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5. SILVE: REACTOR

1. Tunction

The gases evolved Curing 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 lodine is removed by chemical reaction with silver nitrate in
the Silver Reactor, this silver nitrate being deposited as a solid on the
surfaces of Berl-saddle packing, Three reactors, numbered A=3, Be3d, 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.

Eemoval of the particulate matter from the Dissolver offwgas by a
Fiberglas filter is discussed in Chapter X,

2« Descrintion

The Silver Reactor{é) showm on Figure {VI=~2 consists of a vertical
packed colum 9 ft, 2 in, long and 24 in, in outside diameter supported
on the shell of a vertical gas heater 6 £, 10-1/2 in. long. The heater
has a rectangular cross section with dimensions of 17 in. by 10-1/L in.
Betwcen 50 and 150 cu.ft./min, of off-gas from the Dissolver enters the
bottom of the heater through a l=-in. sch. 40 pinc, The gas passes upward
through nine ductetype l2-l-ilowott Chremalox heatcr coils which heat the
gas to L70 % 289F, to accczlorate the chemical reaction and provent cone-
densation of moisture in the reactor, The gas continues upward through
a 7 ft, 9=3/li in, length of packed section and leaves the top of the tower
through 2 lw=in, sch. L0 pipe to the Offm=Gas Filter,

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

A1l metallic elements in cantnct with the off=gias are Type 347 staine
steel steel,

3. Performance
The performance and life cupectaney of the Silver Reactors is trented
in more detail in Chapter III, Dased on data obtained from the operation

of similar reactors, the unit is expected to remove 99.9 per cent of the
radicactive lodine present 1 the Dissolver offegas,
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he Auxiliaries

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

Three-phase LlL0O-volt current is supplied to the heaters through two
electrical connectors., Two connectors are used because of the large
current flow (maximin of approximately 250 amperes), which is carried
through a total of 12 pins (6 on each connector),

Co AGITATORS

1, Des%gn Basis

"Hot' agitators are used in Redox Plant 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, "Wiolent™ mixing produces waves, seething,
and splashing.

Ze Descrigtion
2.1 (Ceneral

The 22 "hot" agitators(12) for the Redox Plant were made by Eastern
Industries, Inc, A typical agitator is shown on Figure NI-3. The
agitators are driven by vertically mounted explosion~proof electric motors
(Class I, Group D). The agltators are comnscted 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 lowerwspeed agi=-
tators, The agitator shaft is divided into two sections for protection
from damage during iransit, 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 scaled 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 wone confined by the seals, to provide shaft support near the point of
load application. ‘

The thrust and radial loading at the upper cnd of the stub shaft is
absorbed by a grease lubricated radizlethrust ball bearing located above
the top water~flooded seal,

2+2 Driving motor

211 driving motors are LLO-v,, 3.phase, explosion~proof, Class I,
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Group D, vertical, flange-mounted motors, The l-hp. and 1/3-hp, agitators
are driven directly at speeds of 1150 rev./min. and 1725 rev./min., re-
spectively, The 7-l/2 Lp, and 5-hp, units are driven through Winfield

He Smith Corp. planetary=type gear reducers at speeds of 97 rev,/min, and
121 rev,/min, respectively.

2.3 Stub shaft, bLearings, and seals

The agitators have etub shafts ranging in diameter from 3/l to 3 in,
which extend from the flexible drive couplings down through the agitator
mounting flanges into the vessels being serviced, f%The stub shaft passes
through a tube which acts &s seal and hearing housing in the agitator
mounting flange,

The weight of the agitator shaft and the thrust produced by the
agltator action are sbsorbed in o deep groove, radialethrust ball bearing
near the top of the stub shaft, The bearing is bolted into a flanged
lubrication housing :ounted above the cgitotor mounting flange. Standard
Garlock grease senls above and helow the bearing retain the lubricant
within the housing, i

The lower end of the stub shalt 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 diamotrical shaft clearance
of 0,002 in, per inch of shaft diometer, The bore of the bearing is
finished to 10 microinches (root mean square) or better., Tiro 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 harde
surfaced with 1/16 in, of Stellite lio, 6 and finished to 10 microinches
(r-moso) or hetter,

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, onz at cach 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 end a finish of 5 microinches (rem,s,)
or better, The seal faces are rctained in KelwF cups, Teflon chevron
packing prevents leakage around the shaft at the rotating seal face,

2.4 Propellers

The agitator shaft and propellers come assambled as a2 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 Sehp, tnits have poddleevheel type propellers,
33 in, and 2l in, in diamster, respectively., [Each propeller has 10
blades at a piteh of 15 degroes, The l-hp, and 1/3-hp, units have
standard three~bladed marine propellers 8 in, and 5e3/l in, in diameter,
respectively., All propellers are shrunk f£it and welded to the agitator
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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 Callery. The water is suppilied through 1/2~in, iePese
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 radialethrust bearing on the stub shaft are greased rew
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 charged from a station in the Operating Gallery.
The 7~1/2 hp, reducers have a capacity of 8 qt., and the Sehp, units have
a capacity of S/l qt. The 0il recommended for use in Socony Vacuum
Gargoyle Compound HNos 2,

The o0il and seal water lubricants utilize two lines of a threee~way
connector, The dual-line Farval grease system uses two lines of a sccond
three-way connector. The preased bearings and the oil reservoir drain
through o Lube Exhaust Adapter to a 20,4, gal. Lube Exhaust Collector on
the side of the vesscl, The Collector hos o dosign capacity sufficient
for one year of operation and mey be remeoved by the cranc for replacement,

The Farval system of grease lubrication, the mcthod of supplying oil
to the spced rcducers, and the Lube Iihaust system arc described in Section
F of this chapter,

3 OEcration

The seal is the critical element 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, PFunction

The Centrifuge, H=2, connected between the Oxidizer, Heli,and the IAF
Make~Up Tank, H-l, 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 jackei removal and slug dissolue
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 ané niobium, (See Chapter IIT for details of feed preparation, )
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2e Description

The Centrifuge, shown in Fliure XVI-l, 35 a Bird LOwin, Solid~bowl
nmachine which may be operated at 870 or 1?ﬂ0 rev,/min, to give an effecw
tive centrifugal force at the inside diameter of the bowl of 1430 or 1730
G (430 or 1730 times the force of gravity)s The bowl holdup is 60 gal,
and may be reduced to 10 gal, by the operation of skimmers, The bowl
has three horizontal baffles s¥aced 5w3/3 in, apart. The baffles have
an inside diameter of 27 in, The centrifuge is essintially the same as
the machine used in the Bismuth Fhosphate Plants(13) which is described
in Section C of the Hanford Works Technical Manual (H7=-10475). The Redox
centrifuge differs from the centrifuge used in the Bismuth Phosphate
Plants by the incorporation of design Teatures, as described below, which
are calculated to reduce cell contomination through minimization of the
egcape of entrained mists or droplets,

Shroud: The centrifuge bowl and case are purged with air during the
dissolution of MnOp scavenger, 4 shect stainless steel shroud enclesea
the centrifuge spindle and provides a tight case between the motor mounte
ing and the centrifuge casé, Purge air is admitted to the slde of the
shroud through a 1/Be-in, i,p.s. pipe, The purge air and evolved gas from
dissolution of the MnOo are swept out of the case through the Smin, 1sDeSe
centrifuge discharge linc,

Fume cover: A fume cover is provided between the spindle and the
top © & case to prevent the creep of liquid up the spindle and to
restrict the open area between the spindle and the cover, ™wo slinger
rings, attached to the shaft are desigmed to provide a close clearance
on either side of the fume cover and act as a baffle~type seal,

Dig legs: Five removable dip legs are provided for transfer of
material to and from the vowl and for welght factor measurement, The -
dip legs are inserted inte the centrifuge bowl through nozzles in the
case, The top end of the dip tubte is provided with a male connector
half and a bail which fits within the female half of the mating, connector,

Lubrication: A Farval grease metering lubrication system is provided
for lubricating the motor and spindls bearings of the centrifuge, The
waste grease is collected in o grease collecting can mounted on the side
of the centrifuge, The Farval Jubricating system is described in Section
F of this chapter, :

3. Performance

Laboratory and somi-works centrifuzation studies have demenstrated
that centrifugation without scavengers at o holdup time of 20 minutes
of both standerd (normal turbidity) and off~standard (abnormal turbidity)
dissolver metal solution at 1100 or 1400 G gave lmproved clarities, ale:
though not the maximum clarities which can be obtained with a scavangerfl).
Longer holdup times improve tho clarity only slightly, The use of bowl
speeds which give o centrifugal force approaching 1600 times gravity can be
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expected to give clarities up to 10% better than those cbtained at iower
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 centrifugaiion ig discussed in Chapter I1l,

F. PR CAN
1 Fuhction

. The PR (plutonium reumoval) 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 Bullding
for further processing, The PR Can and its container jacket are identical
with the equipment described as "Wessel F-;“(E) and "Product Container!
in Section C of the Hanford Works Technical Manual, HW=10475.

2. DescrigtiOn

5The PR Can, Cohtainer Jacket, and PR Can Stopper are shown in Figure
AVIw5s :

2,1 PR can(8)

The PR Can is a dished~bottom flat-top stainless=-steel container
18-3/l; inches in outside dismeter by 1L~5/0 inches high, mowited on four
l-inch diameter legs,. Lifting bails are welded to the flat top which is
also provided with an approximately 3ein, diam, filling hole with chame

_fered edges. A spherically ground, 31/l in, diam, 1id 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
slids 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 ER Can Stopper(?)

The PR Can Stopper is a rigld 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 Leshaped pipe

— DECLASSFED




wmmw  DEGLASSIFIED s g8

bracket fabricated from liin., schedule !C stainless steel pipe. The
stopper is tapered and provided with a Teflon gasket which mates against
the chamfered hole in the PL Can during f1ilisg., Two short dip tubes of
1/2«~in, i,p.s. stainiess steel pipe extond through the stopper, One dip
tube, the vacwum line, extends to a point 6.1/2 inches below the top of
the can when the can is in £illing position. The other line, the filling
line, ends Justbelow the bottom of the stopper.

3. Filling Operation

The PR Can is filled by raising it with a chain hoist until the chame
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 partizlly evacuated through the dip leg of the vacuum line,

The contents (about 8 gal,) of the Piutonium Concentrator, E=l7, 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 Cany the
vacuun line dip tube discharges any overage into the Plutonium Transfer
Trap, Aiter filling, the PR Can is lowered, the 1id is bolted shut, and
the can is ‘welghed 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~controllced air-opsrated diaphragm valves
(stean, purge, shuteoff, vent) in the Pipe Gallery(io) operated by means
of a remotc manunl air operator(lh) in the Operating Gallery. The air
operator has a two-position, WONYwMOFF® handle, When the handle is in
the "ONW position steam enters the jet, When the handle is turncd to
"OFF¥ the alr oporator sutomaticnlly sots the diaphragm valves in an
intermediate "OFF=1" position as described below. After a short perioed
(10 to 90 scconds) the air operavor automatically returns the diaphragm
valves to the "OFF® position, Tho position assuied by the four aire
operated diaphragm valves corrcsponding to the menually sct positions ‘of
the remote air operator arc showm belows o

Steam Valve  Purge Valve  Shut-0ff Valve Vont Valve'

(Normally {(Normally (Hormally (Normally
Closed) Closed) {losed) Open)

OFF Closed Closed Closed Open
OR 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 stean, purge, and shut-off valves are

closed and the valve header is vented to the Jet Vent Header. ‘hen the
operating handle is *urned to ON", the shutwofl valve and steam,valvezn
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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 linc of stcam and prevent condensation and reverse
flow of process solution into the steam line., This "OFF«l1" position is
automatically held for a period that may be adjusted from 10 seconds to
1-1/2 minutes before all valves rcturn to their normal #OFF" position,

- Sagglers
72,1 Function and types

Remote samplers are cmployed 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 mcans of “bayonet“( )} or ftrome
boneM-type samplers, which are described in Section C of the Hanford Works
Technical Marmal, HW=-10475, Where sample quantities of 10 or 100 ml. are
requircd, the Redox Sampler, described below, is employed,

2.2 Description of the licdox Sampler

The essential elements of the Redox Sanpler(15), shown in Figure XVI~T,
are: {a) the sampler filling box, which houses the mechanism and is
shiclded with lead or concrcte; (b) a sample carrier, containing a poly=-
cthylene sample cup in which the sample is collectedy (c¢) an air-operated
1ift mechanism which raiscs the sample carricr through a trap door to a
mandrel or f£illing spout; and (d) = nitrogen-operated jet, which rcduces
the pressure in the sample carricr and nllows the stream to bc 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 maximm 1ift 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 Tunncl, A vacuum on the drain header maintains the
Sampler f£illing box at a reduced pressurc, The discharge of the aire=
opcrated 1ift mechanism ~vents into the sampler filling boX.

2.3 ggeration

In opcration, the sample carrier is placcd on the platform of the
1ift mechanism through a door in the front of the sampler f£illing box.
The 1lid of the sample carricr is removed remotoly and the sample earrier
is raised upward through a trap deor to the £11ling spout by means of the
pneumatic 1ift mechanism, When the platform is at the maximm raiscd
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position, the bottom of the filling mandrel forms a tight seal against

. the polyethylene sample cup. The sample cup is partially evacuated
through the suction line of the nitrogen jet, This causes process solu-
tion to flow into the cup. When sufficient sample has been obtained (as
determined by the pre-set position of the end of the nitrogen jet suction
line), excess solution passes through the jet and is discharged back to
the vessel, The sample carrier is then lowered by the 1ift mechanism. As
the seal breaks between the Sample cup and the mandrel, the sample line
drains back taQ the vessel, The sample carrier is removed from the box by
means of a special carrying fork.

Some solutions of high density cannot be raised to the sample cup by
the nitrogen jet., This difficulty is circumvented by bleeding nitrogen
through a Tixed orifice into the sample line in the vessel near the bottom
of the dip tube. This decreases the apparent density of the sampled fluid
S0 that if may be lifted by the Jete A nitrogen separator in the sampler
filling box, separates the entrained gas from the sample,

3, Strainers
L A— B A

3.1 Design basis

Strainers are used in Mcold® solution sireams in the tank farm and
in agueous make-up to remove insoluble particles and foreign bodies which
enter with the dry chemicals, 411 eontinuous Yeold® feeds and some batch
feeds to the cell tanks are filtered by disc-type strainers which may be
cleaned during opcration., Other streams are filtcred by standard basket
Screcn strainers which arc cicancd between operating periods,

The baskct-type straincrs arc designed for pressurc drops ranging
from 1 to L 1b./sq.in. at opcrating flow rates and will remove particles
with a mean diamcter ranging from 0.25 in. down to 0,008 in, by means of
L to 125-mesh screens,

The disc~typc straincrs arc designed for pressurc drops of 0.5 to 2
lb./sq4in. at operating flow ratcs, and will remove particles with a mean
diameter of 0,008 to 0,02 in,

3.2 Basketetypc strainers(13)

In the standard basket~type strainer the stream enters a flanged
inlet in the filter, flows dowmward into the screen basket, through the
screen, and out the flanged outlct which is in line with thc inlet., The
cast stainiess steel strainer body has a bolted 1id which may be opened
to permit the removal of the hasket for cleaning,

343 Discetype strainers{16)(17)

The flanged, in=line discatype strainers, made by the Cuno Engineer-
ing Corp., are illustrated in Figure XVI=f, Solution flows downward into
the body of the strainer from the flanged inlet., The fluid then passes
radially between a stack of circular discs, The dises are separated by
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spacers which are thinner than the smallest prrticls 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 Stath i

The stack of dises may be rotated past stationary cleaner blades by
a handle 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 cutlet during inoperative periods.

The larger disc-type strainers hamé_twc or three stacks of plates
which are all rotated simultaneously through gears by an external handle,

i, Remote Lubricating System

4.1 Remots 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 Iualine system is used to satisfy
the requirements of remote maintenance., The sysbem 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 1/2-in, three-wny connector and
jumper. From the three-way connector mounted at the equipment the grease
is fed through two T¥Ee 347 stainless stesl 1/L~in, sch, 4O 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 staine
less stcel tubing each time one of the cual lines is pressurized, Waste
grease is forced out of the bearing through 1/L=in. sch. LO pipe to a
waste lube adapter bracket bolted ta the ecpe of the equipment mounting
flange, The grease then flows through a furnel-like adapter into a l-in,
sch, 40 pipe and thence into a waste lubc container hung on the side of
the vessel., Waste lube containers(1l) are of two sizes and have a design
capacity sufficiont for one year of operation, A 1-3/4 gal, container is
used where grease only is collecteds Vhere grease plug lubricating oil
is collected, a 20,L-gal. container is utilized, The container can be
lifted out of the csll by the cranc for replacement, :

l.2 Remote oil changing system

The T«l/2 hp. and 5-hp., "hotWRedox agitators have speed reducers
which require periodic remotc oil chenging. This accomplished by supply=
ing oil *hrough a gravity fccd line from the Opcrating Gallery, A portable
hand~oparated barrel pump is uscd to purp & noasured amount of oil from
5 Swgal, container on the pump inte a 1/2ein. threaded inlet on tho
Gallery wall, One line of = 1/2-in, thres=way jumper 1s uged to carry
the oil to the agitator, Anothér line of the jumper is used to carry
water to the vapor seal as described in Section C of this Chapter, From
the three-wny connector at the agitator the oil flows to the speed re-
ducer through a 1/2-in. sch, LG Type 347 stainless steel pipe. The waste
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oil over{lows through another 1/2-in. pipe to a waste lube adapter bracket

agd thence to a 20,lL~gal, waste lube container as described under Fli,1,
above,
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Gang Valves, Hanford Woris,

Redox Sampler, Heniord Works.
PlatceType Strainers, Hanford Worlks,
Plato=type Strainers, Hanford Works,
Seroen=type Strainers, Hanford Works.

Remote Lubricating Eguipment, Hanford Works,

O DECLSSRE




Z154

HW-18700

o DECMSS”’IED

CASK ASSEM

\.\\\\\.\i\‘l\\\i"\l“ L

N
\\\\ el \.l!&\\‘!

. \\\\ .
| S
T
. .
1 \ rrr72rn

HOLES FOR WATER CIRCULATION

THROUGH RUCKET

(@ CATCHES FOR LOCKING BARS
. @ LEAD FILLED CASK WAWUS 12} THK,

(® LUG FOR LIFTING BUCKET

O

@® LG FOR LIFTING CASK

® LID Amws

© (1) WATER CIRCULATING TUBE
® saLL ek

@ LOCKING BAR

" -~
RN s
' i\\\‘\.\\ P \.‘O PP Ty TP \\I\\

BUCKET

DECLASSIFIED

CASK




00 LS

(31195v1930

ke Cotve e Vi
STy Tt
i - EE - N

e, tie

RAREREL
A'IW“”L LN
13v4 SIHL

(314188 T04d

~NUH



qr—r
:-.J'-e_-d'l.:
[<]og
[ j

BECLASS!FIED | HW-18700

HAND HOLE 2" TEMPERATURE RECORDER-
HOLD DOWN GRID CONTROLLER ‘NOZ7LE

=

h NS
N 3\~ .. PACKING
o 3" Berl soddles conted
I with silver nitrate
— ¥ g= FLECTRICAL
i /L LIFTING BAIL—T= CONN.
1 f!i " 3 TEMPERATURE
“ANE / 4GAS INLET RECORDER NOZ/LE
K / 4'GAS OUTLET
g }I | TOP VIEW
Q il
J REAGTOR
=& O - (2341.d)
. N
L |‘—24"OD—* ELECTRICAL
| CONN.
/ o
! = £x16GA SS.SCREEN ON
| D\ $x1"BAR GRATING
I T\
| | iu
- )
B PN
T - T ¥
Ly L
; - PACKING Y oD —
”lL ” \ SUPPORT —
(b — SECTION'B-B'—
- PACKING  SUPPORT &
+, HOLD-DOWN_GRID
e F 3" TEMPERATURE CHROMALOX_DUCT
© “{I"D CONTROLLER
N NOZZLE
PREHEATER
(17" x 105"




HW= ) §100

| DECLASSIFIED

THIS PAGE
INTERTIC. ALLY
LEFT BLANK

, DECLASSIFIED




o DECLASSREy T

TYPICAL AGITATOR

T
l
t
BAIL ASSEMBLY I
B GREASE INLET LINES
|
|
! 440v-3¢ MOTOR
|
GREASE OUTLET '
LINES d
: 0 LUBRICATION CONNECTOR
[ ik 1
|
L 1l VENT
T OIL INLET LINE
|
| ©
| '.l.
WINFIELD SMITH SPEED !
REDUCER {5HP 47 HP ~ ‘ VENT )
UNITS ONLY) L/ : ; WATER LINE
| ! : P
| i | -
| - OIL OVERFLOW
| P R
h en (Y
1 r v - 1 W
b e 0]
THOMAS FLEXIBLE COUPLING 7 Bl
/ ’ i
/ f "
/ / i
ih
GREASE OUTLET LINE / - : i
4 ‘ ; 4 BALL THRUST BEARING
! I
'
i D? l
WASTE LUBE. e \
ADAPTER taid 3
¥ UPPER ROTARY SEAL
WATER LLUSRICATED BORON
CARBIDE SLEEVE BEARING
z
1A a
: ¢ a
1OWER ROTARY SEAL -
d
L S
O
w
=
RIGID COUPLING §
i &

REFERENGE QWGS.
H-2-7963 T3 Hp. AGITATOR
H-2-7962 S5 . T
H-2-7960 | "

H-2-7959 4 » "

W

DECLASSFIE




A - 1100

SR DECLASSIFIED
s

.[..,, ! ~ ™o AE
INTEm i ALLY
LEFT BLM&W(

BB o




INLET DIP LEG

FROM OXIDIZER (H-c:pr —

BOWL SPRAY CONN —
MOTOR

QUTLET DIP LEGT
TO WASTE
SLURFRY RECEIVER

INLET DIP LEG
FROM

TACHOMETER ——=

o

OXIDIZER (H-4)

BOWL SPRAY H\
LINE R

- l-—-24'——i W:

DECLASSIFIED

2

1

-,

s

HW- 18700

QUTLET DIP LEG

TO WASTE SLURRY
RECEIVER (H-3)
——VIBRATION PICKUP CONN

— HYDRAULIC CONN

- HYDRAULIC & AR CONN
— LUBRICATION CONN

.}
&~
{._#—TACHOMETER CONN
@]
@

~—MOTOR LEAD CONN.

@:\wslem FACTOR

DIP LEG

GREASE L_INES
MOTOR LEAD

i 1’»—»]

AN

! |
TFaTrTy Ey

AR PURGE

SHROUD
HYDRAULIC LINES

RUME COVER
SKIMMER

BOWL

DECLASSIFIED

DISCHARGE LINE



DECLASSIFIED




Figure XVI-5
PR CAN, CONTAINER AND FILLER ASSEMBLY

/— 4" SCH 40 PIPE

| VACUUM LINE 1- TL
FILLING LINE s '
[
-—PR CAN STOPPER
= ¥
b
- ‘ | ——10 GAL LEVEL
FYe S— HE m@
. g c2
! | P
| | | A
= o ) !
o C 4 i |
e | i | Ty
| 1
| l 0 il
| | S 234
== 4o ! — PR CAN AND CONTAINER ASSEMBLY —

i

G-IAX 614
00.81-MH
/

— FILLER ASSEMBLY ——



DECLASSIFED o] €100

o _.
4

THLS MGE
” TF " ;%
Liii ng

/*ﬁa
I——
<

-

DECLASSIFIED




IEGLASSIHED | i1

A

Fioure SV =0
GANGS i /S

' F . ADJUSTARLE |~

| BLEED -

‘ JFFE

VENT| BLOCKED 7 VENT ON
N 7 . |1

I’ ° F Jd
| . A 1
| 7 | @-<e—HANCLE
| |
| CV%Lf«LIJg'EER |

HAT REMOT /il

| VENT "‘_A;R OPERATOR
| L NC NO |
i
|

|
F |
T S o I

OPERATING GALLLRY

D v 4
T -~ I (= e - o < ;
PIPE GALLERY
STEAM VENT PURGE
NC NO/ NC

o rot o
. : /—SHU' OFF

PIPE GALLERY

D P R >
-t L <o BRSNS . L= =2 =

it HOT"A REA

VESSEL VESSEL

NO—NORMALLY OPEN DECLASSIFIED




DECLASSIFIED

a

. BT A
¥ . R
" % Foooonamy
¥ ior B T e

- TN TR

- k '"';‘-7’3
PO
e N ,_5.»

,.‘.
P T

A, #
L o T

Fep)
e L

I\ LY

7 e
e

Y =T
S b

——
-
>

P 16700

, DECLASSIFIED




L | DECLASS'HED Hw—|87ooqog /

SAMPLE RETURN TOQ

SAMPLE INLET ORAIN VESSEL DIPLEG
FROM VESSEL DIP LEG ri NITROGEN SUPPLY

TO JET

'
1

[l
Te
—E

[

SAMPLER FILLING BOX —™
NEEDLE VALVE

WATER FLUSH PIPE

]
1
-+, g
‘(."
~a
e
b ———— '~

FLUSH WATER PIPE
NITROGEN SUPPLY
NITROGEN SEPARATOR —
FILLING MANDREL
LOCATING PINS

PHANTOM VIEW OF ————
SAMPLE CARRIER IN
SAMPLING POSITION

NITROGEM JET

TRAP DOOR
SAMPLE INLET
"SAMPLE RETURN LINE
DRAIN —
SAMPLE CARRIER ———— 1
VENT

PLATFORM ———

TWO-WAY AIR VALVE

GUIDE RODS

AlR CYLINDER

DECLASSIFIED



pram P
' : R L

TM R A bt e
? bk ‘ Mﬁ\‘giiﬁ
&f b bag v o

-

P - 12700

DECLASSIFIED

DECLASSIFIED -




HW-18700

- ORCLASSRED. G

Vills

i “'L'.“ - s, o

DISC-TYPE STRAINER

ROTATE TO
~ CLEAN

OUTLET V.. '

INLET

: ‘ /o . pd 4 ‘
i d Vo .o
!, j i ) - {1 10 72 IPS)
¥ ; ' .
e A A
‘ AT
4 ’ ! .

ASNNN
N 4
N
o

SN\
N e

Q

STATIONARY | T i
CLEANER BLADE

J ROTATING DISC

i %

ROTATING SPACER

REFERENCES: ——

BPF - 2497
BPF - 2344

DECLASSFED




DECLASSIFIED

Hoy <) $100




S DECLASS,F,ED HW-1870C

OPERATING GALLERY CELL WALL GREASE
waLL - el FEED
N LINES
GIANT BUTTON ay
e PmeTe 2N _THREE -WAY
o GONNECTORS
. @
JUMPER
PEDESTAL:
PUMP ADAPTER
FLANGE

DUALINE VALVE

"HoT"
PUMP WASTE GREASE LINES

WASTE LUBE. ADAPTER
BRACKET

l 1} GAL. WASTE
\ LVBSE'- j’ CONTAINER

R

GREASE SYSTEM

FROM SEAL WATER CELL wALL
BURETTE
. _ THREE -WAY
;" PIPE CAP ——wDi%:: 4 CONNECTORS| . _~"HOT" AGITATOR
4 " |
A FEED
OPERATING GALLERY |.. "' LINE
WALL s
SPEED REOUCER
. .
& |JUMPER
PEDESTAL WASTE OIL LINE

SEAL WATER LINE

WASTE LUBE. ADAPTER
BRACKET

VESSEL : 20.4 GAL. WASTE
i+ ‘/] [~ LUBE. CONTAINER




DECLASSIFIED

_ 1100




oy JECLASSFED .o e

PART II: PLANT AUD ZCUIIMENT, continued

CHAFTER XVII. PUMPS AND JETS
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CHAPIER XVII. FPUMPS AND JETS

A, VHO™ SERVICE PUMPS

1. Basis of Selection and Design -

1.1 General regquirements

uquipment which 1s employed in the handling of "hot" process solu-
tions in the Redox Plant bas been designed to conform to a number of
special requircments which are intended to minimize the possibility of
spreading contamination in the buillding and facilitate the handling of
equipment 1f 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 heed must be sufficlent to
satisfy the requirements of the process.

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

{c) length of service: The pump is cxpected to operate for at least
ong¢ year without maintenance and without significant change in
performance characteristics.

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

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

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

{g) Drainability and flushebility: 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
tank. An externally mounted pump must be completely leak-proof
and possess a suction 1lift equivalent to the depth of the tank.

1.2 Metering pumps

Many of the "hot" process strcems must be pumped at a controlled rate
of flow, In the interest of cconomy of equipment and reduction In the com-
plexity of flow control instrumentation, the most desiroble 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 speced.
Flow control would be achieved by controlling the speed of the drive motor.

_;;5 9
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The moving elcments of metering pumps may be vanes, gears, pistons,

screws, or flexible diaphragms. Constent volumetric delivery depends
on the maintenance of critical clearance relationships between moving
and stationary parts or upon the leak-frce operation of check valves.

An cvaluation of the performence and reliability of many conven-
tional metering pumps led to the conclusion that the successful develop-
ment and application of a metering pump which would meet all the speci-
ficd roquirements for a "hot" process pump was not feasible within the
time available for @ development program. Thus, the development of flow-
generating pumps and essociated 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

1.3 Rotodynamic pumgg(l)

A rotodynemic 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 impart tangential acceleration to a liguid 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) flexidbility in performance.

Centrifugal and regenerative turbine pumps are rotodynamic pumps. A
standard centrifugal pump is essentially a "low head" pump; 1.e., the
maximm head against which the pump will deliver fluid is relatively low.
In order to develop a greater head in a centrifugel pump it is necessary
elther to increcase the impeller diamecter or to employ multiple pumping
stages in scries. Either alternative Increases the size of the pump.

The regenerative turbine pump has a capacity which is approzimately
the same asg thot of a centrifugal pump of similar size; dut, because of
the design of the impeller and volute channels, the regencrative turbine
pump develops a higher discharge hecad. In the Redox process the flow
rates are relatively low end the head requirements are gencrally higher
than the discharge heads produced by a single-stage centrifugal pump of
reasonable size. The regencrative turbine pump being ideally suited to
such requirements has been selcected for use in the Redox process.

Figurc IVII-1 iljustrates the nerformance cheracteristics (i.c.,
head vs. capacity, horsepower vs. copccity, and efficiency vs. capacity)
of a stondard centrifugnl pump and a regenerative turbine pump having
simllar impeller diamcters end operating at the same speed (1750 rev/
min.)ﬁz The maximum head developed by the regenerative turbine pump is
several times thot developed by the centrifugal pump, while the efficlencies
of the two pumps arc similar., The turbine pump reguires meximum horsec-
power at maximum head (no flow),while the centrifugal pump requires maxi-
mum horsepower at maximum flow. Rotodynamic pumps have no dry suction
1ift and are not self-priming. Once primed, rotodynamic pumps have a
suction 1ift which 18 o function of pump design.
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2. Regenerative Turbine Purp

2.1 Theory of operation

A turbine, or regemerative,pump (sometimes called & peripheral pump)
is a rotodynamic pump so designed that it can develop several times the
pressurc obteined from a centrifugal pump heving equal impeller diamcter
and oporating at the same specd. In the turbine pump, liquid flows into
the volute chamel which surrounds the impeller vanes (or bdlades) which ere
located on both sides of the impeller at the periphery. The entering fluid
recirculates between the roteting vanes. Consequently, energy supplied to
the liquid is the result of a nurber of impacts, or impulses, impaxted by
the impeller vanes as the liquid travels the comparatively long distance
(necrly one revolution) from the suction to the discharge ports of the pump.
A partition (or dam), which separates the suction and discharge ports in
tho turbine pump, prevents fluid by-passing between the high and low-pres-
sure sides of the punp. Figure XVII-2 is a sectional view of a typlcal re-
generative pump end shows the arrangement of the component elements of the

Purp.

The impulses given to the liguid by the bledos of the turbine impeller
are comparable to the multisteging of centrifugal pumps. The number of Im~
pulses given to the liguid by the blades of the impeller depends on the
fluid flow rete end the speed of rotation. Pressure developed in the volute
chomber of the turbine pump is varianble, being a maximum at the discharge
port ond o minimum at the suction port.

(3)

2.2 Effcct of variables on pump porformonce

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 impoller diameter and speed. Although other
design voriebles, such as the cross-sectional area of the volute channel
and the number and geometry of the impeller tecth, effect pump performance,
the relationships existing between the variables are empirical and camnot
be cxpressed concisely in simple form, Operating variables which affect
punp performence include fluid density and vigeosity.

2,21 Design variables

(a) Capacity: In gemeral, the capocity of a turbine pump is pro-
portional to the impeller spocd and the square of the impoller

diameter.

(b) Dischorge head: The discharge heod of a turbine pump is pro-
portional to the square of the speed and the cube of the impeller
dlaneter.

() HBorscpower: The brake horsepower of a turbine pump is proportional
to the cube of the impeller speed.

(d) Efficiency: The efficiency of a turbine pump camot be exprese-
ed in terms of simple relationships. Tn general, pump efficloncy
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1sa function of a-nuiber of energy losses which include (1)
friction in bearings and seals, (2) impeller and shaft hydrau-
e friction, (3) leakago loss betweeon high and low-pressurc
areas in the pump, and () hydraulic lesses due to friction and

cddying.

2.22 Operating variables

(2) Density: At constant impeller speed, the discharge head, in
foct of pumped fluid, and the pump copocity are independent of
the density of the pumped fluid, The discharge pressure, in
1b./sq.in., and the power required to drive the pump are pro-
portionnl to the density of the pumped fluid, at constant im-

peller specd.

(b) Viscosity: No simple rclationship between punp performance and
the viscoslty of the fluild pumped can be expressed. In gencral,
an incrcasc in visensity decreases the pump efficlency and dis-
charge head, ot o given capacity and specd.

2.3 Adaptation of the regcnerotive turbine pump

The regenerative furbine punp was sclected as the "hot" punp for the
Redox Plant because of the above-mentioned desirable features and character-
istics. In order to rieet the speelal requirements necessitated by the
nature of the process, the turbine punp wos adapted to submerged operation
in the bottom of the vessel from which rrocess fluld is pumped. A typleal
pump asscrbly, showing the arrcugcient of the various elements, is shown
in Figure LVII-3. The subnerged Pwp asserbly consists of & regencrative
turbine purp mounted verticelly on the lower end of a vertical extension
or torgue tube., For any particular vesscl in which a submerged pumn is
required, the length of the torgue tube is specified so that the suction
inlet of the pump 1z near the botton of the vessel when the extension tube
is suspended vertically in position on the nozzle of the vessel. The Punp
1s driven by 2 vertical drive shaft which extends concentrically through
the torgquec tube, The puip impeller is mounted on the lower end of the
drive shaft which is supported by renns of a ball thrust bearing locoted
above the mounting flange of +he asscrbly. A flexible coupling comnccts
the stub shaft of the vertical, flange-riounted, 1750 rev./min., electric
driving notor with the upper cnd of the drive shaft. All netallic ele-
nents of the punp assenbly, that ore in contact with Process fluid, arc
fabricoted from 300-series stainless stcel. The drive shaft is gulded by
meana of sleeve bearings located in the burp on either side of the inpeller,
and by a slecve bearing at the rild-point of the terque tube for thoso cascs
whore the shaft length exceeds 5 %, 10.5 1n, The sleeve bearings, con-
sisting of boron corbide bushings and stcllite Journals, are force-lubri-
cated by process fluid by delivering a mortion of the discharge strecn
fron the punp to the bearings through grooves, channels, and holes providg
ed in the pwp casing, torque tube, and bearing retainers. The purip dis-
charge line, nounted vertically beside the torque tube, extends upwards
through the nounting flange to the male holf of a renote commector, A
water-lubricated, doublec, rotary scal is criployed to scal the shaft at the
point of exit from the top of the torque tube. The seal prevents process.
vapors within the vessel fron contarinating the atrmosphere in the cells.
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The pump discharges process solution through a transmitting rotometer
which sends an electrical signal proportional to the flew 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 Regulrements for "Hot" Service Pumps
. 1p

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 hexcne, is classified as a "hot" pump because it is located in the
canyon erea of the 202-5 Building. Three of the seventeen pumps, l.e.,
Pumps P.A3, P=B3, and P-C3 were scheduled to pump 40 per cent NaOH to the
Dissolver COff-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
Iquipment) will replace the scrubber for the removal of radiocactive iodine.
The caustic scrubbers will be held for installation in another location if
it becomes necessery to remove oxides of nitrogen.

The “"hot" process streams vary in flow rate from less then 1 gal./min.
to 50 gal./min. and have a range of head requirements from 16 to 16k 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 effected by density of the pumped fluid.)
This range of head and flow requirements are satisfied with two pump designs.
The T--50-428 pumps (fifteen required) have a nominal capacity of 25 gal./min.
and the T-50-566 plmps (two required) have & nominal capacity of 50 gal. /min.
Table XVII-4 1lists the important featurcs of the seventeen "hot" pumps. Be-
cause of the different shaft lengihs resulting from variations in the height
of the process vessels, nine spare pumps ere required to insure continuity
of process operation in the event of a pump failure, In determining the
number of spare pumps required, the seventeen pumps are divided into seven
groups based on the seven different shaft lemgths required. One spare
pump is provided for each group. The two pumps with a nominal cepacity of
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 & nominsl capacity of 50 gal. /min.; the other with a nominal capacity

of 25 gal,/min.
%,  Description cfrProductiOn Units_(.u)

An assenbly drawing of a typical Redéx pump is shown in Figure XVII-3.
The compenent partes of the assembly are described below. The pumps were
built and assembled by the Peerlcss Pump Division of the Food Machinery
Corporation :

I Pumgs
4,11 Funétigg

The pumps serve to generatc 2 flow of process fluid to a process in-
stallation, ¢.g., @ sOlvent-extraction column. A continuous, controlled
flow at the specified operating conditions 1le necessary for the efficient
operation of the process. Two pump sizos are required to cover tho range
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of head and flow reguired by the process. The two sizes, nominally rated
at 25 gal./hin. and 50 gal./min., differ only in the thickness of the im-
peller blades at the tceth and the cross-sectional arca of the liquid
channel surrounding the impeller teeth.

4,12 Description

Tho pump consiste of the multivened impeller together with the suction
and discherge heads containing the channel sections and dam. The sectional
view of the entirc pump assembly, showm in Figure XVII-3, is supplemented
by a cutaway view, Figure XVII-2, illustrating the action and functions of
the impeller, chonnels, and dem. FEach head is fitted with o bearing and
spacer ring. The assembled heads have a maximum diameter of 7.5 in, and
are faobricated from cast, Type 347, stainless steel. Liquid enters the
pump axially through a 1.5-1in, suction pipe, 3 in., long (6 in. in the E-5
and 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 heed. Spacer rings of carbon-filled fluorothene-B (60% carbon),
furnished by Cerbide and Carbon Chemicol Compeny (Graphitar No. 2 in the
case of P-A3, B3, C3 and spare, P-H5 and spare, and P-Gl and spars), mein-
tain a cleerance of 0.005 in. between the ring faces ond the impeller side
faces. The rings, pressed end pinncd into each pump head, restrict by-
passing of fluid. The dem or partition which separates the suction end
discharge ports is cast integrelly with the pump casing. The clearance be-
twecn the outer edge of the impcller periphery and the concentric, convex
arc of the dam is 3.5 mils. All of the pumps have 5-in. diometer, Type
347, stainlcss steel impellers. The nominally-rated 25-gal./min. pumps
have impcllers that are 0.375 in. thick st the blades, and the 50-gal./
min. pumps have impellers that arc 0.5185 in. thick, The impeller is
keyed to the drive shaft and is free to move axially with respect to the
shaft. DTotel 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
against-he ofids of +the bearings which are shrunk-fit into each pump head.
(Sce paragraph Ak.3, this chapter, for bearing details.) The thrust faces
are lubricated by solution which 1s force-fed to the center of cach bear-
ing and subsequently discharged across the thrust faces.

4,13 Oporetion and performance

The performance characteristics (becd vs. cepacity) of the two pump
slzes are shown in Figure XVII-5. The curves were obtained using water
as the pumped fluid. Process fluids having diffcerent 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 1lift and are not sclf~priming. Imherent
design features of the pump require that the pumped fluld be free of
solld motorial., The pump impeller is free to move axially on the drive
shaft and has an open web betweon the hub ond teeth to equalize the pres-
sure on the two sides of the impcller. This design allows the impollor
to assume a position of hydraulic balancc and allows for expansion end con-
traction of the drive shaft., With o blocked discharge, approximately
3500 B.t.u./hr. are theoretically evolved by the 25-gal./min. pump and
8000 B,t.u./hr, by the 50-gal./min. pump when pumping water (specific
gravity of 1}. The heat evolved when pumping process solutions is tabuls t-
Table XVII-4.
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k.21 Function

The torque tube positions and supports the pumps within the process
vessels. The length of the torque tube is governcd by the helght of the
process vessel. The pump drive shaft extonds concentrically through the
torque tubec. Although the torgue tubc provides adequate rigidity to the
pump assewbly during normal handling and operation, care must be excrcised
to prevent undue shock and straine which might destroy the critical align-
ment of the component elements of the pump assembly.

4,22 Deseription

The torque tube is fabricated from 2-in. i.p.s., Type 347, stainless
stecl pipe with a welded flange at cither end. The upper end of the torgque
tube is bolted to the mounting flange and the lower end of the torgue tube
1s bolted to the pump. The length of the torque tube is expressed as “set
length" and is the distance from the lower face of the mounting flange to
the threaded suction inlet of the pumop. The sct length varles according
to the height of process vessel in which the pump is mounted. BSeven
lengthe are required to accommodate the ronge of vessel heights. These
lengths are 2 ft. 7 in., 3 ft. €& in., 5 £ft. 0.75 in., 5 ft. 10.5 in., 6 ft.
7 in., 9 £t. 8.5 in., and 11 ft. 2.25 in. Shafts which have & length
greater than 5 ft. 10.5 in. requirc a guide bearing et 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, the
torque tube is one-piece construction {no ccnter guide'bearing). Three,
equally spaced, elongated holes, 1/2 in. by 1-1/2 in., are provided at the
top and bottom of the torgue tube to cqualize pressure within the tube amd
allow circulotion of the inert-gas blonket. For pumps in which the set
length is 6 £t. 7 in. and grenter; thc torque tube is of two-pilece con-
struction, flanged in the middlc to cccommodate the center-gulde bearing
housing. - ilongoted holes arc provided at the top and bottom of each
gection of torgue tube. .

The drive shafts have o nominal dinmeter of 1 in. ond are fabricated
from Type 347 stoinless steel shafting. The journal portion of the shoft
is proparcd by relieving the sheft 1/16 in., and applying o Stellitc No. 6
hard facing with an inert-gas-shiclded electrode. The Journals are then
ground and polished to a surface finlsh of 10 microinches (rpot-mean—
square) or better; i.e., so that the root-meon-square average height of
protuberagces and depth of depressions does not cxceed 10 micreinches
(10 x 1036 in.).

4.3 Bearings
4,31 Function

Two types of bedrings arc cmployed in the "hot" pumps to guide and
support the drive shaft. The weight of the shaft is supported on a stand-

ard, greasc-lubricated, ball thrust bearing, located abovewthe mqunting
flange and exposed only to ccll vapors. The shaft is guided by slecve
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bearings fobricoted from boron carblde and lubricated by force-feoding a
portion of the pump discharge fluid to lubricztion grooves and holcs pro-
vided in the beoring bushing. BRoron corbide is used as a bearing moterial
becausc of its extreme hardness {between 9 and 10 on Mohs! scale), cheni-
cal resistance, and demonstrated performance as o bearing material.

'4.32 Desceription

()

(b)

tﬁﬁdﬂwgﬁé

Thrust bearing: The thrust bearing which supports the weight

of the shaft is o New Departure No. 3303, single-row, deep-
groove, ball bearing, The bearing is bolted into s greasc cham-
ber above the mounting flange and is lubricated remotely by
means of the Farval romote lubrication system described in
Chapter XVI. The recormendcd lubricating grease . is Texaco Regal
Starfak No. 2.

Sleeve bearings: Each pump hes sleeve bearings on efther side
of the pump impeller. These bearings arc mounted in the suction
and discharge heads of the pump. Each bearing 1s 1.25 in. long
with 2 nominal inside diameter of 0.75 in. The bearings are
designed to operate with a diometrical clearance between the
bushing and Jjournal of 1.5 mils. The pump bearings sre force-
lubricoted by feeding a portion of the pumped fluid to onc or
two radlal holes located in the axial center of the bushing wall
through a 3/16—in. dlemeter passageway from the high-pressure
sidc of the pump. For single-groove bearings (sce below), one
hole in the bushing wall is provided. For double-groove bear-
ings, two holes, 180° apart, are provided. Circumferential slots
in the bore of the bushing housing insure a positive supply of
lubricant to cach holc in the bushing.

The center sleeve bearing (for pumps in which the set length
1s 6 ft. 7 in. or morc) is 1.75 in. long with o nominal inside
dlamecter of 1 in. ThHe beoring is designed to operate with o
diametrienl e¢learance botween the bushing and journal of 2 mils,
and is force-lubricated in a monner similisr to that described
above for the pump bearings, The 3/16-in. diameter passageway
is drilled through a bearing nounting flange from the 1.25-in.
diameter discherge line. The discharge line extends vertically
upward through the bearing flange and parallel to the torque tube.
All sleeve bearings are fobricocted from boron carbide, a product
of the Norton Company, and arc polished on the inside diancter,
or bore,to a surfacc 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 diametcr of the boron
carblde. The grooves are located in a plane perpendicular to the
rlane 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 locatcd opposite thc point of applied load. Pumps E-5, E-6,
E~T7, and E-8 are provided with pump bearings which have two
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lubrication grooves gimllar to those described for the
middle bearing. The cross scetion of all the bearing grooves
is a segnent of a cirele, 25 mils deep and 3/16 in. wide.

4.33 Operation

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

L.k Vapor seal
L.41 Function

The vapor scal is loccted on the mounting flange of the "hot" purps
and seals the onnular space between the torque tube and the rotating shaft
- at the point where the shaft emergoes from the process vessel through the
mounting flange. The seal serves to contoin process mists and vapors with-
in the vesscl and prevents excessive dilution of inert gas in the vessels
which are blankcted, under reduccd vressure, with nitrogen.

i ko stériggigg

The component elements of the seal ond their relationship to cach other
are shown in Figure EVII-3. Esscnticlly, the scal consists of two statim-
ary sccl rings mounted in a housing above the mounting flange, and two
rotating scal rings which are mounted in Lousings that rotate with the smft.
A Typc 304 stainless steel coil spring separates the two rotating seal hous-
ings, which are free to move axiclly on the shaft, and cxerts a forcc of
approximately 10 pounds ogoinst the seal faces.. The seal rings arc fabricat-
od from boron carbide (Norton Company), and are 5/32-in..wide (0,629 sq.in.
area) at the face. The seal faces are lapped to a flatness of 1 to 2
light bends and a surface finish of 5 microinches (root-mean-square) or
better. FEach seal ring is set into a Kol-F (polynerized monochlorotri-
fluorocthylene) cup which is in turn pressed into the stoinless stecl hous-

 ings. Rotation of the scal ring within the cup and the cup within the
housing is prevented by raised ribs moldod on the Kel-F cups which fit in-

to glots in the seal rings and housings.

The rotating seal-face housings arc provided with two l/h—in. diameter

pins which engage slots in a shafi slecve surrounding and rotating with the
shaft slecve and the seal

shaft, A tight seal is meintained botween the
housing, which is frec to rove axielly on the slceve, by means of Teflon,

chevron~type rings.

The seal is cooled and lubricated bty a static hend of water which is
introducod into the scal housing between the upper and lower seal faces
through a 1/2-in. i.p.s. line cntering the housing slightly above the
olevation of the upper scal faces. Air trapped in the secal housing is
vented through the 1/2-in. linc which bas a minimum slope of 3/16- in./ft.
‘The seal-wobor line cxtends from the pump, through a wall Jjumper to the
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Cperating Gellery, and terminntes in o colibroted burette which is used
to measurc seal leckage.

L.43 Operation

The seal is designed for operation with woter as o lubricant., Dry
operation of the seal for short periods will result in excessive heating
at the rotating seal faces, fusion ond charring of the Kel-F cups, and
ultinote senl failure. The rate of scal leakage is measured by observ-
ing the change of liquid level in the cclibrated burette which 1s located
in the Operating Gallery. It is esssumed that all seal lenkage enters tho
process vessel. The total, tolerable, secl leakage into a process vessel
1s 1/2 gol./day (80 ml./hr.). A properly operating seal will have a seal
leakage rate of less thon 10 ml./hr. Tho seals have a demonstrated leak-
age, on insgtallation, of less than 15 ml./hr. Excessive seal leakage may
be coused by dirt or grit between the sesl faces. Sterting and stopping
the punp scveral tines may remove the dirt and return the seal~leckage raote
to an ccceptable value. The water-supnly burette should be monitored regu-
larly with rodiation detection instruments because of the direct comnection
to the “"hot" arce of the plant.

k.5 Counling and wotor

k.51 Fufiction

A flexible coupling conneccts tihe drive shaft of the pusp to the motor
shaft. A flexible coupling is erploycd in order to reduce the possibility
of bearing wear resulting from nisaligmment betwecen the shoft and motor due
to shock, impact, or mishondling of the assembly during shipping or in-
stallntion., The driving nmotor neets Closs 1, Group D, National Bureau of
Fire Undorwritcrs specifications for the electric motors operating in
hnzardous arcaos. This classification is necessary because of the presence

of hexone vapors in the cells.

L.52 Description

(2) Coupling: Tre coupling is an all-metal (carbon steel) Thoras -
flexible coupling and 1is pointed with Amercoat No. 23.

(b) Motor: The driving notor is & 5-horsepowor, 1725 rev. /min.,
Eﬂo-volt, 3-phage, flenge-nounted, vertical, Class 1, Group D,
clectric motor painted externolly with Amercoat No, 23. Tho
notor ball besrings orc cxternally greased by means of the Farval
remote lubrication systen doseribed in Chapter XVI. Excoss grease
is piped from the beoring lLousings to grease collectors mounted
nedr the pumpe. Roegel Storfak Ne. 2 grease 1s recormended for the
notor bearings.

L.6 Mounting and interchangeability

The mounting flange of the pup is bolted and gosketed to an cdapter
flange which is in turn bolted to the nozsle flange on the process vessel.
The adapter flenge, or "fried cgg', is larger than the pump-mounting flange
and holds the vorious connector halvos and accessory equipment. Thoe go-
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ometry and arrangerent of the cdaphcr flonge varics from vessel to vessel
depending on the cell layout and cquiprent crrangement. The pumps arce de-
signed for as rmch Intcrchangeability os the vorious shaft lengths and
capacity requirements will allow. Any purmp will fit any sdapter flange.
A typical ariangement of a purp and accessory equipment nounted on an a-
dapter flangc is shown in Chepter XVI, Figure XVI-9.

B. "OOLY" SLRVICE PUMPS(5)

1. Bosis of Sclection and Design

The "cold" service pumps for the Redox Plant were selected on o
functionel baeis. The essential requirements werc thot (a) the pumps
reet the head and capacity requircments for each intended service, and
(b) the moterials of construction be chemically resistant to the purped
solutions. The service conditiong for each of the nineteen pumps are
listed in Teble XVII-6. Eighteen of the "cold" service pumps are stand-
ard, single-stage, centrifugnl units and one pump is 2 two-stage centri-

fugel unit.
2. Single-Stage Punps

2.1 Requircmonts

Lightcen of the "cold" service pumps ore standard, single-stage, centri-
fugal units. These pumps range in capocity from 10 to 80 gal./min. and de-
liver fluid against dynonic heads roanging from 20 to 130 ft. In order to
cover the wide range of heed and flow required by the process, single-stage
pups, equipped with impellers ronging in diamcter from 4-13/16 in. to 6-3/8
in, ore cmployed. They arc driven at specds of either 1730 or 3450 rev./
min., The specd of operation and the impeller dianeters arce shown for each
punp in Toble XVII-6.

2.2 Description
A typicel single-stoge purp is shown in Figure XVII-T.

2.21 Impeller, shaft,'and casing

The pwips ore equipped with scaishvouded, single-suction impellexrs
ronging in dicmeter from 4-13/16 to 6-3/6 in. The impeller is keyed and
locked with double lock nuts to o one-picce, cantilever shaft.  Thc casing
is of two-picce conmstruction, verticnlly split. The inboard half of thc
casing contains the volute channcl, l-in. flanged discharge nozzle, ¢nd
stuffing-box gland. The outboard half of the casing contains the axlal-
flow suction inlet and 1-1/2-in. flanged suction nozzle.

2,22 Packing gland

The stuffing-box glend is provided with six rings of pocking, three
on cither side of & lantern ring. Wober may be supplied to the lantern
ring through o fitting in the gland. The types - of packing required for each
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punp depcnd on the intended chemical service. The types of packing are
listed in Table XVII-6. The glond follower is of the pantented "Leak-
ollecctor' typec which conpletely encloscs the gland. A standard hose con-
ncction in the botton of the follower chamber is provided to remove fluid
which has looked through the gland. The gland follower is split and nay
be removed without dismantling the pump.

2.23 Bearings

The cantilever shaft is supported by two single-row, deep-groove,
ball bearings, which are mounted in either end of a bearing housing he-
tween the pump and the driving notor. The outboard bearing in the notor
end of the housing is fixed in position and carries thrust as well cs
radial loads. The inboard bearing in the purp end of the housing is free
to nove axially in the housing to allow for any difference in expansion
between the shaft and housing. Tho bearing housing contains an oil rescr-
voir for bearing lubrication. The oll level is maintained Just below the
shaft by means of a constant-level oller.

2.2% Moteriel of construction

The bearing housing and basc plate of each punp are fabricated from
cast iron. All other rietallic elenents of the pumps, except the ball bear-
ings, are rado of Ircanet, which is the trade manme for a variety of chromi-
un-nickel stocls. The specific corposition of the Ircamet for each of the
Punp parts is shown below:

e Composition, Weight Per Cent

—_—ne . _Part L Cr. C Cu Mo
Casing, suction piece, impeller,

gland, and seal cage 35 16 0.07 2.25 25
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 totelly enclosed (note exception below), squirrel-cage, induction
motors which drive the pumps are energized by 4hO-volt, 3-phase, 60-cycle
current, and have sufficient horsepower for the full capacity rangs of the
pump. 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
XVII-6. The motors which drive the pumps handling organic solutions
(Pumps P-80k--1 &nd 80k-2,) are the same as described above except that they
meet Class 1, Group D, Underwriters specifications,

2.3 Performance and operation

Table XVII-6 lists the actual head developed by each pump at the flow
rate specified by the Process. In addition, the head developed at no flow
(shut~-off) is listed. A typical head Ve, ca§ac1ty curve may be constructed
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for each pump from the date given, and the flow rate st any other head
readily determined.

ihi 1900

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 1b./sq.in. greater than the pump sucticn
pressure.

The recommended oil for use in the bearing housing is a paraffin-base
oil with a 360°F. minimum flash »noint and a viscosity of 150 to 185 Say-
bolt seconds at 100°F. The oil should be changed after 800 hours of opera-
tion.

3.  pouble-Stage Pumps

3.} fequirements

Tive mer cent nitric acid must be delivered from the centrifuge
spray tanlr to the centrifuge nozules at a flow rate of 10 gal,/mina and
a head of 230 feet. A two-stsge 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.

3.2)1 Impeller shaft, and casing

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,.
lul/2 in. 1.p.s., suction nozzle. The center third of the casing sur-
rounds and separates the impellers and contains the twe volute channels
and the horizontal, 1l-in. i.»p.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 Packing gland

The packing gland containg 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 glend.

3.23 Motor

The pump is driven through a flexible coupling by means of a 5
norsepover, SE50-rev.fmin., LLO-volt, I-phase, totally enclosed,
electric motor.

3.3 Jerformance and operation

The performance characteristics, head vs. capacity, horsepower vs.
capecity, and efficiency vs. capacity are shown in Figure XVII-8 for the
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¢. Jers(®)

1. Function

Steem Jets are used in the RNedox Plant to transfer and recirculate
ligquids end to partially evacuate vessels. Steam Jets are employed where
slight dilution and heating of the fluid handled is net objectionatle.
Jets have the advantage of simplicity, freedom from moving parts, and
comiact consuruction.

2. Types and Performance Characteristics

Four sizes of jJets are used in the Nedox Plant. They are designated
by their nominal liquid capacity of 3, 10, 25, and 75 gal./min. A typi-
cal Jet 1s illustrated in Figure XVII-9. One Jet, J-F21-1, evacuates

26 cu. ft. of nitrogen in 5 minutes to an absolute pressure of 20 in. Hg
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 performence characteristics for each Jet are shown in Figure
XVII-10. The cepacity vs. discharge Pressure, suction lift, and per cent
dilution of Jetted fluid arc shown by the curves. The steam consunrption
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 90-1b,./sq.in.ga. steam supplied through
on-off gang valves (Sce Chapter XVI for description). The operation of
the jJet is followed remotely by means of a microphone at the process
vessel which transmits sound to a speaker in the Operating Gallery. The
character of the transmitted sound is an indication of Jjet operation.
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TABLE XVII-&
"EOT" SERVICE PUMPS

Estimated Tots]l Estimated Heat

Operating Brake Bear Flow Deve loped
Requirements Horsepover Gal. Min. B.t.u./Mr.
Middle FEW Oper. Oper. .
Opesy. Pumps MfT's. Set® Cuide Rate Head Closed Flow Closed Flow Closed Fiow
No. To Soln. Service No. Length Bearing Cal./Min. Feet Discharge Rate Discharge Rete Discherge Rate
e 4 Semi-continucus
P-A3=A  A-3-p NaOH circulating T-50-b28 2t7" No 19 50 k.0 2.67 1.2 0.8 5300 2900
o Semi-continucus
P-A3-B_A-3-B RaOH circulating T-50-428 2'-7" Ho 19 50 &.0 2,57 1.2 0.8 3300
LT, Semi-cont inuous
P-A3-C A-3-C Na CH circulati T-50-28 2'-7" ¥o 19 50 k.0 2.57 1.2 0.8 5300
Salt Intsrmittent
P-D7T r-8 Waste transfer T-50-555 gt.8.5" Yeos 50 55 7.0 2.50 5,0 2.7 11, hoon+
Continuous
D.12 ANK wetared T-50-428  11'-2.5" Yos 5.8 53 3.59 2.85 5.5 4.8 500
3A Cont inuous
Column IF wetered T-50-428  5'-0.7%" %o 048 135 - 3.97 3.91 3.1 3.1 5800
2A Contlnucus
Column AP metered T-50-k28 510,75 No 0.5 135 &, 55 b 62 6,2 6.2 3300
Intermittent
2.7 IRP netered T-50-428 5'-0,T5" No 10.0 29 &.07T 3,25 5.1 5.3 5700
Tntermittent
P-X7  E-5 2AF transfer T-50-b28  5'.10.5"  Wo 10.0 16 k. b3 3.62 5.2 5.4 6500
2F Tntermittent
P-El} F-1 Rewvork trensfer T-50.428  9'_8.5" Yes 113 75 k.50 4.30 8.7 8.5 5700
. e Continuous
P-F1 "Column o1 metered T-50-428 617" Yas 1.1 154 3.72 3.57 4.9 L.9 4900
S ﬁ Continuous
P-FL Column 3F metered T-50-428 507" Yes 1.1 154 b, 84 b Th 5.7 5.5 THOO T200
Continuous
P-F7 Columsn 1AF metersd T-40.428 9'-8.5" Yos 1.09 164 & k5 k.33 5.3 5.5 4200 3100
15 Cont inuous
P-F8 Column 1F metered T-50-b28  g'.B.5" Yes 3.5 155 4,03 3.80 5.7 5.3 5h00 5100
Cont inuous
P-G1 0-1 Hexone metayed T-50-k28 11'-2.25" Yes 15.8 4> 2.9 1.8 5,7 ] 3000 1600
TAF Tnternittent T
p-g1 -7 Makeup transfer T-50-555 gt-8,5" Tes 50 25 8.5 2.6 5.1 2,3 15,300m 3200
=08 Bexi-cont inuous
P-B5  B-5 RaCH circulating T-50-428  3'.6" No 30 50 b7 2.9 0.5 0.2 8000 1900
* Set length measured from underside of mounting flange to face of threaded inlet in pump suction plate. extends 3 in.

precessed per desy.

#% Theoretical comditions. The S h.p. driving motors of the S0 gal./min. pumps will be overloeded if opersted againet a closed discharge.

) 1 1/2 in. sch. 40 pi
belov bose on sll pumps except P-E> and P-ES vhere it extenda 5 in. Opersting conditioms besed om m producticn rete of 3 1£e

tone uranium
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"HOT" SERVICE PUMPS
PERFORMANCE CHARACTERISTICS

— 50 Gal./Min (T-50-566) Pumps.
-== 25 Gal/ Min(T-50-428) Pumps.

1001

Discharge Heaod, Feet.

-
N

1 i
o 8 10 s 20 25 30 35 40 45 50 L 1]

city, Gal /Min.
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Impaller

Opersting  Fumpe Pinmater
. [ T, -
FubD2 Honder 5
Pob02 Gallecy b 13/16

Tank
Pus7 Header 41315
1571 501-0 51/2
P50 Gatlery 51/2

Tank
Fogind &01-5 51/2
P40 8014 5 34
Feil™? HO0LuB 5 1/2
F=4%% [ RNE 5 17
P23 4. & 3/8

8c2-g

203-F
Fui8 H02ap 5 3/e

A413a-B
F-i% HO2-A 5 /7
Pyl B}k 5 /2
b= 501 1316
1-2m3 LA & i/
Fediyn] Heador 4 13416
g2 Hander b1a/16
P-i3b 3-3-a b13f1A
P=H2R" Tortrifuge

u-z

ToHTR {9 twi-ctage (ICMRYN) pump.
LS

i
Neminal
Cromelty

25

i3

25

25

50

&%

Fal

Fod

10

HEME
Dynamie
Hoad

a0

a0

10

1a
110
un

130

11c

11

an

230

Shut OfF
Haad
— .

29
83
2
12¢

124

1m

136

u?

126

-

149

2

234

Hand
2

83

a1

1

1l

110

111

130

1

112

m

1m.s

2%

Capaaity
i
5

10

25
25
25

“0

25

L)

5

5

10

Kotor

"

Vi

.

s

w

7 1/2

/2

172

SPRFD

34%0

173°

3450

3450

3N

W50

350

b

50

3450

357

b

50

1730

pes il

3453
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RACKING.

Deminatalized watar
60% WD’

255 WniH

2% ‘IIZEDJ

67K HNOy or B0% HeCH
anCrJO,T and weter

5% Nmo e or 61,TE
Al(NO;i: s

375 Povrcua Sulfansta or
ELT Al{%d,),, o 0%
e, e

5% NaCH AT 61,78 AL(BO,)
or % Perrous Sulrenetd

608 Hll03

e 3 KO,

5 Nazc.-_.f‘.l, ar FO% WNOJ
61,78 A.'l(.':lcij)3
Farrous Sulfamate

670 HKO, or AL(NO, ],

Oreanic alation
Organtc aaluticn

5 NmOH

% e,y

Lettice brald ceticn imzrege
nated with lubricant and
graphite or aqual,

Squars plasted leatd lobri-
eotad blus afrioan nabagtoa
or squal,

Square -luited braid, kit
88l vatog luupizatad and
graphited, or wquel.

Lattlies braid cotion Imprags
nated with lubrigant, and
graphite or squal,

Sueara nlaited breid lubwvi-
catad blue afrlcan asbeztos
or ajusl,

Suqure rlnited hratd, whits
aghegtos lubricated andt
grarhited, or equal,

Smere plaited hlue africen
aphertos, Tuhrieatad with
alraral oll sr! graphite or
squal,

Susra rlaltad 1lua african
msinatos, lubricatsd with
minaral oll snl gewpnite or
apial.

Squara 1aited blue african
AsLogtos, Iubricated witk
mineral oll nnd gractites
oF equal.

Syamrm laited beeld lubri-
ented blue africar. metaatos
or ¢quel.

Suare lalted trenjo Jubrie
eated blus nfrican astantas
oF rqual,

Square pivited hlus afriean
Astestce, lutricatsd wilh
~ineral ol md grarrite or
el

Squses la Flue african
astretan cated with
wineral oll and grephite or
squal.

Squara [Initad blue sfricur
msivatas, Lubricated eith
Alnera: a1l and grapeite se
mqusz,

Guare Iritad reaid lutri-
arted tlee AfFicar mxtenteoa
or equal,

Gtartamal #7121 or wymi with
tefar ar mpeal spacers.

[+
t

=ras #TL1 or equal with
flon or equml spacsrs.

uumre clnlled brali lubrl-
ente] tlun african u- sptow
or mual.

S7quars plsited Lrati, ehite
mabastos lubricated snd
grmidited or equal,
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"COLD" SERVICE _ PUMPS

TWO -STAGE
CENTRIFUGAL PUMP
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Figure XYII-8

PERFORMANCE CHARACTERISTICS

Test Fluid. Water
Speed 3450 RPM

260
240}

2201

200+
| 80}
1 60
1401
120}

HEAD-CAPACITY

EFFICIENCY- CAPACITY

EFFICIENCY, %

TOTAL HEAD, FEET
|
o
o
i

HORSEPOWER - CAPACITY

|
c3 8 3
|
© — N o & o BRAKE HORSEPOWER

620

CAPACITY, MIN.

T e
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CAPACITY, GAL/MIN

Test Fluid

Bote:

Figure XVI[-10

STEAM JETS

PERFORMANGE CHARACTERISTICS

= Water
Stesss Pressure - 90 1b./sq.in.gn.

Discimarge Presswre-Capacity curves indicate maxisum

pressure chtainable at comstent capacity.

DILUTION, %
10 s 6 4 2 o
=11 T T T T T T T T
0 E{l0 |0
14— G||F E
€ 3
= ¢
F
iz [
10}
Us A A
) 8
c
¢
[ S W T
20 10 )

SUCTION LIFT
FEET OF WATER

CAPACITY, GAL/MIN

DILUTION , %

120

1+0

100

90

80

70

60

S0

40

30

20

oZXTEr

30

FEET OF WATER

l l | | ] | ! ] 1 |
20 10 ¢ 10 20 30
SUCTION LIFT DISCHARGE PRESSURE

LB./7$Q. IN. GAUGE

JET

J-A2-1, J-B2-1, J-C2-1, Jeke-3,J-C2-b
J-A2-2, J-B2-2, J-2-2 '~
J-B2-3, J=C2-3 ’
J«A3, J=B3, J-C3
J=Al, J=Bl, J-Cl
J-H10-1

J=-H10-2

J-E8, J-E9

J-E7

J-B4-1, J-Bhk-2

J-HS

J-E2-1, J-E2-2
J-Hl1-1

J=El=2

J-H3-1, J-E3-2

J-F7

J-F8

J-¥2

J=-E13

J-Fl

J-r8

J-Fh

J-K10

J-E1l

J-E)2-1

J-E12-2

J-E6-1

J-E6-2

JeEl-1

J-Bl-2

J-E7

J-E5-1

J-B5-2

J-E1

J-E2-1

J=E2-2

J-E3-1

J-E3-2

J-E17

J-E21.-2, J-E21-3
J=D1-1

J-Dl1-2

J-J%

J-g3-1, J-G3-2

J-GL

J-G}

J-D13

J=-Dpl2

J-D10

J'Dg‘lr J'D9'2
J-D8-1

J=D5

J=-D2=1, J=D2a2

J-D7

Sump Jet, Canyon
Sump Jet, Canyon
Sump Jets, Canyon
J-E15

J-G5

Sump Jot, Pu Cage
Stack Drain Col. Tank Jet
Sump Jet, Stack e
Centrifuge Rework Jet
Remote Shop Sump Jet

Nominal

Capecity
Gsl. /Min.

7
25
(]
10
2%
25
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Figure XVII-10
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PART III: PLANT AND EQUIPMENT, continued

CEAPTER XVIII. m--og@uon AND MAINTENANCE
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{ CHAPTER XVIII. REMOTY OPERATION AND MAINTENANCE

A,  FRINCIPLES OF REMOTE OPERATION AND MATNTENANCE

- The process equipment which is located in the conyon and silo areas
of the Redox Plant has been designed to give long, trouble-free service
and to refuirc a minimum of maintenance and ettention. However, it is
recognized that it moy become desirable or nccessary to remove and re-
place certain equipment pileces, or to revise process piping. In order to
accomplish cquipment removal, replacement, or revision, without exposing
personnel to radiation hnzards, remote handling cquipment hes been pro-
vided for use in the canyon and silo arcas of the plant. Rallway crancs,
with shiclded control cabs eguipped with optical viewing devices, allow
personnel to carry out a variety of operations in the cells and in the
silo without danger of exposure to radiation. The cranes arc equipped
with troveling hoists, remote wrenches, and other specialized handling
equipment. -

Process piping, eclectrical conduit, and cuxiliary lincs leading in-
to each cell terminote in stubs whick emerge on the inside of the cell
wvalls at the comnector level. The erd of each stub 1s eguipped with the
male portion of a remote comncetor. Commection is made to equipment
within the cells by meons of removable jumpers equipped ot each cnd with
the proper half of a remote counector. 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 2 single hexagonal nut
with an iqpact wrench operated from the crane. Each jumper has a lift-
ing bail or eye positioned at the balonce point. Thus all intracell
Piping may be removed remotely by brecking two connections with en im-
pact wrench and 1ifting the piping from the cell with the crane hooks.

Enlarged nuts, similar to the operating nute on the remote con-
nectors, operated by the impact wrench, are used to fasten elements of
process equipment together so that one clement may be removed independ-
ently from the other, i.c., pumps end agitators may be removed from
process vegsels,

Fixed relationships between piping and process equipment are main-
tained by the use of positioning guides ond pins. In eddition, piping
and process cquipment are febricated to specific dimensions and check-
ed for alignment in a "mock-up" shop (Building 277-8) before attempting
installation in the "hot" arco. The "mock-up” shop duplicates the pro-
cess cquiptlent. positions in the cenyon and silo,

Other factors which promote successful remote handling are illumina-
tion;. contrast painting, and the skill of the crene operator.

B.  CRANES

1. Conyon Crenes ' -

Romote maintenance in the canyon is made possible through the use of

o T R —
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an electrically driven overhead railway crane(e) which operates on tracks
running lengthwise and on either side of the canyon. The crane has a 60-
ton cepacity mnin hoist for lifting ccll covers and hoavy equiprent, &
10-ton capacity sccondary hoist, and two dual auxiliary hoists of 1/2 and
l-ton capacity for use with inpact wrenches; grobbers, or other tools, A
sketch of the crane appears on the perspective cut-away sketch of the Pro-
cessing Bullding (202-3) in Chapter I.

The cronc is controlled from a cab shiclded with 2-1/4 to b-1/2 1n,
of steel. Thc cab moves behind ¢ concretc wall 2 ft, 2 in. thick at the
top and 3 ft. 7 in. thick at the botton. The cab is ventilated by means
of a blower with a rated capacity of 250 cu.ft./hin. at 1-in., water precs-
sure, The air entering the cab is filtcred through Chemical War Service
No. 6 peper filters. The static pressure in the cab 1s maintained above
that of the surrounding area,

The cranc operotions are observed from the cab by means of two vari-
able power, nonocular type periscopes riounted on either side of the crane
bridge. TPowers of 3/h (68° vigion angle), 2-1/2 (25° vision angle), and
5 (12.5° vision engle) may be selectod by the operator. The objective of
cach poriscope 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 spced, direct-currcent drive system, which provides a
high torque at low spceds. The electrical equirment located directly
over the canyon on the crane trolley is totally enclosed, while that in
the cab 1s standard. The power supply and cormunication leads to the
cranc are brought in through open conductor and collector shocs located
in the cabway. The maximum 1ift of the moin hook is 60 ft., measured
from the ccll floor to the hook in maxirmm 1ift position. The minimunm
travel speed of the bridge and trolley (horizontal speed) and hoists
(vertical speed) is less than 1 ft./nin, The specified naximun travel
speeds, czpressed in ft./min., are:

Iten Direction of Movement Speed, Ft.Min,

Bridge Horizontal {lengthwise of canyon) 140
Moin Trolley Horizontal (crosswise of canyon) 53
60-ton hoist Vertical 8
10-ton hoist Vertical 28
Auxiliary holst

trolley Horizontal (crosswise in canyon) 25
Auxiliary holsts Vertical 20

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

Direct rmaintenance of the crene hooks and othor equipment may be
carried out behind a concrete shiclding wall at the east end of the canyon.
The wall does not extend to the ceiling nor to the north wall of the cen
yon, thus permitting the crane and hooks to travel behind the wall., 4
2-ton capacity, electrically operated crane, mounted on & monorail running
crosswlso in the canyon over the crane maintensnce platforn, is used for

=TT DpcusoRe e
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2. 8ilo Cranc

The silo is cquipped with an clectricelly driven, overhead, railway
crane, (3),{4) which bridges the short dinension of the silo. The crame
has o 10-ton capacity mein holst and two dual auxiliary hoists. The dual
auxiliary heists (1/2 and 1-ton capacity) arc cquipped with two impact
wrenches ond a grabber. A spare holst line 1s available for future re-
guirements, Like the canyon crane, the silo crane is shown on the per-

gpectivo cut-away sketch of the Processing Building in Chapter I.

The silo cranc nay be controlled fron the cob, which 1s shielded
with 2 in. of stoel, with operation observed through a viewing window of
laninoted leed glass 4-1/8 in. thick; or the crane nay be operated from
any of soventeen laninated lead-glass viewing windows located in the sllo
well at various lovels. The glass laminatlons arc spaced slightly and
the voids filled with mineral 6il to minindize intermal reflections. Jack
boxee locatcd near cach window, are provided, Portable crane controls,
one sct for cach level, ey be comnccted to the jack boxes.

The naxirun height of 1ifh of the silo crane rain hoist 1s 91 t.
7 in. from the silo floor, The pinimun travel spced of the bridge,
trolley, and hooks 1s lccs than 1 ft./nin. The specified maxirnun travel
gpecds, oxpressed in ft./rdn., are:

ITtenm Dircction of Moverent Svced, Ft,/Min
- Bridge Horizontal {lcngthwise of silo) 80
Trolley Horizontel {crosswise in silo) 25
10-ton hoist Vertical ' 25
Auxiliary boist
trolley Horizontal (erosswisc in silo) 25
Auxiliory lLoists Vertical 50

The/distance across the jow opening of the hook on the 10-ton hoist is
k-1/2 in.

The sild-crane electrical system is sinllar to that of the canyon-
cranc clectrical system, end utilizes e Ward Leonard direct-current drive.
The electrienl equiprent over the silo area is toteolly enclosed. The cdb~
ventilatlion systen ig the sarne as that described for the cenyon crane cab,

3. Aids to Cranc Opcratlon

3,1 Tlluminotion

Good lighting is essentlal to preelsc crane operation. In the canyon,
an illuninotion intonsity of 5 to 10 foot-candles 1is naintained at the
cover-block level by rows of incandescent 1light bulbs in the canyon ceiling,
Thiz 1llundnotion is augnented durdng operation with the crane by means of
sixteen 1000-watt 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 tlock level. Tuc silo cranc ig equipped with
two floodlights and three scarchlights on each side of the trolley. Each

o CDECLASSFED 0
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light has a capacity of 500 watts. In addition to the crane lights, €3
light bulbs, 200-watt cepacity each, are located in the silo wall in
horizontal banks of § to 11. The banks may be removed from outside the
sile,

3.2 Coutrast painting

Contrasting colors and numbers are uced 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 band a-
round the edge. Equipment pieces, jJumpers, comnectors, cell covers, etc.,
are numbered in black. The numbering system is described in Chapter XIL

C. REMOTE CONNECTORS

The remote comnector is a device for connecting process piping,
auxiliery lines, or electricel conduits by a single operation performed
remotely from the crane cab, The comnector is actuated by & single hexa-
gonal operating nut which is turned by an impact wrench, A disgram of =
tyrical pipe comector is shown in Figure XVIII-1, and of an electrical
connector in Figure XVIII-2., Pipe connectors are made for 1/2, 1, 2, 3,
and L-in, 1.p.s. pipe. The 1/2-in. i.p.s. comnectors are made to comnect
three 1/2-in, lines in a single connector, while the larger sizes are for
one line only. Ulectrical connectors provide multiple contact points
(usually scven) wlthin each connector and meet Cless 1, Group D require-
ments.

1. Pipe Connectors (9)(10)

Pipe comnectors (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 mocvement of the
conngetor 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 or
releasc the fixed or male portion of the commector. Contact between the
two halves of the connector is made at syherically-ground mating surfaccs,
The surfaces arec Type 347 stainless steol faced with No. 6 Stellite
approximatoly 1/16-in. thick, applicd by heliarc welding procedure, and
ground to a surface finish of 20 micro-inches or better. The fomale mat-
ing swrface is provided with a Teflon gasket held in place by a retaining
ring.

2. Elcctrical Connectors (8)

The cloctrical comnectors (Figure XVIII-2) are similar in operation
to the pipe conncctors. In the electrical connectors the mating faces aof
the two comnector halves are provided with a close fitting labyrinth
Joint surrounding the spring loaded elcctrical contact points (normally
seven), The labyrinth serves the same function as the labyrinth passage-
ways in the shcll of a Class 1, Group D, electric motor. Ohe-in.conduit
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and No.l0 solid wire is used, except for the certrifuge motor leads, which
are No. 4 stranded wire in 2-1n conduit. '

3, Deglgn Features

The hexegonal operating nuts on all remcte 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 amd
L-in. pipe connectors and 200 ft. 1b, for the smaller sizes. The maximm -
rated operating torque is 550 ft. 1b. for the 3 and b-in commectors and
400 ft. 1b. for the smaller sizes. A safety factor of 2-1/2 based on the
meximum torgue is provided. A 10 to 20-second impact period with the im-
pact wrench is sufficient to make a tight connection,

D. SPECIAL TOOLS | B

1. Tmpact Wrench

Flectrically driven, reversibvle impact wrenches are used to make &nd
break the remote comnectors and to rotate the remote hold-down nuts on
tanks, columns, and other equipment. The wrenches are guspended from auxl-
liary holsts which ere integral with the canyon and silo cranes, A sketch
of an impact wrench is shown in Figure ¥VIII~-3. The wrench may be operated
sither horizontally or vertically by chenging the point of suspenslon.

The wrench 1s lowered to the floor and the suspension device slid along

the hendle to change position, A posltioning device prevents the wrench
from turning during operation by engasing with & connector lateh or special
stops provided for the purposc.

The wrench is driven through a train of gears by a reversible 3/h~
horse-power, 3450-r.p.m., 4hO-volt, 3-phase electric motor. The motor
speed is reduced by & planet-gear assembly, which turns the planet-gear
frame against the cem balls. Cam surfaces of the hammer are held against
the cam balls by the hammer spring. If no reslstance to torque 1s en-
countered, the hammer lugs remsin engaged with the anvil lugs, thug turn-
ing the socket or wrench., When the torque necessary to turn the socket
exceeds MO0 to 500 ft. 1b., the resistance 1g transmitted through the
anvil to the hammer, compressing the hammer spring by the action of the
cem 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
pocket to the nut. This hammering acticn is repcated &t a rate of about
900 impacts/min. as long as resistance sufflcient to compress tHe hammer
spring ls cncountered. 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 egulpment in prlece, are retained in the socket
by a snap ring until they can be placcd on dummy studs for future use.

2. Grahbor(5)

The grabber is a clam-shell bucket device for handling small pieées
of egulpment thet 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 Jjaws. 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 palr
of semi-circular Jaws are attached to one side of the bucket for handling
vertical pipe,

E. REMCVAL OF EQUIPMENT FOR MAINTENANCE

Tanks, piping, or other equipment may be removed from the canyon or
silo for repeir, replacement, or recvisien by means of the remote handling
equipment previously described in this chapter. When possible the equip-
ment is vartially decontaminated by flushing with decontaminating solu-
tions (Scc Chapter XXIII} prior to removal. Grossly contaminated items
waich are to be removed are usually placed in wooden boxes partially
filled with sowdust, to absorb and contain icakage, The box is placed
on a flatcar and rcmoved vias the railway tunnel to the burial grounds.

Equipment which is to te repaired or revised is moved by crane to the
remotc maintenance shop at the east end of the canyon. Equipment is lower-
¢d into the "hot" shop from the canyon through a 12 ft, ¢ in. by 27-ft.
opening in the canyon deck., This opcning is covered with concrete cell
cover blocks h-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 scetions, (1) a "hot" shop (4O £t
€ in. x 15 ft. with a height of 26 £t. 3 in.), (2) = decontamination room
(b0 £t. 6 in, x 24 £t. with a height of 19 ft, 9 in.), and (3) a regulat-
ed shop (65 ft. 6 in. x 12 £t. 8 in. with a height of 19 ft. ¢ in.). A
1-ton capacity, monually operated monorail crane comnects the three sections
of the shop. A portion of the "hot" shop 1s 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 direct
malntenance (depending on the degree of contamination) may be performed
in this portion of the shop which 1s equipped with a l-ton capaclity monu-
ally operated jib crane. The decontamination room contains two hooded
sinks cquipped with water, stcam, and acid service for additional decon-
tamination of cquipment. In the regulated shop, maintenance can be per-
formed undor controlled conditions.

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

Direct maintenance, without removal of cquipment from the cells, is
rossible if the rodiation ong contanination levels in the cell are within
tolerances spocificd by the Health Instrument Division (See Chapter XXI
for a discussion of these tolerances),

Speeial cquipnient, shown schematically on Figure XVIII-&,(7) has becn
provided for rcmoving contaminated colurms from the silo, After prelimi-
nery flushing of the cplumm to be removed and removal of process lines,
the column is lowerca by crane into the bottom half of a mild steel casing,

or cask, mounted on the silo wall. Thécuipﬁrsgﬁlgbthe cask is then
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lowered over the top of the colum, and the two cask scctions Joined re-
notely by a liguld-tight flange. The cask containing the column 1s then
lowered to a horizontal position and supported on a dolly consisting of
two four-wheelcd trucks seperated by an E-frame. The dolly and encesed
colurm may be withdrawn from the bullding through the column-carrier out-
let on a narrow-gage railway provided for the purpose., The colurm may
be transported by motor crane to the burial grounds for disposal, New
colurms are brought into the silo and rcmoved from protective casks by a
ginilar procedure. Supporting fins arc ciployed to position and protect
the colwnn within the cask. '
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Figure XVIT- |
THREE JAW PIPE CONNECTOR, HORIZONTAL MOUNTING
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" Figure XVIE-2
[ ELECTRICAL CONNECTOR
N i. , (FROM FYLE NATIONAL CO. — DWG NO-- 2 2160 )
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Figure XV - 4
COLUMN REMOVAL EQUIPMENT
{SILO SECTION, TOWER SHAFT, LOOKING WEST )

(FRCM DWG NO. H-2-8766)
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PART IV: PROCESS CONTROL

CHAPTER XIX., INSTRUMENTATICN
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A, INTRODUCTION

1. QGeneral

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

Continuous proceasing employed in the Redox Plant requires that auto-
matic instrumentation essume & majority of the control functions over the
maintenance and adjustment of flow rates, epecific gravities, liguid levels,
ani temperatures for numerous stresms and tanks. In eddition to the con-
trol functions by eutomatic instrumentetion, there are many operations ex-
ecuted by opereting personnel in one section of the plant which will have
an effect upon plant performence in other process steps upstreem and down-
stream from the point at which the operaetion waes carried out. The control

ctione performed by automstic Iinatrumentation, as well as those per-
formed by operating personnel, must be detected by lndicating or recording
instruments. This record gupplied by instrumentation is, in many instences,
the only informetion the operetor has aveilable for ascertaining the satis-
factory operation of automatic controllers end 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 coneldera-
tions, imstruments ere required for numerous non-process applicetions, such
‘aB the determination of radiocactivity and sbnormal mechenical conditions.

2. chpg of This Chepter

"~ The location and types of instruments,’ 1nc1uding their auxiliary com-
ponents, as schematicdlly represented on the instrument flow dlagrams, are
presented in Section B.

In Section C the arrengement ¢f the receiving (indicating and record-
ing) elements of the instruments on the instrument panel boards is des-
cribved. :

The balance of the chapter briefly describes each type of instrument
from a. functional viewpoint. General principles, application, component
elements, complemeutary devices {e.g., alarms, velves, and interlocks),
range, and eccuracy are dlscussed.

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
varieble measured, and (c¢) the type of ingtrument, 1.e., indicating, re-
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cording, or controlling. It alsc schematically shows the instrument pip-
ing or wiring system and the auxillary components associated with each
instrument. The diagram is essentially a simplified engineering flow dia-
gram emphasizing the instrument system and the primery process system. It
illustrates dlsgrammetically the relationship of the instruments to pro-
cess comntrol.

The diagrem is divided among twenty-two separate sheets (Figures XIX-
2 through XIX-23) designed to represent as nearly as possible all closely
related process functionson a single sheet. The location of the equip-
ment on the sheets is intended to result in & generalized flow pattern:
(a) non-radicective 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)
radiocactive streams are confined to the lower portion of the sheet, which
is schematically indicated to be s radicactive zone by the simulated wall
section extending horizontally meross the sheet.

Penel boerds ond penel-bosrd instruments are indicated by a bracket-
ed band inserted on the left-hend mergin of the sheet. The property
measured by each instrument, i.e., pressure, temperature, flow rate, ete.,
1s indicated by the legend (see Table XIX-1) edjacent to each instrument.
Beneath the legend appears the sczle division snd the range of the instru
ment.

In generel, hesvy ruled lines on the sheets denote service lines for
either pneumotic or electrical operation of the instruments. Heavy lines
are elso used to denote the Tlow peth of the primary process stresms or
continuously edded reagent strecms.

The remote connectors are indicated by blocks in which the lines
terminate. Pipe end connector size is indiceted on the lines. BSome con-
nectors service two or three lines, as indiceted 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.
Ssmpler connectors, which clways employ three pipes, are denoted by cmmis-
slon of any seperstion betwsen the inner blocks of the schematic connec-
tors.

C.  INSTRUMENT PANELS

The receliving elements, either indicating or recording, for oll in-
struments whose sensitive elements are located within radicactive zonss,
&8 well as other instruments of primary process importance, are mounted
on steel penel bosrds in the operating cnd sample galleries. The instru-
ments ofe grouped according to process operstions on thirteen individual
Penel boasrds ss shown in Figures XIX-24. 25, 2nd 26. The process opera-
tion corresponding to esch banel, or group of ponels, is as follows:

DECLASSIFIED
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Panel Process Step

A, B, end C Dissolving

D-1 end D-2 ‘ Waste Treotment

E-1 ' : Third Uranium Cyclc

E-2 Second and Third Plutonium Cycles

F First and Second Uranium Cy¢les

G Orgonic Recovery

H Metol Feed Storage and Feed
Pretreatment

J Off-Gas Fllters

K Solvent-Extraction Columns

L Plutonium Concentration

Three additional ponel boards are provided exclusively for nealth monitoring
rodistion instruments. They sre: (a) "M", located in the dispotcher's
office, (b) "N", located in the SWP Lobby; end (c¢) "Q", located in the
crene cob. Speakers for the sound detection system and clocks are mounted
on top of all pamel bocrds, except those devoted exclusively to health
monitoring functions. The uppermost zone of each panel boord is devoted
primorily to pressure-indicoting meters and alerm lights. Below these 1p-
struments are the C-clamp-type lndicating purge-goe rotameters. The most
importont recording instrumente cre locoted below the purge-gas rotometers,
cpproximately at eye level. The lower portion of the panel contains the

. mpnunl-control stations for remote-operated, controlled-sequence valves

ond the emmeters for electrical eguipment, primcrily pump snd agitator
riotors. .

The legend nccoupenying each ponel-boord instrument 15 explained in
Table XIX-1. The "MK" number shown on the panel-boord-mounted instruments
denote the number affixed to the ingtrument dota sheet, a source of further
detolled informntion about the instrument.

D. RADIATION INSTRUMENTS

: This chopter describes the radintion instruments which ere permanent-
ly instelled in the Redox Processing Building. These instruments are used
to monitor redintion for purpcses of personnel safety and process control.
Chapter XXI of this monual discusses the use cnd operaotion of portable
gsurvey meters.

Genersl principles: Beta and germe enlssions are deteccted by measure-
mont of the iomization produced by the passage of negatively charged
beto porticles (electrons) or the secondory electrons from ony electro-
mognetic (gamma) rcdiction through s gos-filled chamber containing
oppesitely chcorged electrodes. The current flow in the electrode systen
pernits o quantitative measurement of the radiation penetrnting the
electrode chanber.

Applicetion snd purpose: Rodistion instruments are employed as a supple-
ment to procces control and health protection. They scrve o8 (a) on
approximate nescsurement of decontominntion of the plutoniun and/or uranium=-
contoining streoms ond {(p) on indlcotion of the level, or extent, of

Lo s
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rodietion within the zone "scen" by the instrument.

Sensitive element: The sensitive elerment of redistion instruments is an
ion chamber. This conslsts of ¢ cylinder conteining a gos, an electri-
cally insuloted, center, collecting elcctrode, ond o concentric high-
voltage electrode. Different types of chembers, as described below, are
used for process rodiation mensurcment (primorily gamme detection) and
health monitoring epplicetions. Both ere monufactured by the General
Electric Company.

(a) The steecl ion-chamber shcll is o cylinder approximately 5 inches
in dismeter and 27 inches long. The chamber is filled with argon ot
atmospheric pressure. The chorber is primorily responsive to gamme emis-
sion, since the steel walls stop most of the bets enission.

(b) The fiber iom-chomber shell, also known ns a Health Monitoring
Ton Chomber, is a fiber cylinder mpproxinotely 5 inches in dismeter ond
19 inches long. The chomber is filled with air ot atriospheric pressure.
The instrument cnploys a minimun rmount of metsl in order to obtain a re~
sponse (similer to thot of the hwmen body) to bets ond gemms radistion.

Transnitting element: The small current in the ion chamber flows through
shielded cebles to o Beckman Amplifier loceted in the operoting gollery.
The amplifier is o scnsitive current-niecsuring device which gives full-
scale deflection of on indicoting necdle with currents of one micro-
microampere- to 0.1 nilcroampere, depending on the ronge selected. By the
proper cholce of input resistonce and developed voltoge, any one of six
ranges may be used. Voltages up to 0.1, 1.0, or_ 10 may be inpressed a-
cross elther of two ronge resistors, rated at 10+ and 10° ohms. A volt-
oge drop of Q0 to 50 mv., coused by flow of the amplified current through
a separate fixed resistor, is the variable messured ond recorded by the
recelving elenment,

Receiving element: The voltage drcp (0 to 50 mv.) across the fixed re-
sistor ie recorded by o multiple-point strip-chert recorder (Brown
Instrunent Compeny). The recorder is synchronized with the action of a
maltiple-point switch to record the rodistion intensity of severanl ion
chorbers seperately or, by selection of the rultiple-point switch, any
one point continuously. '

Alorm element: None.

Ronge: The radiztion instrument con detect from 0.03 mr./hr. to 300
r.shr‘

Accuracy: The accurncy of the stcel ion-chomber instrunent, in terms of
the meosured dose rote, varies with the energy of the incident rodintion.
If the instrument is cclibreted with « 1.0 M.e.v. garma source, the
neter readings (r./hr.) for 0.25 ond 3.0 M.e.v. garmn will be approxi-
nmotely 145 and 120 per cent respectively, of the true values.
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l. Visual Aids

Two monocular-type periscopes ere installed in the crene cab and ex«
tended along the crane beam to assist the crane operator in manipulation
of equipment within the canyorn. For either periscope, magnifying power
and 8 corresponding vision angle may be selected from the following three
combinations: (a) 3/4 power, 68° vision angle; (b) 2-1/2 power, 25° vision
angle, (¢) 5 power, 12-1/2° vision angle. The 6-inch diameter, magnesium
fluoride-coated objective lens cen be translated across the cenyon on a
rack and pinion drive powered with a'l/h—horsepower electric motor, and
rotated ebout its path of trenslation by meane of & gear system powered
with a 1/4-horsepower electric motor. The silo crane operation mey be
viewed, directly, through 4-1/8 inch thick viewing windows, fabricated
from laminated lecad glass.

2. Audible Alds

Microphones are employed to trensmit sound from operating equipment
within the canyon cells through en smplifier and speaker system to the
operating gallery. The function of the instrument is entirely qQualitative,
and experience and practice are required to differentiate sbnormal scunds
from chenges in sound frequency or volume re¢sulting from e normal opera-
tion, such as the operstion of a Jjet. The microphone is gemerally placed
on en extended element such as a pipe line. The microphone and speaker
system are responsive to sound over the frequency range of k0 to 3000
cycles/seqond. A single 8-inch permenent-megnetic-type speeker and 15-
watt emplifier, together with a multipoint (two to five-point) selector
switch and volume control, enables one recciving station (speaker) on
egach panel bomrd to serve a number of detoctors.

F. FLOW MEASUREMENT AND CONTROL

1. Radiomctive Process Stresms -- Rotameter System

The flow rate of nine canyon proceéss stresmg, or radiocactive streams
commonly referrcd to as "hot"streems, must be eccurately and continuously
measured snd controlled in order to secure optimum process performance, as
explained in Chapter V. The flow-rate meosurement and control of thes¢
streams is designed sround a rotemeter-type instrument.

General principle: Rotamcters utilize a constant differcntial head,
coupled with o varicblc-arce annular restriction, to measure the flow

rate of & fluid. This is sccomplished by pessing the stresm being measur-
cd upwards through o vertical, trunccted conicol tube wlth the maximum
dlemeter at the top. A rotor, in the form of a modified cylinder, with-
in the tube adjusts its vorticscl position os required by the flow rate to
increase the annular erca between the tube and the moximum dismeter of the
rotor. The general flow squation relating the variszbles 1s @ = CAREY 2,
where Q = flow rote, C = orifice coefficient, A = srec {varicble), and

H « head differcnce scross the annular restriction (constant).
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Application end purpose: Spccial design, all-stainless-steel rotameters
arc employed to meessure the rates of radiomctive streams withim the Re-
dox Plant canyon asrca. By mcens of appropricte auxilisries, the measured
flow rate is recorded and controlled to the desired value. The flow rate
is obteined 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 reliebility of the measurement is adequate
for process control under the conditions for which the ingtrument was de-
signed ond calibrated. Irregular situations, such as change in the
density or viscosity of the messured strecm or foreign moterisl in the
streem, can result in erroncous measurements. These conditions can be
corrected by recalibration or flushing. The operation and component ele-
ments of the rotamcter flow control zre illustrated diograrmatically in
Figure XIX-27 and schematically in Figurc XIX-28.

Sensitive element: The sensitive element, a special all-stainless~-steel
rotameter fabricated by the Fischer and Porter Co., conaistes of three
mejor components. Two of the components, the tapered tube and the rotor,
constitute a flow-rate responsive system. The tapered-tube section,
integral with the rotameter body, is cguipped with rotor stops et the
upper and lower onds which restrict the rotor movement to e 50-mm. work-
ing length. The upper scction of the rotamcter body is enlarged to pro-
vide increased clearance between the rotor ond the rotameter body. This
peruits the passoge of foreign notericls, too large to pass through the
onnular spece between the tapered section of the rotameter body and the
rotor, by flushing ot high flow retes. The lower stop prohibits the rotor
frou seating egoinst the topered tube. The resulting small onnular re-
stricticn permits reversed fiow and draining of the rotameter and piping
systems.

The rotor, in thc opproximcte shape of two cones Jjoined base to base,

is designed to prevent the sccurmletion of solids on the upper face cr
gas on the lower frecc. An extengion rod containing o soft iron core is
suspended fronm the lower face. The rotor and extension rod move in a

» vertical path within the topered tube, which is flored to o poxinmun dia-
neter at the top. Thus, as the flow rote increases, the rotor moves high-
er in the tapered section im crder %o increase the aren of the annular
restriction. The vertical position of the rotor, within the working range
of the tapered tube, is directly propertioncl to the flow rote. The third
component of the rotameter, o poir of stainless-steel-clod inductance
coils positicned concentricelly within the stoinless steel ¢oll housing,
pernmits the position of the rotor to be detocted and registered on the
reriotely located recorder. Movenent of the soft iron arrioture on the
rotor extension rod into the field of one coil ond out of the field of
the other coil ceuses a relotive chenge in the inductance of the two colls.
The inductence change is detected by the receiving elements.

Transmitting elopent: The inclusion of the two inductonce coils as o port
of the null-typc, recording ond indicating bridge circuit eliminotes the
need for e seporate trensmitting element.

Recording and contrclling elenent: The receiving element, a Foxboro
Dynalog Recorder monufoctured by the Foxboro Instrument €o., enploys a

NE ASSIFIED e




- o0 DECLASSIFIED vaoess

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 chsnge in the
position of the armature produces a chenge in the reactance of both coils.
Each coil constitutes one leg of a bridge circuit. The other two legs of
the bridge are e fixed and a varisble cepacitance. The unbalance result-
ing from a chenge in the two reactance components causes & 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 1ts megnitude measured by an unbalence voltage emplifier
and balence control tube. The output voltage of the balance control tubs
is fed through a power amplifier to a solenoid motor, which acte to restare
the circuit to equilibrium by movement of the plates in a varisble capacitor.
The movement simulteneously positions the recorder pen, which indicates end
records the flow rate.

(a) A menually positioned set pointer 1s 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 lncrease or decrease as &
function of the direction of the pen movement end in proportion to the a-
mount of deviation of the pen eway from the set pointer. The chenges in
pneumatic pressure posltion the process control welve 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
cen be controlled by auxiliary control elements, proportional band and re-
set rate. The setting of these devices is empiricel end requires the
services of the Instrument Division.

(b) Automatically positioned set pointers are provided for setting
flow rates on three instruments (FRC-E~1, FRC-F-1, and FRC-F-4). Posi-
tioning of the set pointer is accomplished by means of a pneunetic, re-
motely controlled mechanism {Pneumaticset), which operates in conjunction
with & weight factor rccorder-controller. The rate of flow from a tank.

.. is adjusted to meintain the liquid level in that tenk within prescribed
limits.

The response of the flow controller cen be voried from extreme
sensitivity, i1.e., & slight chenge in 1iguid level will cause an immediate
chenge in flow ratec, to zero sensitivity, which results in cencelling out
any adjusting action of the weight factor recorder-controller on the flow-
rate controller.

Controlled element: The desired flow rate 1s obtailned by varying the
position of the voclve stem of « pneumatically operated, diaphragm throttl-
ing valve mede by the Hemmel-Dahl Co. The wetted portions of this walve
nre Pebricated from stainlcss steel. The valve stem is scaled against
leakage by a flexible, two-ply, stainless steel bellows., All valves are
of the conical plug type, with 2 moximum stem travel of 0.5 inch, except
those controlling the ZBP and 3BP streams. The latter two valves, be-
cause of the low flow rates involved, usg spline plugs, with a 1.0-inch
stem travel. The superstructure of the valves i1s bleck iron paolnted with
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Amerceet No. 23, The spring action oppesing the pneumatic pressure,
applied through a diaphrsgm assembly, functions to clese the valve. The
working range of flow rates through the velves for a fixed pressure drop
varies from 1 48 50, with movement of the valve Plug from minimum to’
maximum opening.

Alarm: No alerm circuits are actusted by "het" flow controllers.

Range: The flow ranges of rotameter flow-control systems very frem ebout
B:1 to 15:1, as indicated in the tedle below. The exact, actual rahge ef
each instrument 1s determined by individual calibration which is done as
part of the process célibration and is reported on the instrument data,
sheqt. The nominasl renges of the instruments are tabulated welow:

Neminal Range for "Hot" Rotameters

Aprroximate Approximate  Approximate
Operational Flow Rate, Specific Viscosity,"
Marking Stresm Gel./Min. Gravity Centipoises
FRC-F-7 TAF 0.175 - 1.40 1.68 L.3
FRC-F-8 ISF 0.24 - 3.6 1.38 6.8
FRC-P-1 : 2DF 0.219 - 1.75 1.65 3.3
FRC-F-4 3DF 0.219 - 1.75 1.64 4.0
FRC-E-6 IBP to Cirdes- 2 - 207 1.21 3.7
Over Oxidizer
FRC-E-5 CAF 0.099 ~ 0.788 1.22 3.k
FRC-E-1 2AF - 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 Hesder 2 - 20 1.0 1.0

to Condenaaste
Stripycr Reboiler

Accuracy: The delivered flow rate will be within + 2.0 per cent of the
flow raete indicated by the recording yen, provided the flowing stresm hasg
the same density and viscosity as the calibrating solution or sppropriate
cerrection factors for differences in density end viscosity between the
calidrating solution and process solution have been applied to the re-
corded value. Deviations in density and/or viscosity will require re- .
calibration or the srplication of correctien factors to the indicated fiow
rate,

2. Non-Radioactive Frocess Streams

Flow control of "cold" streasms 1s ebtained with three fundamental types
of flow-contrsl systems. Rotameters are employed for process chemical
streams; orifice meters are employed for service streams, such as water
end steam; and metering pumps are employed for the addition of resgent
chemical solutions. A fourth type, the nitric acid rroportioning system
is essentially e combination of rotameter snd metering-pump systems.
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General principles: The principles of "cold" rotemeter operation are idenmti-
eal with "hot" rotameter principles discussed in Subsection 1, above.

Application end purpose:. Standerd design, glass-tube rotemeters ate used
To measure the flow rete of "cold"- process chemical streams. These instru-
ments ere identical in all respects to the "hot" rotameters with the ex-
ception of the position of the inductence colls, which are sbove thei taper-
£d4 tube, end the use of gless. tubes,» which permit visual checks of the
rotor position -end quelitative cbservations of the flowing streem. The -
disgrammatic. and schematic illustretions given dn Figure AIX-27 end XIX-28,

 although specific for "hot" rotasmeters, sre appliceble to the "cold" system
with the exception of minor constructional feetures.

The flow rate is determined indirectly by the position of the rotor in
the tepered, glass metering tube. An extension tube is rigidly ettached to
the upper faece of the rotor. The upper end of the rotor extension conteine
s soft iron core. Movement of the iron core within the field of two Indue t-
‘ance. colls attached *o the top of the rotameter body chenges the relative
inductance and permits the receiver to remotely register the per cent of
full-scele travel of the rotor, which is proportionsl to the flow rate.

Sensitive element: The sensitive element is & stenderd, trensmitting-type,
glass-tube rotameter menufactured by the Fischer end Porter Co. All
metallic elements which are wetted by process solution ere fabricated from
stainless steels of the Type 300 series. The flow rate 1is determined by
the position of the rotor, which is detected by the effect of an irom
armoture within a stainless steel extension rod on the resctonce values of
the two coils mounted sbove the top of the gless tube essembly. The locsa-
tion of the coils sbove the rotameter permits the flow to enter at the
bottom of the rotemeter frame end leave through a port in the top of the
frame. No flow occurs in the core space of the coils.

Trensmitting element: The inclusion of the two inductance coils es e pert
of the null-type, recording and indiceting bridge circuit eliminates the
need of & separate transmitting element.

Receiving end controlling element: The "cold" rotameters employ & Foxboro

Dynslog Recorder identicel with the units described for the "hot" rota-
meters in the preceding &ubsection (1} of this chepter. .

1"

Controlled element: The coptrolled clement is @ disphregm-motor, air-
operated Hommel-Dahl velve which hos been described in the preceding sub-
section of this chapter.

Alarm: None.

‘ -
Renge: The nominel range of ench jnstrument is summerized in the follow-
ing table. The sctusl renge of gach instrument is determined by process
calibretion of each individusl instrument, which is recorded on the instru-
ment date sheet. '
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Nominal Range for "Cold" Rotemsters

Approx, Approx,
Operationel Flow Rate, Approx. Viscosity,
Marking Stream Gal. ﬁ_gin. - Sp._Gr, Centipo_ises
. FRC-1A IAX 0.7 =« 5,6 0.81 0.6
FRC~1B 1BS 0.471 - 3,76 0.80 0.6
FRC-IS IsX 0.25 =~ 2.5 0.681 0.68
FRC-2D 2DX 0.876 - 7.0 0.81 0.6
FRC~3D 30X 0,876 ~ 7.0 - 0.81 0.6
FRC-2A 2AX 0,188 - 1.51 0.82 0,68
FRC-34 3AX 0,16k - 1,31 0.82 0.68
FRC-80Q1-S 188 0.1 - 0,8 1.21 2.7
FRC-801-A TAS 0,179 - 1,40 1.29 4,6
FRC-801-B X 0.094% - 0,753 1.22 3.6
FRC-801~-C IcxX 0.471 - 3,76 1.00 0.9
FRC-802-D 2DS 0.219 - 1.75 1,30 4.6
FRC-803-D 308 0.219 - 1,75 1.30 4,6
FRC~802-E P21 4:4 0.439 - 3,50 1.00 0.9
FRC-803-E 3EX 0.439 - 3,50 1.00 0.9
FRC-802-B 2BX 0.037 - 0,298 1.00 0.9
FRC-803-B 3BX 0.037 - 0,268 1.00 0.9
PRC-802-4 2AS 0.094h < 0,753 1.00 2.8
FRC-803~A 348 0.0%% « 0.753 1.21 - 2.8
FRC-E1l & 2-A  2BP Butt 0.05 - 0.3 1.34 7.7 or 1.8
FRC-801-0 108 0.17°9 - 1.35 1,02 1.0
FRC-G3-B % NaOH to Or- 0,03 = 0.3 1,09 1.2
ganic¢ Distil- ‘
lation Column
FRC-E6 & 7-B  IBP Butt 0.05 = 0.3 1.3% 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 snd viscosity as the callbrating solution or eppropriste
correction factors for differences in density and viscosity between the
calibrating solution end process solution have been applied to the re~
corded value,

2.2 Orifice-meter system

Generel principle: Orifice meters operate on the principle of & constant-
area flow restriction with variable differentisl head. The restriction
results in an incresge in velocity of the flowing stream end a consequent
decrease in the hydrostatic head. The relationship of flow rate 3pd heed
is expressed in goneral form by the following equation: Q = CAgl 2,
where Q = flow rate, C = orifice coefficient, A = area (constant), and

H = heed difference across the restriction (variable). The difference in
hydrostatic head created by the orifice is impressed upon & pneumatic re-
lay system which transmits an ocutput air pressure to a receiving instru-
ment. The receiving instrument records the amplified difference in hydro-
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stetic heed. By the above relastionships, the reeding mey bve converted to
flow rate.

Applicetion and purpose: The orifice-meter system is employed on steem
254 water streems only, since it hes & low rengeabllity (epproximately 1
to 3) and is not drsinable or flushable, In this type of service, change
in the capecity cen be quickly echieved by changing orifice pletes. The
pneumatic system requires a clean air supply. In time, oil and foreign -
matter accumilate in the air passages and nozzles end erroneous reedings
will result. Since the meters are located in an operating oree, these
troubles can be quickly remedied or prevented by pericdic meintenance.
Figure XIX-29 illustrates dlagremmatically the elements of the orifice
flow memsurement end control system, and Figure XTX-30 illustrates sche-
metically the components of each element of the system, :

Sensitive element:  The sensltive element consists of the orifice-plate
Testriction ond the -pressure tape. The prossure tops are located within
the flanges which retoin the orifice plote. The high-pressure tap s up~-
stream from the orifice plate and the low-pressure tap, dovnstrean.

Trensmitting element: The pressure tops of the orifice plate are con=
nected by a Foxvoro D/P Ccll (differentinl pressure) tronsmitter. All
parts of the cell in contect with solution, including the force~measuring
diaphregm, are constructed of stainless steel. A pneumntic transmitter,
integral with the diaphregm assembly, converts the pressure differential,
which 18 in the range of 0 to 100 inches of woter pressure, to a propor-
tional air output of 3 to 15 Ib./aq.in. The output pressure from the
D/P Cell actuates a recorder pen to give an indication of the flow rate.

Receiving and controlling element:

.. (s) Flow indicotor. The output air pressure from the Foxboro 3/?
Cell 1B received by a Bourdon~tube pressurc gege {(range, 3 to 15 1b./sq.
in.ge.), the dinl of which is gradusted O to 100 on & square-root scale.
The dinl reading is converted to a flow-xate roading by mesns of & call-
bration curve, —

(b) Plow recorder. The output air pressure of the D/P Cell ie re-
celved by a pressure-responsive bellows element which converts the pres-
sure to o pen movement, The pen records on & square~root chart greduated
erom O to 100 and colibrated in fiow units of gel./min,

(¢} Flow recorder-controller == monunlly positioned set pointer.
The flow rote of the measured stream is controlled by o pneumatic regule-
tor which transmits an output alr pressure to a diephrogm velve. The
volve throttles the flow to bring the mensured flow rete, os indicated by
‘the recorder pen, into colncldence with the monually positioned controller
set pointer. This 1s accomplished by & pystem of linkages which increose
or decrease the output air pressure in propartion to the direction and
devintion of the pen from the set pointer. '

(4) Plow recorder-controller -- automatically positioned set pointer.
In order to secure the maximum benefit of cutomatic control, it is desir-
able in coertoin epplications to make the controllor set pointer responsive
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to variations in & primary process variablc., This is applied to specific
gravity control in concentretors and vapor temperature in the Hexone Dis-
tillation Column. The deviation of the messured variable, i.e., specific
gravity or tempereture, 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 en indirect action vwhereby the eir 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 end, consequently, adjusts the
stream flow rate as required by the primery varieble, viz., specific
gravity or temperature.

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

Alarm: None.

Renge: The nominal working range of an orifice-meter systemfwith 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 rangescbility 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 nominel ronge of each orifice-meter system is shown
on the instrument flow diogram. The exsct range of each instrument is de-
termined by calibration and recorded on the instrument data sheet.

Accuracy: The accurccy of the controlled flow rate is a function of the

per cent of meximum flow rete. 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 rete the system will deliver a flow rate + 2 per cent of
the desired flow ratejat 57.5 per cent, £ 3 per cent: and at 33 per cent,
+ 9 per cent of the desired flow rote.

2.3 Metering-pump systenm

General principle: Metering pumps utilize a2 positive displacement system
with adjusteble stroke and frequency for the continuous, controlled addi-
tion of reagent chemical solutions.

Purpose and application: Yetering pumps are employed for the continucus
addition of 25 per cent sodium hydroxide solution to the ICU and 2EU Con-
centrators (E-F2-1, E-F5-1) as a neshs of controlling the acidity of the
20F and 3DF streams.

Sensitive element: None. The system is monually controlled from an inter-
pretation of the chemical ossays of 2DF and 3DF solutions ond the observed
flow rotes of these streams.

Transmitting element: A menually operated pneumetic system located on tle
panel board transmits an adjustoble and varisble pressure (0 to 15 1b./
sq.in.ga.) to a preunatically opercted positioner on the pump drive system.
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Recelving and/or controlling elcment: The pneumetic pressure from the pmel-
Poora~mounted control station is roceived by e Conoflow pneunatic piston
notor which, in turn, positions the spucd-regulating lever of o variable-
speed transmlission.

Controlled clement: The controlled element consists of three prinary conm-
ponents: (2) s Groham varioble-output-speed trensmisslon powerad by a2 con-
stont-speed (1725 rev./min.) electric motor; (b) o Proportioneers, Inc.,
Treet-0-Controller: ond (¢} a pneumatically powercd, single-acting, plung-
er pump. The Treet-0-Controller converts veriable-speed rotary riotion fron
the Grahom transnission to vericble-freguency reciproceting rotion that
actustes n slide, or "D", velve in the cir supply 1linc to the plunger punip.
The stroke length, or displacencnt per stroke, con be monually adjusted at
the pump by inserting or withdrawing the pneunatic~piston stop. The dircct-
comnected stainless stecl plunger operates in o Grephitor ¢ylinder liner
within the stoinless steel recgent head. The plunger is gealed against
lenkage by o series of Teflon rings within non outside packing glend. In
normel operstion, odjustment of the oddition rate is obtained by frequency
control. Stroke adjustment is rescrved for conpensating for gross changes
in flow rote or flowsheet conditions.

Alarm: None.

Renge: The dischorge rate ccn be voricd from O per cent to 250 per cent of
the normal flow rote shown on the cnginccr's flow sketches (see Chapter VI,
Section 4).

Accurgcy: The volumetric delivery will be £ 2.0 per cent of the calibrat-
cd delivery rate at all operotlng rotes.

2.4 Nitric scid proportioning systenm

Provision has been mode for the continuous moke-up of seven streons
of ncidified (nitric ocid) hexone reguired as scrub or extrectonts for the
solvent-extraoction colurm battery. This climinotes the storoge of acidi-
fied hoxone, on undesireble practice, ond reduces the tankege volume in
the silo which would hove been required for boich moke-up of these streoms.

Generol principle: The syster for the continuous blending of nitric acid
ond hexone is dependent upon two control octions: (&) flow-rate control
of the lerger-volume strecm (woter-scturated hexonc) ond (b) sddition of
& second strenm (nitric acid) ot o rate proportioncl to the flow rote of
the larger strecm. By neans of this systex, the ncidity sand flow rate of
the blended stream moy be cdjusted over ¢ wide ronge of volues.

Applicotion cnd purpose: Nitric ceid proportioning systems are reguired
For ceven solvent-extraction columns cnploying reidified hexone os & scrub
or extrectent streon (ISX. IAX, IBS, 2DX, 3DX, 2AX, 34X). The systens
supply acidified hexonc ronging in nitric acid compesition from 0.0l to
0.50 molar, with the saric rongeability in flow rate nos the other influent
streams to the solvent-extroction battery. o

The flow rate of the non-acidificd hexone streem is the only variable
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measured, The composition of the acidified hexone is regulated by & com-
bined autometic and manuel adjustment. The former, or automatic, action
serves to meintain e fixed ratio between the flow rate of the hexone and
the acid streams, irrespective of fluctuation in the hexone flow rate.
The latter, or menual, action permits adjustment of the ratio which is
directly proportionsl to the ecid molarity of the acidified effiuent
stream.

The system produces a reagent streem st the desired flow rate, within
the limitations of the rotameter system. The acidity of the flowing,
blended stream will be meinteined within the desired range if the nitric
acid reegent is of constent composition. A change in the molarity of the
added nitric acid will cause a deviation in the reagent stream which is
directly proportionsl to the change in molsrity of the concentrated acid.

A disgrammatic illustration of the elements of the system end their
relationship is shown in Figure XIX-31, and & 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" rotemeters, under 2.2., shove.

Receiving and controlling clement: The receiving element, a Foxboro
Dynalog Recorder, is identical with the unit employed for "hot" and "cold"
streams previously described in Subsectisn F1.

Two controlling clements, both locsted in the seme instrument case,
are employed. One controlling element sends an zir signal to a diaphragn
control valve in the non-acidified hexone line. This control system is
identical to thot discussed previously under the controlling rotameter
system (Subsection Fl). The other controller element trensmits a pro-
portional air signael of 3 to 15 1b./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 zction of a Hommel-Dahl, diaphregm-motor valve
described in more detoil in Subsection Fl.

(v) Nitric scid injection system. The varying-ocutput air pressure
from the controller couscs 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 lever of a stepless, varioble-
output @roham speed reducer (0 to 30 rev./min.)}; (3) the vorioble-speed,
rotary motion is converted to reciprocating motion by & Proportioneers,
Inc., Treet-0-Control unit, which alsc embodies a sliding-type air valve;
" (4) the sliding, sir-pilot valve controls the cycle of a Proportioneers
air-opersted piston pump which is dircetly connected to the plunger of
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the nitric acid metering pump. The chonge in the volume ratio of secid t
hexone is accomplished by monually lengthening or shortening the stroke of
the pneumatic power plston snd, nccessarily, the stroke length of the
directly connected plunger delivering acid to the mizing point.

Alarm: Molfunctioning of the proportional eddition system, exclusive of the
flow-ratc control system, is detected by mecsurement of the temperature rise
in the hexone stresm resulting from the exothermic reaction between hexome
ond nitric acid. The temperature difference between the entering hexone
strecm snd. the acidified hexone stream for each unit is recorded on Tempere-
ture Recorder TR-28, which has & ronge of O tc 10°C. An alarm switch, TAS-
24, octueted by a tenmpersture difference in excess of the set value, ener-
gizes 2 light ond bell systen.

Range:
éa) Rotometer system. The controlled flow-rate ronge is nominelly
1 to '

*

(v) Nitric acid proportioning systen. The rote of nitric acid addl-
tion can be varied from O to 150 per cent of the established flowsheet rate.
The nominel flow renge is shown on the instrument flow dicgroms,

Accuracy: The eccurscy of the delivered flow rate is within & 2.0 per cent
of the flow rote indicoted by the recording pen. The cecursey of the com-
position, or acid concentrotion of the ncidified hexone, 1s within * 2.0
per cent of the value colculoted from the colibration curves for the meter-
ing-pump systen.

G. PURGE-TYPE PRESSURE INSTRUMENTS

Purge-type, or dynonic-type, pressure-measuring instruments utilize a
flowing stream of either air or inert ges to counterbolence the pressure or
hydrostatic heed of snother fluid into which the purging gos flows through
open-ended tubes. This type of instrunent is widely used for o variety of
applications which are besically dependent upon the mecsurenent of total or
differences in hydrostatic pressure. The purge-type instruments are suited
to the Redox process because those cleuents of the instrument located in
the rodionctive zoncs nre extremely simple. The auxiliary cquipment used
for transmission, indication, recording, and/or controlling of the primary
signal is locnted in sccessible opercting arcoes.

1. Welght Factor Instrunents

Genersl principlc: The weight factor is determined by mecsuring the
difference in hydroststic pressurc between two points, one of which is in
the liquid being measured cnd the other, in the voper space direcetly above
the liquid. The pressurc ot ench point is counterbslanced with ¢ gog~fiil-
ed colunn flowing intc the system. The differcnce in gas pressure is
messured with o manometcr, or equivelent device. The nmeosured hydrostatic
pressure of the liquid is directly proportional to the weight of the con-
tents of @ tank with stroight wolls, as is apparent from the following
relotionships:
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W=A Z\I;
where W = weight of tank contents, 1b.;
A = cross-sectional sree of tenk ot horizontal
section, sq.ft.;
A P = pensured pressure difference, 1b./sq.ft.

Application snd purpose: Weight foctor instruments are enployed to de-
termine the contents of tanks in terms of ()} the pounds of o specific
component, if the weight Percentage composition 1s known, or (b) the

- liguid level, or total volume, if the specific gravity is known. Through,
related control instruments (flow-rate controllers) or controlled elenents
(motor~operated valves), weight factor instruments are also enmployed as o
sensing element in the regulation of liquid levels, In principle, this
type of instrument is linited only by the desired accuracy and the range
of the receiving elenent plus the relicbility end precision of the tank
celibration relating volume to liguid level. TFalse reading can result
from {2) too high = purge-ges flow rete, which introduces 1ine friction,
(b) leakoge in the instrument lead lines, or (¢) restrictions within the
instrument lead lines. :

A disgrommatic illustration of the couponents of the weight factor
recording and controiling system is shown in Figure XIX-33 and ¢ schematic
description of the elenents of the compenent parts is given in Figure
XIX-34.

Sensitive element: Two stoinless steel l/E-inch i.p.s. dip tubes, sup-
plied with & regulated flow of 8t8, constitute the sensitive element.

Trensmitting element: The difference in pressure, or head, is transmitted
through the ges-filled lines connecting the dip tubes to the receiving
elenent. Gms is supplied to each 1ine at a contrelled rate of approxi-
mately 0.5 cu.ft./hr. through a Fischer & Porter Co. C-clenmp rotameter
with a ronge of 0.1 tc 1.0 cu.ft./hr.

Receiving and/or controlling clement:

(a) Indiceting. The lincs from the dip tubcs are joined directly
to a Trimount Instrument Co. vertical well-type monometer. The high-pres-
sure tap connects to the manorieter well snd the low-pressure tap, to the
mononeter tube. The menometer is filled with Red 0i1 (supplied by Tri-
nount Instrument Co.) which is avoilable with specific gravities of 0.827,
1.00, and 2.95. The height of the indicating fluid is mecsured by a scale
graduated in inches of weter pressure end sdjustable for zero Position.

(b} Recording~nna centrolling., The lines from the dip tubes are
connected to high and lcw-pressure connections of a Teylor Instrument Co.,
enercild, bellows-type rceorder which converts the measured pressure
differenticl to « linenr 0 to 100 scale rending, calibreted in inches of
water,

The controller tronsmits an éutput pressure of 3 to 15 lb./sq.in.ga.
Proportionsl to the positicn of the pen from the contrcl set pointer and
the relative position of the recording on the chart, The output pressure
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is received by 2 Foxbcre Pnewnctlcsct dn n Foxboro flow recording end comr
trolling instrument or transnitted dircetly to o dlephregm-notor, oir-
operated throttlinz vzlve; in cither case, the resultant is an adjustnent
of the stream flow rate.

Controlled elementi

(a) Indirect. The weight factor controller functions by repositim-
ing the coqtrol set pointer of a flow recorder-controller through the action
of a Foxboro Pneumaticset. The flow recorder-controller mesintains the tank

~liquid level within predetermined limits by adjusting the flow rate fron
the tank, . o _

(b} Direct, The Organic Surge Tank, G-1, liquid level is directly
controlled by transmitting air pressure to a diaphragm-motor alr-operated
throttling veive which, in turn, adjusts the discharge flow rate. For a
description of the velve, see Sectlon D of this chapter and Figure XIX-3h.

Alarm: A high liquid-level alarm ig installed on certain process vessels
and sumps. A pressure-actusted adjustable-renge electric switch, made by
the Meltron Corp., 1s operated by the pressure differentisl across the high
and low-pressure welight factor dip tubes. The switch energizes @ light and
horn, mede by the Panaldrm Co. The horn hes a reset button, but the light

continues to indicate until the liquid levcl recturns to normal.

Range: The instrument flow diagrams (Figures XIX-2 to XIX-23) show the
pominal range for all instruments. The actual renge will be determined
by process celibretion and the deta recordod on the data sheet for eech
specific instrument. The renges of individual instruments vary from 0
to 20 inches of water pressure to O to 200 inches of water pressure.

Accuracyt

(a) Weight foctor indicetor. The accuracy of the manometer is de-
termined by the smallest graduation on the sczle, either 0.1 or 0.2 inches
of water pressure, and by the position of the liguid level with respect
to the dip tube. As the interface approaches the end of the. dip tube, the
accuracy approaches zero. :

(v) Weigh% factor recorder. The weight fadtor recorder is asccurate
tox 1 per cent of full-scele chert reeding. The absolute accuracy varies
directly with submergence and may be readlly calculated for each individusl
reading.

2. Specific Gravity Instruments

General principle: Specific gravity of s fluid is determiued indirectly
by measuring the difference in hydrostatic yreasure botween two points

in the fluld, with & known fixed aifference in clevetion. The pressure at
each point is counterbalanced with e column of ges flowing into the fluid.
The dlfference in pressurc in the gos-filled lines is meosured with o
manometer, or equivalent device, from which the specific gravity may be
resd directly, as is shown in the following equality:
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where p = specific gravity (or density); P= measured pressure

difference; end # 1 = fixed distence between points. Since / L is
a8 constent,

p = k/‘:Pn

The units chosen for the proportionnlity constent "k" will deter-
mine whether the velue is expressed in density or specific grovity units.
The Redox Flent instruments will be calibrated in specific gravity units.

Applicotion and purpose: The indicetion of specific grevity by indiecating
and recording instruments is useful in providing sn instantoneous partiesl
indicotion of process performence and for certsin applicetions it is use-
ful es the meosured varisble employed for process control. TFor example,
in the concentrotion of ICU and 2EU the specific grevity is messured ond
compared to o desired volue; deviations from the desired value result in
odjustment of the evaporation rate by throttling the stream supply to the
gvaporator. It con be readily oppreciated thot the meesured specific
grevity will be at the system tempersture snd that relationshipe between
specific gravity and temperature must be known to reduce the measure& welue
to a standard reference temperoture. The vessel must contain sufficient
fluid to submerge both dip tubes or on erroneous reading will result,
Operationnl difficultics, such as (a) too high = purge-gas flow rote, {(b)
leaksge in the instrument lesd lines, ond (c) restrictions in the instru-
ment lead lines, will result in false reddings.

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

Sensitive element: Two stainless steel 1/2-inch i.p.s. dip tubes with o
10-inch difference in verticsl height, supplied with a reguloted flow of
805, constitute the scnsing element.

Trensmitting element:

(2) Indicoting instruments. The difference in pressure is transmitt-
ed through the inert-gos-filled iines connecting the dip tubes ond re-
ceiving element (indicating monometer). Inert €8s 1s supplied to each
line at a controlled rate of approximately 0.5 cu.ft./hr. through s Fischer
and Porter C-clomp rotemeter with a range of 0.1 to 1.0 cu.ft./hr.

(b) Recording ond controlling instruments. The lines from the dip
tubes terminate ot a Repubiic Instrument Co, pneumatic differentinl pres-
sure transmitter which trzonsmits an output =ir pressure to the receiver
broportional to the measured pressure difference. In order to increase
the useful renge of the recording system, the actuml pressure difference
1s suppressed by a mechenical system within the Republic trensmitter.
Suppression results in canceling out the pressure difference when the dip
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tubes ore submerged in woter; consequently, the transmitter is operable

only for systems with o specific grovity between 1.0 and 2.0. The output
eir pressure from the Ropublic transmitter varies directly with the specific
gravity ond permits a pressure-responsive clement in the receiver to be eli-
brated in specific grevity units.

Receiving znd controlling elements:

(2) Indicating instruments. A Trimount Instrument Co. vertical well-
type monometer filled with Red 01l {0.827 specific gravity) is employed for
indicating the specific gravity. For deteils, refer to Subsection Gl of this
chapter. : :

(b} Recording instruments. The pressure from the Republic pneumotic
trensmitter is received by o bellows-type recorder, renge 3 to 15 1b./sq.in.,
mede by (1) Brown Instrument Co. for ell recorder-controllers end (2) Teylor
Instrument Co. for all non-controlling recorders.

(c) Recording ond controlling instruments, The recorder is mechani-
cally coupled to o Brown pneunntic controller. This results in regulation
of the specific gravity of the comcentrate in the Urenium (1cU, 28U, 3EU)
Concentrators snd the Woste Concentrator by cutometic sdjustment of the
steam flow to the concentrotor coils. GSteam flow ls adjusted with o pneu-
motic device (Pneumsticset) within the steam flow controller, which outo-
ratically positions the set pointer on thot instrument. The Pneumnticset
is cctusted by & pneumotic pressure from the speeific gravity controller.

Controlled element: Control is obtoined indirectly through o Pneuncticset
Yoceiver in the fiow recorder-controller. The Pneumaticect repositions
the control set pointer of the flow recording and contrelling instrument
1o increase or decreamse the flow rate in order thet the specific gravity
recorder pen will asgree with the specific gravity recorder-controller set
pointer. _ : ‘

Alernm: None.

td
i
}%

N (¢) Indicoting instruments. The ronge is from O to 1.7 specific
gravity units.

* {b) Recording ond contreliing instruments. The range is from 1,00
to 2.00 specific gravity units. -

Accuracy:

{a) Specifié gravity indicator, The accuracy of o manometer read-
ing is determined by the smollest grodustion on +the scole, which is 0,005
of a specific grovity unit. .

(b) Specific gravity recorder., The specific grovity recorder 1is
asccurate to £+ 0.01 of o specific grovity unit.
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3 Interface Instruments.

General principle: The position of the interface between organic and
agueous phases i1s 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 counterbaslanced by a
ges pressure within a dip tube. The pressure differential between the

dip tubes is detected by a manometer or equivalent device. The measured
prressure 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 snd the location of the interface de-
termined if the specific gravity of each phase, the distence betwsen two
vertically separated points, snd the total difference in pressure are
known.

AF =Hp +Hp, =(H-H)p +Hp, = Ha(pa-gq) + Hp ,
AF - Hp '

H_ = .
or H_ . TP,

wvhere AP = measured pressure difforence; Hy = height of organic phase
between dip tubes; H, = height of aqueous phese between dip tubes;

H= Hy tHy « distance between dip tubes (known); p ., = density of organic
phase (known); p, = density of aqueous phase (known). Consequently, the
interface position for a system with known snd constant phase density is
directly proportional to the measured pressure difference.

Hp

AF o AP
H &= - = - K
a NN N R~

Applicetion snd 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 sutomatic regulation of the interface
position by adjustment of the flow rate of the effluent agueous stream,

The instrument is dependent upon the reliability of the two specific gravity
measurements and, under normal circumstances, will indicate and control the
interfece as required for uniform process operation., Certain operationsl -
difficulties, such es {a) too high & purge-gas flow rate, (b) leakage in

the instrument lead lines, or (c¢) restrictions within the instrument lead
lines, will cause false readings.

A diagrammstic 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 Plgure XIX-39.

Sensitive element: Three stainless stecl 1/2-inch i.p.s. dip tubes ere
submerged in the column discngoging section: the first, to a point sbout
4 inches sbove the column packing, the second, 25 inches sbove the first;
and the third, 25 inches sbove the sccond., The first snd second dip tubes
are, respectively, the high snd 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 pressurc is transmitted through
the inert-ges-filled lines connecting the dip tubes end receiving element.
Inert gas is supplied to each line, at & controlled rete of approximately
0.5 cu.ft./hr., through a Fischer snd Porter Compeny C-clemp rotameter with
a flow renge of 0,1 to 1.0 cu.ft./br.

Receiving and/or controlling clement: A Teylor Instrument Compeny, enerd d-
bellows recorder measures the differenticl pressure existing across the dip
tubes and converts the bellows deflection to & pen movement on a O to 100
linear-scale chert. A chort reading of O is equivalent to a differentiel
pressure of 20 inches of water ond & reading of 100 is equivalent to a
differential pressure of 35 Inches of waoter.

The interfoce-position instruments combine two receiving end recording
elements end one controlling element within each Instrument case. Normelly,
the position of the interfoce is mointolned between the lower and inter-
mediate dip tubes, and the intermedinte cnd upper tubes are both immersed
in the organic phose. Therefore, the control element 1s coupled with the
pen recording the differentisl pressurc between the lower and intermediste
dip tubes. An sdjustment permits the other pen to be coupled to the
pneumatic controller. Normelly, the pressure differential between the
upper poir of dip tubes is interpreted in torms of the specific gravity
of the orgonic phase,

The pneumotic controller meinteins the desired interface position
by regulating thc flow rote of the ngueous efflucnt stream from the
column. An output oir pressure, which is tronsmitted from the controller,
operates a flow-throttling volve in the effluent stream. The alr pressure
is proportionsl to the deviation of the pen from the set pointer and the
relotive position of the pen on the chort.

Controlled element: The output oir pressure from the controller is traus-
nitted to a Hommel-Dohl, diaphrogm-motor, air-operated valve installed on
the aqueous effluent line from the colurm. The velve is normolly closed
by spring action and is pneumatically opened, os reguired, to restore the
interface position to the desired point es indicated by coincidence of
the interface-recorder pen with the contrel sct pointer.

Alarm: None.

Range: A differenticl pressure of 15 inches of waoter produces full-scale
deflection of the instrument pen. The effective range of the instruments
48 20 to 35 inches of woter pressure, which is the equivelent of & specific
grovity range of 0.8 to 1.4k. This 1s cccomplished by inserting o 20-inch
water hend in series with the low-pressure dip-tube line., Since the dip
tubes sre spoced 25 inches opart, o single liquid phase of 0.8 specific
gravity between the tubes results in o pressure difference of zero (25 x
0.8-20 « 0); whereos, & single phose of 1,40 specific gravity results in

n pressure diffcrentinl eguivolent to 15 inches of weter 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 end control tc 4+ 0.15 inches of water
pressure. From this value end a knowledge of the densities of the aqueous
end .organic phascs, the accuracy of the indicated interface position may
be estimated. It hos been shown that :

AP
TR

where Hp is the height of the aqueous phase (interface locetion) in inches,
&P 1s the pressure differential in inches of water, and Kj and Kp are
constants. Also, the constant

ya_: pa - po'

wherep . and pgo are the densities of the agueous end organic vhases,
respectaively. Since AP is accurate to 4 0.15 inches of water pressure,
the accuracy of the interface locaticn (Hy) may be shown,by calculation
from the above relationships, to be cqual to 0.15/( pg = Po ).

For example, if velues of p, ond po of 1.30 and 0.97, respectively,are
assumed, then Hy 1s nccurate tot 0.45 inches. Thus, when the interface
is indicated to be nmidway between the dip tubes (Hg - 12.5 in.) deviation
of the actusl location from this position mey be £ 0.45 inches.

L, Differentiasl Pressure Instrumients -- Solvent-Extraction Cclumns

General principle: Differential pressure is o necsure of the differeénce
in hydrostatic heed at two points with o known fixed difference in verti-
cal height. The hydrostetic pressure ot esch point is counterbalanced .
~with 8 gas pressure. The pressure differentinl in the gas supply lines
is detected by o manometer or equivalent device.

Application and purpose: Differcntial pressure measuring instruments are
used to measure the differcntisl pressure over o portion of the length or
the total length of - solvent-extraction column. The measured differential
pressure is useful in (a) detecting flood or incipient flood conditions
within the column, (b) indirectly indicoting woste losses, ond (c) in-
dicating devictions from normsl column opercting conditions.

The opplications cited cre limited by the accuracy reguirements of
the differentiol method. ¥or example, waste losses in the IA Column in-
crease from 0.2 per cent to 2.0 per cent with an inerecse in the agueous
panse specific gravity of 0.015 at a point spproximately 6 feet below the
feed point. The accuracy of the senging and recording systems is £.005
specific gravity units.

Folse recdings cen result from (o) high gos flow rates, (b) restric-
tions in the instrunent lead lines, ond {¢) lcaks in the instrument lead
lines.

The components of differcntial-pressure-type instrumentotion are

shown dicgrammotically in Figure XIX-38 aond schenotically, showing the
elenents of each compeonent, in Figure 4IX-39. The renge ond loection 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 c¢olumn, Those
applications for detecting a small differentiul rressure are spaced four
feet apart. Installations for measuring the =otal column differential have
the low-pressure tap in the column veyt heade:r, and the high-pressure tap
approximately one foot above the effluent ayusous-stream outlet.

Trensmitting elements: The pressure within the column is transmitted through
the gas-filled imstrument lead lines to a Republic Instrument Co. pheu-
matic transmitter. The Republic instrument measures the difference in pres-
sures within the imstrument lead lines by means of a force-balancing system
aend transmits, to the receiving insgtrument, a varisble output pressure

(3 to 15 1b./sq.in.ga.) proportional to the measured pressure differential.
In order to improve the sensitivity of the pneumatic tramamitting unit, an
additional fixed pressure drop is introduced into the low-pressure lead

line from the ¢olumn. This decremses the appsrent pressure difference be-
tween the column taps end improves the rusponse to small changes in diffear-
entiel pressure within the column..

rReceiving;and/or controlling element: The output pressure from the trans-
mitter is. corverted by -a Taylor Instrument Company bellows-type instrument
to pen movement on & lincar chart gradusted from O to 100 and calibrated
In inches of water pressurc and specific gravity units.

Controlled element: Nonc.

Alarm: None.

Range: The range of the differentlal-pressurc-recording system is 0 to
25 inches of water pressure for the instruments measuring the differen-
tiael across a four+foot distance within the column end varies according
to the column height for instruments measuring total column pressure.

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

Agccuracy: The eccuracy of the messurement is £ 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. Miscellanedus Differential Prussure Instrumcents

_Differenticl pressure instruments ore usced to messure pressure differ-
ences between {u) tanks and colls, {b) tanks end towers, and {¢) cells ard
operating galleries. Instruments for these purposes arc identical in
principle to the differential pressure instruments for the solvent-extrac-
tion columns. Importent differences in detail erz as follows: ‘

~ (s) Trensmitting elements (pneumetic trensmitters) are not used.
The limited renges necessory for these instruments make this possible.
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(b) Manometers (verticsl or inclined) are used as receiving elements
for all indicating systems. Munometer ranges are shown on the instrument
flow diagrams.

(¢) Taylor aneroid bellows recorders are used ns receiving elements
for zll recording systems. In general, their nominal renges are 20 to
4O inches of watcr, although octuel ranges will be determined by process
calibretion.

(d) The accurncy of the inclined menometers is 0.01 in. Accurecy

depends on scole graduation and for vertical manometers is either 0.1 or
6.2 in.

H.  TEMPERATURE INSTRUMENTS

1. Mercury Thermometers

Mercury thermomcters are uscd to measure the temperature of fluids,
Mercury-type instruments depend on the difference in the coefficient of
expansion of mercury end the confining system, usually gless or metal.
These instruments orce used in the Redox Plent solely for indicoting
temperctures. The instruments are either mercury-in-glass thermometers,
in which mercury expcnds cubically inte 2n evacucted space in a glass
tube, or mercury-in-tubing thermomcters, in which the expansion of
mercury expends a Bourdon tube. All nercury-type thermometers used in
the Redox Plant nre colibroted in Centigrade degrees.

2. Resistonce Thermongeters

Genernl principlc: Resistance thernometers depend on the voriation of the
electrical resistaence of o metallic conductor with temperature. A tenpers -
ture-sensitive resistonce coil forms one arm of a Wheotstone-bridge circuit.
The other three orms of the bridge contain resistances which have on ex-
tremely low teuperature coefficient of resistonce. In operation, any un-
balance of the bridge circuit, due to & variestion in the resistance of

the tempernture-sensitive element, appears os a potentisl difference.

The self-bolancing bridge recognizes the condition of umbalance, deters
‘mines its direction ond megnitude, cnd positions the slide-wire or slide-
wire contactor to rebolance the bridge and to indicotc the temperaturc.

Application snd purpose: Resistance thermoneters are used in the Redox
Plont where temperctures nust be recorded or where the terperature is the
controlling clenent.

Resistance thermometers nre linited by the ronge for which they were
designed end the desircd speed of response. The conporctively large moss
of the sensitive element decreases the speed of responsc of the instru-
ment to instentancous temperature chonges.

Conditions which moy couse frlse recdings are (&) open connections

in the bridge circuit and {b) resistence chonges in the temperature-sensi-
tive elements due to corrosion or contarmination.
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Diegrammatic and scherntic illustrations of tempercture-contrei in-
stallations and their control actions are shown in Figure XIX-41 and XIX-
ha,

Sensitive elcment: The sensitive element is the tenperature-sensitive re-
sistonce of the bri#ge circuit. The element consists either of a coil of
nickel wire wound on o Bekelite spool for low-temperature ranges (0 to 120°C,)
or a platinum wire wound on o porcelain insulator for high-tempersture ranges
(0 to 1000°F.}. The clements sre sheothed in metal coses which protect them
from exposure to corrosive fumes and vopors snd prevent damage to the re-
sistance wire during instellation. The shenthed element is approximately

3/8 in. diemeter and is inserted in o well which protrudes into the media
whoge temperature is desired,.

Transmitting element:; The inclusion of the temperature-sensitive resist-
annce as & part of the recording bridge circuit eliminetes the need for a
separate transmitting elenent.

Recording and controlling element: The recording element is located at the
panel boerd and contains the other three arms of the Whentstone-bridge cir-
cuit, and the detecting, emplifying, and recording elements of the record-
er. A Brown electronic reccrder is used for low-tempersture scrvice

(0 £0.120°C.) ond o Leeds and Northrup Micromex recorder is used for high-
temperature service (O to 1000°F.). The Brown recorder is composed of four
units: - o conversion stage; a voltage cmplifier; a power amplifier; and o
balancing nctor. The conversion stege converts the unbalanced direct-
current bridge voltage tc o proportiomal altermnoting-current voltage. The
voltage anplifier multiplies the 2.c. voltege from the order of microvolts
to several volts, The power amplifier delivers power tc the balancing
motor. Beth the phase and the nognitude of this driving power are directl)
controlled by the amplified c.c, voltage. The balancing rotor recognizes
the phase of the driving power and cccordingly balaonces the instrument by
noving the slide-wire contoctor. The slide-wire contactor, pen, and point-
er are directly connected to the notor. The leeds & Northrup recorder clso
nakes use of the Wheotstone-bridge rethod to deternine the resistance change
of the platinum element but employs a galvanometer-balancing unit instead
of oan electronic detector. The bolancing unit determines the deflection

of the galvanometer ond rotates the slide-wire to bring the bridge circuit
into balonce. Through a mechanical linkage, the pen is noved across a cali-
brated temperature sccle.

Instruments which record only oy be nultipoint instruments capoble
of recording o¢n & strip chart, through an cutomatic selector switch, the
tenperature detected by two or more sensitive clements. Temperaturc re-
cording~controlling instruments and certain temperature recording instru-
nente ore single~point instrunents ond continucusly record, by means of a
pen ond circuler chart, the tcupersture detected by cne sensitive elenent,

In the Brown Co. tempercture recorder-controller instrunents, the
temperature desired at the sensitive element i1s set by monunlly position-
ing the controller set pointer. Any deviation of the systenm temperature
away from the desired temperature is indiccted by movement of the pen oway
fron the set pointer. The controller senses this deviation and increcases
or decreases its output air pressure, depending on the direction of the
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pen movement, in propertion to the amount of deviotion of the recording
pen from the set pointer. The output air pressure acts upon a responsive
controlled element to increasse or decrease the heat supply to the system.

Controlled element: The output alr pressure from the coutroller unit
described esbove 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 steem or water stream by repositioning the
set pointer on 2 flow recorder-controller.

(a) Ppneumatic diaphragm control valve. The controlled air output
from the temperaturse recorder-controller determines the valve opening of
a8 Fisher-Governor threttling valve in a steam line. The amount of steam
admitted to the colls of the vessel, in which the temperature 1s measur-
ed, is increased or decreased in accordance with the direction of devia-
tion of the recording pen from the set pointer.

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

(¢} Beactrol system. In the Roactrol system, the power supplied to
a set of heaters in the Silver Resctor is controlled by the temperature
of the gas passing through the Reactor. Movement of the temperature-re-
cording pen sway from the desired temperature on the set pointer in the
leeds and Northrop temperature recorder-controller causes & change in the
smountt of hcat libercted by the resistance heaters by varying the current
flowing to the resistence heaters. This is sccomplished by changing the
direct-current-voltage output of a Thymotrol unit which converts alternat-
ing current to dircet current. This veriable d.c. voltage is applied to
the primary windings of a satursble core reactor (transformer) which re-
sults in regulation of the current flow end heat Input by controlling the
alternaeting-voltage output from the secondary winding of the transformer
to 9 heaters, with o total cepacity of 12 KW, in the Reactor.

Alasrm element: A morcoid switch, located on the slide-wire of the re-
corders, 1s used to cnergize s light and horn to indicate high tempera-
tures.

Range: The tempereture-recording and recording-controlling instruments
which use a nickel clement hove a renge of O to 120 degrees Centigrade.
The instruments which use a plotinum element have a range of 0 to 1000
degrees Fahrenheit,

Accurascy: The accuracy of the tempersturc-recording instruments is 4 1
per cent of full-scale recding.
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1. Ammeters

Indiceting ammeters arc used to give n visual indicetion st the ponel
boerd of the instanteneous current consumption of electric motors which
arc used to drive pumps, egitstors, and centrifuges. Ammeters sre employed
to ossist in the detection of sbnormel opercting conditions which may be
manifested by chenging current consumption, Indicating emmeters are based
on the prineiple thot the movement of a pivoted coil in e constant megnetic
fleld is proportional to the electric current pessing through the coil, A
pointer attoched to the rotating coil gives s direct reading on a grodusted
scale calibroted in amperes Amneters are sccurate to £ 1 per cent of full-
scale reading.

2. Bourden-Tube Pressure Gauges

Bourdon-tube pressurc gouges are used to give a visual indication of
the instonteneous pressure exerted by a non-rodiosetive fluid in a closed
vessel, l.e., tenk, pipe line, etc. The Bourdon tube is o curved (essenti-
8lly circular) tube of flat, clliptical cross section, sealed at one end.
Pressure epplied to the open ¢nd tends to streighten the tube. Conversely,
vacuum causes the tube te curl up. The movement of the closed, free end
of the Bourdon tube is tronsmitted through o mechenical linkege which, in
the comventional pressure gouge, 1s rultiplied by & rack ond pinion system
to activate & pointer. Pressure gouges cre calibrated in 1b./sg.in.
Bourdon tubes cre fabricated from bronze (non-corrosive service) or stoin-
less steel {corrosive scrvice). Pressure gouges are accurcte to 1/2 par
cent of full-scale reoding.

3. Scales

Indicating-dial, outomotic-balancing, daesh~pot dompening, platform-
type scales, equipped with self-sligning bearing, menual-locking devices,
ond dusl, reverse~acting, tore beoms for loading end unloaoding the scales,
are used to perform basic weighing In the Redox Plont. Scales range from
a maximum locding limit of 125 pounds (c¢xclusive of prelosding tare) to
10,000 pounds end heve an nccuracy of + 0.1 of 1 per cent of full-scale
reoding.

4, Gauge Glasses

The gouge or sight glasscs which nre nounted on vessels to give a
visual indication of the liquid level are mounted vertilcally cceross a 12-
inch section neer the top of a vessel. A graoducted scale, mounted behind
the gless, gives the tank liguld level in inches, Valves in the connecting
piping at the top and bottonm of the gouge gless allow the gloss to be iso
lated from the vessel. The gouge gloss is held in ploce by meens of pack-
ing glands in the connccting piping.

5. Vibrotion Indicator

The Centrifuge is cquipped with ¢ vibration indicotor (wobble meter)
which detects unbalonce of the Centrifuge bowl during operstion. BSevere
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wobbling et high spceds, resulting from unequel bowl londing, may damoge

the besrings or other mechonicol parts cf the Centrifuge. A nmagnetic
pick-up device, nounted on the Centrifugc shaft, generates o monulated
60-cycle signol with an amplitudc of mnodulation proportional to the shaft
displacement. Thils signol, after anplificotion, is impressed on the verti-
cal deflection plates of o cothode-roy tube (oscilloscope). The visual re-
sult on the oscilloscope 1s = closed pottern which cppears es 2 straight
line, for vibration-free operation, or on ellipse, for unbalenced opersticn.
The wobble of the €entrifuge shoft is proportional to the magnltude of the
fluctuation indicated on the coscilloscope. :

6. Speed Indicator

: An elcctrical-type tachometer is mounted on the Centrifuge to indicate
the speed of rotation. The tachometer is essentially on a.c. generator
whose rotor is an extension of the funtrifuge shoft. The cutput voltage
of the genmercotor is proportional to the Centrifuge speed and is indicated
at the panel board on o voltmeter calibreted in rev./min. The normal
roenge of the tochometer is 1000 rev,/min., but it is overloaded to recd &
moxirur of 1760 rev./min. The accuracy of the tachometer 1s + 1 per cent
of full-scale recding.

7. Monual-Control Stotions

Manual-contrcl siotions arc rultiported, rmltiposition, menual-setting;
pneunatic sclector volves locoted ot the panel board and are used to lond
pr unload remctcly, according to o pre-set arrangenment built into the
selector valve, air-actuated diophrogn contrel valves located in the steam,
nir, inert-gas, ond vent lines of the process. Selector valves either
vent the air charber of o spring-londed diaphrogn control valve or apply
oir pressure, up to 20 1v./sq.invgo., to the diaphragm chomber. In some
sclector velves, the oir pressure on the diaphragm chomber is adjusted
by means of a pressure-regulating velve located at the penel board.
Manual-control stations hove the following positions:

Threc-position sclector. The three-position selector pernits the
alternate operation of two diaphragn-cpersted valves. Selector positions
are "Off", "One", ond "Two". In the "Off" position, both valves are vent-
ed. One valve is pneumatically loanded in the "One" position; the other
valve is vented. In the "Two" position, the arrengement is reversed.

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

Two-position sclector with time cycle ond odjustoble loading. This
selcctor is the same as described cbove, except that the pneumotic pres-
sure applied to the steam-jet diaphragm valve may be varied by meons of o
regulator. This selector is used to adjust the flow rate of the feed to
the centrifuge.

Thres-position selector end sdjustable locding. This selector per-
nits the operation of either of two diophraogm valves simultaneously with
the operation of a third volve. The schedule of sclector positions is
shown below:
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Position Volve 1 : Vilve 2 Valve 3

_ "Offf : vont ' vient vent
"One" : load vent - load
"Two! _ vent load load

The loading ¢t Valve 2 is adjustable.

8. pH Instrument

The term pH is used to dencte the concentretion of hydrogen ion in
o solution. The pH of & soluticn is deternined electrometrically by
measuring the difference in potentinl betwcen an electrode which hes a
fixed voltege {reference clectrode) ond en elcctrode suspended in the
golution and in which the voltage varies with the pH. The only pH
instrunente which were to be employed for process control in the Redox
Plant were to control the addition of caustic solution tc the Dissolver
Off-Gas Scrubbers. A Silver Reactor (for details see Chapter III, Feed
Preparntion, ond Chapter XVI, Other. Process Equipnent ) will reploce the
scrubber for the removal of redicactive iodine. The caustic serubbers
will be held for instellotion in onother lueation if 1t becomes necessary
to remove oxides of nitrocgen. In the cvent pH control instruments are
used, o schemotic arrangerment of o pH control systen has been included in
this chapter ond is shown in Figure XIX-43.

g, Conductivity-Type Lovel Instruments

Conductivity meters operete by possing oh electrical current through
on agueous gsolution containing dissolved inorgenic sslts. They ere en-
ployed on underground storege tonks to deternine the liguid lewel of the
waste solution. The "conductivity recl” consists of a stainless steel
electrode suspended in the tenk on o stoinless steel tape. This electirode
is connected in series with o boattery ond ¢ gelvanometer. As the electrode
is lowered Iinto the tonk, the ligquid level is detected by deflection of
the golvonometer needle on completion of the circuilt from the probe to
ground through the sclution. The height of the liguid is determined by

 reading the tape, greduatcd in feet end inches, ot the point of initlal

deflection of the galvanometer necedle.

DECLASSIFIED




d3115Y1030

TABLE XTX-1
INSTRUMENT LEGEND

Symbcl Instrurent or Equipment Piece Symbol Instrument or Bquipment Picce
AH Alarm Horn PR Pressure Recorder
AT Ampere Indicator PS Pressure Switch
AMP Anplifier R Purge Rotameter
cv Control Valwe R AMP Rediation Amplifier
DPT Differential Fressure Indicastor RE Radiation Ion Chamber
DM ' Differential Pressure Tpansmitter RE Radiation Recorder
DFPR i ential Pressure Recorder RS Reset Button
FE 35embly 5GT Specific Gravity Indicator
FI ndicatar SGM Specific Gravity Transmitter
| ter-Transmitter or Orifice Differenticl SGR Specific Gravity Recorder
ire Transmitter SGRC Specific Gravity Recorder-Controll
R e corder s8I Speed Indicator (Tachometer)
FRC fRecorder-Controller SEER Speaker
GG = Giass SW Switch
1R face Recorder TAT Temperature Alsrm Indicator
TRC Interfsce Recorder-Controller TAS Temperature Alarm Switch
L Level Controller TE Temperature Element
M Motor T1 Temperature Indicator
MC Manual Control Station TR Temperature Recorder
MIC or MK Microphone TRC Temperature Recorder-Controller
P Pump v Manometer Check Valve
PAT Pressure Alarm Indicator VGI Vacuun Gauge Indicator
pH AMP pH Amplifier VOL Volume Control
PHE rH Electrodes ~ WFAX Weight Factor Alarm Indicator (Light)
PHR pHE Recorder WFAS Weight Factor Alarm Pressure Switch
PHRC PH Recorder-Controller - WFI - Weight Factor Indicator
PI Pressure Indicator (Gauge) WFR Weight Factor Recorder
' WFRC Weight Factor Recorder-Controller
WI Weight Indicator (Scales)
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Figure XIX-27
ROTAMETER CONTROL SYSTEM
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TABLE XIX-40

NOMINAT, RANGE AND LOCATION OF COLUMN PRESSURE TAPS

Distance from Digtance from Distence from  Pronsmitter Extermnl Recorder Becorder
High Pressure Low Pressure High Pressure  Range, Suppres- Range, Range,
Tap to Ccuter Tap to Center Tap to Center In, of Water sion, In, In. of Specific
of Orgnnic of Organic of Agucous Pressure of Weoter Water Gravity
Column Overflow Line Overflow Line Efflucnt Line Pressure Pressure Units
33 1 .L;." 29. ;_’,_n o0 1 3_3/ " 25“ 50" 50n_75n 1. Oll--l.
45111 1*10-3/8" 300" 500" 500"-800"  0.90-1,
21, 6” 17'6" 10'3-3/8" 251: 50" 50!:_75n 1.03_{__1.
33'hll 291 )_'_!1 22‘3-3/8“ 25‘: ;)-On 50r:_75|| l.Oil-—l.
33 Y hn 291 h_tl 1733_1/2n 25" 50" 50"_75u 1.013--1.
217" 17'6" 1573-3/8" o5" 50" 50"-75" 1.04-1,
33147 29TL" 17+3-1/2" 25" 50" 50" - 75" 1.04-1.56
21'6" thsu 15| 3—-3/8" 25" 50" 50»_7511 1.014--1. 56
: 54134 1'h-3/8" 300" 500" 500"-800"  0.77~1.23
2B 30'0" 1*'3-3/8" 100" 325" 325"-h25"  0.90-1.18
3A 5J'I'r‘ 3n 1! ll- - 3/8" 300” 500" 500“ -800" 0. 7-?_1.23
3B 30'0" 1'3-3/8" 100" 305" 325"-425"  0.90-1.18
10 20'0" 1'9-3/8" 100" 200" 200"-300"  0.83-1.25

(3188 V1930 -

NOTE: The transmitter range, external suppression and recorder range are arbitrary velues end may

be changed in the field.
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CEAPTER XX. ANALYTICAL METHODS

A, INTRODUCTICHN -

This c¢hapter briefly outlines the principal analyticel methods avail-
eble for use in amalyzing the various components normelly expected in Re-
dox streems. The limitations of each method &re presented as an aid to
operating personnel so that they can intelligently interpret laboratory
results and can reguest determinetions which will produce meaningful
data. For each analytical method the precislon, accuracy, sample slze,
time required for amalysis, and impurities known to affect the method
(1f eny) have besn listed together with a brief description of the method.

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

1. Defindtion of Terms

1.1 Time required per determination indicates, unless otherwise noted,
the total elapsed analysisg time required for a single determination., Tt
includes eny method delays such ms 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 thls chapter is stated in terms of the per-
centage disagreement of the average analysis from the absolute or "true"
analysis. Tbis disagreement 1s termed the "systematic error”.

1.3 Recovery 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 radicactive element lost,
a large quantity ol en inactive isotope (large in comparison with the
radloactive element concentration) is added and its chemical yield (re-
covery) calculated. '

1.4 Precieion is en indication of the reproducibility of the method.
In thie chapter the precision figures represént 99% limits. In other
words, in ninety-nine out of one hundred detcrminetions statistical
gtudies have shown the reported value does not vary from the mean value
by more than the stated precision,

1.5 Sample sizo is the volume of sample actually required by the ana-
lytical method for a single deternmination. For most Redox samples dupli-
cate determinations will te made for cach requested analysis so the total
volume required for a requcsted analysis will be twice the volume showm

on the nmothed tabulations. -

For many of the radiochemical methode the sample volume reguired ls
dependent upon the precision reguired of the method and the concontration
of the radionctive clement. Statistical studics have shown that the
following counting precision may be expected from the ASP (Alpha-Simpson-
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Proportional) and BGO (Beta-Gorma-O0ffner) counters:

Total No.
Precigion (99% Limits) of Counts*
+1% 66,000
29 , 18,000
5% 2,600
+10% _ 700
+ 204 _ 170

¥dotc: This is the total number of counts counted for the deter-
: mination -- irrcspective of whether they vere counted
in a short time for & sample of high radicactivity, or
-a longer time for a sample of lower radicactivity.

The specifilc activity for one microgram of plutonium is approximately
1.48 x 10 @isintegrations per minute (approximately T4,000 alpha counts
ver minute on a 50% geometry ASP counter). Therefore, if a five minutc
count is to be made and one per cent counting precision is desired, the
sample aliquot uscd for a determination should contain approximately 0.2

microgram of Bu. Similarly, for a five minutc counting period and 20 per

cent counting procision the sample should contain approximately 0,0005
micrograms 4f Pu., IFf insufficient sample is available to obtain the
counting precislon desired during & short counting period the counting
Precision may be inercased by lengthening the counting period.

B, PHYSICAL PROPERTIES

1. Specific Gravity by F:lling Drop

pplicetion: Since such & emall volume of sample is regquired the method
is ideal for determining the specific gravity of "hot" radicactive aqueous
streame 'such as IAW, IAF, ISW, and Dissolver Solution.

Description: Specific gravity is dctormined by measuring, at a carefully
controlicd tomperature, the length of time required for a carefully form-
ed small drop of sample to fall (or risc) through a fixed distance in an
immisclblc liquid. Chenges in composition of the immiscible liguid are
detected by moking periodlc determinations with standard samples.

Time required por determinetion: 20 mimmtes.

Systematic error: Minus 0,02 to plus 0.02% (i.c., 0.0002 g./ml.).

Precision (99% limits): Bettor than 20,1% (+0.00L g./ml.).

Samplc sizc: As little ce onc drop (0.007 ml.: from a special dovice
which makes small drops) may be uscd., However, greater precision can
be obtained by making soveral determinations., {3 to 5 drops generally

ged)
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Application: The specific gravity of both hexone and agueous samples is
determined by this method. TFor samples such ag IAF and IAW which con-
tain appreciable amounts of fission products the Falling Drop method

should be used.

2. Specific Gravity by Fycnometer

Description: The weight of & known volume of sample at 25°C. 1is compared
with the weight of an equal volume of water at 4°C,

Time required per determination: 25 minutes,.

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

Precision (997 limits): £0.05% for agueous samples

- {approx. 0.0005 g./mi.),

+ 0.1% for hexone samples
{approx, 0.001 g./ml.).

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

C, CHEMICAL DETERMINATIONG

1.  Aluminum Nitrate by Acidimetric Titration

e v

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(NO3)3 to AN ratio greater than one third.

Description: The pH of the semple is carefully adjusted to approximately
10.8 by the addition of sodium hydroxide (or BC1 if sample is too basic). .
At this pif LNF has been converted to sodium aluminate: and uranyl nitrate,
ferric nitrate, and sodium dichromate have been converted to sodium
divrenate. ferric hydroxide, and sodium chromate. One molar potassium
fluoride is then added to the solution. reaciing with the sodium aluminate
to form K3AlFg and releasing NeCH and KOF which are titrated with stand-

ard HC1 until the pH before KF addition (approximately 10.8) is agein
obtained.

Time required per determination: 40 minutes,

Systematic error: Zero to minus 0.1%.

Preoision (99% limits): + 29,

Semple size: The sample selected should contain from 1 to 8 milligrams
of ANN.
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2. Chromium-Diphenylcarbazide Method DECLASS,F,E D

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./l. (e.g., IAF, IAS, 24S). None
of the chemicals present in the Redox samples is expected to interfere
with the methed.

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 sclution 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 1% to plus 1% (Estimeted).

Precision (09% 1imits): Estimeted = 10%.

Sample size: Sample chosen should contein from 0.02 to 0.1 milligrams of
CI‘QOT:.

3. Chromium -- Microvolumetric Determination

Application: Cr{VI) or total chromium concentrations of agueous Redox
solutions greater than 1 g./l. may be determined by this method {e.g.,
IAF, IAS, 2AS). TFerrous 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
acld sulfate using ferroln indicator.

When the total amount of chromium present in the sample is determin-
ed, the procedure outlined above is followed after any Cr(IXI) has been
oxidized to Cr{VI) in caustic solution by hydrogen peroxide. Excess
peroxide 1s destroyed by heating with platinum black catalyst.

Time required per determination: Cr(VI) -- L40 minutes,
Cr{Total) ~- 60 minutes.

Systematic error: Approximately plus 1 to 2%,

Precision (99% limits): Approximately * 3%,

Sample size; Sample chosen should contein approximately 0.5 milligram of

O ODRCLASSEED

L



- a0

L, Foerrous Sulfariete -+ Volumetric Detggg}égtion as Ferrous lron

n et i i

EHE’Sulfamic Acid.

Application: Agueous ferrous sulfematc conccntrations in the range of
10 to 800 g./1. 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.

Deseription: Ferrous iron and sulfanic acid arc determined stepwise.
The concentration of ferrous iron is first obtained volumetrically by a
potentiometric titretion with standard potassium permenganate., The
permangenate titration is stopped as soon as the potentiometer indicates
thzt the ferrous ion bas all been oxidized. The sulfamic acid coreen-
tration of the sirple is then determined (after heating the sample to
50°C.) by titreting with standard sodium nitrite until the sulfamante ion
has been converted to sulfate. Since ferric iron subdues the potentio-
rnetric end point of the permanganate titration and completely obstnres
the nitrite end point, it must be complexed as it is formed by the addi-
tion of phosphoric acid to the sample prior to titration,

Time required por determination: 60 rinutes (30 minutes for ferrous
iron, and an additional 30 minutecs for sulfamate).

Systematic error: Ferrous iron - Approximately minus 10%.
Sulfanic Acid -~ Approximately minus 3%.
Precision (99% limits): Ferrous iron -- Fetter than % LW,

Sulfamic Acid ~~ Better than * 6%,

Sample gize: Sonple should contain from 5 to 10 milligrams of ferrous
sulfamate.,

5, Hexone Impurities -- Dinitro Tsobutane

Application: Dinitro isobutene concentrations in hexone greater than
0.02 g./Ll. moy be determined by this mcthod. Dinitro isobutane is of
interest since it nay be formed in recycled hexone ag a product of the
reaction with nitric acid. Chemical Rescarch Scction data (5 indicate
that conecentrations up to 37 g./l. have little effect on IA Colurm
opcration.

Description: Dinitro iscbutane is cxtracted from hexone into 2 M
potasgium hydroride. Fixed wevelcngtih ultravielet light (385 millimi-
crons) is passcd through a fixed depth of solution and the absorption
neasurcd by o sncelrophotoncter. The solution closely follows Beer's
Loaw and tie cinltro iscbutone concentration is proportional to the
absorntion.

Tine roguirced por determination: &5 ninutes.

Systenatic orror: For samples containing from 0.02 to 0.5 g. dinitro
isobutane/l. -- zerc to minus 1%.
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Precision (99% linits): Better than % 2%, DECLASS’F ’ED

Sample slzeo: Approxinately 5 nl.

6. Hoxone Iﬁpurities. --  Mesityl Oxide

Application: <{Concentrations less than 0.5 g./l. of mesityl oxide ir
hexone arc determined by this method to asscortain the fitness of hexone
for usc in the Redox solvent-extraction battery. The mesityl oxide con-
centration of purchased ?eﬁone must be less than 0.3 wvolume per cent
(approxirntely 2.5 g./1). 1 Uranyl nitrate and nitric acld interfere
and arc renoved by extraction with water,

Degerdptlion: Tho absorption of a specific wavelength (231 millimicrons)
of light by a sample containing en unknown anount of mesityl oxide im
igo-octanc is compared with the ebsorption of etandard solutions contain-
ing known amounts of nmesityl oxide in ldo-octene. To determine the ab-
sorption effect of any hexone present in the original sample, a determina-
tion is carried out using a pure hexono-iso-octane blank and a sultable
correction 1s made to the result obtained on the unknown.

Time rogquirod per determination: 30 minutes,

Systematic error: Minus 1% to plus 1% (cstinated).

Pracision (99% linits): Estimated #£10%,

Sanplc size: ILess than 0.1 nl,

7. Hexono impurities - ‘IMeﬁgy;?Iabbutyl Carbinol

Application: Concentrations of methyl isobutyl carbinol (MIBC) es lowas
0.1 g./1, can be determined by this riethod, From the determination the
suitability of the solvent for usc in the Redox extraction batteries is
detormined. The methyl iscbutyl carbinol concentration,of purchased haxone
et not excced 0.6 volune per cent (approx. 4.8 g./l.L(l After pre-
treatment the concentration should be reduced to 0,03 volume per cent

(0.2k g./1.) or less.

Description: The method is based upon the preferential oxidation of
primery or sccondary alccoheols by acld dichromate solution. To a given
sarplc volwie acldified by the cddition of nitric acid, small titers of
potassium dichromate are added until the characteristic potassium dichro-
mate cclor deocs not disappear from the hexone phnse on standing after
vigorous shaking,

Tine requircd per determination: 20 minutes.

Systematic crror: Minus 0.1 to plus 0.1 g /1. (estimnted).

Precision €99% lindts): Better than £ 0.2 g./1. (estinated).

DECLASSFED
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8. Hexone Itpurities -- Methyl Isopropyl Piketone

Applicotion: Mcothyl isoprepyl diketonc concentrations in hexone greator
than 0.05 g./1. roy be deternined by this ncethod. This impurity is of
imtercst since it roy be formed in recycled hexone as a product of t?g)
reaction of hexone with nitric acid, Cherilesl Research Section date
show that concentraotions up to 28 g./l. cause no adverse effects in the
IA Colazm.

Description: The hexonc sarple 1s placed directly in a cell and fixed
woavclength (432 millimicrons) ultraviolot light is passed through a
known: depth of sample. The absorption of the sample -- mneasurcd by o
spectrophotoneter --  1e dependent upon the methyl 1sopropyl diketone
concentration in the sample.

Time required per deterninatlon: 20 ninutes.

Systenatic error: Minus © to plus 5% (cstimated).

Precision {99% linits): 109 (cebirnted).

Sorpple size: Aporozinntely 5 ml.

9. Hexone Inpuritics -- Orgonic Acids

Applicetion: In hexone soluticons containing no nitric acld, weak
organic acia concentdrations (ronorted os ccetic acid) as low as 0.01
g./1. ray be desccted by this method. The organic acld c?ngentration
of purchascd hoonc nust not cxzeced 0.95 volime per ceunt 1 (approx.
0.5 g./l.). If the acxonc solution contcins an anpreociable concentra-
tion of nitric oeid (i.e., column cxtractonts containing 0.2 to 0.5 M
HNO,) the method may be uscd to deteet organic acid concentrations
greater than 1.5 g./l.

Description: The seuple is diluted with isopropyl alcohol and the
organic acid concentration is determined potentiometrically by titrating
with standard potassium hydroxide. Two potcntiometric breaks are obtain-
ed, onc for any strong acids (i.c., nitric acid) rresent in the sample
and onc for the organic ccid end point. The velume of NaOH required to
titrate between the two end-points is a neaswre of the organic acid
present.

Tine requircd per deternination: L5 mimutces,

Systemotic crror: Plus ¢,

Precision (99% linmite): Lpproxiretcly + 5%.

Souplo size: Sunple should comtain sufficient organic acid to require
5 to O rl. of 0.1 ¥ KCH for the titration (i.c., 5 nl. of sample for a
sarple containing 1 g./l. organic ceid, enleuleted as acehic acid. )
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10. Hexone Impurities -- Oxidizing Normelity

DECLASSHae.

Application: The oxidizing normality of Rodox hexone may be used to de-
ternine the suitebility of solvent for reusc in the plant, T?e oxidiz-
ing normality ¢f purchased hexone should not exeeed 0.001 N

Description: The moles of ferrous iron oxidized per liter of hexone re-
presents the oxldizing normality of the hezone., Hecxone is agitated in
contact with a solution containing ferrous armonium sulfate, nitric acid,
and sulfanic acid. The decrease in the agucous phase ferrous ion con-
centration 1s determined colorinmetrically. The optical density of the
sarple is deternined by possing light of 508 nmillinderon wavelength through
a fized dopth of aqueous sample to which o-Phenanthroline has becn added.
{(o-Phenanthroline reacts with ferrous iron to form a red corplex) .

Tine requircd per determination: 30 ninutes.

Systematic error: Minus 5 to plus 5% (ostimated).

Precision (9979 limits): Better than £20:4,

Sanple size: Approximately 50 nl.

1l. Hexonec Impurlties ~~ Reducing Norrelity

Application: The reducing normnlity of Redox hexone roy be deternined
occasionally since It gives o rough approximntion ¢f the suitebility of

the solvent for reuse in the plant. Spcecifications limiting the reducing
norriality of plant hexone are not aveilable. However, since the main
contributor to the reducing nornality of hg;one is methyl isobutyl carblinel
the expected range of reducing normality (o 0.001) may be calculated

from the MIBC specificetion ( & 0,03 volune per cent). Since the method
is not procise the suitability of the hexone for reuse should be deter-
rined by the othor impurity nethods whenever possible.

Deseription: The moles of dichromate reduced per liter of hexone re-
Prescnts the reducing normality. A measured excess of standard sodium
dichronate is added to the sample, and theo cxcess titrated with standard
ferrous armoniun sulfate to the end:point of  ferrion indicator.

Tine required per determinotion: 30 ninutes,

Systenatic crror: Unknown ot tine of writing.

Precision {99% linits): Within a foctor of two (estimated).

Sanmple size: Approximately 25 nl.

12, Nitric Acid by Fluoride Complexing

Application: Tho nitric acld concentration of agueous and hexone solutlions
(groater thon 5 g./l.) moy be obtaincd by this method. Since the detor-
nination has proven satisfactory for srnll sarple volumes, it has been
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selected for use on "hot" radiocactive solutions such as IAW. This method,
rather than the potassium oxalate method; is used for solutions contain-
ing ferric iron since flucoride forms a "tighter" iron complex than the
iron-oxalate complex. The uranium, aluminum, and lron interferences are
ninimized by the formation of fluoride complexes when potassium fluorlde
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 1s 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 determinationm.

Time required per determination: U5 minutes.

Systematic error: Approximately zero to minvs 2% (estimated).

Precision (99% limits): Approximately +1 g./1.

Sample size: Mcothod is scaled down for micro determinations. Samples as
small as 0,010 ml. ney be used.

13+ Nitric Acid by Oxelate Complexing

Application: Both aquecus and orgenic sermples may be determined by this
method., Uranium, aluminum, and chromium ions interfere with the method
end must either be removed (Cr removed by precipitation as PbCroy) or
cbviated (ureniuwm and aluminum complcxed by addition of potassium oxalate).
Bince ferric iron forms & "tighter” complex with fluoride than with
oxalate, samples containing iron should be analyzed by the fluoride method.

Description: Thc nitric acid concentration is determined by a potentio-
metric titration with standard sodium hydroxide. If chromium and uranium
are present in the 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. Weter is added
to hexone samples and the potentiometric titration is made on the agueous
phasc containing the cxtracted nitric acid. For "acid deficient" samples
a mcasured amount of standard nitric acid is added to the sample so that
the potentiometric end-point may be approached from the acid side.

Time required per dctermination: Samples containing no intcrfering ions
~~ 30 minutes,
Samples containing Interfering ions
-= 45 minutes.

Systematic error: Approximatcely szero to minus 2%,

Precision (99% limits): Approximately 1 g./1.
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Sample size: If the radioactivity of the sample permits, sufficlent sample
should be taken to require approximotely 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. ‘

1k, Nitric Acid from pH Measurement

Application: This method may be uscd for the determination of the hydrogen
ion concentration for those Redox streams in which only onc appreclably
hydrolyzed component is present. The concentrations of the hydrolyzed
compounds must be accurately known since errors in these concentrations
contribute to the total crror of the determination. Of the solution com-
ronents normally expected in Redox 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 samplc 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 cither diluted or neutraliz-
ed so that the acidity falls within the sensitive pH range. The acld con-
centration is read from standard calibration curves.

Time required por determimation: Approximately 15 minutes foripH.detemmine
tion, However, the atuminum end uranium concentrations must be accurately
known., Thereforc, the time required to get an answer from the laboratory
may be controlled by the time required for an aluminum or uraniunm analysis.

Precision and systematic error: Since the precision and accuracy would be
dependent upon the error in the alumlinum and uranium analyscs these figures
arc not given. However, the pH meter mey be read to + 0.05 pH unit.

Semple gizc: Semples as small as 0.0 ml., may be used.

15, ©pH Measurement by One-Drop Electrode

Application: The hydrogen ion conccntration 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.

Degeription; The pH 1s determined poténtiomctrically by placing about
one drop of sample into the cup-sheped, onc~-drop electrode of a Model
G pH meter,

Time required per determination: 15 minutcs.

Systematic error: Dependent upon standards used to calibrate pH meter.

Precision (99% limits): <+ 0.05 pH units.

Semple size: One drop (not less than 0.075 ml.).
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16. Plutonium -- Chemical Assay Method

Applicetion: This method is used to determine plutonium concentrations
above 10 g./l., such as those present in Pu Concentrate. It may be used
to determine the "true" Pu concentration of & 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 end a suitable correction applied.

Description: Plutohium 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,

Time required per determination: Avvrorimetely 45 minutes.

Systematic error: Minus 0.5 to plus 0.5%.

Precigion (99% limits): *2.5%.

Sample size: 0.1 ml. for a sample containing 10 to 15 g./1.

17. BSodium Determined by the Flame Spectrophotometer .

Application: Aguecus phase sodium concentrations greater than 0.01 g./l.
may be determined by this method. The concentration of the solution must
be fairly well esteblished {except Na concentration) for the result ob-
telned with the sample 1s compared with standard solutions of approximately
the same overall composition.

Description: An agueous solution of sodium salt is atomized and then intro-
duced at a carefully controlled rate into a flame where it is ignited giw
ing off the characteristic yellow sodium color. The intensity of light
emission at a wavelength of 584 millimicrons is measured with a spectro-
photometer and compared with standard sodium solutions measured in the

same manner.

Time required per determination: 15 minutes.

Systematic error: Approximately plus 1%.

Precision (99% limits): Approximately +10%.

Semple size: A sample should contain approximately 0.0005 grams of sodiwm.
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Appiication: - The concéntrations of trace impurities in conéentrated urani-
um solutions (i.e., Decontaminated UNH Storage of 3EU Concentrate Sampler
Tank) may be determined by this method.

Concentrations of impurities in U30g 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 D.p.m.

As 5 Cr 10 ' Mn 5 P 5

B 0.2 Cu 20 Mo 20 S 2

Be 0.1 X 50 Wa 5 Sn 5

B 1 i 5 Ni 10 Zn 100 _
Ld 1

Description: The sample 1s evaporated to dryness, then heated to 700 to
BO0YC. in the presence of air to couvert UNH to U308. An aliquot of the
U30g . and a small amount of pure gallium oxide (two weight per cent) are
placed in a grephite 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
previcusly prepared standards. The gallium oxidc volatilizes during erc-
ing "flushing" volatile impurities from the U30g sample.

Time réquired per determination: Elapsed time ~- 8 hours.

Operator time -2 2 hours.

Systematic error: Debendent upon accuracy of the standards and the
sensitivity of the photographic pletes.

Procision (99% limits): At the lower limits indicated above precision

of approximately +100% may be obtailned.

Sample sizo: For a single spectrographic "shot" (a determination on

approximately onc third of the spectrum) a minimum of 100 milligrams of

U308 1s needed. Tor a totel mnalysis, duplicate determinations over the -
ehtire spectrum, & minimum of 600 milligrams of U308 1s required,

19. Sulfami¢ Acld -~ Gasometric Determination

Application: Aqueous concentrations of sulfamic acid in the range 0.3

to 25 g./1l. may be determined by this mothod. Concentrations greater
than 10 g./l. way be determined faster with comparable preclsion using
the potontiometric method. Compounds other than sulfamic acid which
contain the amino (-NH,) group interfere with the methed (such com-
pounds ‘are not ozpecteg in Redox stroeans).

Description: The sulfamete concentration of the sample ls determined
gasometrically by measuring the volume of nitrogen evolved when sulfa-
mate ls converted to sulfate Wy the addition of sodium nitrlte to a hot
acidic sample solution., Nitrogen and oxides of nitrogen are swept fron
the reaction veassel by pure cerbon dioxide. Carbon dloxlde, and oxides
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of nitrogen (formcd.by the reaction of sulfuri: ccid with any excess of
NaNOE) are obsorbed when they are nassced tirough o ceries of absorbing
solutions {liquid brorine, sodium sulfitc,-nd potassiunm hydroxide).

Tirne required per deternmination: Approxinctely 60 mimtes.

Systematic error: Minus 2 to plus 2%.

Precision (990 linits): & hd,

Samplc sizc:  Sample should contain apyorozinctely 2 milligrams of sulfnnie
acid.

20. Uroniun by Chromous Sulfatc Titrotion

Aprlication: The method may be used for hexone or agueous phasc sanplos
containing more thon onc gran of UNH ver liter {c.g., IAP, IBU, 2DU, Z2EU).
Nitrates interferc with the nethod and rmst be removed by heating with
sulfuric and fornic acids., If iron and phosphate are both present in a
scnple the methoed should not be uscd, Iowever, the method may be used if
either iron or puosphatc is present alone.

Sescription: Uronium is deternined volumetrically by titrating to the
potentlonetric end neint with standardized chrorous sulfate solution.

Time required per determination: 15 minutes.

Systcematic error: Approximntcely ninus 0.5%.

Procision (99% lirdts): Approxiratoly 3%,

Sarple size: The snample size is dependent upon the UNE concentration.
Sanple sizes should, if possible, be chesen so that the sample contains
fron 7 to 15 millicrans of UNH.

2l. Uraniunm by Coulonctric-Titration

Application: This method moy be used for the determination of ureniun
concentrations as low as 1 g./1. in all Redox streons.

Description; The sanple and ndded iron solution arc rassed through o lcad
reductor colunn to reduce the uraaiw: and iron to the gquadrivalent and
bivalent stotes, ruspectively, The solution is then placed in a coulornctor
cell cnd 2 constant current is prgsc Shrevgh the golution until the
potentioncter "breck” is reached. This hrook reproscents the conversion of
all the uroniun in the solution to VI, The length of tine the curront
flows before the breck is dependont upon the uraniw: concentration of thc
sarple. Nitrate ion interfercs with the nethod and must first be renoved
by boiling the sarple in the prescnce of hydrobrordic acid.

Tine reguired por determination: Aporoximntely %5 minutes.

Systenatic crror: Approxirmtely plus 1%,

Precision (994 lirdits): Botter than * 5%. . ca q F“En
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Sample size: - The sample chosen should contain espproximately one to ten
milligrams of uranium.

22. Uranium by 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-
porticnal to the amount of uranium present. A monochrometic 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 eb-
sorbs a fixed percentage of the uranium fluorescence the guenching 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 semple spiked
with a known amount of uranium.

Time required per determination: 45 minutes.

Systematic error: Approximately plus 0.3%.

Precision (99% limits): Better than * 20%.

Semple gize: The accuracy and precision figures listed above may be ob-
tained if the sample containg from 0.0l to 1 microgram of UNH,

23. Uranium by the Polarograph

Application: The polarograph ls an instrument availeble for the determina-

tion of UNH concentrations in aqueous solutions containing from 1 €o 20

g .UNH/1. Ordinarily, the fluorimeter 1s used for the detection of concen-

trations up to one gram UNH/l. in waste solutione and other methods (X-ray, .
Chromous Sulfate Titration,and Coulometric Titration methods) are used for

the detection of concentrations above 1 g.UNH/I.

Description: An e.m.f. is applied to a sample soluticn containing
hexavalent uranium. This applied e.m.f. is greduelly increased, with
only a slight increase in the "residual current” flowing through the
solutlon, until the decomposition potential is reached. At the decom-
position potential the flow of electrons and the diffusion current
guickly increase ss the U(VI) is reduced to U(V). The increese in diffu-
slon current is dependent upon the uranium concentration of the sample.
Por any given sample solution the diffusicn current 1s compared with
diffusion currents obtained for standard UNH solutlions in the same equip- -
ment. JIons 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 per determination: 30 minutes. EC[ASSIF'/ED

Systematic error: Approximately plus 2%.

Precision (99% limits): Better than * 6%.

Sample size: Dependent upon UNH concentration. For & solution contain-
ing 10 to 100 g UNH/1., a 1 ml. sample is required. For & sample con-
taining 0.2 to 10 g.UNHE/1., 5 ml. are required.

2k. Uranium by the X-Ray Photometer

Application: The method is used for either hexone or agueous solutions
e.g., 2DU, 3DU), containing high UNH concentrations (5 to 1000 g./1.).
Since the absorption of X-rays increases very rapidly with increasing
atomic number the sample to be analyzed must contain an appreciasble con-
centration of only one element of high atomic number. '

Description: X-rays are passed through s fixed depth of sample solutlion
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 ageinst known standard uranium concentrations until the absorption
of the aluminum matches the sample absorption,

Time required per determination: 20 minutes,

Systematic error: Minus 1 to plus 1%.

Precision (99% limits): %1 to 2%.

Sample size: The minimum volume required for routine analysls varles
with the uranium concentretion., Solutions contalning more than 100
g.UNH/1. are diluted to provide enough volume of 5 to 100 g.UNH/1l. solu-
tion to f£ill a photometer sample cell holdiug 3 ml. Larger cells may be
used if sufficient samplce is available.

D.  RADIOCHEMICAI. DNETERMINATICNS

1. Americium and Curium -- Coerium Fluoride Precipitation Method

Application: The method 1s used for the determination of americium plus
curium concentrations in the presence of plutonium in Redox streams con-
taining no omphoteric ions such as aluminum (i.e., JAF solution).

Description: Americium and curium are determined together and no attempt
i1s made to differentlate 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 quantite -
tively from the solution on cerium fluoride precipltate. The precipitate
is then washed, dried, mounted on a platinum disc, and counted by meang of
a standard alpha counter.

L
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If plutonium is also to be determined the supernate and wash solutions
are collected. The plutonyl and ceric iona are reduced with hyrdoxylamine
hydrochloride and then precipitated as fluorides. The precipitete is then
washed, dried, and counted.

Time required per determination: Approximatcly 40 minutes.

Systematic error: Minus 2 to plus 2%.

Procision (99% limits): +£10%.

Samplc size: If the radicoctivity of the sample permits, to obtain the
.obove stated preclsion, a sample sizc should be chosen so that approximately
200 alpha counts/minute are reglstercd on the counter. IAF solution may
contain from approximately 8 x 10LF t6 2 x 10° americium plus curium alrha
counts/minute/milliliter (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 memsurable sample volume) pro-
vides more than the required 200 counts/minute.

2, Cerium -- Oxalate-~Todate Prégipitction Method

Application: All Redox samples.

Description: Ceriun activity is separated from other filssion product
activitics by two precipitations. Cerium (including non-redicactive cerium
added as a corrier) is first precipitated with oxelic acid. The washed
oxnlate precipitate is dissolved in nitric acid; cerium oxidized with
bromate; and coric lodate precipitated. Tho separated iodate is destroyed
with oxalic acid and ceriun is reprocipitated as the oxalate for mounting
and counting. Since the radioactivity of the praseodymium daughter of
cerium is neasured, the mounted sample rmust be allowed to stand approxis
nately two hours before counting to permit the ceriumepraseodymium transient
~equilibriun to be reached. The "hard" beta radietion pessing through &7355
mg./sq.cm. aluriinun absorber is measured on a standard BGO counter.
Corrections are made for the corrier recovery which is determined from the

- welght of the final oxalate precipitate and the weight of cerium cerrier

- originally added.

Time requircd per determination: 40 rinutes operator fime,
. 2-1/2 hour elapsed time.

Systemctic crror; (500 to 5000 counts/minute) Plus approx. 10%.

Precision €994 limite): For 500 to 5000 counts/minute, £10%.

Sample size: If possible, for the above systematic error ond precision,
the somple showld be chosen so that 500 to 5000 countéﬁminute are regls-
tered on the counter. Since a 0.005 nl. IAF sample (the smallest accur-
ately ricasured serple volume) contains far nore ceriun (1 x 107 counts/
ninute) than rcquired for the enalysis, the sample is initially diluted
and an nliguot is chosen to give the required 500 to 5000 counts /minute; .
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3. Cesium ~- Chloropletinic Acid Mcth.odECLﬂSSlF IED

Application; Radiocesium in all Redox sowmples may be deternined by this
method.

Description: Radiocesium and a carefully neasured gquantity of innctive
cesium "carricr” remnin in solution when interfering fission products
are rcooved by secavéenging with ferric hydroxide formed in the solutionm.
Cesium 1n the supernote is then precipitoted ss the chloroplatinate fron
acid solution. The cesiun chloroplatinate precipitate is then washed,
nounted on a weighed brass counting disc, dried, and weighed. TFron the
weight of cesiun chloroplatinate the cesium recovery may be calculated.
The bote enission of the rodiocesium in the precipitate is then deter-
nined uging a standard BGO counter.

Tine required per dctermination: 45 ninutes.

Systerntic error: Approxinately ninus 10% above 1000 counts/minute.

Precision (99% linits): Above 1000 counts per minute, better thon *10%,

Sample size: To obtoin the systematic error and precision indicated a-
bove the sample should contain approxirnntely 1000 to 5000 cesiunm counts
per ninute. A 0.005 ml. IAF sample (the smallest accurately neasured
sample volume) contains far more cesiun (5 x 10° counts/minute) than re-
quired for the analysis. Therefore, the sanple is initially diluted and
an aliquot is chosen to give the requircd 1000 to 5000 counts/minute.

k.  Gross Beta by BGO Counter

Application: The BGO (Beta-Germn-0Offner) counter ooy be used for the de-
ternination of total countoble beta radiation, Gamrn radiation is count-
ed olong with beta but the proportion of gamma counts is genernlly only a
small fraction of the total and thercfore oy be neglocted, However, if
the gorrma counts are 2 large percentage of the total counts, the gammo
count rmust be deternined and beta caleulated by difference. The counter
ray also be used for gross garrm deternminotions but for nost routine
gross germa enalyses the Shonka charber will be used. Only beta radia-
tion (i.c., 0.15 M.e.v. bota or above) copable of passing through a 20
rg./sq.cn, aluninun absorber is counted in the test.

Description: The scmple is pipetted onto o wateh glass, evoporated to
dryness, and counted on a BGO counter, with o 20 ng./sq.cn. aluninum ab-
sorber interposed between the sample and the counter.

Tine required per determinetion: 45 minutes.

Preeision (999 linits): Approximotely & to 2% for a five ninute count
of a sample containing 1000 to 5000 counts per ninute,

Sanple size: If possible, to obtain the above precision, the sanple sizec
should be such that 1000 to 5000 counts/hinute are received by the countar.
(Sce the discussion ot the beginning of this chapter.}) One milliliter of
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IAF solution contains approximetely 5 x 109 counts/minute. Therefore, to
obtain the desired number of counts, a small volume (less then 0.1 ml.) is
diduted and an aliquot taken to give the required number of counts. The
recovered weanium solution in Decontaminated UNH Sitorage should contain
approximately 20,000 bete counts per minute per gram of uranium.

5. (Qross Gemma by Shonka Chamber

Application: Gross gamme mey be determined for all Redox samples which
contain from 0.02 to 1000 microcuries of gemma activity.

Description; A sample -~ ge&s, liguid, or solid -- is placed in the well
of the ilonizatlon chamber. The gamma radiation of the sample passes
through the imner well 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 lonizatlion chamber wall. The current is measured and recorded
using a vibrating-reed electrometer and recording potentiocmeter and com-
pared with the ionization current produced by standard radium samples.

Time required per determination: Less than 10 minutes.

Systematic error: Dependent upon similariiy of gemme radiation of the
sample to that of the radium standards. The standard radium samples ex-
hibit 12 different energy rediations ranging from 0.18% to 2.2 M.e.v.
The welghted average radiation is approximately 1.2 M.e.v,

Precision (99% limits): Varies with the gamma activity of the sample,
from *0.2% for 100-microcurie samples to approximately 1:0% for 0,02-
microcurie samples,

Saqgge gize: The ionization chamber well will hold any size sample up
to approximately 40 ml. However, 1f poselble, the sample size should be
selected so that the gamma radiation of the sample is between 0.1 to L
100 microcuries. One milliliter of IAF contains approximately 1 x 10
microcuries of gamme radiation. Therefore, an undiluted 5-microliter
IAF sample can be measured in & Shonka chamber.

6. Todine -~ Continuous Extraction Method

Application: The concentration of radiclodine may be determined for all
Redox semples by this method. If the radiocactivity ratio of ruthenium to
iodine 1s high (greater than 100), sufficient ruthenium mey 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 lodide carrier solu
tion and sodium bisulfite solution are zdded to the sample. Higher oxida-
tlon states of iodine are thus reduced to i1odide. Nitric acid and scdium
nitrite arc then added to the solution to oxidlze the iodlde. The icodine
formed is extracted into carbon tetrachloride then back extracted into a

sodium bisulfite solution., From the gammn activity and the total lodine

content of the sodium bisulfite solution which are determined by counting
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in a Shonka c¢hamber and by the Volhard wvolumetric method respectively,
the concentration of radiciodine in the sample may be calculated.

Time required por determination! Approximotely 30 minutes.

Systematic crror: Approximately minus 7%,

Precision (99% limits): Better than +10% for & Shonka current repre-
senting 0.1 microcurics of gamma activity.

Scmple size: The sample size should be chosen so that the current reg--
istered by the Shonka counter represcentec at least 0.1 microcuries of
garma activity. This amount of iodinc gammo activity is present in
approximately onc milliliter of dissolver solution prepared from 90 day-
"cooled" slugs.

T. Neptunium by TTA Extraction

Applicetion: This method may be used for “he determination of low Np237
concentrations in the presence of large quantities of plutonium (IBP) and
uraniun {Docontaminated UNH).

Description; Nepttmium and plutonium are scpoarated from uranium when thay
arc carriced on LaF; precipitate formcd in the solution. The precipitate
is washed and dissdlved with hydrochloric and boric acid. Plutonium is
scparated from neptunium by reducing Pu with stannous chloride to the
trivalent state which rempins in the agueous phasc when neptunium is ex-
trected into 0.5 M TTA (thenoyl trifluoro acotone) in bomzene., The
neptunium and a small amount of interfering Pu is back extracted into a
concentrated HCl solution. A large portion of the alrendy small Pu inter-
ference is removed by a second reduction and TTA extraction. A portion o
the organic phasc containing the neptunium is then mounted on o platinunm
dlsc, dried, and counted on a standard alpha counter.

Time required per determingtion: Approximately 90 minutes.

Systenntic error: Approximately minus 20%.

Procision (99% linits): Approximatcly * 104.

Sample size: To attain counting procision within the above limits the
sample should radicte approximstely 500 to 5000 neptuniun alpha counts
per mimite during ¢ 5-minute counting period. One milliliter of IAF solw-
tion containe approximately 500 neptunium alpha counts /minutc.

8. DMiobiwm -~- Potassiw Bromnte Mothod

Application: The radionioblum (formerly radiocolurbium) concentration of
21l Redor sanples mcy be determined by this nethod. The method should not
bo used for serimlce contalning en avwprociable fluoride ion concentration.

Desceription: Radloniobium and inactive corrier niobium are rrecipitated
as a nioblum hydrote from ¢ boiling hyirochloric-oxalic acid solution wha
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solid potassium bromate is added to the solution to destroy the soluble
niobium oxalate complex. Zirconium holdback “carrier" is added prior to
mrecipitation to nininize the interfercnce of "carrled" zirconium in the
precipitote. The washed nicbium hydrate precipitate is dissolved in .
oxelic aclid. The interfering rare earth radicactive clements are then
"carried" whon lanthanum end thorium oxalatos are precipltated. The
nicbiun in the supernate is reprecipitoted os potassium bromate is added
to the solution. The precipitate is woshed with diethyl ether, dried,
weighed, and the chemicel recovery calculated. The gorme radiation of the
dried precipitote 1s then counted on a BGO counter.

Time required per determinotion: Approximatcly 40 minutes.

Recovery: Better than 95%,
Precision (99% limits): +15%.

Sanple size: If the rodioactivity of the sample permits, for the counting
precision stated above, the sample size should be chosen such that a mini-
munm of 300 garria counts per ninute are reglstered on the BGO counter dur-
ing & five-ninute counting period. Since one rilliliter of dlssolver solu-
tion contains approximately 2 x 105 nicbiun garmae counts/minute, a 5~
nicroliteor sample (the smallest accurately neosured sample) would be more
than adegqueate for the determination.

9. - Plutoniua Adsorbed on Super Filtrol

Application: This method was developed to detect plutoniun adsorbed on
Super Filtrol scavenger before sending the Siuper Filtrol to underground
waste storage.

Description: Super Filtrol on which Pu hos gdsorbed is dissolved in con-
contrated hydrofluoric acid and digested with concentranted sulfuric acld.
An aliguot of the sanplc is then analyzed for Pu using the standard lan-
thanun hydroxide-sodium urancte method or the LaF3 method.

Tine required per determination: 150 minutes.

Recovery: 97 to 99% dependent upon riethod used for final Pu analysis.

Sonple size and vrecision: Sample size is dependent upon the plutoniun
concentration, and the procision required of the determination., For a
discussion of thcse factors refer to the beginning of this chapter. For
1 to 2 por cent counting precision the scriple size should be regulated so
that during a flve-minute counting period 3000 to 15000 counts per ninute
(approx. 0.04 to 0.2 micrograns of plutoniun) are registered on the stond-
ard ASP counter. If it is assumed that 0.2% of the plutonium processed in
the plant is adeorbod on the Super Filtrol 3000 counts/minute would bo
- present in approxirntely 0.01 ml. of slurry waste.

10. Plutoniun -- Direcct Evaporotion Method

Application: Plutonium may be deternined by this nethod for these streans,
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both hexone and agueous, containing little or no uronium (e.g., 2BP, 2BW,
3BP, 3BW, Pu Condensate). The sanple should be essentially free of salts
(less thon 0.25 ng.) which are not volatillized when the sample is evaporat-
ed to drymess, for such salts absorb a portion of the plutonium aclpha
radiation,

Desceription: The sanple is transferred directly to & platinum disc and a
smail anount of lonthanun fluoride is precipitoted on the disc to insure
even distribution of the plutoniun over the surface of the disc. The pre-
cipitatc is then eveporated to dryness ond the sanmple is counted on a
standord alpha counter.

Tirne required per determination: 45 nirutes.

Recovery: spproxinntely 100%.

Sanple size and nrccis@gg_ Sample size is dependent upon the plutoniunm
concentrotion and the precision required of the determination. For &
discussion of these factors see the beginning of the chapter. For 1 to
2% COanlng procision the sample chosen shouvld contain sufficient plutoni-
wra (0.04 to 0.2 micrograns) to register 3000 o 15000 alphd counts per
ninute on o stondard ASP counter during a S-minute counting period. A
S5-microliter sample of 3BP contzins more than 15000 alpha counts/minute.

11. Plutoniun -~ Fluoride Precipitation Method

Application: This is a radiocheniccl nethod which moy be used for the
determination of high plutonium concentrations {e.g.,Dissolver Solution,
Pu Conc.)}. When a hexone phase sanple (IAP) is anolyzed o snnll arnount
of acetone rust be ndded to increase the solubility of hexone in water.
The nethed should not be used for sanples (IAW, IBP) containing reletively
lorge concentrotions of ions such as aluninun which compete with plutoniun
for the fluoride.

L
Description Pu(III) and Pu{IV) arc scparated from interfering substances
by "earrying" thc plutoniun on 2 lanthonum fluoride precipitste 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
deternined by this nethod, the scmple rust first be treated with a re-
dueing agent (NHQOH-HCl) to convert the Pu(VI) to a lower valence statc.

Tine required per deternminntion: 90 ninutes.

Recovery: 99 to 99.5%,

Sarple size end nrecision: Sample size is dependent upon the plutoniun
concentration nnd the precision required of the determinotion. These
factors arc discussed at the beginning of the chapter. For 1 to 2 per
cent counnting ~rc01sion the sample size should be regulated so that during
a Seninuts counting period 3000 to 13000 counts per ninute (approximately
0.0k to 0.% nicrograns of plutoniun} are rogistercd on the counter. A
S-nicroliter sanple (the smnllest accurctely mensured sample volume) of
IAF contains approximntely 50,000 plutonivn alpha counts /minute.
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l2. PFPlutonium -- Tanthanum Hydroxide-Sodium Uranate Method

Application: This method is used for those streams which contain large con-
centrations of amphoteric lons such as aluminum which compete with lanthae
num during the formetion of LaF, precipitate. Among the samples which may
be analyzed by this method are }AW, ISW, 2DW, 2AW,and other waste solutions
contalning large concentrations of aluminmm nitrate.

Description: Plutonium is separated from emphoteric elements, particulerly
aluminum, when it 1s carried from the soluticn on a precipitete of La(OH)3
and sodium ursnate. The washed precipitate is then dissolved in nitric
acid and plutonium is reduced with NH,OH-HCl. This reduced plutonium is
carrled from the solution on a lLaF, precipitate. The precipitate 1s mount-
ed on a platinum disc, dried, and Counted in a standard slpha 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(IIT) is oxidized to CrOy * using Ho0p as the oxidizing egent.

Time required per determination: 150 minutes.

Recovery: Greater than 97%.

Sample size and precision: The sample slze 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 Re-
dox samples the method will be used for determining low Pu concentrations
requiring only fair counting precision. For approximately 20% counting
precision the ssmple chosen should {radiosctive level of sample permitting)
contain spproximately 0.0004 micrograms of Pu. A 5-microliter sample of
IAW solution comteining 1 x 10-% g.Pufliter is required for a determination.

13. Plutonium -- Tow-Level Plutonium by Fluoride Precipitation

Application: This method 1s used for the determinBtion of low plutonium
concentrations in the presence of relatively high uranium conceuntrations
(e.g., ICU, 3EU, Decontaminated UNE Storage). The method may be used for
analyzing hexone semples if & small amount of acetone is added to the
sample to increase its solubllity in water.

Deseription: An initial lenthanum fluoride precipitation is made to separ-
ate the plutonium from the bulk of the uranium and other interfering ions.
The precipitate, which has "cerried" the plutonium and & slight amount of
uranium with it, 1s then metethesized with potassium hydroxide to form
lenthanum hydroxide. This La(OH), precipitate (and the "carried" plutoni-
um) 1s dissolved with concentreted nitric acid and again treated with HF
to form a second lenthenum fluoride precipitate. The washed IaF; 1s
mounted on & platinum disc, dried, and counted on a standard alpha counter.

Time required per determination: 180 minutes.

Recovery: Aprroximately 95%.
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Sample size end precigion: Sample size 1s dependent upon the plutonium
concentration and the precision required of the determination. These
factors ere discussed at the beginning of this chapter. Generally only
fair precision will be reguired for these low level Pu streams. For
approzimately 20 per cent counting precision the sample sélected should
register approximately 40 counts per minute on the standard counter for e
5~minutﬁ counting period. A S5-microliter sample of ICU containing

1x 107 g.Pu/liter Is required to produce the required 40 Pu alpha counts/
minute,

~

1k, Plutonium ~- TTA Extraction Method

Application: This method may be used for the detection of the low plutoni-
un 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 TTA (thenoyl trifiuoro acetone).
To determine the total amount of plutonium in the sample it 1s therefore
necessary to reduce plutonium (end 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
"polymeric” Pu docs not extract it must be destroycd by initially adding
nitric acid and heating the solution. _

Time required ner determination: 60 minutcs,
Recovery: Greator than 95%.

Precision end sample size: The sample size chosen is dependent upcn the
precision requircd, the radicactivity 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 bo tolerated. As indicated in the beginning of this chapter
this precision represents a counting pericd of five minutes on & disc con-
taining approzimately 0.002 micrograms of Pu. '

5. Plutonium -- Zirconium Fhenyl Arsonate Method

Application: The method 1s designed primarily to differentiate between
PhEIIfT'and Pu(IV). The method is applicable when the Pu{IIT) to Pu(IV)
ratlo is high but when the rotio falls below O.h the accuracy decreases
rapidiy.

The method mey also be used to differentiate botween Pu(IV) and Pu(vI).
For this differentiation it is assumcd that a negligible quantity of Pu(ITI)
exists in a solution containing Pu(IV) and Pu(VI).

Description: Plutonium {IV) is carried frem acld solution by a zirconium
phenyl arseonate proecipitate while Pu(III} remains in solution. The sepa -~
rated precipitate containing the Pu(IV) is dissolved in hydrofiuoric acid.
Next the Pu(IV) is reduced to Pu(III) by hydroxylamine and carried on a

LaF3 precipltate formed in the solution. This preciplitate is then washed,
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mounted on a platinum disc,end counted in a standard clphae counter.

The Pu{ITI) remaining in the supernate from the zirconium phenyl
arsonato precipitation is carried from solution on a LoF, precipitate. The
precipitate is washed, mounted on a platinum disc, dried, and counted in a
stendard alpha counter,.

If the Pu(VI) and Pu(IV) concentraticns are being determined the Pu(VI)
remaining in the supernate after zirconium phenyl arsonatc precipitation
must be reduced to Pu{III) before it is carried on LaF3. '

Time required per determinetion: 150 minutes.

Recovery: Approximately 95%.

Semple size end preclsion: Sample size is dependent upon the plutonium
concentrotion, radicactivity, and precision required for the determination.
These factors are discussed at the beginning of the chapter.

16. FRuthenium «- Direct Reduction Method

Application: Radioruthenium may be dotormined in all Redox somples by this
method.

Description: A known amount of inactive ruthenium carrier is added to the
sample which is subsequently reduced to ruthenium metal with mognesium in

a strong hydrochloric acid sclution. The mctal 1s filtered, dried, and
~weighed. The "hard" beta cmission passing through o 355 mg./#g .cmealumitivn
absorbcr is measured on a standard BGO counter. The cffect of interferirg
activity of zirconium and cerium is minimized by adding inactive zirconium
and corium "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 ruthonium in the original samplse may be calculated.

Time required per determination: 30 minutes.

Recovery: Approximately 101% for high counting rates (10C0 to 7000 counts/
minuto;. Approximately 120% for low counting rates {less than 1000 counts/
minute).

Precision (99% limits): #+ 10%.

Sample size: For the obove counting precision the sample should emit
approximately 1000 to 7000 ruthenium "hard" beta counts per minute. A
S-microliter sample (the smallest accurotely measured samp%e volume) of
Dissolver Solution contains far more rodicactivity (1 x 10° Ru beta counts/
minute) thon required for the determination., Therefore, the scmple muat be
inftially diluted and a suiteble aliquot taken for analysis.

17. Zirconium -- TTA Extraction Mothod

Application: The method may be used for the determination of zirconlum in
all Redox samples. FPlutonium interferes with the method and rust be re-
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duced to Pu(III) by the cdditlion of NHoCH'HC1 to prevent its extraction
into the benzene layer.

Description: After careful adjustment of the nitric acid concentraticn
of the sample, zirconium is gquantitatively extracted into 2 benzene solu-
tion of TTA (thenoyl trifluoro acetone). The radioactivity of the benzone
layer 1s then measured in & Shonke counter.

Time regquircd per doterminetion: 35 minutes.

Systematic error: Minus 25 to plus 25% (cstimnted).

Precision (99% limits): * 2% (estimnted).

Sample size: For maximum counting precision the sample size should be
selected such that a currént represénting 300 or more garma counts per
ninute is registered on the Shonka counter. The required 300 zirconium
ganmr counts/minute are contained in a 5-nicroliter sample of Dissolver
Sclution.
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CHAPTER XXT, 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 imown 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 radicactive materials
was performed, -Although these standards provided valusble guidence during
the first years of the atomic energy development, the radioclogical 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 chape
ter deals primarily with the hazards of radiation and persomnel protection
methods other than shielding,

A, NATUEE OF RADIATIONS(S) -

Nuclear radiations are invisible and undetectable by the unaided
gsenses, They are of two general types: (a) bits of matter from the
nucleus of atoms (neutrons, beta, and alpha particles), and (b) electro=
magnetic waves called gamma roys or photons, The radiations emitted in
the chemical separation processes are alpha, beta, and gamma, Neutrons
are emitted only during the pile reaction and, thereforce, will not be cone
sidered in this chapter. '

1, Alpha Particles

As stated in the H,E,l/, Techniecal Marmal:(9) ~

Alpha particles are heliuwm nuclei of mass four and positive
charge two., They are ejected spontaneously by the nuclei of
uraniwn 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 radiocactive nuclei, are fast electrons
of very small mass, about 1/5000 that of an alpha particle. They carry
a negative charg? 3f one unit and are emitted with energies rarely ex-
ceeding 3 M,e.v, L} Their penetrating power is rather low (2 Me€.Ve
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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 (Bremsstrahliung, or
"slowing~down radiation®) may also represent a hazard,

3, Gamma EEXS

Gamma rays have a wave length roughly one=millionth the wave length
of visible light, The modt 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 matter 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, § inches of aluminum, or 1,7
inches of lead. Reduction of the intensity of this radiation by a factor
of 100 is obtained by uging 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 RADTATION EYPOSURE 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 lmowledge, 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,

le Definition of Terms

4 "roentgen® (r;) is a quantity of gamma or X rﬁxs that corresponds
to an absorption of 93 ergs per gram of water, (

A "rep," (roentgen equivalent physical) is a quantity of any
1oniz§5g radiation that will deliver an amount of energy (93 ergs)
equivalent to a roentgen to one gram of tissue,

A M"rem," (roentgen equivalent man, or mammal) is that dose of any
radiation which produces a biological effect equal to that produced
by one roentgen of high~voltage X radiation, This is not an absoe
lute definition, A voltage of LOO kilovolts, or more, is considered
a high voltage.{h) One rep, of another type of radiation, deliverw
ing an equivalent amount of energy, would create more rem, of damage
than one rep. of gamma or X rays as followss(7)
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Gamma or X rays 1ry wlrep. =1 rem,

Beta particles == 1 rep, & 1 rem,

Alpha particles ' 1 rep. ® 20 rem,

4 curie is a measure of the activity of a radicactive material, The
sample is said to have one curie of radicactivity 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 ragther than the number of atoms disintegrating per unit of
time, the number and types of particles emitted per disintegration
must .be known or estimated to convert the radicactivity measurements
to curies, This conversion from "counts® to curies is discussed in
‘more detsll in Chapter I, The absolute curie defined above should not
be confused with the "countable" curle explained in Chapter I1I,

2, External Radiation Fxposure Limits for Hanford Works(5)

2.1 General body exposure

General body exposure limits for radiation dre set for certain critical
tissues, the selection of which depends on the irradiation pattern, For
gamma radiation of quantum energy less than 3 M,e,v,, the critical tissues
are probably the blood-forming tissues (i,e,, the bone marrow) conventionm
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 ine
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 C,P, 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 & depth equivalent to 7 mg./

.sqfm, For this radiation the maximum permissible limit is 1.5 rep.

per week to the surface of the body*, However, in praciice, beta radiae
tion is almost always accompanied by gamma radiation, For such a come
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 bedy, the gamma and beta components
being considered additive., Since surfacs dosape rates cannot be detere
mined easily for mixed radiations, the maximum permissible limit at
Hanford is taken as 0.3 rep. per wesk 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

SRRiigancision 1s made,
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2,2 Exposure of hands and forearms only

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, h

3« Permissible Contamination Maxima for Hanford Works

Permissible concentration levels of radicactive 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 osder of their atomic number) which are of concern in the Redox
Plant: (2

Retention Concentration Concentration in
in Body, in Air, Drinking Water,
Radioisotope Microcuries Microcuries/Cu,Cm, Microcuries/Cu,Cm.
Kr85 (a) 1.y x 105 (a)
sr89 2 approx, 2 x 1 7 x 10=5
8{90 (+70) 1 approx, 2 x 10=i0 8 x 10~7
7131 03 - 3 x 109 3 x 105
Xel33 300 5 x 1076 ) x 103
Xel35 100 1.7 x 10=0 1.5 x 103
U {natural) ‘0,07 (s0l,) in bone 1,7 x 10~i1 (a)
0,009 (insol.) in lungs
Pu239 "0,0L (sol,) 2x 10-12 1.5 x 10-0
0,008 (insecl,) in lungs
Fission products (a) 1 x 10=9 (a)
(1ixed)

(a2) Limit not determined,

L. Permissible Personnel Contamination ILimits(5)

Permissible contamination limits for persomnel and clothing are set
S0 that overexposure of personnel and undue spread of contamination are
considered impossible, The following table presents these limits:
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Skine-general
Skinmehands

Shoes (personal)em
soles

Shoes (personal )me
surfaces other
than soles

Clothing (personal)

Clothing .
(protectivem=SWP)

Types of
Contamination

ALl
Alpha (Pu)

Beta

Alpha (Pu)

Beta

A1l
Alpha (Pu)

Beta
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Maxiram Permissible
Contamination

No detectable contamination,®

Less than 500 disintegrations/min,
total per hand as determined by
Fourwfold Alpha Hand Counter,

15 registers per 2L seconds with
scales of 8, on FouraFold or Fivee
Fold Beta Hand Counter,

Less than 500 disintegrations/min.
with Poppy.

I"ixed on bettom of shoe after
cleaning==25 registers per 2l
seconds on scale of B shoe
counter,

No detectable contamination,*

No detectable contamination.* .

500 disintegrations/min, per O,1
square feet,

1 mrep,/hour surface dosage rate,

% Monitored with Poppy for alpha (low limit of detection s 500
dis,/min,) and G.M,=type instrunment for beta and gamma (low
limit of detection = 100 co,/min, )

5, Surface Contamination Limits for Hanford Wbrka(g)

5.1 Radiation panger -2 ones and regulated areas

Control limits are as deemed necessary and practical by the Operating
and H,I, Divisions concerned,

52 Nonmregulated 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 elsborate provisions in building and equipment de#ipn and
in equipment operation have béen made for the protection of pefsennel
from the hazards of radiation. In addition to these safeguardd, it is
considered essential that a thorough and constant program of rddiation
monitoring be maintained so that accidental overexposure of pexsénnel
is avoided, o -

The chief items requiring constant and careful monitoring 4re ine
cluded in-five categories: (a) operating areas and equipment, (b)
personnel, (c) ventilation air, (d) stack gas, and (e) environ#y De’
seription of the detailed monitoring procedures and equipment dsed at
Hanford Works for health protection is beyond the scope of this .chapter,
but the following discussions cover the general features involtéd in
the control of radiation hazards in each of the five categories,

1. gggiﬁon;ng_QQ'Qggrating Aqégs and Bauipment

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 (M) stations

Fixed monitor stations which measure and record iﬁstantaneous radiaw
tion levels in the Redox Plant are located as follows:

Location of Chamber = - Nunber Location of Recorder
Pipe Galleries 6 Dispatcherts office
Canyon Deck b Dispatcher!is office
Remote Shop 1. Dispatcherts office
Decontamination Room 1 Dispatcherts office.

" Train Tunnel L Dispatcherts office
Crane Maintenance Platfomrm 1 Dispatcherts office
Silo Crane Deck Level 1 Dispatcherts office
3ilo Sampling Gallery 1 Silo Operating Gallery
Silo Feed Tank Level 1 Silo Operating Gallery
Silo Operating Gallery 1 Silo Operating Gallery
Operating Callery 11 Operating Gallery
Sample Galleries 6 SWP Lobby
Canyon Crane Cab 1 Crane Cab

A complete installati?? consists of an ion chamber, a Beckman RIG ampli-
fier, and a recorder, ) FFiber ion chambers are used for gamma monitoring;
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an acetate window permits it to be used alse for beta monitoring, Radiation
fields which can be detected reliably are limited by ionization chamber vola
ume, which is gtandardized, and by the Beckman amplifier, which provides

six sepsitivities permitting measurement of fields from 0,03 mr,/hr, to 300
re/hre- The Operating Division mist change the sensitivity on the canmyon EM
Chambet amplifiers yhen operatiens (e.g.l charging of & dissolver) in the
canyon change the radistion level, The HM instruments are calibrated waekly
by the Health Instrument Mivision.

1.2 Portable. survey instruments(S)

The value of any radiation survey is. dependent on’ the judgmsnt of the
survqyor in seleeting an instrument, maklng the survey, and interpreting
the data. If quantitative measurements are made, survey instruménte must
be used in substantlally the same manner as they were calibrated, Otherw
wise variable 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. pass;ng ‘through gas in an enclosed
chamber) qualitative indications can sometimes be obtained when an instrue
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 used as ¢lose as possible to the area bedng
examined and with no absorber (papex, film of- water, etc,) between the
source and the sensitive element, -

Tha—matter of a time constant must not ba averlooked in making any
survey with a direct-reading instrument, . Bvery instrument requires a
fixed amount of time, usually of the order of saeconds, for it to reach
a steady reading, or to give any reading at all, It is quite possible to
miss radioactive contamination or beams by too rapid survey of the area,
For these reasons, considerable skill and experience are required of the
_su:veyor 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, drafts, or mechanical disturbances of
the chaMbers,may affect their readings in some cases,

Six of the most common portable survey instruments are classified
below: )

Instrument ﬂ Funation Rad;atlon ge(a)' - . Comments
) ) : ‘ i ' . ) .
' C.P.(b)“2 : Measurement Beta - 0=35,000 mrep./hr. ‘Light weight
- of radiation  Garma  0=5000 mre/hr. and very relie
_ - field, o _ -able.
Zeutél,}- ,Detection_af;, Alpha  0O=50,000 disg,/min, ~ Very satisface
... surface cone.. Beta ~ Om200 mrcp./hr. ' - tory for general
tamination, © o usage.
Juno Detection of Alpha ' Owmely, 000, OOOdis./%un. Versatile,.
.. . surface con- Beta = . 0-.15,000nr /hr. S
tamination and .. Gamma -~ - 0w5,000 mr, :

measurement of
radiation fleld,

m— ~ DECLASSIFIED  e——




-— »» DECLASSIFlEp ~ amemes

Instrument Function R;diation Range(a) Comments
Poppy Detection of  Alpha Greater than 500 Many special
surface cone dis./min, probes available,
tamination, . Probes quite
fragile,
Portable Detection of Beta Detection oﬁ}y - Instruments are
GaM, surface cone Gamma 080,000 co,/min, equipped with

tamination and probe,
measurement of
radiation field,

Portable Detection and Beta(>0,5 Detection only Stable ZEY0,

Beckman neasurenent Meeove) 1~2000 mr./hr, Very short time
of radintion Garma constant,
fi=1d, -Heavy,

Notes:t (a) Values for alpha and bets are typical values and
may vary to some extent from one instrument to
another,

(b} This is the completc designation of the instrument.,
Officially the letters no longer stand for "Cutie
Pie"‘

The description of the Juno below, illustrates the principle used for
distinguishing and measuring the dosewrate of an individual radiation in
the presence of other radiations, Although the other instruments differ
in their physical arrangements and electronic circuits, this principle
is the same, The ionization chamber window of the Juno can be covered
by a nylon shield and an aluminum shield, Any reading on the microammeter
when both shields are in place is caused by gamma rays penetrating to
the ionization chambers; the intensity of gamma radiation is obtained from
a curve relating scale reading and mr, per hour, For measurcment of beta
radiation, the aluminum shicld is removed, and the microammeter on the
instrument is read a second time., The increase in microamperes above the
the previous reading is caused by the beta radiation and is interpreted
on the beta calibraticn curve, When both the nylen and alwninum shields
are removed, the microammeter reading represents the total alpha, beta,
and gamma radiation present., Subtraction of the second reading from
the third gives a reading which is referred to the alpha calibration
curve, Since some soft beta radiation is absorbed by the nylon shield,
this latter reading represents small quantities of beta radiation in
addition 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 for
contamination and cleaned, if necessary, before it is returned to storage,
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2. Monitoring of Personnel

2,1 Special Hazard Bulletins - QECLASS,F ,ED

Procedures issued by'the Special Hazards Committee form the basls 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
. Zonest " '

Bulletin No, 2 == 'Procedure for Suspected or Known Excessive Radiation
Exposure or Contaminatione™

'Bulletin~No=-§.- "Contaminated Waste Disposal."
Bulletin No, L == "Procedure for Injury in Contaminated Work Zones,"

Bulletin No, E we "Procedure for Intereirea and Off-Plant Transfer of
Special Process lNaterials." '

Bulletin No. & == "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 exposurc monitoring

‘ATl persons working in thoSe plant areas in which exposure to radia~
tion is considered possible are required to wear two pocket meters, or
"pencils®, and a film badge. These instruments are intended to indicate
the degree of beta and gar o radiation exposure which each individual
experiencesg. ‘

The pocket meter is essentially an ionizatlon 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 meters are read at the end of each shift of use and
can indicate gamma dosages from 5 to 200 mr, Since these chambors nmay be
discharged by mechanical shock, dropping them or otherwise subjeoting
them to sharp blows should Le avoided.

The £1lm 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 exposurs to beta

and gamma radiation, Perforations in the silver shield are used for
permanently recording the wearerts 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 bath a Poppy and G.M,.~type instrument) after
each exit from a Radiation Danger Zone, before eating or smoking,: and bew
fore leaving the process area for the day, However, hand and shoe gounting
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 for imediate and thorough investie
gation and decontamination by approved methods, : C o

3¢ Yentilation Air Monitoring - o -

The methods of air sampllng and analysis described in this section
apply to particulate radicactivity only, They are of no value in monitore
ing of radioactive gases such as xenon or krypton, and they pick up only
approximately five per cent of the radioiodine, FExperience has shown that
such coverage is adequate, unless radical changes in dissolving schedules
are introduced, S . _ L S .

A vacuum air sampling system is installed ih 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 sixwfoot hoses provided which make them semim-portable in that
it is possible to move the air sampler to within two feet of process soluw
tion sampler boxess Sixteen sample points are ‘loceted -on the canyon walls,
four feet above the deck and staggered on north and south walls, The ree
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 vacuum pumps, one pump being wired
to the emergency electrical system so that continuity of sampling is assured,

The Health Instrument Division has the responsibility for sampling and
analyzing the air in the bullding, Filter papers used for colleeting the
samples are of two types: (a) Chemical Warfaré Service Type 6, an asbestos
paper; and (b) Whatman L1 Ashless filter paper. The filter paper, l-1/h
inches by 8-1/2 inches, is inserted into a brass, perforated, cylindrical
head with 70 per cent free area, Air is drawm through the paper until %
minimum of 200 cubic feet has been pulled in approximately 10 minutes, (5)
However, continuous samples of eight hours or gréater duration offer a |
better indication of the particilate activity that personnel might inhale

~while working prolonged periods in an area,

Particulate contamination cellected on filters is measured by its
activity. When the ashless filter paper is used, the paper is digested
with acid, and the solution 1s 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 obr Miéa iHndow 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. 1ife, '
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standards composed of “a blank and a series of films exposed to known
~ radiation sources are processed, : The exposure experienced by the wearer
" is detdrmineéd by-comparison of* the blackening of the wearerts film with
- "the ‘standards by means of a sénsitive ‘densitometer, Over a range of 20
. mre to 2071, of radiations, good acruracy and reproducibility are obtained.
" The film badges ‘are generally worn for a twowweek period, aftér which they
are monitored and reloaded, " If the pocket meters, one as a déuble~check
of the other, indicate that the individual has been éxposed to significant
radiation, the film badges are processed immediately,- The developed film
comprises a permanent record of each employeel!s exposure to bebta and gamma
_ radiation,” Whére radiation exposure of the hands may be significantly
© higher than to’ the whole body, hand monitors in the form of rings contain-

g film are worh glso,

“ 7 Routine interim physical rechetks are wade on process plant employees
so that any systemic radiation effects would be detected.” For separations

.. process plapt employees, routine thyroid checks for detection of radiom

" iodine are made, = Eriployees routinely give large-volume urine samples
_which'are analyzed for presenea of plutonium and/or other radioelements
when applicable, S

" 263 VMogitoring_qffperscnnel leaving a Radiétion Danger Zone

 Personnel worlting in a Radiation Danger Zone wear protective g¢lothing
and equipment prescribed by the supervision of the Hoalth Instrumént,
Operating, and Servicing Divisions when the Special Work Permit is issued.
' ‘Protective ¢lothing and equipment of the following kinds are prescribed:

Body protection® -~ coveralls, laboratory coats, rubber suits,
" Foot protectlon == plant-issue sheoes, shoe covers, rubbers,
Hand protection =~ canvas, rubber, or leather gloves,
- Head protection =~ c¢loth or rubber hats, .
~ Respiratory protection - respiraters, assault masks, fresh air
B masks, breathing air supply, or Chémox
maskse

.+~ Before removaly protective clothing should always be surveyed with
‘detection-type instruments for contamination. This is done in the S.W,P.
Lobby uhich is the exit from all Danger Zones, Removal of foot protection
i8 done first in a manner so that the individual steps from a potentially
contaminated area into a clean area without transfer of possible contami-
nation to the floor of the clean aréa, The shoe covers are discarded
into a bag for contaminated laundry, The next step involves the survey
of all protective clothing and exposed skin surfaces, Both the Poppy

and GeM, instruments are used for a complete survey for alpha, ‘beta, and
‘gamma~emitting radicclenrents, If contamination is found, extra precaution
must bé*taken in the removal of the clothing so that contamination is not
spread, A resurvey of the individual must be done after his clothes are
renigved, The used clothing is'placed in arother 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 nust be made on both alpha and beta~gamma~type
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The Standard Parallel Plate Chamber or the Long Tom Chamber is used
for counting the alpha activity which is emanated frem radon, thoron,
their daughters, and plutonium (or uranium), Two counts are taken, the
Usix~hour" count and the "twentymfourehour® count, From these two counts
the background due to radiocactivities controlled by the Th B deday rate
can be obtained and the activity of the plutonium (or uranium) can be cale
culated, If both plutonium and uranium are possibly present in the air,
their concentrations can be determined either by chemical analy#is of the
contamination collected on the filter paper or by range determinations
on the alpha particles, Respiratory protection is required if the activity .
determined from an air sample indicates air contamination in excess of
one of the following working limits:

Fission products (mixed) === 1 x 109 microcurie/cu,cm,
Plutonium 3 x 1011 picrogram/cuscm,

Uranium - \ 3 x 1075 microgram/cu,cm,

he Stack Gas Monitoring

The stack gas is monitored for particulate activity; at present,
activity due to radicactive noble gases is not monitored, Prior to the
installation of scrvhvers and filters in the waste gas lines fgsm the
precipitation process plants, much difficulty was experienced( “with
contamination of the areas around stacks by radioactive droplets, dust
particles, and radioiodine, Both the precipitation process plants and
the Redox Plant have extensive filtering and treatment facilities so
that ground contamination from stack gases should be eliminated, Howe
ever, monitoring of the stack gnses is necessary as a check on the
satisfactory operation of this equipment,

In the Redox Plant, waste gas sampling points are provided at the
inlets and outlets for each of seven filters, A large sand filter is
provided for filtration of outgoing ventilation air, Separate glass
wool filters are provided for the following: (a) each of the throe dise
solvers, (b) oxidizer, (¢) vessel vent. header, and (d) condenser vent
header. In addition, gas samplers are installed in the stack at positions
ten fcet above the breeching inlet to the stack line and four feet below
the top of the stack, TFor particulate activity, samples similar to those
used for ventilation monitoring are taken at these points on a routine
bagis and analywed by the Health Instrument Division, No samples are
taken specifically for radioiodine, krypten, and xenon, but the filter
paper is kmown to retain about five per cent of the radioiodine activity,

5« EBEnvirons Monitoring

During 194E to 1951, the amount of radicactive materials (i,e,,
particulate maiter and iodine) released into the environment has been
greatly reduced particularly that from the Separation process plant
stack gases) however; Telease of radioad ases {Xénon, K¥ypton
rElC, ) has not been reduced 8 necessary to know wilh &ccuracy that
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the wastes released are not ?dgersely affecting the welfare of the regions
A typical month!s monitoring(7) involves taking and analyzing 600 samples
of river and well water; LOOO air samples; 500 samples of vegetation, soil,
and mud; and making 15.surveys of special areas with portable Instruments,
Montheby-month distribution of radio-materials in the air, water, and

. earth around the reservation is mapped, and, in addition, radicactivity
measurements at scores of locations outside the reservation are reported.

D. EFFECTS OF RADIATION oN TuB opy(l)

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
nethods employed in plant operation during the past seven years have prow=
vided an extremely safe operational enviromment, 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 himeelf in his work
with the awareness that considerable thought and éffort has gone into the
evolution of workable and reliable safe practices, Every effort is being
made to expand and apply new knowledge on radiation hagards and treatment
as it becomes available, Therefors the subject matter to be described
will have to be amended and revised from time to time, '

1, Qeneral Principles Governing Biological Bffects
1,1 Effects on tissue |

The site of action of rediation upon human and animal tissues _
is the individual cell, The part of the cell most sensitive 1o radiation
is the cell nucleus; the materidl surrounding the nucleus 1s also sensitive,
but to a lesser degree, Specific changes which may be deteoted in a cell
following irradiation are as followss

(a) ngog*ais e dizsolution of the cell with a shrinking nueleus
i an

olumping of the chramatin in the nucleus, A structurelsss
mass pesults which may go to liquidatlon.

(b) Changes in cell division == mitosis may be stopped, or
aiugﬁfer CeIIE'may develop into glant gells.

(c) Changes in function of the cell ~w @eg., motility is stopped
or aepresaea, sacreting cells 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 irradiatlon effect does
not exist,

1,2 Radiosensitivity and reversibility

Although all body tissues are affected by radiation, certain tigsies
display a higher degree of vulnerability than others when exposed to the

DECLASSIFIED




_ 19
— e DECLASSFED o

same source of radiation., Radiosensitivity is a term which denotes res
lative vulnerability of various tissues, Iymphoid tissue, bone marrow,
sex organs, and the lining of the small intestine are the most radige
sensitive tissues. lluscles, 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 abilaty for tissue to return to its previously normal state
after it has besn exposed to radiation, The degree of reversibility
depends upon ths 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 takc the mlace of the tissue it replaces, The
latter effect is said ‘o be irreversible, Although a tissue may be ree
paired a few times Zollowing 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 ree
ceived and the exposure vate 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.L Biological effectiveness of various radiations

The various ionizing radiations produce qualitative effects which are
indistinguishable from each other, However, the biological effects of the
different radiations are not quantitatively equivalent, as indicated in
Section 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 particlets charge
end 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 congidered as
that of the ejected particles,

2, Effects of External Radiation

The characteristic effect on the skin of overexposure to radiation
is the production of erythema or redness, This effect resembles sunburn
except that the interval between a single exposure to the radiation and
erythema is about Y4 weeks, At Hanford Works the concern for this injury
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ig not from a single exposuré bub from small daily cverexposures whlch may
lead to more serious effects. :

Radiation hag no appreclable ‘effect directly on the circulating blood,.
The effect 18 primarily on the ‘tissues which form the blood, Changes in
the blood count may be observed within an howr after total body oversxposure,
The rapidity and magnitude of the observable effect and the recuperation
time depend upon the dose and the rogenerative powers of the blood=forming
tissue, Blood counting is, therefore, an early and available index of overw
exposure to radiation, When some cells in the blood are destroyed, many
functions of the blood (l.e., respiratory, nutritive, excretory, and protece
tive) are impaired, the. degree of impairment depending upon the scvority of
cell destruction,

The following excerpt from The'Effécts of Atomle WEaﬁgns(l) pregents

- the most recent information relative to THS. 'e?fect ont humans of large

acute exposures to radiation:

- Because 1arge 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 animale,
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 marked variations
among individuals insofar as sensitivity to radiation is concerned,
The probable early ef ests of acute radiation exposures to the whole
body are shown,below- -

Acute Dosc ‘ Probable Effect
w iy ;
Om?5 r, No obvious injury.
. 25450 1, Possible blood changes but no
' serious injury. -
50=100 r. Bloodwcell changes, some injury;
- N S no disability,
- 100=200 r, - Injury, possible disability. -
200400 v, ' Injury and disability certain,
" death possible,
400 r, . ' Fatal to fifty per cent,
600 r, or more Fataly

With referenca to any of the SpGleic acute dosos in the above table, Some
what larger exposures may be received, with an equivalent likelihood of
injury, if exposurc is protracted over several dafS or weeks, or 1f it is
limited to a portion of the body, .

3. Effects of Internal Radiation

The effects of taking radioactlve materials into the body depend on
the nature of the radicactive 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, iodine
concentrates in the thyroid glands whether it is inhaled or ingested,
Plutonium (which deposits in the bone marrow) is more dangerous when
inhaled or introduced through a wound than when it is ingested,

 Radioactive materials in the body cause injuries similar in nature
to those from external radiation but more locallzed, Iodine has a
tendency to destroy the thyroid gland cells and, therefore, indirectly
cause interference with the regulation of growth and other functions of
the body, Plutonium and fission products destroy the blood=forming
mechanism in the bone marrow,

e Treatment of Ragiation Injuries

A great deal of experimental work has been done on treating of
radiation injuries. (6) No practical method has been found for preventing
the death of cells or tissues heavily injured by radiation, However, the
regencrative powers of the body are great, and if the body can be helped
to survive the acute stage of iliness, even the most radiosensitive
tissues may be able to resume their normal functions, Many treatments
help the body through the acute stage of the illness, Whole blood, plasma,
and plasma substitutes revive the blood supply to the body, Penicillin
limits infections. Certain materials, such as toluidine blue, help to
reverse the tendency to bleeding, Physicians also maintain the salt and
water content in the patientts body. Adequate nutrition, especially with
substances used by the body to manufacture proteins and cells, is also
necessary,
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PART V: SAFITY, continued
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CHAPTER XXII. SHIELDING

Rodioccetive fisslon products arc forned during irradiation of the
wraniun siugs, as described in Appendix A. The high initizl beta ond
gamma radionctivity due to these fission products in the slugs decreascs
with "cooling', as discussed in Chapter II. BSince this radiocactivity is
harnful to persomnel, they rust dbe protected from it by distance or by
intervening shiclding moterinls. 4s discussed below, the vessel walls
obsorb the beta radistion, but scveral fect of concrete are required to
reduce the very ponetrating garmo rays to.o harnless level.

Irradinted uraniun emite.three principal types of radioactivity:
slpho ond beta porticles, which are discussed in Section A, below, and
gorra roys, or photons, which are discussed in Section B of thie chapter.

A. ABSORPTION OF ALPEA AND BETA PARTICLES

1. Alpha Radiotion

The isotopos of uranium and sane of the transurcnic elenents which
are formed during irrsdiction emit olpha perticles, which ere heliun
muclel. Due to their large rmss (comparcd with electrons or photons)
and double charge, the ion production per unit length of path (i.c.,
rate of encrgy obsorption by motter through which the particle passes)
is high, This ncans that the total cncrgy of the particle is absorbed .
in passing through a relatively grnll anount of mmtter, the distance
traveled being known as the rangs in thot meterial, For exanple, the
ﬁggge of the %.18 M.e.v. (Million clectron volts) alpha particle from

is approximately 1 inch in eir, 0.001 inch in the dend layer of
skin, 0.0006 inch in aluninum, ond 0.00035 inch in lead. Because of
the above-montioned short range of clphn particles, alpha radiation is
on inportant hazard only when the clphs onltter is taken into the body.
No shiclding ie rcquired to protect personncl from external olpha radia-
tion. '

2." Betz Radiotion

Fiszsion products and some of the tramsuranic elerents which are
formed during triadiation, as well as sore of the doughter elenents of
uraniu, emit electrons known as beta particles, or beta rays. Beta
particles do not produce as many ions per mwdt length of path as elpha
particles ond, therefore, are nore penctratlpg. For exarpley the 2.3
M.e.v. beta particle from eilther UX, or Rh1%0 nae a range of approximate-~
ly 25 fect in air or 0.15 inch in nfuninum, Beta porticles do not normal-
ly penctrate contoiner woclls. They constltute a rodiction hngard only
whon tokon imto the body, or when the individuol is exposed directly to
the source, such as the exposed surfoce of o solution containing beta
enitters, or ¢ barc rodicactive netal.
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B. ATTENUATION OF GAMMA RAYS
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1. The Gamma-Ray Attenuation Problem

Most fission products and transuranic elements which are formed duxr-
ing irradiation, as well as most isotopes of uranium and its daughter
elements, emit e very penetrating form of radistion known as gemme rays.
Gamma rays are electromagnetic radiatiomns, or photons, originating from
a nucleus. Unlike elpha and beta perticles, gamms rays have no definite
range in matter, but are ahsorbed approximetely according to an exponen-
tlal law on passing through the material. The range of gamma ray energles
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 mey be accomp
lished by distance. by passage through matter and by scattering. The
various attenuation mechanisms are considered in detaill 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 galleriles, 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. The
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 plece, in
the case of columns. Each of these dimensions approximately equals the
effective distance from the particular radiating source to the outside of
the shiclding wall, Therefore, the attenuation factor for that source is
only that required of the mass of the shield and is not a function of dis-
tance. Attenuation factors listed arc those required for uncontrolled

zones.
Gamma Rey Intensity
Source Intensity. R./Er. %) Attenuation Factor
{90 Days "Cooling ™) Required
IAF Tank 1750 2 x 107
TAF TankiB) 3000(®) % x 107
Waste Concentrate
Receiver 600 6 x 106
IA Column 185 2 x 106
IB Column 0.2 2000
IBP Recelver 0.4 k000
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
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2. Attenuetion by Distance DECLASSIF'ED

Apart from the attenusting effects of any matter through which the
radliation passes, the intensity of gamma reys at any point varies with the
distance from the source. It ie also a function of the shape of the source,

For a mathematical point source gamma rey intensity is inversely pro-
portional to the square of the distence from the source. For an infinite
llne source the intensity is inversely proportional to the first power of
the distance. At points close to wvery large plane or bulk sources the in-
tensity is not reduced due to distance alone, although, of cource, atten-
uatlion takes place by the absorption mechanisms discussed under 3.2, below.

Ag an approximation usually sufficiently close for practical purpoees,
& real object source may be consldered a point source when the distance of
the receptor from it is greater than the largest dimenslon of the source.
Thus a sample or & tank viewed from a sufficlent distance may be treated
asg a polint source.

Similarly, a long source, like a column or plpeline, may be treated as
an Infinite line source 1f it 1s longer thon the dlstance to the receptor
and its ciameter subtends an angle smcllor than 60° at the receptor.

Large bull sources or surface sourcces, guch as process vessele or
spills vicwed from above, produce an intensity which either does not vary
with distance or decreases more slowly thon inversely with the first power
of the distance. This is true when the digtance 1s less thean the dismetar
of the source. The intensity varies inversely with nearly the square of
the distance when the dlstence ies larger than the diameter of the source.

3. Attenuation by Passage through Motter

3.1 Goeneral

Unlike alpha and bota particles, gemme reys are not completely stopped
by passing through a certain thickness of matter, but are attenusted by &
factor which is, approximately, an exponcntial function of the thickness of
matter traversed. This ettenuation is the result of pertisl absorption of
the gomme rays by three possible mechanisms: photoclectric absorption,

-Compton scattoring, cnd pair production. These absorption mechaniems are

described, and their relative importance under various conditions is dis-
cusged, under 3.2, below. The cclculation of attenuation factors for
gemma rays of various energics passing through varioue shielding materials
is discussed under 3.3, below.

3.2 Absorption mechonlsms

3.21 Photoelectric absorption

Photoeloctric 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 et low gamma energles and in-
creases with the atomic number of the absorber, In light elements, such
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as oluminum, the photoelectric effect accounts for most of the absorption
up to about 0.1 M.e.v. TIn heavy elements, such os lead, 1t 1s effective
up to about 1 M.c.v.

3.22 Compton scotiering

Compton scattering 1s o collision of a photon and an electron in
one of the outer orbits of an atom in which part of the photon's encrgy
is used to eject the electron from an atom, while the remainder of the
gnergy appears s & scattercd photon. This process accounts for most of
the absorption in the intermediate cnergy range (0.1 to 10 M.e.v. in
aluminum. 1 to & M.e.v. in lead). Compton absorption varies with the
number “of clcctrons per cubic centimeter of absorber end hence is pro-
portional to the demnsity of the absorber. Therefore, in the energy range
where this process predominates, the effectiveness of a shield is roughly
proportional to its sectional density, cxpressed in groams per sguare cou-
timeter, and is ncarly independent of the composition of the shield.

Compton absorption decreoses with incroosing gammes energy.

3.23 Pair production

Pair production occurs when o photon enters the field of o nucleus
and is converted into a positive electron {positron) and a negative
electron, plus a certein amount of translotionnl energy of these particles.
The clectron is ebsorbed like ¢ beta roy; the positron collides with
another elecctron and the mass of the two particles 1s converted into two
0.5 M,e.v. photons. This phencricnon occurs to o significant extent only
at vory high gomma encrgics (nbove 10 M.e.v. in aluminum; above & M.e.v.
in lced) and incrceases rapidly with the energy of the photons and the
atomic number of the absorber. Palr production does not take place to awy
significunt extent in Redox Plant shielding, since the highest gomma cnergy
encountercd is only approximately 2.5 M.e.v.

3.24 Absorption in lend

Figure XXII-1 shows the contribution of each of the absorption mocha-
nisns to the total cbsorption of gamma radiation in lesd. Individual and
total obgorption coefflcients are plotted as functions of photon energy.
Below approximately onc M.e.v., photoclectric ebsorption is the predomi-
nating mochenism; from about one to four M.e.v., Compton scottering accowmts
for most of the obsorption; and cbove this range absorption by pair produc
tion becomes particularly significont.

3.3 Attenuation calculations

3.31 The actenuation equation
The attonuotion of gorma rodistion upon possage through matter may

be computcd from the following ecquation, baosed on the combined effects of
the absorntion mechonisms involved:
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where I <= radlation intensity afterltraversing.t centimeters c:f‘“i
absorber, in roentgens/hour;

B = a correction factor for secondary photons produced by
Compton ascattering (see text and table below);

I, = initial radietion intensity in r./hr. at 1 cm.
(dee 3.23, below);

e = 2,718;

p = absorption coefficient in reciprocal centimeters
(see Figure XXIT-2).

The absorption coefficient, », is equal to the reciprocal of the meemn
free path, in centimeters, of the radiation in the absorber. This mean
free path is the thickness of absorber required to reduce gemma ray in-
tensity by a factor of e.

The empirical correction factor B sllows for the photons which ere
not destroyed (but merely reduced in energy end diverted) by Compton
scattering. The megnitude 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 afg?r the radietion has
traversed several mean free paths. XRecent dats indicate that this is
not true, It s possible that B increases with the shield thickness, ft,
ralsed 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 helow,

Megnitude of Correction Factor B (7,8)

Abgorber Correctlion Factor B
At 0.5 M.e.v. At 1.0 M.e.v, At 1.5 M,g.v. At 2.0 M.e.v,
Afr - - 6 -
Water 6 3 —— 3
Conecrete - 1.5 - -
Steel li2 1.2 1.2 1.2
Lead 1.0 1.0 1.0 1.0

For use in the equation above, Figure XXII-2 presents a plot of the
total absorption coefficient (1) as a function of gamma ray energy, for
each of seversl common absorbing meterials. Also included are two other
ordinates, related to the sbsorption coefficient, which in some cases are
more convenlent to use: (a) the thlckness in inches required to reduce
the primary radiation intensity by a factor of 10 and (b) the mean froe
path, in centimeters. It should be emphasized, however, that the thick-
ness to reduce the primary radiation by & 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 Calceulation of initial rediation intensity

For the practical application of Equation (1), above, the initial
radiation intensity, I,, of the source must be known in the current units.
Values of I,, in r./hr. at one cm., for point sources and large sources,
may be calculated by means of the equations shown below.

The inteneity of radiation from a point source, in r./hr. at one ci.,
may be computed from the curies of radicactivity, C, and the photon energy,
E, in M.e.v., as follows:

I, = 5500CE..cteenreacnsneranarunrcnns N ¢2))
In & large source, such as the JAF Tank, a considerable fraction of

the intensity is absorbed in the source itself and appears as heat energy.
It is evident that rediation from incremental volumes near the surface is
not attenuated, but rediation from incremental volumes some distance from
the surface will bc attenuated to an extent dependent on the distance the
ray traverses in reaching the surface. Thus, the fractional contridbution
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 & source onc mean-free path in thick-
ness, measured in the direcction of the beam, without self-sbsorption. The
intensity of radiation from the IAF Tank is thus computed from the curiecs
ver ml. of IA¥, c, for each photon cnergy, E; the mean free path, 1/Fq
in cm.; and the projected area, A, of the tank in sq. cm. as "seen” by the
receptor,

I, = 9990 cEA
B

LRI BRI R I I R I A # 9 ¢ o H B e A sy (3)

To compute the intensity penetreting a shield the intensity arrived
at by Equation (3) is divided by the square of the distence between sourcc
and reccptor and by the attenuation factor of the shicld. For a rigorously
accurate solution, this must be done for cach energy and the intensitios
summed to obtain the total intensity. However, a sclution accurate enough
for most practical purposes may be cbtained by the use of counservative
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 cnergy of 1.5 M.e.v. will gencrally
yield approzimately correct results.

4.  Attenuation by Scattering

h.1 Scattering by solid objucts

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 encrgics. Thesc photons are scattered in all directions, some
of them cscaping from the slab on the same side ag the source. The net
cffect is a "reflection" of a portion of the primary reay. However, unlike
the reflection of light, the fraction of the rhotons which rebound are
scattered back away from the surface in all directions.
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In the design of shielding, gamme rey ettenuwation resulting from
scattering by the shield must be considered in eddition to attenuation by
passage through the shield., If there is any possibility for radiation to
be scattered around & shield or through an opening in the shield, the de-
sign must insure adequate attenuation by scattering. In practice this is
accomplished by meens of lﬁbyrinths. The labyrinth provides an adequate
thickness of shielding for attenuation (by ebsorption) of straight-line
radiation and, at the same time, attenuates to a harmless intensity the
radiation which 1s scattered through the labyrinth by successive "meflec-
tions",

Flgure XXII-3 gives relationships useful for estimeting energy and
inténsity valué for photons scattered from a thick sleb. The problem 1s
illustrated by the sketch which shows a ray from & source, S5, incident at
a given angle 6;, to a massive scatterer of unit projected area as defined
in Figure XXII-3, and scattered into unit solid angle at a given angle, .
The scattered angle, ©, measures the devietion of the scattered ray from
the path of the primary ray. All angles are measured in a plane pessing
through the source, the scattered, and the receptor.

The twe plots in Figure XXII-3, for primary rays at energles of 2 and
0.5 M.e.v., respectively, show intensity functions versus angle of "reflec-
tion", Op, for various values of angle of incidence, 6. If the cross-
sectional area of the incident gamma ray st the scatterer is less than the
projected area of the scatterer, the smaller area is used in computing the
scattered radistion 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 cousiderebly too high. When the source and/
or the scatterer may not be considerocd "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 scetterer
resulting from exposure of each to all parts of the source.

The energy of the major component of the scattered radiation may be
comptited with the equation given on Figure XXII-3., The remainder of the
scattered radiation will be even less energetic since it originates from
multiple scattering.

When an opeming, such as a doorway, 1s provided in a shield, it must
be in the form of a labyrinth so that direct radietion will traverse the
usual shield thickness. For exmmple, an opening in a 5-foot shield must

. be constructed so¢ that any straight radiatlon path passcs through at least
5 feet of shield csleulated by adding the distance in each part of the
labyrinth, In addition, the radiation which enters the opening must be
subjected to a sufficlent number of scattcrings to reduce the intensity
of radiation reflected through the labyrinth to a harmless level.

h.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
redistion intensity due to sky shine is presented, in Flgure XXII-4, for

radistion projected vertically in a moderately narrow cone {approximately
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1 steradian# or a 60° angle) with the receptor at the level of the source
at & horizontal distance, d. However, for radiation projected into a cone
of solid angle approaching 2 # steradians (i.e., a hemisphere), #his figure
yvields intensities several times too low. For large angles (greater than

x steradians or 120°), the eguation given on the figure may be used as an
approximation. This equation is based on 2 M.e.v. primary radiation.

C. BEDOX PIANT SHIELDING

After its discharge from the piles, irradiated uranium 1s transported
to the 212 Building for storage. From storage, it is transported, as re-
guired, to the Redox Processing Building (202-S)for processing. During
all phases of these operstions, shielding adequate for personnel safety
is required., ©Buch shilelding has been incorporated into the design of facili-
tles in accordance with principles discussed ebove. Radistion intensitles
are thereby reduccd to & maximum of 0.1 mrep./hr. (milliroentgen equiva-
lent physical per hour) in uncontrolled zones or 1.0 mrep./hr. in conirolled
zones,

Irrediated uranium slugs are traunsported;, by railroad, in massive
casks (described in Chapter XVI) which provide 12 inches of lcad for
shiclding. This shielding reduces gommz intensity outside the cask to the
order of 1 mr./hr. Each cask houses onc bucket of uranium (approximately
one-half ton}. Upon arrivel at the 212 Building, the irradiated uranium
is stored under a minimum of 16 fcet of wmter. Since the water provides
adequate shielding, the remaninder of the 212 Building is of conventional
construction., After the required "cooling” period, the slugs are trans-
ported to the 202-8 Building.

At the 282-5 Building, the bucket of slugs is removed from the cask
by means of the crans. During this operation, the intensity of radiation
beamed through the railroed 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
personncl, they must withdraw to the Gatchouse.

The principal shielding clements in the 202-S Bullding are concretc
walls and roofs. For economy of design and construction, the thickness of
any continuous wall is constant. The thickness is that required to give
protecction from the radiation source of maximum intensity shielded by the
wall. Thus, the shiclding for many parts of the building is mere than
adequate.

The upper walls of the coanyon are 3 feet 10 inches thick and werc
designed to protect personncl in the operanting gallery when one bucket of

B e Eo s M L R e i L e sy e ih e S M M L B A e ek o M 3 mr M e T T e e s e b Al e A o e e e e e

#) A storddisn 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 entirc sphere subtends L 7
steradions,)
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slugs 1ls suspended near the wall, The ceiling of the cross-canyon passage
is 4 feet thick and protects persomncl from slugs overhead. The lower cem-
yon wallyon the north, ie 5-feet thick and protecta an operator in the
sample gallery (a controlled zone) from & full charge in a tank directly
through the wall from him. The lower canyon wall, on the south, is 5 feet
6 inches thick end protects an operator in the storage gellery (an uncon-
trolled zone) from a full charge in a tank on that slde of the canyon.

The roof over the dissolver cells ond railroad tunnel is 9 inches thlck,
This protocts people outside the bullding from sky shine. Over "colder”
ports of the building, roof thickness is reduced to 6 inches. Except for
the westornmost ccll cover on the north side, all cell covers arc 4 fect
thick, This permits nccess to the canyon when covers are in plece and no
radicactive moterial is above deck level.

To eliminatce direct radiation to the crane cab, the cabway is shieclded
by B concrete wall 2 feet 2 inches thick. The crone operator in the cab
. 1s provocted from scattercd radiction by h-l/E inches of steel on the top
ond upper sides, 3 inches on the lower sides, and 1-1/2 inches on the
bottom,

The silo-wall thickness of 3 feot 6 inches wos determined by the
shielding requiremonts for the IA Column filled with TAF. Silo windows
aro 3 feet thick for the TA and IS Colummns, and 20-inches thick for the

other columns,
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Nomenclature Note

I= Intersny ar receptor, r./hr

I: Intens’y at sgurce,r./hr.at lem

a,= Distance from source to scatterer,cm.

d, Distance from scatterertc receptor,cm.

&z Projected area of s
= {sin ﬂ’cosc?i)(or ;

receptor)
& -Scattered angle (FOB)

ﬂ: Angie of inclination of plane of incident
and scattered ray to scatterer

The energy, E, in MEM of the scattered ray may
be computed from the following equation:-

E 14196 E, (1~ Cos &)

E,
‘Equation from TNX - 7, Figure §
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PART V: SAFETY, continued

CHAPTER XXIII, DECONTAMINATION OF SURFACES
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CHAPTER XXIII, DECONTAMINATION OF SURFACES

A.  INTRODUCTION

1. General

Surfece decontamination will find arpplication in the Redox Plant for
the removal of radicactivity from the various operating equipment and
areas in order that personnel mey approach the equipment to make necessary
maintenance changes. The circumstances requiring the removal of activity
from surfeces will vary widely. The intensity of radicectivity present in
the verious areass within the plant will cover a very wide renge and the
types of work which require decontaminetion of equipment and ereas will
algo vary considerably. The total radioamctivity 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 resduced in radicactivity by factors up to 1
compared to the original specific activity., Conseguently, for most mailn-
tenance work it will be necessary to remove equipment from the areas as-
soclated with process steps preceding the IB Column because of the high
degree of contemination present. Areas snd equipment assoclated with rro-
cess steps subsequent be this point, although designed for remote hand-
ling and maintenance, mey possibly be reduced in rediation 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 neceseltating meintenence attention be reduced in the
degres of contamination. The second condition demands not only that the
specific plece of equipment be decontaminated, but also that all other
pleces and structural elements which "see" the zone where work 1s to be
performed be reduced to & tolerable level as determined by the length of
time required to perform the work.

The decontemination of process eguirment resolves essentlally to the
problem of removal of radioactivity from stainless steel. This perticular
meterial has received considerable study, and a falr degree of success has
been realized up to the present time. The structural and supporting ele-
ments of the plant are fabricated almost sclely from concrete and mild
steel, These meterials asre extremely difficult, if not impossible, to
decontaminate, . Within the plant, all non-stainless steel elements with
& few very minor exceptions have been protected with Amercoet No. 23, a
proteqtive coating which has good resistance to process chemicals and
prohibite wetting the bere material with contaminante. This permits the
use of chemical reagents for deconteamination purposcs which might other-
wise react with the unprotected suxrfaces.

Decontamination of the surfaccs 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

ractice and laboratory studies, and from Oak Ridge National Laboratoriles
ORNL) experience in semiworks and pilot plants. The usefulness and feasl-
Pility of decontamination has been demonstrated at those sites. TFor ex-
ample, at ORANL one building has been used, successively, for pilot plant
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operations on the BiPQ) process and voerious solvent-extraction processes.,
During theese overotions, total rodioactivity ranged from tracer level to
full Honford level, The nrincipal difficulties at that site were en-
countercd in the decontamination of concrute and mild steel surfaces. Tl
gtainless stcecl process eguipment lent itsclf readily to adequate decon-
taminntion. The ability to decontaminate under thesc condltions has on-
abled the unit, which 1s maintaincd solely by contact methods, to function
more or less contimuously for six years. The confidence in,decontamination
which has been developed at CRNL is exomplified by =o report(lo describing
a proposnl for a scparstions plant cmploylng only contact maintenance.

Previously developed decontamination technigues satisfied specific
conditions but will not necessarily constitute optirmum procedures for tho
Redox Flant, For example, nitric acid 1s a widely used reagent which could
give unfavorable recsults under some circumstances because of its etching
actlon on stainless steel. Similarly, meny other reagents have been ro-
ported to be efflicient in the removal of radicactivity, but the effects o
their reweated uee on the surface being treated have not been noted or
correlated, The following sections describe the reagents and techniques
which hove been onployed for decontaminotion procedures, together with any
qualitative or quantitative results which have been obtained. Further
study of decontominntion problems 1s expected to lead to more rapid and
less costly nmethods,

2. Tominology

The procedurc of decontamination has given rise to the use of certain
special terns and concepts.

The term decontonination 1is used to designate the removel of radio-

active chomical clenents from solid surfaces.
Contominants are the radioactive slunents present on the solld surfacc.

Mocionism of contamination is the means whereby the rodioactive ele-
ments arce tronsferrced to and fixed to the solid surface.

Decentamination methods are the moons utilized to remove the radio-
active elements, They may be generally classified as (a) physical -- totnl
or partial removal of the contaminated surface; () chemical -- reaction
with the radiosctive clements or the larger mass of the associated non-
radicactive materials to convert to a soluble or extractable condition; amd

¢) physico-chenical -- suspension by surface-active agents.,

B.  APPLICATION TO ITDOY TIANT

1. Factors Inflroncing Decorntarinction

Because of porticular process sand design characteristics, it is anti-
cipated that decontanmination of surfaces will find more applicaﬁion to the
Redox Plant than has been the case with the BiPO, plants. Some of these
characterigtics and their effects are described below,
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(8} Tho inactive enions and cations in the Redox rrocess solutions
do not normally form insoluble compounds, and any deposits form-
‘ed by exceeding the saturation point, such as would result from
leakege and cvaporation on an externsl surface or concentration
within stegnant zones in ovaporztors or concentrators, should be
removeble with water flushes. In contrast, relatively insoluble
- phosphate and fluoride compounds constitute & nccessary patt of
the Bismuth Phosphate process. Consequently, the removal, by
simple water flushes, of deposits resulting from leakage or
gplashing onto normally dry surfaccs has not been effective.

(b) The Redox Flant' incorporatos more advanced design for confining
process materiels within the interior of processing equipment.
Most gonerating equipment such as agitators and centrifuges arce
totally sealed, All tanke are comnected to a closed, venting
system which will confine the perticulste activity resulting
from agitation and movement by pumps and jets from vessel to
vessel,

{c) The employment of continuous flow oguipment in the Redox proccss
necgesiteted increased mechonicel complexity with o greater possi-
bility for equipment replaccment and adjustment.

(d) The zones of activity level will be reduced to & low level within
the first decontamination cycle, This will increase the proportion
of the total proceesing aree which con potenticlly be service ty
direct-contact, SWP maintenance.

(e) Pacilities (Remote Shop, Rugulated Shop, Decontamination Room),
a5 described in Chapter XVIII, have been provided for servicing
repolrable contaminated oguipment.

2., Provisions for Application of Docontamination Procedurcs

2.1 Protective coatings or sheathing

Structural elements in the plant have becn either protected with a
chomically resistant coating, such as Amercoat No., 23, or constructed of
18-8 Cr-Ni stainless steel., Thus, =ll exposed concrete within cells hes
been protected with Amercoat No. 23, with the exception of the areas imme-
Glately around the extraction columns which ere protected with stainless
steel sheathing. Structural steel elcments and cortein equipment fabricat-
ed from carbon stecl 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 cquipment which is normally wetted by process solutions hos
been febricoted almost entirely from stoinless steel. Some Important but
relatively smoll olements wtilizo Stellite, boron carbide, and Teflon, All
of thesc moterials have exceptionally good resistance to chemical attack

and are cxpcectod to be readily decontamiggc
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2.3 Design featurcs

Procoss eguipment design utilizes drainable and flushable surfaces
for all components normelly In contoct with process solutions. The pro-
cess equipment also incorporated wator-Flooded senls for 2ll pumps and
agitator shafts which, in conJunction with the wvent header system, effce-
tively rootrict major contaminotion to interior surfaces of the process
system,

C. STAINLESS STFEL

The procoss equipment components {tanks, lines, pumps, ete.) of the
Rodox Flant are fabricated olmost entirely from the 300 series of chrome-
nickecl stainless stecls. The specific typo employed has been chosen on
the basis of corrosion resistance and the type of fabrication permissible.
The decontamihetion of stalnless steel will consequently be of prime
interest. O8ince the problem of ‘decontaminotion is solved by an empirical
approach, discrimination between the types of the 300 series is not justi-
fiablec excopt by rcason of the superiority to corrosilon resistance of the
25-12 Cr-Ni type over that of the 18-8 Cr-Ni type.

The contamination of stainless stecl can be placed in four categories:
(&) clpha contaminonts on internal surfaces, (b) alpha contaminants on ox-
ternal surfaces, (c) beta and/or gomm contaminants on interior surfaces,
(&) beta and/or gomme contaminants on exterior surfaces. The recommended
rrocedurcs arce based on empirical rosults obtained at Oak Ridge National
Laboratories and Hanford Works. In pgeneral the least corrosive decon-
taninant should be used s¢ that ottack upon the equipment may be mainteln-
ed ot o minimum. Internal surfaces should be Tfirst in the sequence of de-
contaminotion because of the greater freedom ond control associated with
this operation.

1. Internol Alpha Contomination

Internal elpha contamination will generally be most severe in equip-
meht associcted with steps subsequent to the IA Column and, primorily, with
steps subscquent o the 2D and 2A4 Columms.

MNitric acid is the preferred decontamination rcegent, as the chemistry
of the principul =alpho contaminants (Pu and U) favors selution in this
medium, Sixty per cent acid is the most cffective, slthough lesscr con-
centrations have been used successfully, Some judgment must be exerciseod,
as 1t 1s possible to roughen hLighly polished surfaces with strong (20% or
greater) acid. Normelly, o temperature of 25 to 30°C. 1s adequatc. Goncr-
al physical and chemical principles indlente that higher temperstures would
be more offective, although there is no substantiel informotion to support
this,

2, Extornal Alvha Contamination

The most probably srecs of external olpha contanination within the
Redox Plant will be coincident with those for internnl contamination. Tie
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problem of decontoaninating external surfoces is complicated by the possi-
billty of extending the contamination to otherwise clean areas. Therefore,
caution must bo exercised, since the noed for decontaminating surfaces
adjacent to those originally contaminoted may be increased by unrestrict-
ed and uncontrolled flushing.

The following precautions should be observed in decontaminating ox-
ternal surfoces:

{a) The redistribution of existing contamination should be limited
to the smallest possible arca,

(o) The surface should not be flooded with water or other decon-
tarinating reagents.

(¢) The surrounding surfaces which night be wetted during the de-
contaminetion treatment should be protected,

(4) Conteminated matcrials such as tools, rags, swaobe, or gloves
should not be placed in uncontaminoted arens. Diaposable con-
tainers such as bags or boxes should be used for storing of all
cleaning supplics.

The choice of decontanination recgents will be dependent on factors
such as the originel surface finish, ncccssity for preserving the finish,
and linitotions of droinsge facllitics for solvents or highly reactive
chemical agents. The materlals listed below have been found to bhe useful
for roon-tomporature application, but tihelr reletive effectiveness has not
Peen cstablished,

(a) Nitric acid (60 per cent).

(b) Organic solvents; e.g., Stodderd Solvent, CCly.

(¢) Cltric acid (20 per cent).

(d) Pormonganate-bisulfite. The sequonce of operations consist of
scrubbing the surface with saturated KMnOh solution, removing
the KMn0), by wiping, scrubbing the surface with 10 per cent
NoHSO3 solution, and flushing the surface with water,

(@) Chromic acid (corrosive to stainless steel).

(f) Abrasives; ¢.g,, Bon Ani.

3. Internal Beotz and/ér Garma Contonination

Boto and garma contanination will be the predominont contariination
through the IA Colurn and, because of the less favorable chenistry of the
fission products, mny accurmulate in subscquent procesg equipment despite
the large decontamination achieved through the first decontamination cycle.
Since nost of the surfaces contanineted with beta and/br garma contaninants
will alse be contaminated with alpha contaninants, it is general practice
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to use nitric acid for the first flush, particularly if any significant
amount of plutonium holdup is suspected, Although beta and/or gamma con-
taninants are not completely removed by nitric acid, it is believed thnt
it is useful in removing the major portion of non-radioactive materials
constituting the £ilm in which the radioactivity 1s bound.

Oxidizing, reducing, and complexing agents have been successfully
used at Gak Ridge National Laboratories. In one instance, a dissolver
tank with an originel activity level of 80 roentgens/hr, at 10 feet was
reduced to 10 mr./br. at a distance of 3 inches. The various decontanis
nating agonts uscd and theilr rclative effectiveness ave indicated in Table
XXITI-1,

In cddition to these liquid decontaminants, live stean has been re-
perted to assist naterially in the decontaminating process. The optimm
conditions of its use have not beon established. The nechanisn of decon-
tariination with steam is not fully understood. It 1s conjectured that it
penctrates ninute recesses inmccessible to ligulds., Tt is belleved thet
it also ects by the exertion of sone abrasive action.

L. Exteraal Bute end/or Gomma Contaminntion

The nest vroboble zZonces of contauination will be coincildent with
those for intcrnal comtamination. This decontamination problem is the
nost difficulit of the four discussed because (a) the flush solution is not
confined by the cquipment and (b) precautionery neasures to restrict the
spread of contunination by the decontaminoting agents cannot be employed
because the range of the goarme rays prohibits the approach of personnel to
the contaninated surfaces. The decontaninating agents recornended for tle
preceding casc (Subscction 3.) can be crployed for removal of the con-
tenination. To minirmize the fraction of contaminetion on the surfaces con-
tacted by the decontaoninating agents in the course of their flow from the
arca undergoing treatmnent to the collection point (sump or drain), the
entire wotted area should be liberally flushed with water as a concluding
treatnent.

D.  OTHER MATERTALS OF CONSTRUCTION

1. Iron and Carbon Stecl

1.1 General

Iron and carbon stecl have been crployed for machine and structural
clencnts {(c.g., clecctric notors, jumper broces) which are not normally
wetted by process solutions, As installed, these elenents are protected
by a cherically resistant coating, Anercoot No. 23. The type of contan-
ination coxpected on these surfaces follows the pattern given in Section ©
of this chapter. Experiecnce with decontanination of unprotected iron or
steel hos becn generslly unfavorablc, Conplete rerioval of the contarinat-

ed plece, if possible, appears to be the most proctical solution to the
problicn.
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- Nitric acid, elthough effective in decontaninsting chrome-nickel steels,
is not effective in the decontanination of unprotected iron and steel., The
degree of re-adsorption of the highly diluted, radioactive elerents by the
freshly formed, unoxidized metallic surfrco appears to create a practical
obstacle which limits the dccontonination. In the couwrse of trying to de-
contaminatae s?g? unprotected iron and stecl surfaces at Osok Ridge National
Leborcteries 7/ water flushing reduced the neasured radiation from 10
roentgens/hr, ot a 3-foot distance to 10 roontgens/hr. at a distance of
1.5 foct., Subsequent treatment with solutions of HNO., and HC1 did not sig-
nificantly reduce the rondiation intensity. In additidn to the ineffective-
ness of acidic solutions, their use inecreases the difficulty of successfully
rerwoving the contamination with subsequent decontaminating agents becausc
of the surface~ctching effect of the aid.

Alkaline solutions {sodium carbonate) ond detergents have been report-
¢d, on a qualitative basls, to be the most offective agents.

2. Concrete

Conerete, in the absecnce of o protective surfoce coating, retains con-
taninants to a high degree. Chendecl or physico-chomical reegents have not
been effective in renoving either chenileclly fixed or physically adsorbed
radioactivity. The Redox Plant hos becn designed and constructed on the
basis thot conercte surfocces will always be protected by o chenically re-
sistant coating (Amercont No. 23). In the cvent of contormination which
renctrates through to the concreto bzse 1cterial, only two courscs appear
practical: (a) physical removal of the contamincted surface, or {b) shicld-
ing of contcminated conercte surfoce to pernit necessary naintenance work
In the immedinte ares of contaminntion.

3. Gloss

The use of glass in the 202-8 Bullding is limited to the silo viewling
windows. Gloss finds its greatest application in the constructlion of labo-
ratory cquipment., As such, no gencral predictions can be made regarding
the proboble type of contaninotion., A fivc.per(gint solution of NH)HF, has
been effoctive in decontomineting glogs ot QRNILY-/. Etching does not re-
sult if the tinc of contaet 1s kept to a minirmm,

4, Iucite

Lucite (polymorized methyl methrerylotc), a transparent thermo-plastic,
is a construction rotverial of the FR Coge and also . finds numerous applica-
tions as o component in laborntory cquipnent. The transparency of Luclte
is an essentiol requirement In 1ts B Cage cpplicotion; therefore, precau-
tions st be token to use decontaninnting agents which do not causc
"fogging". In laoboratory applications loss of transparency is of less
concern. Clcaning solution (95% sulfuric ccid saturated with sodium dichro-
note), routinely used in laboratorics as o decontaninant for Luclite, causes
"foggineas", which inerenses with the muber of applicotions,
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The primary contaminant in the FR Cage 1s plutonium in an agueous
nitric acid system. The preferred nrocedure for removal of plutonium

contamination is as follows:

(a) The adjacent uncontaminated areas are protected with absorbent
paper.

(v} 5 to 10% nitric acid solution is applied by swabbing, (Nitric
acid in concentrations in excess of 20% attacks Lucite). The
swabbed erea 1s permitted to remain wet for 3 to 5 minutes.

(c) The nitric acid is removed by sponging the surface with water.

(d) 4 detergent, 1% Muslor 224 or a saturated agueous solutiocn of
Calgon, is applied by swebbing or sponging. (Muslor 224 is a
product of Synthetic Chemicals, Inc.; Calgon, of Calgon, Inc,).

(e) 'The detergent i1s removed with water.

(£} The swrface is dried with soft, clean, non-ebrasive cloth or
paner.

Personnel carrying out the decontamination must be adequately protected
from the alphz radistion present, according to procedures described in

Chapter XXI. In order to avoid recontominailon of the surface separate
containers must be provided for clean and used cleaning materials.

The {ransparency of a polished Lucite surface may be impaired and
permanent fixation of plutonium may be caused if the surface is wetted by
& reagent in which Lucite 1is soluble. Sincé Lucite is scluble 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 normeslly subject to contamina-
tion., Occasional temporary requirements may result in the introduction of
wood inte process or laboratory areas. Decontamination of wood is extreme-
1y difficult because of its porous, absorbent structure. 2) Protection
from f}xation of activity is dependent upon the applied protective coats
ing.(3 In the event that contamination penetrates the protective coat-
ing either partial or total removal of the wood appears to be the most
rractical and economical procedure,

. FROTECTIVE COATINGS

The surfaces embraced by this classification are second in importance
only to the stainless steels since the other princlpal materials of con-
structlon for radicactive zones (concrete, iron, and mild steel) do not
generally lend themselves to decontamination by treatment with chemicals,
Therefore, to permit decontamination of these essential materisls of con~
struction, they must be protected with a surface film.
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1. Requirements of a Protective Coating

The ildeal protective coating should meet the following specificatimas:

(a) The coating must form a permanent and tenscious bond to the hase
material.

(b) The coasting must have chemical resistence to the process solutions
with which 1t may be wetted and to the decontaminating agents with
which it will be accildentally or Intentionally wetted.

(c) The coating must have flexibility compatible with the surface o
which 1t is applled, as this surface may change dimensionally
due to mechanical or thermal stresses.

(d) The céating must have adegquate abraslon resistance., Extremeo
brittleness or low cohesion will permit the coating to be des-
troyed by normally expected mechanical eetion,

(e) Omly materials which set with a smooth and ﬁlossy surface are
satisfactory. TFinishes similar to "crackle" may result in a
small, but finite, retention of solutions or their residue upon
avaporation,

(f) Unsaturated linkages tend to react irreversibly with leodine to
form a permanent fixation. Qbherwise, the chemical composition
does not appear to correlate with susceptibility to decontamine-
tion; l.e., vinyl, methyl methacrylate, furW%;}ehyde, or
formaldehyde resins exhlibilt nc differences.

(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 bullt up in three
layers: the seal coat, the permanent surface coat, and the final surface
coat. Three separate materials or a single material mey be used, In
elther case, the requirements noted below must be satisfied.

2.1 BSeal coat

This coat must penentrate the porous material (concrete to a depth o
several millimeters) and fill all‘pores or small voids,

2.2 Pormanent surface coat

This is preferebly a homogencous cxtenslon of the seal coat and must
exhibilt good chemical resistance to attack by process or deconteminating
solutions as well as low adsorptivity.
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2.3 Final surfacc coat

This film should be smooth, chemically resistant to process and
decontaminating solutions, and not readily wetted by them.

3. Decontaminents

Since the protective films are the only berrier to essentially
permanent contemination of the base materials, 1t is important to use
a2 decontaminent which will inflict the minimm damage to the coating.
Highly rcactive 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, sre recommecnded,

()  Water.

(b) Detergent solutions.

{¢) Complexing agents, oxalates, citrates, tartrates.

(d) KMnOy -~ NaHSO,, This requires direet menual application of
& 1 to 2 per cént EKMnO), solution for a five-minute yveriod follow-
ed by scrubbing with a 10 per cent solution of NaHSO3 and,
finally, wiping or washing with woter.

4.  Redox Plant Protective Coatings

The protoctive coatings employed in the Redox Plant for application
to steel and concrete surfaces are Amercoct No. 23 and, to a lesser ex-
tent, Amercoct No. 33. The Amercoats are mamufactured by Amercoat
Division of the 4merican Pipe and Construction Company from & resin of
vinyl chloride polymerized to varying degrecs and dissolved or suspended
in a mized orgunic solvent. The crganic solvents ore predominantly
ketones and all of the formuletions contain 10 to 20 per cent methyl ethyl
ketone, which has an open-cup flash point of 66°F, and lower and upper
explosive limits of 1.8 to 11.5 volume per cent. After complete drying
the surfoce finish 1s free of organic solvents and no fire or health
hazard exists,

Amorcoat No. 23 consists of two prime coats, three body coats angd,
lestly, three seal coats. It represents as near an approach to the de-
sircd propertiez of protective coatings as 1t was possible to procure for
application by conventionszl brush or spray methods. Since the material
1s not completely resistant to the hexonc solvent, care must be exercised
to prevent contect in the event of hexone leckage. Water should be em-
ployed to flush the surfsce to prevent damage to the coating and to min-
imize the likelihood of fixing any contamination in the rrotective coat-
ing. Amcrcoat No. 23 cxhibits a high retentive capacity for contamination
when wetted by hoexone.

Amecrcoat No, 33 1s a single-component finish applied as a minimum of
three coats. The base resin is polyvinyl chloride. The finish has
essentially as good chemical and abrasion reslstance as Amercoat No. 23
but it is not sultable for prolonged contact with aqueous solutions. Tt

vy DECLASSIFIED



JECLASSIFIED

<R 2312

1z used only in < those areas which are subject to wetting only by splashing
or yhich are a¢cessible to operating perscmnncl for immediate flushing.

Another Amercoat, No. 55, 1s a three-component finish consisting of
prime, body, and seel coaets. The bose 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 of
thesc coatings. It is not used in the Redox Plant, but 1t will be employ-
od to cover the interior surface of tho concrete pipe trench comnecting
the 200 East and 200 West Areas.

5. Strippable Coatings

Strippeble coatings, unlike the permenent coatings discussed so faor,
function by retaining the conteminntion in a soft, flexidle, slightly
adhesive £ilm which can be physically removed from the protected surfaces.
Such coatings are usually porous or tacky and readlly wetted by process
solutions. Their chomical or solvent resistonce must be sufficient to pre-
vent disintegration.

“Although coatings of this type ore not specified in the Redox Plant,
the advantages inherent in a strippoble coating moy render 1ts use dogir-
?ble in certain applicotions, particularly in the Loboratory Building

222-8).

A scriles of studies at GRNL(9) on the retoution of contaminants and
the chomicel rosistance of various strip coots to HCL, HNO3, H§§ou, and
hexone indicated that D-1000, polyvinyl butyral dispersion, mnde by Mon~
santo Chemical Compeny, was the most cffcctive in resisting chemical at-
tack and fixing the contaminants in the coating. Other strip coats
cvalunted by ORNL, Liquid Strip Coat 533-45A, a product of American
Resinous Chemical Corp., Cocoon Strip Coet, & product of Hollingshead
Corp., end Spraylat, a product of Spraylat Corp., were: inferior to
D-1000 in terms of retention of radicactivity or chemicel resistance. -

6. Polycthylene

Polyethylenc is e high molecular weight, ethylenc polymer. When
applicd aos a sheet or flome-gpraycd coat, it 1s nearly totally resistant
to attack by inorganic chemlcals or solvents. The surface of the coat-
ing is oxtremely eocsy to decontominate. Polyethylenc was not originally
specified for application to the Redox Plant, but it is available for useo
in special situations calling for Its desiroble properties.

Highly spoclalized techniguce are wvequired for obtaining a satisfactt-
ry polyethylenc coating. The ocoarrencc of plpholes in the surface was the
principal deflciency observed du.d @ the development of mothods of apply-
ing polyethylenc ceatings tc a coucrete surfoce. Tais cendition did not
prevail on application to o metalilc surface, The problen has been ro-
duced in maghitude through improved tecaniques of application end the pro-
paration of n smooth cnd dense concrete surface pricr to flame spraying.
Pinholes now occur at a frequency of oac per square foot and thelr totol
elimination is considered possibie,

- DECLASSIFIE) ~ guumee




e ' w;;%?é;'
- s DECLASSIFED s

Only uncompounded polyethylene, free of color additives such as Ti0,,
should be used for contings since these additives have been found to act
as adsorption centers for contaminants. Bocause of the high degree of
woter reopcellency of polyethylene, water fiushes are generally adequate
for decontomination, although more recctive agents, such as nitric, hydro-
chloric, or hydrofluoric acids, as well as suitable solvents (hexone),
may be uscd without Injury to the materiacl. Prolonged contect of poly~
ethylene with concentrated solutions of inorganic chemicals or nitric acid
may result in embrittlement and crocking.

F. Sm:

Skir. decontamination is especially important because of the danger
of the entrance of contaminants inte the body, eilther orally or through
skin breaks.

The rote of skin decontamination varies considerably among individuals
end’. iIs largely dependent on the original condition of the skin. In all
cases where a rough outer layer of skin 1s present, decontamination is
more difficult until this outer layer is removed and the skin surface is
polished.

It hes been found at Hanford that the best decontaminating agent for
removal of uranium contamination is a mixture of sodium bicarbonate snd
a detergent (such as Duponol) combined in o one-to-one ratio and applied
to the wetted, contaminated skin. The moterial should be worked %BEO a
lather for gbout one minute, then rinscd off under rumning water. A
detergent and sodium bicarbonate should be used for plutonium removal and,
if necessory, a permanganate-bisulfite procedure. The permanganate-
bisulfite procedurc consists of wetting the hands and lathering them with
KMnO; crystals, rinsing and lathering with NaESO crystals, and then re-~
rins& » The procedure should be repented 1f nefessary. The rcmovel of
UFy, from the skin may be accomplished by usf ?f the following substances,
listed in the order of their effectivencss.\3

(2) Corn meal and sodium bicarbonste.

(b} Boraxo ond sodium bicarbonate.

(¢) Tiquid soap and sodium bicarbonato.

(4) Colgenite and Acrosol solution.

(e) Boraxo.

(f) Liquid soap.

(g) 0ld Dutch cleanser.

0ld Putch cleanser seemed reasonnbly offective on the first washing,
but upon further use secmed to have little offect., Apparently, material

which was not removed with thoe first wash was worked into the skin by
further use of the cleonsing powder.
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Flssion-product contamination on the skin is removed by the followirg
procedure:

(a) The contaminated area is swabbed with liquid scap until a good
lather is obtained. The lather iz removed with woter swaba. The
procedure should be repecated, as necessary.

(b) If the contaminant is still present, the arca is swabbed wilth h%
KMnO), solution, Three applications, with drying between success ive
applications are regulred. The color preduced by the KMnOjy 1s
removed with swabs wet with 4% NaHS03 solution. Finally, the
aren ls swabbed with water.

(¢) If the contamination remains, T10, poste is applied to the erca
and ronmoved by swabblng with water.

F. CLOTHING

In thosc arcas within the separation plont where there 1s a hazard of
personncl contamination with radiocactive materiels, all persons entering
arc roquired to wear coveralls, shoc covers or overshoes, caps, and gloves
ag a protcoction agninst contamination of skin and street clothing. In
addition to thesc 1tems, towele, soclis, undergarments, and shoes are fur-
nished whore required., This clothing is monitored for contamination both
before and after laundering., In the laundry, Igepal CA, a liquid soap, is
used as ¢ disinfectant for washing the plant-issue iteme. Acetic acld is
used as the docontaminoting agent for bota and gamma-emitting contaminants.
Rubber goods and some cloth items arc cleaned with 3% nitric acid solution,
Soda ash or Wyandotte 0S is used with granulated soap for removal of beta,
gomma, and alpho-emitting contaminants from cloth., If the contaminant is
solid, Wyandotte 33, a detergent, is used,
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Table XXTIT-L
DECONTANIEATION EXPRTENCE AT OAK RIGE
Data from EW-L4532

Equipment Plece: 309 SCb Stainless Steel Dissolver Tank (107 Oal. Capmcity)

Radiosctivity of Beta Radiation Level
Flush No. Reagent Used Tresatment m;e‘::tnﬁ?./:isn?%{‘m’ & S_t:;:n = l_
1 60% HNOq 2L hr. at 94 - 105%C. 1.4 x 1010 89 80 75
2 £0% ENO3 Sane 8.8 z 1 0.6 75 3
3 0% ENO3 Same 1.9 x 16 0.14 3 b5
4 60% HNO3 2k hr. refluxing 1.4 x 107 2 4.5 1
5 35% ENO3, MHLEF; 15 min. at 3CfcC, - -- - -
1 hr, HpQ flush
6 4% Dxmlic acid 4 br. 65°C. 2.7 x 108 20 2.5 0.7
7 0.6% NEyEF2 b br. 60°C. 3.4 z 208 53 0.7 2.0
8 2.5% N0 2k hr. 95 - 105°C, 1.2 x 107 1.7 2 --
9 304 HNO3 + 3% NagCroO7 2L hr. st 95 - 105°C. 2.0 z 108 15 -- 3.4 rfhr,
HpO riueh at 3 in.
10 5% HNOy + 4% (MH)),S1m, L .hr. st 80 - 105°C. 8.5 x 105 0.1 - --
n %% ENO3 Same ‘ 6.0 x 1P 0.4 - 1.2 »/hr.
at 3 in,
12 43% NaCH + 13% citric acid  Same 1.8 x 109 0.1 - -
13 Sane Same 5.7 x 10° 0.1 - -
14 Same Sape - - - -
15 Saze Sane 5.7 x 10t 0.0 - -
16 Same Bame 6.4 x 104 0.01 -- --
17 1.2% (HE, )o51%g Same 1.8 x 10t 0.a - -
18 1% NHLEF 16 nr. st 30°C. 8.7 x 103 0.0L -- e
19 3.5% ENOy + 1.6% NyEP, © 16 hr, et 80 - 105°C, 2z 1ot o.a - 10 ;rh{:u-

{1) Measured at 10 ft. in flushes 1 through 8,
Inconsistencies in the date with respect to the decrease in
radiation level with the nmumber of beta curies removed are
unaccounted for.
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PART V: GSAFETY, continued
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CHAPTER XXTV. HAZARDS OTHER THAN RADIATION

A, FIAMMABILITY AND EXPLOSIVENESS .

The Redox procoss, being a solventsextraction process, introduces to
scparations technology a new material to be consldered from the viewpoint
of flammebility ond explosiveness. This reterial, the process golvent,
is comronly kuown as hexone. The process ond design engineering incor-
porated in tho Redox process had as o prime consideration the elimination
of a fire or cxplosion, and has made such an occurrence unlikely during
actual plant operation. . The design has also incorporated features to
ninimlize dangor and dancge should such an incident oceur. This section
of the monual is ained ot a discussion of these hazards with particular
emphasis on (a) thoir cxtent, (b) cngineering features designed to elimi-
nate or minimize- them, and (c) any special operational precautions re-
quired. Lo : : :

-The. potentially hazardous materials, other than hexone, are hydrogen
and propane.  Both-of these grses have heon provided for successfully in
the dosign.of the Bismuth Phosphatc Plents., A definition of special terms
used in this chapter, relative to flarmability and explosiveness, 1s pro-
soented bolow to. provide the reader with o botter bosis for understanding
the scope of tho problems involved and tho extent to which they have been
‘elininatod or mininized, R o ‘

Closs I locotions (Notional Electrical Codes ) -~ Flamnsble gases
are, or moy be, present in the air in sufficient quentity to produce
explosive or igniteble nixtures, '

- Division 1 -~ - Those locatlions in (Class I whcre hezardous con-
contrations exist continuously, or intermittently, under nor-
-mal opereting conditions. *

Divielon 2 ~- Those Cluss I locotions where flarmnble liguids

are nornally inside c¢losed contoincrs from which they can escape

only in case of tank rupturc or in ccse of an abnormal operating
. proccdure. ' ' '

Flash Point ~- The temperaturc ot which e solvent vaporizes suffi-
clently to preoduce o flarmoble vapor-air nixtiure capable of ignition
by an open flame. This 1s not nccessarily the point where combustion
would be sustained. Such o point is termed the fire point and 1is
usually somewhat higher thon the flash point.

Ignition Terperature -- The tenperaturc ot which & solvent spontano-
ously ignites without the application of visiblc neans of ignition.

Explosive Linits (L,E.L, and U,E,L.) -~ Mixtures of the vapors of
flarrpble solvents with air are explosive only within certain limits
ralated to the respective percentages of flammeble vapor by volume
nixed with air(lower explosive linit and upper explosive limit).
Floshos of flanmc will appear in nmixtures outeide these limits, but
flano propagoation of an explosive nature will not take place.,
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1. Hexonc {Methyl Isobutyl Kctonc)
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1.1 Flammability and explosiveness of hexone

Eexcone 1s an organic solvent, with a characteristic sweetish
odor, which offers a lesser flame and explosion hazerd 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, evapcrates morc rapidly than water. Tt is less vola-
tile than all common varieties of gagoline.

Physical yroperties of hexonc, pertinemt to flammability and ox-
plosivencss, are listed below:

Flash point (Tag closed cun) - 60°F, (10)
(Tag open cuyp) -~ 81°, (10)
Minimum oxygen content of gas- -- 11.1% by volume (12)

hexone mixtures necessary to
sustain flame propagation

Ignition temperature in air, dry -- 459°¢,(858.2°F.) (12)

Lower explosive limit - 1.34% by volume (1)
Upper explosive limit -~ 8.,00% by volume (7)
Temperature corresponding to
explosive limits*-- Lower - 1zp0p, (12)
Upper -- 200p, (12)
Odor detection threshold -- Less than 0.01% by volume
Boiling point (760 ran.) - ohooy, (12)
Vapor pressure (20°¢.) - 15.2 —

The maximm explosive pressurc, 88 1b./sq.in. gage, occurs at
concentrations of 3 volume per cont 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 tcmperature.

1.2 EBExitcnt of hazard

The storage of quantitics of heronc, required to satisfy plant ine
ventory roegquirements, has been arranged in a mamner to minimize any hazard
reeulting from the presence of large volumes of the sclvent. Of the total
67,000 gal. required inventory, 43.000 gal. are stored underground in
tanks, SO0-1hki and S0-142, cach a 21,300-gal. carbon steel tank, ventcd to
atmosvherc through individusl flamec arvrcstors. Thesc tenks are located

L i i s e mE G e e e s A A 4 A AR R W b Y for W S PR M nob o b N A ke b M e e G EE ER EE i e Y e e s e A W e b b

#) Explosive limits correspond to vapor pressurcs at these temperaturcs.
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40 ft. north of the Solvent Recovery Building, 276-3, and approximately
130 ft. north and 75 ft. west of the Processing Bullding, 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-blenketod stainless steel tanks,
Orgenic Treatment Tank, 0-1, 13,770 gal., Organic Sampler eand Treatment
Tank, 0-2, 13,820 gal., and Organic Hesder Feed Tank, 0-3, 13,770 gal.

. The remeining 2000 to 6000 gal. of hexone is located in the verious
process lines, tanks, and contactors in the 202-5 Building., Of the 2000
to 6000 gal.. normally in proceéss, 400 gal. are located in the Orgenic Head
Tank, 804, at the head -tenk level of the silo; from 1000 to 5000 gal,
(normelly 1000), in the Organic Surge Tank, G-1, in G Cell in the canyow;
and the remeining 600 gal,, in process in the silo and various cells in
the canyon erea. _

Hexone 1s unloaded from tank cars into the Organic Storasge Tanks,
$0-141 and 80-142,. . according to normal chemical plant practice. The
tank cars are grounded and Pretectoseal 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 Bullding

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 aree, (b} isola-
tion of the solvent side from the operating silde by a concrete wall, (c)
provision of & sump to contain all of the solvent should it spill, (d) a
statlc grounding system, and (e) automatic decant lines to remove any ox-
cess water which might be present from operation of the water-fog system.
A thermal-detector-actuated, watcr-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 alr from floor level to remove
any fheavior-then-air) hexone vapors, The processing area is ventilated
by two M4Q0-cu,ft./min. exhaust fans. Ventiletion 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 0-24 ig located.

1.4 Plant precautions -- 202-5 Building
1.41 Detection

Hexone spllls or leeks can be detected by tank liguid-level indica-
tors, sump liquid-level indicators, sump samplers, and air samplers. Over
each sump there 1s an air sampler line which terminates in one of the
sample galleries, Three portable gas enalyzers are available for check-
ing the e¢xplosivity of the atmosphere at each of these points by commect-
ing the analyzer to o sampling point through its gallery terminal point.
Frequent checks will be necessary during operation to assure that there
is no acowmulation of hexone vapor at the sumpe. The viewing windows in ' -
the silo permit visual inepection of the columm shaft for leaks and spills,
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1.42 Inert-gas blanketing

All hexone and hexone~saturated aquecus solutions in the 276-S
Bullding and 202-5 Building are hendled in inert-gas~-blanketed, static-
grounded, closed systems. The inert gas is obtained by burning propanc
in air to give & product gas of mpproximetely the following composition:

Np 87 to 88%
COp 10 to 12%
co 1% mex.
5,0 | 1% max,
Op 0 to 0,5

The O, content of this gas is well below the 11.1 per cent by volume
necesgary to sustain fleme propegation, This gas is supplied by two
Inert Gas Generators which mey be operated from either the normal electri-
cal supply, or the emergency electricsl gystem, In case of failure of the
normal power supply. Inert gas is supplied to the vessels in these sSys-

- tems and to the system headers by instrument dip tubes, by sampler jets,
and by two, constently-blowing, inert-gas stetions comnected to the 5y5-
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 trensferved. 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 & rapid depletion of the inert gas within
the closed system, This additional gas is supplied by means of an interw
lock on the alr control to the steam Jets transferring out of the system,
with valves in the inert.gas-supply headers, which results in additionsl
inert gas blowing into the blanketed system each time & Jet is operated
to transfer liguid out of the system,

1.43 Ventiletion

The total blower capacity for ventilation eir supplied to the 202-3
Building is 133,000 cu.ft./min, A major portion of this volume is in the
system serving the process sreas, 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 eir from
hexone-free aress into the hexone processing areas, The Organic Head
Tank, 804, is the cnly vessel containing hexone located in a "cold" zone
of the 202-8 Building. This tank is located in o smell enclosure on the
51lo Feed Tank level, All of the ventilation air for this enclosure is
drewn from the Feed Tank Area to give about 40 air changes per hour with-
in the enclosure, Ventiletion 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 sbove the canyon deck is -0.2 in, water, with respect to atmos-
phere. The cell pressure is maintained negative with respect to the camyon,
Air flow out of the cells results in 8 eir changes per hour and the negative
pressure is sufficlent to overcome the pressure drop across the cell cover
blocks. 0Oalculations have indicated that there is sufficient dilution of
hexcne vapor to maintain the erhaust ventilation air stream below the lower
explosive limit (1,34% hexone by volume) even though all cells which handle
organic solutionsz were flooded with the type of solution normally present

in the vessels of those cells,

1.44 Electricel system

All of the electrical equipment in those arees where hexone is pro-
cessed meets {the National Electrical Code Specification for Class I,
Division 1 locetions, It wae not prectical to design the electrical
equipment on the craenes over the cells and silo, or the canyon and silo
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 beceuse of (a) remoteness from the possible
organic vapor source, (b) the fact that hexone vapers are heavier than
air, end (c) the downward sweep of ventilation air,

‘ 1.%5 Fire protection

The Solvent Treatment Bullding proccss area, the orgenic feed tank
enclosure, the silc columm shaft, and =1l cells containing equipment in
which hexone is present (Cells D,E,F, and G) have water-fog systems with
nogzles directed to blanket the affected area., Each system ig controlled
from the corresponding cell comtrol pancl, Indication of fire or ex-
plosion 18 efforded by temperature clements in each locetion, which
actuate visusl and audible alarms at eacit gell control penel and in the
dispatcher's office.

The fact that the individual ¢clls ere isolated one from another
will tend to localize a fire in any particular cell and prevent 1ts
spread.,

1.46 Explosion venting

: The railrcad tunnel door prescnts & large-area weak point in the can~
yon structure and pressure increases which escape the calls upward into
the canyon will be expended through 1t. The column-carrier outlet door
and the large equipment doors at the silo crane levels will serve to ex-
pend pressurce incrooscs which might occur in the silo.

In the event of an explesion, a part of the force would be directed
through the ventilation system to atmosphere.

1.47 Emergency oxits

Emergency cxits arc located in all galleriea, in the canyon, and at
all levels in the silo. . ‘
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1.5 Hexone-nitric acid reactions

Normal static contact of up to hM nitric acid in hexone at room tem-
perature produces only a slow reaction. Rapid remctions approaching ex-
plosive viclence are produced when concentrated nitric acid is brought
into sudden contect with en equal or smaller volume of hexone., The great-
eat opportunity for such a condition to occur exlsts 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 acld is metered into the
hexone by proportioning pumpe wherein the ratio of nitric acid flow to
hexone flow is sutomatically controlled. The hydraulics of the metering
system are designed so that the two materials cannot become admixed in
undesireble proportions, even under abnormel operating conditions.

Aqueous-hexone contaet within the process is mainteined at 2 mini-
mum to avold the production of oxidation products that affect the abllity
of the process to remove radioactivity from the plutonium and uranium and
not because of any chaence of a rapid chemical reaction, Further detaeils
of these reactions are given in Chapter IV,

2. Hydrogen

In the event that ferrous sulfamete is produced within the Redox
Plant, the method of preparation comstitutes the only source of evolved
hydrogen. As indicsated 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 - 2HNH2503

y :FB(NHQSOB)Q : Hy

In the preparation of a 3-day supply of ferrous sulfamate sclution, 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 Ireparetion Tank, 504, with inert gas during the digestion
period. 'This gas is supplied at 30 cu. ft./min. The inert-gas purge ani
gaseous reaction products are removed from the Ferrous Sulfamate Prepara-
tion Tank by & blower in the vessel vent stack snd discharged to atmospiere
outside the building.

The physical properties of hydrogen pertihent to flemmebility and
explosiveness are listed below:

Ignition temperature e 10850r, (9)
Lower explosive limit -- 4.1% by vol. in air (9)
Upper explosive 1imit - Th.2% by vol. in sir (9)
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3. Propane

Propene is a hydrocarbon which is used industrially and domestically
as a bottled fuel gas. Although it is & ges under normel conditions, it
can be liquefied at ordinary temperatures at a pressure of about 120 1b./
8¢. in. absolute.

Propene presents about the same sxplosion 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 222-5 Laboratory Building. Two Propene Storage Tanks, SG-
161 and SG-162 each with a cepacity of 6500 gal., are located east of the
Tedox Exélusion Area. The Inert Gas Generators are located in a small
building Jjust south of tie 202-S Building. No propene is piped into the
202-S Building.

The physical vroperties of propane, pertinent to flammabllity and ex-
rlosiveness, are listed below:

Flash point -~  Below-rgop temperature
Ignition temperaiure -- 81707, ?9?

lower explosive limit -~ 2.37% by vol. in.aif(9)
Upper expldsive limit -~ 9.5% by vol. in air 9)
Boiling point - -L2.17%c, (-43.997.)

B. PHYSIOLOGICAL EFFECTS OF FROCESS CHEMICALS

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
allowsble 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 significent hermful
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 dichromete, and uranium, plutonium, and radicactive
fission products. :

1. Hexone (Methyl Icobutyl Ketone)

Hexone is an orgenic solvent, possessing s strong, swestish odor,
which is used in the paint industry as & component of solvent blends.
Vapors of hexone are heavier than air and tend to accunulate at low

points.

1.1 Tolerance concentrations

T?ﬁ maximum allowable concentration in air, for personnel, is 100
P.p.m. ) The expression of this concentration value is abbreviated

"M'A lc." L
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1.2 Extent of hazard

In the Solvent Treatment Building, 276-5, 22,000 to 24,000 g4l, of
hexone are in process or storage. The only possibility of exposut'e 1o
hoxone fumes at this location or in the Processing Building, 202-8, lies
in small process lcaks (pump glands, valve packing glends, ete.) tombined
with malfunctioning of the ventilation system. Distribution of t s0Y-
vent inventory 1s given in detail in Section A of this chapter, '

1.3 Precautions

Hoxonc can be detected by odor in concentrations considerably less
than 100 p.p.m. Since all process hezonc 1s handled 1n closed sybtems,
there is 1ittlec opportunity for hexonc vapor to be present in the atmos-
phere., Hexone spllls or leeks can be detected by tank liquid-level in- |
dicators sump liguid-level indicators, sump samples, and air sampies; '
Three portable gas analyzers arc avalleble for checking the concehtration
of hexonc vapor in the atmosphere over the cell sumps.

The ventilation systems of the 276-S Building and the 202-5 Building
are designed to direct the flow of air from areas where personnel dare
normally present to the process arcas, thus preventing flow of hexome
vapor into persomncl areas. In the 202-8 Building the pressures in the
Operating Golleries and Pipe Galleries are + 0.2 in. and + 0.1 in, water
gage, respectively, and in the canyon -0.2 in. woter gege. The ventila-
tion system is designed to give 8 air changes per hour in the Operating
Galleries. o

1.4 Physiological cffects

Hexone has the property, common to all organic solvents, that in
contact with the skin it removes the natural oils, producing dryness,
irritation, and crocking of the skin.

Hexone vapor inhelation causes irritation of the mucous membrane of
the eyes and nose ot concentrations below 0.1 vol. per cent (1000 p.p.m.L(ll)
A group of workers exposed to approximatecly 10C p.p.m. of hexone during a
normal work-week complained of headache and ngugsea. Ill effects noted
during the week disappeared over the weekend., Animal experimentation
indicated thot higher concentrations con causc unconsciousness and that
cxposure to 1.0 volume ?gs cent concentration {10,000 p.p.m.) causes
death in about 4 hours. Complcete recovery could be effected by re-
moval of the animals at any but the terminal stages.

A worker cxpericncing any of the symptoms mentioned above should be
removed to fresh eir for recovery,

2. Nitric Acid
Nitric acid is & corrosive mincral acid which is widely used Iin the

chemical industry. Contact with nitric acld couscs severe burns. There-
fore, the proper types of protective gloves, clothing, and goggles must
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2.1 Tolerance dosc ond concentration

No limits are gpecified in the literature for externsl surface ex-
posure, but about 10 ml. of concentrated nitric acid(3) taken internally
is congidered a fatal dose.

2.2 IExtent of hazard

The dally process consumption of 60 per cent nitric acid is 21,000 1b.
(1852 gal,). Approximately 90 per cent of the 60% nitric acid is used in
the ursanium dissolution step, and some is used in the preparation ¢f agqueous
extractent solutions with concentrations of 0,25 per cent (9500 gal.), 0.3
per cent (625 gal.), and 0.6 per cent (500 gal.). The remainder of the
nitric acid 1s 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 centaining nitidc
acid, ' '

2.3 FPrecautlons

As Iindicated above, the proper tynes of protective gloves, clothing,
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 irrigetion in cases of sericus sur-
face exposure. ' :

2.4 Physiological effects

Indication of the megnitude of the contact hazard of nitric acid is
glven by tests which showed that 707 HNO, produces definite skin burns In
2 to 15 seconds. Burns of first, second! and third degree may result
from nitric acid contact. Immediate irrigation of nitric acid splashes
with water will greatly minimize its effect on the skin.

In case of ingestion, the patient should be glven milk of magnesis,
up to 8 filuld ounces, and quantities of water or milk, followed with egg
white and milk. Emetics and carbonates should be aveoided.

3. Oxides of Nitrogen

Oxldes of nitrogen are formed when nitric acid Is spilled on organic
or reducing materlals such as sawdust or iron filings. These oxides,
known generally as "nitrous fumes", consist of a mixture of NO, NOp, and

NQOQ .

3.1 Tolerance eoncéntrations

The effec?g of nitrous fumes over a wide concentratien range are
listed below: (0) (8) |
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Concentration, as N0y, in

Parts per Million Physiological Response
200 to TOO Repidly fetal for short exposures.
(1/2 nr, or less at 700 p.p.m.).
100 to 150 Dangerous for even a short period,
(112 to l hrl).
100 Least amount causing coughing,
60 . Least amount causing immediate throat
irritetion.
10 Maximum concentration (MAC) for cone

tinuous exposure according to Massachu-
setts State Law, recognized by most
authorities.

3.2 Extent of hazord

iarge quantities of nitrous fumes are formed during the dissolution
of uranium in nitric scid, From one cut, 2570 1b, of uranium, 1550 1b,
of nitrous fumes are evolved with a volume of sbout 15,000 cu.ft., The
uranium dissolutior is accomplished in a closed vessel in the process eres
end the fumes are removed through the Dissolver Off-Gas System. This
off-gas system terminates in the 291-5 Building stack, where the off~ges
is ailuted by mixing with the exhsust air from the 22-5 Building ventila-
tion system., All of the Dissolver off-ges lines ere located in the "hot"
zZones.

3.3 Precoutions

It is estimated, Chapter III, F, that the penk rate of evolution of
nitrous fumes from the dissolver is 20 1b.-moles/hr. or 120 cu.ft./min.
Stack dilution of these fumes resulte 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 & dilution faetor of 200 from the top of the stack to the ground,
Thig would result in e nitrous fume concenmtration of 18 p,p.m. at ground
level, a concentretion considered safe for prolonged exposure of several
days but not for continuous exposure, The average concentration of
nitrous fumes &t ground level during the entire dissolving period would
be 6 'Pyp.t under the most unfavorable atmospheric conditians.

The presence of oxides ,of nitrogen may be detected by odor end, to
a certain extert, by color, (98) A characteristic odor is distinet at
concentrationg of less than 5 p.p.m. in air. In well-lighted areas,
100 p.p.m. or more of nitrogen dioxide (NDE) in air exhibits & visible,
reddish-brown tint, It should be noted, however, that other oxides of
nitrogen (N0 and N0 } are practically colorless end thot the relative
preportions of the d%fferent molecular forms ere temperature dependent,
Thus, an atmosphere colored by oxides of nitrogen is probably dangerous,
but the ebsence of color does not necesserily indlcete safety.
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The cancentration of oxides of nitrogen in air can be determined pre-
cisely over Fh? range of 3 to 500 p.p.am. by volume by the phenoldisulfonic
acid methoﬁ;il-f---ﬁtuA S o o

340 Phyéiolbgigai'effects

... Inhalation of nitreus fumes in concentrations above 60 p.p.m. at
Tirst. causes a painful burning and choking sensation. Exposure to cen-
centrations greater than 120"p.p.m, may cause immediate loss of conscleus-
ness. In either case, the aftereffects of the exposure can be very serious,
leading to pulmonary edema (swelling of the lung tissue due to effusion of

.8 watery - liquid into the cellular tissue), developing severel hours after
' exposuré, The groatest danger from nitrous fumes iz from exposure to cm-

centrations less then 60 p.p.m., which do not causc any immedimte discom-

_ fort, but can result in a delayed serious cffect.

.. Compléte rest 1s very important after inhnlation of nitrous fumes.
The individual should be remeved, or rerove himself, from the nitrous

fume cloud as soon as possible. It 15 most important that the exposed
individual doecs not exert himsclf and that he rect and keep warm while

walting for trensportation to first aid or the hospital.

UV WL Sulfurto Actd

- i;Sulfuxic'acidfis a corrosive mincral acld widely uSéd'infthé chemical
industry.” In handling sulfuric acid the proper "typé of gleves, clothing,
and goggles must be worn. . : L

k1 qucrancefézgpentratioh

The mﬂximu? ?llowable concentration (M,L.C.) as mist is stated to
be 5 mg./cu.m, 2

b4.2 Extent of hazard

" In' the Redox Plant, 50 b, (3.3 gal.) of 66° Baumé sulfuric acid is

uscd daily for regencration of the water démineralizér unit bYeds. The
hazard is“considarcd low degree because of the small guantities involved,

" k.3 Procautions

: ‘ . proper protective clothing must be worn by
persomel handling the material, Stendard chomical plant practicdes are
empleyed in handling sulfuric acid, Facilitics for providing water
irrigation of surface exposures are provided. Being a liquid, the material
‘can be detected visunlly.

As indicated dbove, the

SR Physiological cffects |

Sulfuric -acid causes severe burns on contdact with the skin. Concen-

. trated sulfuric acid is a sireng dehydrating cgent, and to this property

18 due much of tho burning end dcstructive action associated with it.
Sulfuric dcid mist or vaper effects. the uppor respirctory tract, but the

action is not severe.
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Sulfuric neid splashes on the skin should be rinsed immediately with
copious quantitics of water. Tn case of ingestion of sulfuric acid, the
vatient should be piven milk of magnesia, up 1o 8 fluid ounces; and quan-
%ities of water or milk, followed with cgd whitcs and milk. Emetics and
carbonatas sipould be avolded.

5. Sodiwm Hydroxide

Sodium hydroxide is commonly uscd industrially. Proper protective
safcty cquipment, such as gloves, clothing, and goggles, should be worn
when it 18 handled.

5.1 Tolercnce dogse and concehtration

No limits erc spceified in the litcrature for gxternal exposure,
but ab?ug 2 grams of NaOH taken internally may be sufficient to cause
death. 37

5.2 Extent of hazard

The dally consumption of godium hydroxidc as 50 per cent solution Is
about 48,000 1b. (3770 gsi.). A portion of this 50 per cent sodium
hydroxide is uscd in making 9800 1b, (320 gal.) of 40 per cent solution
and 3260 1b. (308 gol.) of 25 per cent eolution. Surface exposure may
occur as o result of accidental line loaks, tank rupturc, or spilis from
small samplc vesscls.

5.3 Procautions

figuipment hondling sodium hydroxide solutions was designed in accord-
ance with normal chemical plant practice. Safety showers are provided
throughout the operating oreas so that serious surface exposures may be
irrigated with large quantitics of water. As indicated above, the propar
protective clothing should be worn by opcrating personnel.

5.4 Physiological effects

Sodiuwm Lylromide is a dangerous clinli to handle without proper
protective clotling, os in any form it guiekly attacks the flesh and eycs.
Thore scens to be an inactive period between the time of contact of
caugtic with the skin and the appearance of the actuel burn. No time
should be lost in weshing the part with water, since this period probably
will not excecd a fow minutes. The skin should be washed with 2% acctic
acid, followed by water, to neutralize the residual caustic. If the
caustic is in the cyes, they saould be washed with 5% boric acid solution.

Sodium hydroxide, when disporced as dust or mist of concentrated
solutions, 1s intenscly irritoting to the upper respiratory organs.
Tlecration of tho ?a?al passages mey result from long or scverce exposuro
to such compounds. *) The swallowing of caustic solutions is considered
dcadly. If sodium hydroxide has becn swallowed, the patient should be
given up to 6 fluid ounces of 29, accetic acid, followed with egg whites and
milk. The patient should be kept guict and warm.
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6.  Sodiwm Pichrometc

Sodium dichremate is a common, industrial, heavy chemlcal hendled both
in solid form end in sclution in the Rcdox process. The formula of the
solid 1s NQQCrPOT-QHEO.

6,1 Tolorance dosc and concentration

The maximum al%OWable concontration (M.A.C.) ag Cr03 mist is stoted
to b?lgjl ng. feun () 4 fara1 dosc varics in amount, but 1s usually under
8 g.

6.2 Extent of hnzord

Dailly consumption of sodium dichrematc in the Redox Flant is 490 1b.
The material is rcecived as a solid, NayCr.O-.2Hp0, which 1is used to pro~
parc 50 por ccnt selution. The grecatest opportunity for cxposure occurs
at the solids handling stage during the preparation of the dichromate
concentrate. The resulting solution is at all times vithin closcd vesscls, .
Exposurc to solutions is not considered as hazardous as contact with
chrometc mist or dust.

6.3 Procautions

Conventional pockaging and solids hondling facilities arec provided
within the plant., Very adequate ventilation 1s also provided in the
operating arcas to minimize the dust and mist hazard.

6.4 Physiologlcal cffects

The chief offects of chromete dust or mlst are ulcerstion of the
nasal passages and inflommotion of +ho skin, Scrious chrome ulccration
may result from inhelation of sodium dicihromnte dust. An abnormal in- |
cidence of lung cancer has been reported in workers exposed to chromatos.(4)

Sodium dichromote, 1f token orally, produces corresive effects and
inflammntion of the kidneys in onc to forty-cight hours. The cffocts
begin with sore throat, vomiting, disrrhea, and presence of albumin and
blood in the urine. Nervous symptoms devolop later. The bleod pressurc
is low and hemorrhages in the gastrointestinal tract occuf. Iess thon
0.5 gran of sodium dichrorate may causc scvere poisoning. 11)

In copo of ingestion of sodiun dichromnte, the patient should be
glven 6 to 8 ounces of sodiun bicarbonate solution or milk of magnesia.

T+ Uronium, Plutoniun, and Radiocactive Figsion Products

Uraniur, plutoniur, aond radionctive figsion products present a
serious health hazard. The Principal physiological cffocts of thesc
subgtances is due to their radiocactivity. The hazards involved in the
handling of theeeo substances are discussed in Chopter XXI.
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