganate-bisulfite procedure. The permanganate-
bisulfite procedure consists of wetting the hands and lathering them with
KMn0 L crystals, rinsing and lathering with NaHSO3 crystals, and then re-
rinsing. The procedure should be repeated if necessary. The removal of
UF4 from the skin may be accomplished by us f the following substances,
listed in the order of their effectiveness. 3)

(a) Corn meal and sodium bicarbonate.

() Boraxo and sodium bicarbonate.

(c) Liquid soap and sodium bicarbonate.

(d) Calgonito and Aerosol solution.

(e) Boraro.

(f) Liquid soap.

(g) Old Dutch cleanser.

Old Dutch cloanser seemed reasonably effective on the first washing,but upon further use seemed to have little effect. Apparently, material
which was not removed with the first wash was worked into the skin by
further use of the cleansing powder,
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Fission-product contamination on the skin is removed by the followirg
procedure:

(a) The contaminated area is swabbed with liquid soap until a good
lather is obtained. The lather is removed with water swabs. The
procedure should be repeated, as necessary.

(b) If the contaminant is still present, the area is swabbed with Ii.
KMnO4 solution. Three applications, with drying between successive
applications are required. The color prduced by the KMnO4 is
removed with swabs wet with 4% NaHSO3 solution. Finally, the
area is swabbed with water.

(c) If the contamination remains, TiO2 paste is applied to the area
and removed by swabbing with water.

F. CLOThING

In these arczs within the separation plant where there is a hazard of
personnel contamination with radioactive materials, all persons entering
are required to wear coveralls, shoe covors or overshoes, caps, and gloves
as a protection against contamination of skin and street clothing. In
addition to these items, towels, sochts, undergarments, and shoes are fur-
nished where required. This clothing is monitored for contamination both
before and after laundering. In the laundry, Igepal CA, a liquid soap, is
used as a disinfectant for washing the plant-issue items. Acetic acid is
used as the docontaminating agent for beta and gamma-emitting contaminants.
Rubber goods and some cloth items are cleaned with 3% nitric acid solution.
Soda ash or Wyandotte OS is used with granulated soap for removal of beta,
gamma, and alpba-emitting contaminants from cloth. If the contaminant is
solid, Wyandotte 33, a detergent, is used.
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Equipsent Piece:

Table -IIIII

DEOrANATION inlIRI AT QX RIM

Date frx HW-14532

309 SCb Stainlems Steel Dissolver Tank (1C7 Gal. Cpowity)

Flush No. R.agont Used

1 60%5 03
2 60% HN03

3 60% IN03

4 6o% HN03

5 35% 5X03, iiHF2

6 4% Onali acid

7 0.6% N?4RF 2

8 2.5% NSh

9 30% EN03 + 3% 1a 2Cr27

% KN03 + 4% (0 4 )2 "rF6

55% SXO3

43% NaCH + 13% citric acid

Sam,

Base

Seas

Sae

1.2% (M4)a176

1% 1Nf14 2

3.5% N03 + 1.6% 54H59

Treftent

24 hr. at 95 - lV C.
Sam,

Se

24 hr. refluing

15 min. at 3CC.
1 hr. E20 flush

4 hr. 650c.

4 hr. 60'C.

24 hr. 95 - 10C.

24 hr. at 95 - 103C.
H2 0 flush

4 hr. at 80 - 105C.

Soe

ha

Sam,

Sam,

Sam,

Bass,

SaM

16 hr. at 3dC.

16 hr. at 80 - lrec.

Radicactivity of
Effluent Flush Solution,

Beta Dis./Min./MI.

1.4 x 1010

8.8 . 106

1.9 x 106

1.4 x l07

2.7 x 108

3.4 x 1o0

1.2 x 107

2.0 x 108

8.5 z 105

6.0 106

1.8 x 105

4.7 x 10

5.7 x
6.4 x
1.8 a

8.7 x
2.4 X

104

104

104

103

10

Beta
Curios
Removed

89

0.6

0.14

2

20

53

1.7

15

0.1

0.4

0.1

0.1

0.01

0.01

0.01

0.01

0.01

hdltion lanl

StarMIr (k!
80 75

75 3

3 4,5

4.5 1

0.7

2.0

2.5

0.7

2 -

-- 3.4 r/hr.
at 3 in.

1.2 r/hr.
at 3 in.

10 r./hr.
at 3 in.

()sured at 10 ft, in flushes I through 8.
Inosistencies in the data with respect to the decrease in
radiation leel with the number of beta curios reoved ar.
unaccounted for.
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APTER XXIV. AZAR MTWE TN RADIATION

A. FLAMMABILITY AND EXPLOSIVENESS

The RSdox process, being a solvent-oxtraction process, introduces to
separations technology a new material to be considered from the viewpoint
of flammebility and explosiveness. This mterial, the process solvent,
is commonly known as herone. The process and design engineering incor-
porated in tho -edox process had as a prime consideration the elimination
of a fire or explosion, and has made such an occurrence unlikely during
actual plant operation. The design has also incorporated features to
minimize danger and danage should such an incident occur. This section
of the manual- is aimed at a discussion of these hazards with particular
emphasis on (a) their extent, (b) engineering features designed to elimi-
nate or minimize- them, and (c) any special operational precautions re-
quired.

The potentially hazardous aterials, other than hexone, are hydrogen
and propane. Both of these gases have been provided for successfully in
the design-of the -Bismuth Phosphatc Plants. A definition of special terms
used in this chapter, relative-to flammability and explosiveness, is pro-
sented below to provide the-reader with a better basis for understanding
the scope of the problems involved and the extent to which they have been
eliminatod or minimized.

Class I Locations (National Electrical Codes ) - Flammable gases
are, or may be, present in the air in sufficient quantity to produce
.explosive ,or ignitable mixtures.

Division 1 --- Those locations in Class I whore hazardous con-
contrations exist continuovsly, or internittently, under nor-
mal operating conditions

Division 2 -- Those Class I loctttions where flammable liquids
are normally inside- closed contahiors from which they can escape
only in case of tank rupturc or in case of an abnormal operating
procedure.

Flash Point -- The temperature at which a solvent vaporizes suffi-
ciently to produce a flannable vapor-air nixturo capable of ignition
by an open flame. This is not necoss2rily the point where combustion
would be sustained. Such a point is termed the fire point and is
usually somewhat higher than the flash point.

Ignition Temporature -- The temperature at which a solvent spontmnc-
ously ignites without the application of visible means of ignition.

Explosive Lnits (L.E.L. and U.E.L.) - Mixtures of the vapors of
flammable solvents with air are explooivc only within certain limits
related to the respective percentages of flammable vapor by volume
mixed with air(lower explosive limit and upper explosive limit).
Flashes of flame will appear in mixtures outside those limits, but
flame propagation af an explosive nature will not take place.
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1. Hexone (Methyl Isobutyl Ketone)
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1.1 Flammability and explosiveness of hexone

Hexone is an organic solvent, with a characteristic sweetish
odor, which offers a lesser flame and explosion hazard than gasoline.
It is used in industry as a component of some lacquer thinners. Vapors
of hoxone are heavier than air and tend to accumulate at low points.
Hexone has a boiling point slightly higher than that of water and, at
room temperature, evaporates more rapidly than water. It is less vola-
tile than all common varieties of gasoline.

Physical properties of hexone, pertinent to flammability and ex-
plosiveness, are listed below:

Flash point (Tag closed cup) - 0oF. (10)
(Tag open cuD) - 810F. (10)

Minimum oxygen content of gas- - 11.1% by volume (12)
hexone mixtures necessary to
sustain flame propagation

Ignition temperature in air, dry -- 45900.(858.20F.) (12)

Lower explosive limit -- 1.34% by volume (7)

Upper explosive limit -- 8.00% by volume (7)

Temperature corresponding to
explosive limits*-- Lower - 1220F. (12)

Upper -- 2120F. (12)

Odor detection threshold -- Less than 0.01% by volume

Boiling point (760 mm.)

Vapor pressure (2000.)

-- 2400F. (12)

-- 15.2 mm.(12)

The maximum explosive pressure, 88 lb./sq.in. gage, occurs at
concentrations of 3 volume per cent heXone when mixtures of dry hexonc
and air are ignited at atmospheric pressure (7). Normal Processing
Building ambient temperatures approximate the flash point of hexone, but
are much lower than the ignition temperature.

1.2 Extent of hazard

The storage of quantities of herone, required to satisfy plant in-
ventory requirements, has been arranged in a manner to minimize any hazard
resulting from the presence of large volumes of the solvent. Of the total
67,000 gal. required inventory, 43>OCO gal. are stored underground in
tanks, SO-141 and so-142, each a 21,500-gal. carbon steel tank, vented to
atmosphere through individual flame arrestors. These tanks are located

*) Explosive limits correspond to vapor pressures at these temperatures.
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40 ft. north of the Solvent Recovery Building, 276--, and approximately
130 ft. north and 75 ft. west of the Processing Building,202-S. An
additional 22,000 to 24,000 gal, are normally in process in the Solvent
Recovery Building 276-S, in 3 inert-gas-blanketod stainless steel tanks,
Organic Treatment Tank, 0-1, 13,770 gal., Organic Sampler and Treatment
Tank, 0-2, 13,820 gal., and Organic Header Feed Tank, 0-3, 13,770 gel.

, The remaining 2000 to 6000 gal. of herone is located in the various
process lines, tanks, and contactors in the 202-8 Building. Of the 2000
to 6000 gal..normally in process, 400 gal, are located in the Organic Head
Tank, 804, at the head-tank level of the silo; from 1000 to 5000 gal,
(normally 1000), in the Organic Surge Tank, G-1, in G Cell in the canyon,
and the remaining 600 gal., in process in the silo and various cells in
the canyon area.

Herone is unloaded from tank cars into the Organic Storage Tanks,
so-141 and s0-142, according to normal chemical plant practice. The
tank cars are grounded and Protectoseal manhole covers are used during
the unloading operation. The Organic Storage Tanks are underground to
reduce the effects of atmospheric temperature variations.

1.3 Plant precautions -- 276-s Buildin

Besides inert-gas blanketing of the solvent tanks, this building in-
cludes such other safety features as (a) complete Class I, Division 1 ex-
plosion-proofing of electrical equipment in the process area, (b) isbla-
tion of the solvent side from the operating side by a concrete wall, (c)
provision of a sump to contain all of the solvent should it spill, (d) a
static grounding system, and (e) automatic decant lines to remove any ex-
cess water which might be present from operation of the water-fog system.
A thermal-detector-actuated, water-fog fire system, with suitable alarms,
is provided. The ventilation system provides a change of air every min-
ute in the process side and exhausts the air from floor level to remove
any (heavier-than-air) hexone vapors. The processing area is ventilated
by two 4400-cu.ft./min.ethaust fans. Ventilation of the operating area
is accomplished by one exhaust fan with a capacity of 1000 cu.ft./min.,
drawing the air from the well in which Tank 0-2A is located,

1.4 Plant precautions -- 202-S Building

1.41 Detection

Herone spills or leaks can be detected by tank liquid-level indica-
tors, sump liquid-level indicators, sump samplers, and air samplers. Over
each sump there is an air sampler line which terminates in one of the
sample galleries. Three portable gas analyzers are available for check-
ing the qxplosivity of the atmosphere at each of these points by connect-
ing the analyzer to a sampling point through its gallery terminal point.
Frequent checks will be necessary during operation to assure that there
is no accumulation of hexone vapor at the sumps. The viewing windows in
the silo permit visual inspection of the column shaft for leaks and spills.
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1.42 Inert-gas blanketing

All hexone and hexone-saturated aqueous solutions in the 276-S
Building and 202-S Building are handled in inert-gas-blanketed, static-
grounded, closed systems. The inert gas is obtained by burning propane
in air to give a product gas of approximately the following composition:

N2  87 to 88%

002 10 to 12%

CO 1% max.

J2 0 14 max.

% 0 to 0.5%

The 02 content of this gas is well below the 11.1 per cent by volume
necessary to sustain flame propagation. This gas is supplied by two
Inert Gas Generators which may be operated from either the normal electri-
cal supply, or the emergency electrical system, in case of failure of the
normal power supply. Inert gas is supplied to the vessels in these sys-
tems and to the system headers by instrument dip tubes, by sampler jets,
and by two, constantly-blowing, inert-gas stations connected to the sys-
tem headers.

During transfers of solution from vessels within the inert-gas-
blanketed system to vessels beyond the system, additional inert gas is
required to replace the liquid transferred. This is expecially true dur-
ing the period when the tank is empty and the jet is gassing, since the
gassing of the jet results in a rapid depletion of the inert gas within
the closed system, This additional gas is supplied by means of an inter-
lock on the air control to the steam jets transferring out of the system,
with valves in the inert-gas-supply headers, which results in additional
inert gas blowing into the blanketed system each time a jet is operated
to transfer liquid out of the system.

1.43 Ventilation

The total blower capacity for ventilation air supplied to the 202-S
Building is 133,000 cu.ft./min. A major portion of this volume is in the
system serving the process areas. For this system, critical supply and
exhaust fans are provided with stand-by units for use in the event of
mechanical failure.

The ventilation systems are designed to direct the flow of air from
hexone-free areas into the hexone processing areas. The Organic Head
Tank, 804, is the only vessel containing hexone located in a "cold" zoneof the 202-S Building. This tank is located in a small enclosure on theSilo Feed Tank level. All of the ventilation air for this enclosure isdrawn from the Feed Tank Area to give about 40 air changes per hour with-
in the enclosure. Ventilation air is supplied to the canyon at the Crane
Cab Gallery level and is exhausted through ports at the bottom of the cells.
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The pressure above the canyon deck is -0.2 in. water, with respect to atnos-
phere. The cell pressure is maintained negative with respect to the caqron.
Air flow out of the cells results in 8 air changes per hour and the negative
pressure is sufficient to overcome the pressure drop across the cell cover
blocks. Galculations have indicated that there is sufficient dilution of
hexone vapor to maintain the erbaust ventilation air stream below the lower
explosive limit (1.34% hexone by volume) even though all cells which handle
organic solutions were flooded with the type of solution normally present
in the vessels of those cells.

1.44 Electrical system

All of the electrical equipment in those areas where hexone is pro-
cessed meets the National Electrical Code Specification for Class I,
Division 1 locations. It was not practical to design the electrical
equipment on the cranes over the cells and silo, or the canyon and silt
lighting, to be explosion proof, but this equipment is totally enclosed.
The possibility of fire caused by an electrical discharge at these levels'
is considered negligible because of (a) remoteness from the possible
organic vapor source, (b) the fact that hexone vapors are heavier than
air, and (c) the downward sweep of ventilation air.

1.45 Fire protection

The Solvent Treatment Building proccss area, the organic feed tank
enclosure, the silo column shaft, and ,ll cells containing equipment in
which hexone is present (Cells D,E,F, and G) have water-fog systems with
nozzles directed to blanket the affected area. Each system is controlled
from the corresponding cell control panel. Indication of fire or ex-
plosion is afforded by temperature elements in each location, which
actuate visual and audible alarms at each cell control panel and in the
dispatcher's office.

The fact that the individual calls are isolated one from another
wiln tend to localize a fire in any particular cell and prevent its
spread.

1.46 Explosion venting

The railroad tunnel door presents a large-area week point in the can-
yon structure and pressure increases which escape the calls upward into
the canyon will be expended through it. The column-carrier outlet door
and the large equipment doors at the silo crone levels will serve to ex-
pend pressure increases which might occur in the silo.

In the event of an explesion, a part of the force would be directed
through the vntilation system to atmosphere.

1.47 Emergency exits

Emergency exits are located in all gllcriea, in the canyon, and at
all levels in the silo.
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1.5 Herone-nitric acid reactions

Normal static contact of up to 4M nitric acid in hexone at room tem-
perature produces only a slow reaction. Rapid reactions approaching ex-
plosive violence are produced when concentrated nitric acid is brought
into sudden contact with an equal or smaller volume of hexone. The great-
est opportunity for such a condition to occur exists when nitric acid must
be introduced into hexone to prepare solvent streams 0.2 to 0.5M in nitric
acid. To avoid such contact, concentrated nitric acid is metered into the
hexone by proportioning pumps wherein the ratio of nitric acid flow to
hexone flow is automatically controlled. The hydraulics of the metering
system are designed so that the two materials cannot become admixed in
undesirable proportions, even under abnormal operating conditions.

Aqueous-hexone contact within the process is maintained at a mini-
mum to avoid the production of oxidation products that affect the ability
of the process to remove radioactivity from the plutonium and uranium and
not because of any chance of a rapid chemical reaction. Further details
of these reactions are given in Chapter IV.

2. Hydrogen

In the event that ferrous sulfamate is produced within the Redox
plant, the method of preparation constitutes the only source of evolved
hydrogen. As indicated in Chapter III, the evolution of hydrogen during
the coating removal step is eliminated by the addition of sodium nitrate.

Hydrogen is evolved in the preparation of ferrous sulfamate from
iron powder and sulfamic acid:

Fe - 2NH2SO .-3 - -> Fe(NH2SOJ)2 -12

In the preparation of a 3-day supply of ferrous sulfamate solution, about
1700 cu.ft. of hydrogen are produced. Since the reaction rate is quite
high initially, the bulk of the hydrogen is produced during the first hour
of the preparation. Ignition of hydrogen is prevented by purging the
Ferrous Sulfamate Irepration Tank, 504, with inert gas during the digestion
period. This gas is supplied at 30 cu. ft./min. The inert-gas purge atd
gaseous reaction products are removed from the Ferrous Sulfamate Prepara-
tion Tank by a blower in the vessel vent stack and discharged to atmosphere
outside the building.

The physical properties of hydrogen pertinent to flammability and
explosiveness are listed below:

Ignition temperature -- 10850?. (9)
Lower explosive limit - 4.1% by vol. in air (9)
Upper explosive limit 74.2% by vol. in air
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3. Propane

Propane is a hydrocarbon which is used industrially and domestically
as a bottled fuel gas. Although it is a gas under normal conditions, it
can be liquefied at ordinary temperatures at a pressure of about 120 lb./
sq. in. absolute.

Propane presents about the same explosion and fire hazard as that in-
volved in the distribution of fuel gas in a city. It is used in the Re-
dox Area as a fuel gas for the inert-gas generators and the laboratory
burners of the 222-S LIboratory Building. Two Propane Storage Tanks, SG-
161 and SG-162 each with a capacity of 6500 gal., are located east of the
Ledox Exclusion Area. The Inert-Gas Generators are located in a small
building just south of the 202-S Building. No propane is piped into the
202-S Building.

The physical properties of propane, pertinent to ilammability and ex-
plosiveness, are listed below:

Flash point - Below-room temperature
Ignition temperature -- 8170F. ?9)
Lower explosive limit -- 2.37% by vol. in air(9)
Upper explosive limit - 9.5% by vol. in air(9)
Boiling point - -42.170C. (-43.9OF.)

B. PHYSIOLOGICAL EFFECTS OF OCESS CfEMICALS

This review of the physiological effects of the process chemicals
is presented to assist supervision in recognizing and minimizing the
health hazards involved in the operation of the Redox Plant. Maximum
allowable concentrations (M.A.C.) are given for gaseous substances and
those which may be present as a mist or a dust. The maximum allowable
concentration is defined as the amount of a material to which the average
worker may be exposed, for 8 hours daily, without significant harmful
effects.

In the Redox process the chemicals which may present a health hazard
are hexone, nitric acid, oxides of nitrogen, sulfuric acid, sodium hy-
droxide, sodium dichromate, and uranium, plutonium, and radioactive
fission products.

1. Hexone (Methyl Isobutyl Ketone)

Hexone is an organic solvent, possessing a strong, sweetish odor,
which is used in the paint industry as a component of solvent blends.
Vapors of hexone are heavier than air and tend to accumulate at low
points.

1.1 Tolerance concentrations

T p maximum allowable concentration in air, for personnel, is 100

p.p.m. 4) The expression of this concentration value is abbreviated
"M.A.C.".
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1.2 Extent of hazard

In the Solvent Treatment Building, 276-S, 22,000 to 24,000 gal. of

hexone are in process or storage. The only possibility of exposute to

hexone fumes at this location or in the Processing Building, 202-S, lies

in small process leaks (pump glands, valve packing glands, etc.) pombinod

with malfunctioning of the ventilation system. Distribution of the sol-

vent inventory is given in detail in Section A of this chapter.

1.3 Precautions

Hoxone can be detected by odor in concentrations considerably lss

than 100 p.p.m. Since all process hexono is handled in closed syttems,

there is little opportunity for hezono vapor to be present in the atmos-

phere. Hexone spills or leaks can be detected by tank liquid-levd in-

dicators sump liquid-level indicators, sump samples, and air samples.

Three portable gas analyzers are available for checking the concetration

of hexone vapor in the atmosphere over the cell sumps.

The ventilation systems of the 276-S Building and the 202-S Building
are designed to direct the flow of air from areas where personnel are

normally present to the process areas, thus preventing flow of hexone
vapor into personnel areas. In the 202-S Building the pressures in the

Operating Galleries end Pipe Galleries are + 0.2 in. and + 0.1 in. water

gage, respectively, and in the canyon -0.2 in. water gage. The ventila-

tion system is designed to give 8 air changes per hour in the Operating
Galleries.

1.4 Physiological effects

Hexone has the property, common to all organic solvents, that in
contact with the skin it removes the natural oils, producing dryness,
irritation, and cracking of the skin.

Hexone vapor inhalation causes irritation of the mucous membrane of

the eyes and nose at concentrations below 0.1 vol. per cent (1000 p.pm.).)
A group of workers exposed to approximately 100 p.p.m. of hexone during a
normal work-week complained of headache and nqusea. Ill effects noted
during the week disappeared over the weekend. 4 ) Animal experimentation
indicated that higher concentrations can cause unconsciousness and that
exposure to 1.0 volume p cent concentration (10,000 p.p.m.) causes
death in about 4 hours.\ Complete recovery could be effected by re-
moval of the animals at any but the terminal stages.

A worker experiencing any of the symptoms mentioned above should be
removed to fresh air for recovery.

2. Nitric Acid

Nitric acid is a corrosive mineral acid which is widely used in the
chemical industry. Contact with nitric acid causes severe burns. There-
fore, the proper types of protective glovos, clothing, and goggles must
be worn when handling the material. ncjslFl
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2.1 Tolerance dose and concentration

No limits are specified in the literature for external surface ex-
posure, but about 10 ml. of concentrated nitric acid(3) taken internally
is considered a fatal dose.

2.2 Extent of hazard

The daily process consumption of 60 per cent nitric acid is 21,000 lb.
(1852 gal,). Approximately 90 per cent of the 60% nitric acid is used in
the uranium dissolution step, and some is used in the preparation pf aqueous
extractant solutions with concentrations of 0.25 per cent (9500 gal.), 0.3
per cent (625 gal.), and o.6 per cent (500 gal.). The remainder of the
nitric acid is employed in acidified organic streams. Nitric acid require-
ments for equipment decontamination are not included in these figures.
The greatest contact hazards are experienced during surface decontamination
work and in sampling "cold" aqueous and organic solutions containing nitric
acid.

2.3 Precautions

As indicated above, the proper tytes of protective gloves, clothin&
and goggles must be worn when handling nitric acid. Standard chemical
plant design practice has been applied to all nitric acid handling facilities.
Since nitric acid solutions can be detected visually, proper precautions
can be taken in handling liquid spills around process equipment which con-
tains nitric acid. Safety showers are provided at strategic locations in
operating areas to provide for rapid irrigation in cases of serious sur-
face exposure.

2.4 Physiological effects

Indication of the magnitude of the contact hazard of nitric acid is
given by tests which showed that 70 M4O3 produces definite skin burns in
5 to 15 seconds. Burns of first, second , anJ third degree may result
from nitric acid contact. Imediate irrigation of nitric acid splashes
with water will greatly minimize its effect on the skin.

In case of ingestion, the patient should be given milk of magnesia,
up to 8 fluid ounces, and quantities of water or milk, followed with egg
white and milk. Emetics and carbonates should be avoided.

3. Oxides of Nitrogen

Oxides of nitrogen are formed when nitric acid is spilled on organic
or reducing materials such as sawdust or iron filings. These oxides,
known generally as "nitrous fumes", consist of a mixture of NO, NO2 , and
N2 04 .

3.1 Tolerance concentrations

The effe4 of nitrous fumes over a wide concentration range are
listed below: ) 8)
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Concentration, as 1O 2 , in
Parts per Million Physiological Response

200 to 700 Bapidly fatal for short exposures.
(1/2 hr. or less at 700 p.p.m.).

100 to 150 Dangerous for even a short period.
(1.2 to 1 hr.).

100 Least amount causing coughing.

60 Least amount causing timediate throat
Irritation.

10 Maximum concentration (MAC) for con-
tinuous exposure according to Massachu-
setts State Law, recognized by most
authorities.

3.2 Extent of hazard

Large quantities of nitrous fumes are formed during the dissolution
of uranium in nitric acid. From one cut, 2570 lb. of uranium, 1550 lb.
of nitrous fumes are evolved with a volume of about 15,000 cu.ft. The
uranium dissolution is accomplished in a closed vessel in the process area
and the fumes are removed through the Dissolver Off-Gas System. This
off-gas system terminates in the 291-S Building stack, where the off-gas
is diluted by mixing with the exhaust air from the 202-S Building ventila-
tion system. All of the Dissolver off-gas lines are located in the "hot"
zones.

3.3 Precautions

It is estimated, Chapter III, F, that the peak rate of evolution of
nitrous fumes from the dissolver is 20 lb.-moles/hr. or 120 cu.ft./min.
Stack dilution of these fumes results in dilution to 3500 p*p.m, of
nitrous fumes leaving the stack. The most unfavorable atmospheric condi-
tions, causing the fumes to fall to the ground at the base of the stack,
gives a dilution factor of 200 from the top of the stack to the ground.
This would result in a nitrous fume concentration of 18 p.p.m. at ground
level, a concentration considered safe for prolonged exposure of several
days but not for continuous exposure. The average concentration of
nitrous fumes at ground level during the entire dissolving period would
be 6 ,Ap.n, under the most unfavorable atmospheric conditions.

The presence of oxides of nitrogen may be detected by odor and, to
a certain extent, by color. 9a) A characteristic odor is distinct at
concentrations of less than 5 p.p.m. in air. In vell-lighted areas,
100 p.p.m. or more of nitrogen dioxide (No2) in air exhibits a visible,
reddish-brown tint. It should be noted, however, that other oxides of
nitrogen (NO and N2 0) are practically colorless and that the relative
proportions of the different molecular forms are temperature dependent.
Thus, an atmosphere colored by oxides of nitrogen is probably dangerous,
but the absence of color does not necessarily indicate safety.
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The cancentration of oxides of nitrogen in air can be determined pre-

cisely over range of 5 to 500 p.p.m. by volume by the phenoldisulfonic
acid method

3.4 Physiological effects

Inhalation of nitrous fumes in concentrations above 60 p.p.m. at
first causes a painful burning and choking sensation. Exposure to con-
centrations greater-than 12O"p.p.m, may cause immediate loss of conscious-
noss. In either case, the aftereffects of the exposure can be very serious,
leading to pulmonary edema (sweliing of the lung tissue due to effusion of
o watery liquid into the cellular tissue), developing several hours after
exposure. The greatest danger from nitrous fumes is from exposure to ccn-
centrations loss than 60 p.p.m., which do not cause any immediate discom-
fort, but can result in a delayed serious effect.

Complte rest is very important after inhalation of nitrous fumes.
The individual should be removed, or renovo himself, from the nitrous
fume cloud as soon as possible. It is most important that the exposed
individual does not exert himself and tat he rezt and keep warm while
waiting for transportation to first aid or the hospital.

4. Sulfuric Acid

Sulfuric acid is a corrosive mineral acid widely used in the chemicl
industry. In handling sulfuric acid the proper type of gloves, clothing&
and goggles must be worn.

4.1 Tolerance concentration

The maxim lowablo concentration (M.C..c.) as mist is stated to
be 5 mg./cu.m. 23

4.2 Extent of hazard

In'the Redor Plant, 50 lb. (3.3 gal.) of 660 Baum6 sulfuric acid is
used daily for regeneration of the water d6mineralizdr unit beds. The
hazard is considered low degree because of the small quantities involved.

4.3 Prdecautions

As indicated above, the proper protective clothing must be worn bypersonnel handling the material. Standard chemical plant practices are
employed in hnndlinr sulfuric acid. Facilities for providing water
irrigation of surface exposures ore provided. Being a liquid, the material
can be detected visuvlly.

4.4 Physiologcb1l effects

Sulfuric acid causes severe burns on contact with the skin. Concer-
troted sulfuric acid is a streng dehydrating cgdnt, and to this property
i's duo much of tho burning and dostructivc action associated with it.
Sulfuric acid mist or vapor effects thc upper respiratory tract, but the
action is not severe.
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Sulfuric acid splashes on the skin should be rinsed immedittely with

copious quantitics of water. In case of ingestion of sulfuric acid, the

oatient should be given milk of magnesia, up to 8 fluid ounces, and quan-

tities of water or milk, followed with egg whites and milk. Emetics and

carbonates should be avoided.

5. Sodium }Iydroxide

Sodium hydroxide is commonly used industrially. Proper protective

safety equipment, such as gloves, clothing, and goggles, should be worn

when it is handled.

5.1 Tolerance dose and concentration

No limits are specified in the literature for external exposure,

but abut 2 grams of NaOH taken internally may be sufficient to cause

death.3

5.2 Extent of hazard

The daily consumption of sodium hydroxide as 50 per cent solution is

about 48,000 lb. (770 gal.). A portion of this 50 per cent sodium

hydroxido is used in making 9800 lb. (820 gal.) of 40 per cent solution
and 3260 lb. (308 gal.) of 25 per cent solution. Surface exposure may

occur as a result of accidental line leaks, tank rupture, or spills from
small sample vessels.

5.3 Precautions

Equipmont handling sodium hydroxide solutions was designed in accord-

ance with normal chemical plant practice. Safety showers are provided
throughout the operating areas so that serious surface exposures may be
irrigated with large quantities of water. As indicated above, the propca
protective clothing should be worn by operating personnel.

5.4 siological effects

Sodium LyCroride is a dangerous alke to handle without proper

protective clothing, as in any form it quickly attacks the flesh and eyes.

There soeras to be an inactive period betjcen the time of contact of
caustic with the skin and the appearance of the actual burn. No time
should be lost in washing the part with water, since this period probably
will not exceed a few minutes. The skin should be washed with 2% acetic
acid, followed by water, to neutralize the residual caustic. If the
caustic is in the eyes, they should be washed with 5% boric acid solution.

Sodium hydroxide, when dispersed as dust or mist of concentrated
solutions, is intensoly irritating to the upper respiratory organs.
Ulceration of the ie al passages may result from long or severe exposure
to such compounds. 4 The swallowing of caustic solutions is considered

deadly. If sodium hydroxide has boon swallowed, the patient should be

given up to 6 fluid ounces of 2% acetic acid, followed with egg whites end
milk. The patient should be kept quiet and warm.

slow 
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6. Sodium Dichromat

Sodium dichromate is a common, industrial, heavy chemical handled both
in solid form and in solution in the Bodo:: process. The formula of thesolid is Na2Or207.2H20.

6.1 Toloranco dose and concentration

The maximum al owable concentration (M.A.C.) as Cr03 mist is statedto be 0.1 mg./cu.m. ) A fatal dose varies in amount, but is usually under8 gjll1)

6.2 Extent of hazard

Daily consumption of sodium dichromato in the Redox Plant is 490 lb.The material is received as a solid, NQ2Cr2O -2H20, which is used to pro-pare 50 per cent solution. The greatest oap rtunity for exposure occursat the solids handling stage during the preparation of the dichromateconcentrate. Thu resulting solution is at all times within closed vessels..Exposure to solutions is not considered as hazardous as contact withchromato mist or dust.

6.3 Precautions

Conventional packaging and solids handling facilities are providedwithin the plant. Very adequate ventilation is also provided in theoperating areas to minimize the dust and mist hazard.

6.4 Physiological effects

The chief effects of chromate dust or mist are ulceration of thenasal passages and inflammation of the skin. Serious chrome ulcerationmay result from inhalation of sodium dichromate dust. An abnormal in-cidonce of lung cancer has boon reported in workers exposed to chromatos.( t '

Sodium dicbromrte, if taken orally, produces corrosive effects andinflammation of the kidneys in one to forty-cight hours. The effectsbegin with sore throat, vomiting, diarrhea, and presence of albumin andblood in the urine. Nervous symptoms develop later. The blood pressureis low and hemorrhages in the gastrointestinal tract occur. Less than0.5 gram of s.odium dichromate may cause severe poisoningl1)

In case of ingestion of sodium dichromate, the patient should begiven 6 to 8 ounces of sodium bicarbonate solution or milk of magnesia.

7. Uranium, Plutonium, and Rad.ioactive Fission Products

Uranium, plutonium, and radioactive fission products present aserious health hazard. The principal physiological effects of thesesubstances is due to their radioactivity. The hazards involved in thehandling of these substances are discussed in Chapter XXI.


