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FIGURE IV-45

PLUTONIUM EQUILIBRIUM
1A s eV

HW-NO. 4 FLOWSHEET

Weight Percent of the Pu Concentration in the IAFS {on a UNT-Free Bosis)
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LUTONIUM EQUILIBRIUM
IA_COLUMN SYSTEM

ANL _JUNE, 1948 FLOWSHEET

Weight Percent of the Pu Concentration in the LAFS (on a UNT-Free Basis)

30/

HW-i8700

3
T

UNT-Free Basis}

g
-

Y=Groms Pu per Gram Organic Phase {on g
3

ot 10 10 02
T T T T

Influgqt Stress 7 tlouss .

e m ey w_ ogm ' & // /
A [Aqacin] 2.0p 0.1 2 o 0.P10 g AL XN /
IAT {Agrwri) n o [N n /

T Mawane) n 40,5 N n " /
TEilvalent to LOO frams of Py par ghort tam M. é}\v ) 4\0

Tiow fatios:

Tolume ratios of TAPCTATIDAX » fo1oh

Extraction Section Equilibrium
Line for Pu{le)
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conditions, This "lowshast 1y desiched ts artract FW(YT) only, The
podition of the sxtraction asctios sqguiliMrium Line ro- m(:rv? tnat.
cates that TW{IV) #E1] meflax in the ext mcbion sartion and that
ArProtiomialy S0 par ceet ot wny ™of 1Y) in the IA “olumn Cesd w11 be
loat to the Isy lrean,
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"héke compoments wete estimmted From the results of opdliibrium atidy
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Itare wers sstisated from Gath reported in W.11M0, Pu{T¥) Atarrt.
hutfon Tatics wers astimited frow date raported tn EW-10S0W, Ty
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Hhan constiuctet Ly drewine wmaothat cumws throngh thase polnts,
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PLUTONIUM EQUILIBRIUM
IA COLUMN SYSTEM
ORNL JUNE, 1949 FLOWSHEET

Weight Percent of the Pu Goncentration in the IAFS (on a UNT-Free Basis)
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FIGURE IV-48
LUTONIUM EQUILIBRIUM

A COLUMN SYSTEM
HW NO.4 FLOWSHEE T

Percent of the Pu Concentralion in the 2 AFS
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1. Pu (I¥) and P (VI equiiibrius lines sre shown for both

—On the setub and extrmction sectiona of the 24 ‘olumn “or
AW B4 Flowshest comtitions, This Flowshest in desismed

to axtract hoth Pu (IV) and Pu (¥1) in the 24 ‘olumn,
The 24 Column extraction saction is destgned on the
tasis of the Pu {I¥) equilibrium Line for which equili-
briue relationships &re more nfavorsbis than foy -
(¥I) axtraction,

2. Caleulations for this disgram wers based on the ssump-
tionsthat ooe Pu stage 18 squivelent to one B1D- stape
ard *hat Iy (I7) and Pu (71) diotrilution depends orly
on the HI0: and M crteentrations in the aguecus
Jhsa. The stagwwise concentrations of HNG: were seti-
mted from the 23 Joluwn XW)3 operating disgram in
E¥=190kT. The ARN tone were
Bt 1.3 M in the scrub sectiom wnd 1,26 N (n the extime-
tion section, P {VI) distribution mtios were seti-
mtad for each avige rrom Aats reperted 1n DW-13760,
P (T¥) Alstribution raties were sstimted from tete
reported in MW-19301, By msins of thess diatribution
values and the lines for Flowshest conditions,
I and T squilivrium wluss wers computed for esch
othge. The squilibrium Lines were than cometructed by
Arewing smocthed curves through thaes polnts.

3. The plutonium concentimtions are Indlsated in grans
Pufl, tn

@ the plutomium conc: n the PAFS., The
latter scals is applicabls at Mr plitoniue concentra-
tiona ether them 0.05 g./1., a8 plutonium coneertrations
in the 24 Column are lor wnoueh te hawe 5o #ffect on
the relative repitions of the oguilibriue lines with
Tedpect to thass sonles.
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PLUTONIUM EQUILIBRIUM

2B COLUMN SYSTEM
HW NO. 4 FLOWSHEFT

Percent of the Pu Concentration in the 2BF
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Ya Gran: Py per Liter n the Hexone Phose
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/ NotES:
1. Fu (IV) and P (Y1) squilfbrivm lines wre shown for the
23 "ol for AN 'L Flowshest conditions. Phis Plow-
sheat I8 designed to sxtract both Pu (I¥) and Pu (VT)
in the 2B Column. The 7P 7olumn Is daeigmed om the
baaie of the Pu (VI} squilidrium line, for which qul-

Librium relatistships are mere UnteTorsble than for
Pu (IV) emtraction.

2. Caloulations Tor this diagram wers baasd o0 the sssump-
zsmmz—mmnmsumwumgm
aod that P (IV) sod Pu {VI) distributicn depends only
on the Wy iou in toe phave

« The
vlagewiss comcemtratiems of ENC3 wers sstimated rrom
the 20 Column HNG3 opereting 4ldgrem in BAo0hT, Py
(Y1) dimtribution ratice wers sstimted for smch tage
from date Tepersed in W-13160. Pu {1¥) dlstribution
Tatios were sitimmted frem data reported 1in BW-15303.
3y meane of thees Alstribution valuss and the oparat.
1ag linte for flewshest oonditicns, I and T esquilibrium
valosd vere sompuied for emch wtage. The sguilibriue
u—.nnth-n—tmmbylmm
/ surves through thess poimts,

3. The plutomios comsemtration are iodiceted in Eems per

Fufl. is the T0F (equiveleat
o - + Wl 1n por oemt
the pli T 57. The latter
Sohls is applisable st 20F plutoniim comsemtrations

0 bhve mo #f'fect on the
lois of the equilitrius lines wits
sonles.
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GAMMA EMITTING FISSION ®RODUC T DISTRIBUTION
EFFECT OF HNO5 AND A(NO3)s CONCENTRATION

SOURCE OF DATA: MonN-319
Concentration of AI(IN03)3 In Aqueous Phc:scé Moles/Liter
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Aquecus Phase : 002 M U,0.M K,Cr O,
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G./L. Aq.

125 M Al(NOy
0.0l

Distribution Ratio

Equal Volume Extroction

Radioactivity Source : Irradiated UzuAgod 6
Weeks (/0P gamma
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URANIUM-FISSION PRODUCT SEPARATION FACTOR
EFFECT OF AKNO3)3 AND HNOz CONCENTRATION
SOURCE OF DATA:. ORNL -343

Single botch extraction
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° - Organic Phase: Prefreated hexone

§ Aqueous Phase: Ca. | MU, 0.1 M Crp04",

N oxidized | hour at 30°C,
1o | ! N | ] 1 | 1 | 1
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FIGURE JAYA A§§,HED

camma EMITTING FissINIRR T DISTRIBUTION
EFFECT OF Al(NOz); AND HNO3 CONCENTRATION

SOURCE OF DATA: ORNL - 37
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RUTHENIUM DISTR IBUT ION

SPRCIES PRESENT IN PROCESS SOLUTIONS

A. FHanford Works Labormtory Data (AW-10b15 )«

Species Present Percent of Total Volstilization Rete nDistribution katio,C

in Dissolver u in Dimsolver ») Uzone mt 7 tn,, 5./L. Org,
Bolution Solution Aged Percent Minute Gafle Aq.
Avout 10 Daye
Total Ku 100 ("% in § hrs.) 0,00
Al by 10 0.01
A2 a0 1.0 0,00k
B 5 W 0,10 0.0018

s . The frection of rutheniim apeciss T {s quite low in fresh dissolver
solution {1 per cent or less). However, the fraction increasss
markedly upon standing to 10 or 70 per cent speciss B affer 30 days,

b . After % hours using O% ozono, precticelly sll of the Ru remaining
i8 apecies B,

e . ORNL  June, 149 Flowsheat,
Note: After a head-end treatment consisting of sir sparging dissolver so-
- lution, containing initislly 0.08 KM n,}, for % hours st 5°C,,the initisl
ut

ruthenium distribution mti?éoa, Is obodt 10-3 under ORNL June,
1947 Klowsheet conditions, ’

B, ORNL levoretory Dete (ANL-.l.-43):

Form nistribution Ratlc, G./L. Org.
G./L. Aq,

Ru A 7.4t 300

Ru B 0.05 % Doyl

Ru ¢ ca, 0,001

Pu D PRL

Notes:

l, Conditions:

Aqueous phase: 1 M Al{NO )i Urgmnic phase: o, .7 M [INO
0.7 M HND" sat'd with HL0
Jat'd with hexons

Ruthenium: iu trecer, distillad as Rua),

7« An equilibrium mixture of Ku /& and Ru B is obtained when Ku trecer
1e introduced into the aquecus phaes end ellowed to remain in contact
with haxone for several days, The equilibrium constants of the remction

Ku | e i A 5 k = 3:’:—-—-—?’- y

ere a8 follows: in the orupsnic phase, 7 + “04; in the nguenus phase,
ca, 0.2 (calculated), Half time for the establishment of the
equilibrium i& ca, 1 hour,

3. FRu C 1is obtained vhen the trecer is allowed to stand in dilute HNO 3
for asveral monthn. In contmct with hexone Pu & ts feirly repidly
converted to a mixture of Tu A and Nu R, Nitr ite accelarates the
conversion. {trong oxidation converts T o to [ [,

4. Ru D obtained when the tracer s allowed to stand in KMp0, for several
]

monthe. Ru ) changes fairly repid 1 of u £ and Ru B
vhen it is in contact with hexone. CE sSIFIED
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RUTHENIUM DISTRIBUTION
EFFECT OF AINOz)z AND HNOz CONCENTRATION

SOURCE OF DATA: ORNL-343

initial Concentration of HNOy in Aqueous Phose, Moies/Liter
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] Org.: Hexone (Volume Ratio = 1:1)
& & Scrub-

Aq: 0. M HNO3, Fresh AINO3)y

Org.: Hexone Pre-equilbrated with AI(NO3)3,Ru tracer
© Extraction -

Ag.: 0.1 M Cra07, .2 M AINOy)3, irradicted U-Al

Org.: Hexone (Volume Ratio =1:1)
& Serub—

Aq: 0.75 M AINO3)s

Org.: Hexone Pre-squilibrated with Al{NOg)3, Ru tracer
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FIGURE TW-5%
ZIRCONIUM-NIOBIUM DISTRIBUTION

EFFECT OF AlNO3}s AND HNOz CONCENTRATION
SOURCE OF DAT-A: ORNL-343

Initial Concentration of HNOx in Aqueous Phase, Moles/ Liter

-0.2_ 0 0.2 4 0.6 0.8 1.0
T I | T 1 T T ] T T ! T
i ©
© Aq: 0.1 M NapCra0s, L2 M Al(NO3l, irrodiated U-Al
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N Org: Hexone (Volume Ratio =1:1)
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FIGURE IZ-56
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HW-18700

CERIUM_DISTRIBUTION

EFFECT OF A(NOz)3_AND HNOz CONCENTRATION

SOURCE OF DATA' KAPL-223

Initial Concentration ot HNO3 in Aqueous Phose, Moies /Liter
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0.01

Ce Distribution Ratio,

l'llllII

.

!

Hexone -~Aqueous Volume Ratio, I:) -

Cl Aqueous: 1.24 M AI(NOa)z, Ce tracer,
Hexone: 0.3 M HNO3 except in
© Aqueous: 05 M HNC3, Ce tracer,

Hexone: 0.3 M HNO

|

0.025 M NosCro07
acid - deficient region

0.025 M N02 Cr207

] H \ | ] ]

0.004
o

o8

0.9
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Concentration of Al{(NO3)3 in Aqueous Phase, Moles /Liter
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FIGURE TV -57
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CERIUM DISTRIBUTION
EFFECT_OF NapCryQ7_CONCENTRATION
i o © SOURCE OF DATA: KAPL—223
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FIGURE IV -58
CERIUM DISTRIBUTION

EFFECT OF INERT Ce(NO3z)z CONCENTRATION
SOURCE OF DATA: KAPL-223
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Single Bate Decontemination Facter

FIGURE IV-59 :
URANIUM OR PLUTONIUM DECONTAMINATION FACTOR
AS A FUNCTION OF FISSION PRODUCT DISTRIBUTION RATIO

3 SINGLE BATCH CONTACT
s Uor Pu
s Distribution
N Volume Ratio Ratio ,
1 Organic G/L.Org
Aqueous G/ Aq.
L A 2 -
B 2 3
nz - C 2 !
o D 2 0.1
[ E 4 0.l
=
. BASIS:
L pf - E(FP)XR E (U or Pu)
) I+E{UorPu) xR E (F.P)
E .. it e .. G/L Org.
io= E(F.P) = Fission Product Distribution Ruﬂo,c-mg-
N . , = i W I
" E{U or Pu) » Uronium or Plutonium Distribution Roﬂo,ﬁ
[ R+ Organic /Aqueous Volume Ratio '
Io 1 1 IIII]II 1l | lIIllll 1 L llllll' 1 1 L1111
“105 04 o3 02 107! 0
Fission Product Distribution Ratio, %—’}f%ql

€G- AL 3u9N9i4

16511040

et
i a4l

L81-MH

Q’fg.?o



V1800

S ORCLSSFE)

THG T2GF
INTE ALY
LEFi B

- DEC\.ASS\F\ED




FIGURE IV-60
RELATIONSHIP AMONG Ce, Ru, AND Zr+Nb
DECONTAMINATION FACTORS
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FIGURE I¥-62

HNOz DISTRIBUTION IN THE SYSTEM UOo(NO3z)o —AI(NO3)3

EFFECT OF HNO3z GONCENTRATION
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FIGURE TV 63

HNO3 DISTRIBUTION AS A FUNCTION OF TEMPERATURE

SYSTEM: HNO3~H,0- HE XONE
SOURCE OF DATA: HW-—-I1447
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CHAPTER V. PROCESS ENGINEERING (SOLVENT=EXTRACTION )

A. BASIC PRINGIPLES

1. Principles of SolventeExtraction

Solyest-extraction operations are defined in the Chemical Engineers?
Handbook{2) ap "those in which the separation of mixtures of different
substances is accomplished by treatment with a selective liquid solvent®,
Although solventw~extraction operations may include leaching and washing,
solventeextraction as used in this manual refers to liquideliquid cXe
traction, In liquideliquid extraction the mixture treated is liquid and
the two phases resulting from the solvent treatment are both liquids,

In the Redox IA Column, for example, plutonium and uranium are selectivem
1y extracted into an organic phase when the aqueous feed originally cone
taining all the U and Pu is treated with hexone solvent, Naturally, the
extraction obtained is dependent upon the chemical composition of the
phases involved as well as the type of extraction equipment. For a dise
cugsion of the chomical considorations involved in the various solvente
cxtraction contactors of the Hedox Plant tho reader is reforred to
Chapter IV, In practice, there are actually many different g0lventeexs
traction methods available for obtaining the liquideliquid extraction
performance desired, A few of these methods are discussed briefly belows

lel Simple contact

The simplest method and the one most common on a laboratory scale is
the simple contact in which solvent and feed to be extracted are brought
together, mixed, and the two phases are allowed to settle, The operation
may be either batch (beaker experiment) or continuous as shown in the
schematic flow diagram below:

Faod

Solvent ;

Mixer

7t Settling Chamber i]/
§f
Q
ct

b 3Reffinate
Single Contact txtraction

For any given ratio of solvent to feed, the amount of solute which may be

extracted is fixed solely by equilibrium considerations (assuming the
phases have reached equilibrium during contacting),.
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1.2 Simple multistage (cocurremt) contact

In a simple contact the extraot solute concentration and raffinate
solute concentration are limited by the eguilibrium distribution coeffi-
cient. If s raffinete with a lower concentration of solute is desired,
the raffinate from the first simple contact mey be mixed with fresh solvent
as shown in the schematic diagram below: '

Feed ] | & % y

Mixer ®1 ™ Mixer B ) Mixer B

' 3 3 - 3
1 |
| | I
S t - ;

olven T l Solvent T Solvent _T:e>
Raff. 1 Reff. 2 Final
Raffinate
Contect 1 Contact 2 Contact 3

Simnle Multistage Extraction (3 Contacts)

e

If a sufficient number of contacts are maede and a sufficiently large -
volume of solvent is used, the concentration of the extracted component in
the final reffinaste can be reduced to almost eny desired low value.

1.3 Countercurrent multicontact extraction

- In countercurrent multicontact extraction (also called countercurrent
betch extraction), feed and solvent enter the system at opposite terminals
of a series of contacts and flow countercurrently through the system.

Fresh extractant first contacts low solute concentration raffinate snd then
contacts more concentrated raffinate as its own solute concentration in-

creases.
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Countercurrent Milticontact Extraction

1.4 Continuous countercurrent differential contact

In continuous countercurrent differential contact operations a very
large number of infinitesimally small contacts are achieved by subdividing
one phase and passing it countercurrently through the other continuous
phase, Either of the phases may be made continuous or dispersed (i,e,,
either the solvent or the liquid to be extracted may be subdivided and
allowed to pass through the other), If the lighter liquid is to be cone
tinuous, the dispersed heavier phase is introduced at the top and allowed
to fall by gravity through the continuous phase, Conversely, if the
heavier liquid is to be continuous (as is the case for all of the Redox
solvent-extraction colwms) the dispersed lighter phase is introduced bew
low the surface of the continuous phase and allowed to rise by gravity
through the heavier continuous phase,

In practice, continuous countercurrent differential contacting is
achieved in solventwextraction columns,

2. SolventeBExtraction Equipment

Many different types of equipinent are available and could cenoeivably
be uscd to accomplish the required Pu and U scparation and purification
in the Rodox Plant, The limitations, advantages, and disadvantages of
the important equipment types are mentioned in the following discussion,

2.1 Batch equipment

Although batch equipment may be used for any number of industrial
applications, it has been little used in Redox except in the counterw
current multistage laboratory equilibrium studies made to simulate equilie
brium conditions in the various columm contactors, These studies are dige

cussed in Chapter IV, —
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In batch equipment a high stage efficiency may be attained in each
contact, In the Redox process, however, numerous contacts are required to
achieve the desired extraction, These contacts present design and operating
problems, discussed under 2,2, below, which render the use of continuous
equipment for the Redox Plant much more advantageous.

2,11 Closedwcycle extractor

An interesting application of batch equipment is the closedmcycle exw
tractor (sometimes colloquially called a "mouse~trap") shown in the sche=
matic diagram belows

Although such a system is not used in the present Redox Plant it has
peen considered for the reworking of off=standard plutonium product streams
(esge, concentrated 3BP containing exceseively high concentrations of ura=-
nium or fission products), and has been used to a limited extent in Redox
studies at Osk Ridge National Laboratory.

Solvent Solvent
Makewlp
Aqueous 1 <= i r' Aqueous 2
Emptying Line|l O VI T oot Line | IL . ’}-_n Charging Line
Aqueous 1. . ‘ k3 .

Charging v - k. I == Aqueous 2
Line -T“- —it| BEmptying Line
Solvent Solw nﬂ i

Fhasg 1 ’ | Fhes
i . T &L n- P
o Aqueous ® Aqueocus ,
. Phase 1 . Phase 2
o [ ! . & -
t _:_.:4..&...;..-, { ?'..4.....:..._5::.:_.13_,
Vessel 1 Vessel 2

Closed-giple Extractor

When operation of the system is started, Vessel 1 is charged with the
aqueous phase containing the solute to be extracted (e.g., above~uranium-
specification 3BP treated to reduce Pu to the nonw-extractable, trivalent
state) and Vessel 2 is charged with a second aqueous phase (.84, water)
which, because of its chemical composition, is capable of removing the
solute (@eg., uranium) from solvent phase l, Solvent (e«ge, hexonc or
some other appropriate organic solvent ) is next added to each of the tanks
above the aqueous phase and the solvent recirculation systenm and agitators
are started, ‘
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In Vessel 1, the solvent picks up solute (e.gs; uranium) as it
passes up through aqueous phase 1, The enriched solvent collecting at
the top of the vessel is then pumped into the aqueous phase at the botiom
of Vessel 2 where the solute is extracted from the solvent into agqueous
phase 2, The solvent phase collected at the top of Vessel 2 ig then sent
back to Vessel 1, With continued solvent recycling, the system eventually
approaches equilibrium and must be emptied and recharged,

242 Continuous mixermsettlers

Continuous mixerwsettler equipment can be designed to conduct simple,
cocurrent multiple, or countercurrent multiple~contact operations, Of
these three methods, only the variations of the countercurrent multiplem
contact method are discussed below since the simple contact methed and
the cocurrent multiple-contact method involve a comparatively inefficient
use of solvent,

Pilot-plant and smallescale laboratory Redox studies using several
types of contactors capable of continuous countercurrent multicontact ex-
traction have been conducted at a number of AE.Cy sites, Various mixerw
settler arrangements, each employing different refinements of the same
basic principle, have been examined, Among those considered and briefly
discussed below are the multiple~vessel mizer~-settler, the S,0,D, =
(Standard 0il Development ) mixermsettler, the pump mixer-settler (S.P.R.U.
type), and the horizontal extractor,

Since the continuous mixcr-sottler variations all embody the same
basic operating principles, the advantages and disadvantages of the group
- a8 a whole are considered.

Among the advantages of mixer-sattler equipnent are the following:

(a) High stage efficiencies (i.es, 80 per cent or greater) may
be obtained at carefully controlled operating conditions,
Therefore, for a solvent~extraction process known from
laboratory equilibrium studies to require a given number
of stages, mixer=settler equipment may be designed with a
fairly high degree of certainty that a sufficient number of
stages have been provided,

(b} Mixermsettler equipment generally requires less plant height
(hence a less expensive plant structure) than solvente
extraction columns (see Chapter XIV for solvent~extraction
column heights),

A few of the disadvantages of mixer-settler equipment which led to
the selection of solvent-extraction columms as the contactor for the Redox
Plant are enumerated below:

(a) Agitators are required for each stage to mix the phases
adequately. Careful agitator-speed measurement and control

may be required to obtain agitator speeds at which high
stage efficiency is not accompanied by emulsion formation,
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(b) Either pumps and liquidelevel ocontrollers are required to maine
tain proper interstage flow or, if gravity flow is employed
between stages, adequate means must be supplied to maintain the
correct hydraulic balance within each system,

(c) Stuffing boxes and seals for the pumps and agitators are possible
leakage sources from which contamination may be spread.

(@) Complex, costly piping is required to operate and service the
pumps, liquidelevel controllers, and agitators of some types of
mixeregsettler units,

(e) Since mixermsettler units incorporate many agitators and/or
- pumps, each dependent upon the other for maintaining solvente
extraction performance, it iz expected that shutdown periods
would be more frequent and greater maintenance effort would be
required in a plant incorporating mixer-settlers in place of
solventeextraction columns,

(f) MAlthough high stage efficiencies have been demonstrated in
smallescale mixerwsettler units, little is known about scalingw
up to plant size units or about the performance of such units
over a wide range of procesaing‘rates.

2. 21 Multgg;ewvessel mixeresettlgr

A multiple~vessel mixeresettler is used to perform the countercurrent
multicontact extraction discussed under 1,3, abeve, The mixed phases from
the mixer are pumped (or flow by gravity) to the settler, where the phases
disengage. The heavy phase in the settler is then transferred (either by
pump or by gravity) to the next mixer while the light phase continues its
countercurrent path,

222 S8,0.D. mixeresettler

The mixeresettler developed by the Standard 041 Development Company
is an interesting variation of the conventional design. In the compact
boxmlike unit the mixers and settlers are separated by partitions, The
differential head required to induce countercurrent flow is produced by
the angle of tilt of the box unit (solventeraffinate end low), Openings
or ports are suitably placed in the partitions between the mixers and
settlers to permit the proper flow of the phases between stages.




Extract (-.*.-E\ Settler | |(TEReL 2 ﬁj\ Settler 7] |——> Raffinate
| //

)
Y
1Y

, ’ ‘
Feed —3 T -~ Settler - ﬁ*é—Solvent

/ /

Schematic Diagram (Top Removed)

Showing ¥Flow Through 5,0,D, Mixer-Settler

2423 Pump mixer-settler (S.P.R,U, type)

The pump-type mixerwsettler developed by S,P,R,U, (Separations Pro-
cess Research Unit of the Knolls Atomic Power Laboratory) uses the basic
flow pattern shown in the schematic diagram for the $,0.D. mixer~settler
in 2,22, above, However, the agitators of the S,P,R.U, unit are designed
to give a centrifugal pumping action which mixes the two plases and

discharges them into the sottling zone, Since the hydraulic head required
for stage-to-stage flow is produced by the pump~agitators, the unit is not

tilted, as the S.0,D. mixer-settler and horizontal extractor must be, to
produce flow,

2.2y Horizontal extractor

In the horizontal extractor the piping between the mixers and
settlers is eliminated, Essentially, a multistage unit consists of a
slightly inelined tube having agitators located at suitable intervals
to provide intimate twoephase contact. Phase separation and counterm
current flow take place in the space betwesen the mixing units, The flow
of the phases from mixer to mixer is controlled by the angle of tilt,

2.3 Solventeextraction columns

Columns are used to accomplish solvent-extraction by the counter-
current differential extraction method discussed in 1l.Lh, above, Among
the advantages of solvent-extraction columns, on which their selection
as the type of solvent-extraction equipment to be used in the Redox Plant
is based, are the following: '
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(a) Packed extraction columms incorporate no moving parts in their
design and therefore require a minimum of maintenance on radiom
actively "hot' oquipment,

(b) They make effective use of solvent by virtue of their counter=
current method of contacting the phases,

(c) As indicated in Section D, solvent-extraction columns may be
operated over adequately large flow ranges with little change
in extraction efficiency.

The simplest type of extraction column is the spray column, The dise
persed phase is introduced through a suitable nogzgle and rises (or falls)
through the continuous phase in the column to the phase interface,

In a packed column more effective extraction may generally be obtained
than in an open spray column of the same heights In a packed column the
dispersed phase is broken up and forced to follow a tortuous path, The
type of packing used for a given application is dependent upon the chemical
nature of the system and the processing requirements, while packing depth
{packed height) is dependent upon the degree of separation required, The
diamster chosen is dependent upon the system and the required processing
rate,

The packing is held in position by packing supports. These supports
(spirals or gratings) should generally be designed to take up no more
column cross section than the packing itself, They also prevent plugging
of the influent or effluent lines with packing,

To minimize channeling in packed colusmns, some method of distributing
the dispersed phase is generally useds. For the Redox columne it was found
that fine dispersion of the organic phase by "showerehead” distributors
is not required since subdivision is quickly accomplished in the packing,
Therefore, the single tube, three=hole napider" and seven-hole ring dis-
‘tributors illustrated in Chapter XIV have been specified for the Redox
Plant,

The design of both ends of solvent~extraction columns generally ine
corporates settling zones in which phase disengagement takes place, In
the Redox colums the required phase disengagement is accomplished in an
enlarged, disengagement section at the top of the column (see the achematic
diagram below), and in a section (not enlarged) void of packing at the
bottam of the column,
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Schemetic Disgram
Packed Solvent-Extraction Column

Packed colums may be designed to operate with either phase continuocus
by controlling the position of the phase interface in the column, In the
Redox Plant columns, the aqueous phase is made continuous because intere
facewcontrol instrumentation is simpler with the interface at the top of
the columm, and because, in the Redox columns, the extraction performance
with the organic phase dispersed is at least as good as, if not better
than, with the aqueous phase dispersed,

Column design details are determined by the nature of the chemical
system, the solventeextraction effectiveness required, and the desired
throughput. The considerations which led to the design of the various
packed colums used in the’ Redox Plant are discussed in Section D,

The extraction height required in packed columns may be reduced by
using a gulse colum, In pulse coluwmns the packing is replaced with a
number of sSpaced perforated plates, In operation the columm contents are
pulsed up and down through the perforated plates with a net flow of the
lighter phase up (and heavier phase down) the column, Although pulse
columns are generally shorter than packed columns capable of the same
solvent~extraction performance, they are mechanically more complex and
therefore require more maintenance,

Pulse columns have been selected as the solvent-extraction contactors

for the Metal Waste Recovery (TBP) process, It was possible to fit the
pulse columns inta the 22=ft. deep cells of the existing 221«U Building,
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This would not have been possible with packed colwmns without deepening
the cells by about 30 ft. At the time of the basic phases of the design
of the Redox Plant, pulse columns were in an early, pioneering stage of
development, Their appraisal as an alternmative to packed columns in the
Redox Plant would have to be based on an economic balance of lower bullding
cost vs, the added initial cost of pulse generators and a probably higher
maintenance cost.

HWaA700" - &

3. Special Terms

The terms defined in this subsection are those used frequently in
discussing the operation or evaluating the performance of solvent-extraction
colums, Examples, including colloquial texms which have come info use for
the Redox process, are included in the following discussion.

3.1 Extraction, stripping, scrubbing

In connection with solventeextraction in the Redox process, the tem
extraction is used to describe mass transfer, notably of uranium and/or
plutonium, from the aqueous to the organic phase, as, for instance, in the
lower section of the IA Columm, (See the chemical flowsheet in Chapter I,)

The term stripping is used to describe mass transfer of uranium or
plutonium from the organic to the aqueous phase, Thus, in the IC Colum
uranium is said to be stripped from the organic feed to the aqueous
effluent stream,

The removal of fission products from a uranium or plutonium~bearing
organic stream by contacting it with an aqueous stream ls referred to as
scrubbing. Scrubbing is, for example, carried out in the upper packed
secvion of the IA Column, The removal of small residual amounts of
uraniuwn from the plutoniumebearing aqueous stream in the IB Column by
contacting with an organic stream is also referred to as scrubbing.

3.2 Simple and dualepurpose colurms

As the name implies, a sé%gle column is designed to carry out a
single solventeextraction function (either extraction, or stripping, or
scrubbing), The Redox IC Colum is a simple column performing only urae
nium stripping., Other columns are designed to carry out two separate
solvent-extraction functions and are therefore referred to as duals ose
or compound, columns. The IA and IB Columns are examples of doalmpurpose
Redox colums, In the lower portion of the IA Column, ursnium, plutonium,
and some fission products are extracted, while in the upper section
fission products are scrubbed from the organic phase. Similarly, in the
lower section of the IB Column, uranium is scrubbed from the plutonium-
bearing aqueous phase, while in the upper section plutonium is reduced
and extracted from the organic phase into the aqueocus phase,

3-3 : I"looding
Flooding (or complete flooding) in a packed liquid=liquid extraction
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column designates a typical behavior of the two liquid phases when flow
rates are so high that the two phases cannot pass countercurrently through
the column, with the result that dispersed phase leaves the column through
the continuouswphase exit line at the dispersed-phase entry end of the
column, Flooding also occurs if the continuous phase leaves the column
through the exit line intended for the dispersed phase (ec.g., IAS accome
panies the IAP in the Redox IA Column)., The flooding capacity is the
throughput level (i.e., flow rates) at which an iﬁ?iﬁifesimai increase in
flow rates results in flooding,.

Local flooding in the column consists in an unusually large accumie
lation of dispersed phase at some location in the twowphase zone, The
local flood may occur in the packed section or below an obstruction, such
as a packing support. It may appear as an accumulation of closely packed
dispersed-phase globules or as a single large globule forming a phase
interface across the column, If a local flood maintains a given size
(i.e., the increased effective "“head" of the dispersed phase is sufficient
to cause the dispersed phase to flow through the constriction at a rate
equal to the dispersedephase flow rate entering the local-flood zone),
the column may be operated indefinitely and give satisfactory performance
as an extraction unit,

Cyclic local flooding consists in the formation and dissipation of
local %ioo&s on a fairly %requent schedule,

3.k Reflux (external and internal)

In solvent-extraction, as in other diffusional processes, externmal
reflux may be returned to the solvent-extraction column to enrich the
extract concentration, For example, the Redox IAP stream could be ine
creased in uranium concentration by using a concentrated aqueous uranium
solution in place of aqueous aluminum nitrate for the IAS stream, In a
dualmpurpose column a portion of the solute may be extracted in one part
of a column and stripped in the other, This phenomenon is referred to
as internal reflux, For example, in the upper section of the IA Column
a portion of the uranium in the organic phase is refluxed internally,
some uranium being stripped from the organic phase by the IAS and carried
back down the column where it is again extracted,

3.5 Egquilibrium and operating lines

As used in this manual, equilibrium lines refer to graphical reprew
sentations of the equilibrium solute distribution between the phases for

the chemical conditions expected in the countercurrent solventwextraction
contactors, Phase equilibrium lines for all the Redox columns have been
determined from either simple batch or countercurrent batch laboratory
studies conducted to approximate closely the chemical conditions expected
in the extraction colums, These studies are discussed in Chapter IV,

An oggratin§ line is a locus of points depieting the actual solute

concentrations of the agueous and orgenic phases at various heights
within the column, The operating-line equation is developed from a
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solute materizl balance made around either end of a packed section.
Typical operating and equilibrium lines and their use in evaluating colum
performance are presented in Section B of this chapter.

3.6 Height equivalent to a theoretical stage - (H,EaTaSe )

The mass-transfer effectiveness of solvent~extraction colurms may be
evaluated in terms of the height of contactor which is required to periorn
the same extraction as a single theoretical stage. A theoretical stage
is achieved in a colum when two influent stresms {not at equfiiﬁ?!umi,
entering a section of the column, mix and produce effluent streams which
are in equilibrium with one another, For solvent-extraction columns Cofiw
taining several theoretical stages the H.E,T.S, may be obtained by dividing
the height of the contacting sectlon by the number of theoretical stages
required to accomplish the same extraction being carried out by the colum,

Although the number of theoretical stages is generally cobtained for
the Redox colums by the graphical methods described in Subsection B3 of
this chapter, when the operating and equilibrium lines are both straight
the number of stages (Ngg may be calculated from the following equation as
presented by Colburn(1):

Ng "-—Jlo !oé-PIJFM.‘.P'L:'-....-----000.(1)

where P = the extraction factor, L/mV for extraction and mV/L for
stripping;

1L/V = siope of the operating line, (weight of aqueous phase per
unit time)/(weight of organic phase per unit time) on a
~ soluteésfree basis '

m = slope of the equilibrium line, (concentration in the organic
phase )/(concentration in the aquecus phase);

M = X1/Xp for extraction and ¥1/Yp for stripping == (if the
extractant contains sufficient solute, the values of M

o Ty and = Xgm  eor extraction and
becomexlg-.:%an M or extra

stripping, respectively);

X = the solute aqueous~phase concentration e subscript 1
designates inlet (feed) concentration, subscript 2
designates raffinate concentration, and subscript x
designates extractant concentrationj.

'Y = +the solute organicephase concentration we subscript 1
designates the organic feed concentration, subscript 2
designates the organic effluent concentration, subscript
x designates the organic extractant concentration.
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For the phase=-equilibrium relationships involved in the Redox process
(see Figs, V-l, V=3, and Vi), as in the general case, the equilibrium
lines are curved, 'Therefore, the slope is not constant and the value of
P varies, However, a close approximation of the number of stages may be
obtained from the above equation by using an appropriate mean value for
the slope of the equilibrium line,

3.7 Height of a transfer unit == (H,T,U,)

The H,T.U, (height of a transfer unit), like the H.E.T.S. defined
above, is a measure of the mass-transfer effectiveness of a solvente
extraction column, As compared with the HsE.T.S., it has certain advan-
tages which are discussed under Subsecticns C10 and DI in this chapter,

The mumber of transfer units in the packed sections of Hedox columns
may be expressed by the integrals:

X; _ o
dx .
NOW'I‘W,oncooo--coon(e)
X2

or

‘i .
. _ ay
Nop = W,&c.cagou..t(S)
T2
where Ng, = the number of Yoverall water=film® transler units for
' transfer from the aqueous to the hexone phases

Nonh = the number of Moverall hexone«film* transfer units for
transfer from the hexone to the aqueous phase}

X & the concentration of the diffusing component in the
aqueous phase;

X—)f-

1]

the concentration of the diffusing component in the
agueous phase in equilibrium with an organic phase
of composition Y;

Y ® the concentration of the diffusing component in the
organic phase;

T = the concentration of the diffusing component in the
organic phase in equilibrium with an aqueous phase of
composition X,

Thus, the number of transfer units is an integrated ratio of the change

in diffusing-component concentration to the concentration driving force
which causes the transfer between phases,
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The HeT.U. (height of a transfer unit) is calculated by dividing the
packed height by the number of transfer units caleulated from one of the
above integrals,

When the equilibrium and operating lines are both straight, the
number of transfer units (N;) may be calculated from the following equae
tion developed by Colburn:

N, © 2e3 lo LleP + P

If the extraction values for M and P given in Subsection A3.,6, above, are
substituted in the sbove equetion, Nt becomes Moy, Similarly, if stripping
values are gubstituted for M and P, Ny becomes N,,, The equation is not
rigorous unless the operating and equilibrium lines are both straight (cone

stant P), However, approximate Ny values may be obtained by using an
appropriate mean value of P,

.oc‘o-o.ooo' (h)

The ®overall" number of tranasfer units, Noy and Noh, include contrie
butions of both the individusl aqueous and hexone~film number of transfer
units, which are related by the following equations:

l/Now = l/Nw*(L/lﬂV)l/Nh,ctoa-o.ool (5)
l/NOh = 1/Nh + (mV/L) lle; # % 0 0 s 8 0 e o0 (6)

where Ny is the number of transfer units required for transfer across the
aqueous film and N is the number of transfer units required for transfer
across the hexone film, It is seen from these equatlons that if the
individualefilm transfereunit values are largely independent of P, as is
often believed to be the case, the overall values will be likewise indew
pendent whenever the temms (L/mV)1/Np and (mV/L)L/Ny in Equations (5) and
(6), respectively, are negligible, viz., when P (i.e., L/mV for Equation
(5) or mV/L for Equation (6)) is less than about 0.1, As P increases from

0.1 to 1, the terms (IL/mV)1/M, and (mV/L)1/N, become increasingly signifia
cant, so that more significan% variation of overall transfere-unit values
with P might be expected in this region,

3.8 Relation between H,T,U, and H.E,T,S.

By combining the integrated expressions for Ny (number of transfer
units) and Ng {number of theoretical stages) presented under A3,6 and
A3.7, above, it is found that the H,E,T.S. and H,T.U, are theoretically
related by the equation below, which is rigorously correct only for
straight operating and equilibrium lines:

- ﬁniiﬂo a I"I !

vhere the extraction factor P is, as explained under 43,6, the slope of
the operating line divided by the slope of the eguilibrium line for exm
traction operations and the reciprocal for stripping operations, For
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operating and equilibrium lines which are both straight and parallel, the
value of P is unity and, although the above equation reduces to an indew
terminate form, it may be demonstrated that the H,E,T,S5. equals the H,T.U,
As the relative slopes of the operating and equilibrium lines are changed
so that these lines diverge more and more, the numerical value of P be=
comes progressively smaller than unity and the H.E.T.S. becomes progrese
sively larger than the H,T.U, For curved operating and/or equilibrium
lines, the equation applies as an approximation provided appropriate mean
values of the slopes of these lines are chosen.

B. THE OPERATING DIAGRAM (H.E.T.S., AND H,T,U. CALCULATIONS)

l. Introduction

Included in this section is a discussion of the development and use
of the uranium operating diagrams in evaluating the solvent-extraction
performance of the Redox IA and IC Colunns, Examples of the H.E.T.S. and
H.,ToU. calculation methods used in typical IA and IC Column runs are dem
monstrated in Subsection B3, Although sample calculations have not been
included for all Redox columns, typical Pu and U (and in some cases HNOs3)
operating diagrams tabulating the number of transfer units and stages
required for flowsheet conditions are included for all Redox colums& on
Fig., V=6 through V-12 inclusive,

The operating diagrams discussed in this chapter are X - Y plots
(similar to the McCabe~-Thiele diagrams used in distillation) with X and
Y axis values depicting aqueous and organic-phase concentrations, respec=
tively, Each of the diagrams includes an X « Y phase equilibrium line
for the diffusing component, and an operating line with influent and
effluent compositions labelled, The operating diagrams are used for cale
culating the number of equivalent theoretical stages or the number of
transfer units required for the desired extraction. From the operating
diagrams a quantitative or qualitative analysis may be made of the effect
which changing phase flow ratios may have upon the difficulty (change in
number of stages or transfer units) of the separation. On some of the
operating diagrams are included parameters which show the coffects of come
position changes (c.g., salting strength parameters of Fig. V-1) upon
phase equilibrium,

2. Derivation of the Operating Line (IA Extraction Section)

The concentration units used for constructing the IA Column operating
diagram were chosen as grams of UNT (uranyl nitrate trihydrate) per gram
of non-UNT, By neglecting the change in the grams of non-UNT for either
phase (L and V,  expressed as grams of non-UNT) due to (a) the slight
mutual solubility of hexone and water, (b) the transfer of HNO3, and (c)
the transfer of salts other than UNT (i,e., ANN, NazCry07, NaN03), a
linear operating line may be obtained, For the IA Column extraction sec-
tion, the uranium operating line may be derived from a UNT balance around
the bottom end of the column as indicated by the schematic diagram and

equations below: DECE. ASS!HED
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)’-\CD Values of X end Y, expressed as g.

UNT/g. non-UNT, indicate the
compositions of the aqueous end
hexone pheses, respectively.

Values of L and V, expressed as g.
non-UNT per unit of time, Indicate
the weight flow of the sguesous end
hexone pheses, respectively.

Yx V_:f'__'l'_.__% L
IAJ’{ Stream 1AW Eg:zam

At steadyestate operating conditions, the weight of UNT entering the
sbove section of columm (over a given time period) via the influent organic
and aqueous streams must equal the weight of UNT leaving vis the effluent
organic and aqueous streams, The weight of UNT carried by each of the four
flowing stréams in unit time is the product of the flow rate times the UNT
concentration: Y.V, YL, ¥V, and XL, respectively, Thus a material
balance equation for UNT may be written by equating the influent flow of
UNT to the effluent flow of UNT, as follows:

X(L) + Yx(v) = Y(V)-' "'XW(L) e e e e e v (7)

Solving Equation (7) for Y gives the following equation, which represents
a etraight line in terms of Y and X if (L/V), Yx, and X are constants:

Y = (L/V)X--""Ix"gw('wk) I I R (8)

The use of the above operating line is illustrated under B3,l, below,
and on Figure Vwl,

Operating diagrams for the other Redox columns are developed in an
analogous menner, For the 2A and 2B Colwms, however, the volume change
of the phases is negligible (less than 1 to 2%), and stralght operating
lines /rilay be developed on operating diagrams with concentrations expressed
a5 go/le - :

3s Example HaEeTeSe and H,T,Uy Caloulations

3.1 Example HeEeTeSs caloulation mw TA gxtraction section

Outlined below is the graphical Wstage stepw=off" method used for
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calculating the number of equivalent stages (and the H,E.TeS.) for uraw

nium transfer in the TA Column extraction section. Operating con-
ditions approximate those shown on the HW No. l} Flowsheet (Figu;e I-2}).

A discussion of the stage concept may be found in the preceding section
of this chapter while a theoretical discussion of th 5faphical method
may be found in Perry's Chemical Engineers?! Handbook(2/, The following
data were obtained during the steaagLstafe period (5 hours) of a typical
pilot-plant run, Run 8"=20-U, in an 8-in, diameter column with a 13,9=ft,
packed extraction section,

: : o UNpE UNT None=UNT
Yolume, Density, Weight, Conc,, Weight, Weight,
Stream Liiters KE'ZL' Kg, KE:(E‘ Kgo Kgo

IAF 1245 1,64k 2047 0.898 1118 929
TAS 1249 1,264 1579 0 0 1579
IAX 1558 0.810 Lo16 "0 0 L016
1AP 5121 0,968 L4957 04220 1127 3830
TAW 221l 1.170 2590 0.0012 2,6 2587

#) UNT (uranyl nitrate trihydrate), rather than UNH, is used
in the H,E,T.S, determination since an average of only 3 to
3.5 molecules of water accompany one molecule of uranium in
transferring between phases,

The scrubmsection and extraction-section operating~line equations
used below were developed from material balance expressions about the
top and bottom of the IA Column, respectively, as discussed in Subsection
B2, above,  These equations have been plotted on the equilibrium diagram,
Figure Vel, which applies for the IA Colwm operating at HW No. i Flowe
sheet chemical conditions, For definition of the terms used in the
equations below the reader is referred to Table V-2l;, Nomenclature,

[}

Scrub Section: Y = (I)gorup X * Yy = (BW)gemp X
(1579/3830) X + (1127/3830) = 0

0,122 X + 0,294
Extraction Section: Y = (L/V)Extn; X - (L/V)Extn; Xy + Yy
(2587/1016) X « (2587/4016)(2.6/2587) + 0

= 0,6L) ¥ = 0,0006),7

]

The equilibrium line chosen from the family of curves on Figure Vel
is dependent upon the aqueous-phase (IAW) total salting strength, For
Run 8"20=U, the IAW total salting strength (sum of the A1(NO3)3e9H20
concentration and the A1(NO3)e9H20 saltingeequivalent of the NaNO3 present)

was determined to be 377 g./1.
DECLASSIFIED
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The organicephase compusition at the bottom of the scrub seetion is
found'at the intersection of the scrub section operating and equilibrium
linmes, Since this organic concentration is also the organicwphase concenw
tration at the top of the extraction seotion, this Y value must also appear
at the concentrated end of the extractionesection operating line, Theres
fore, the extractionwsection stage stepm=off is begun at the point Xgg, which
18 the aqueous-phase concentration at the top of the extraction sectien,
Stages are stepped off in the manner demonstrated on Figure Vel until the
waste composition Xy (which equals 0,001 for this case) is reached, Since
7.8 extraction stages have been stepped off on Figure V=l, and the extractlone
section packed helght is 13,9 feet, the H.E.TeSs is 13.9/,.8 ® 1,8 feet.

3.2 Eggggle HoT,U, calculation —w IA extraction section

The number of transfer units in the IA Column may be obtained by suit-
able methods for integrating the expression

Xy

-~ d}{ »
Now = e
X2

as explained under A3,7, above,

For the IA Column the equilibrium line is of irregular curvature with
a point of inflection near the dilute end, Therefore, formal integration
of the above equation is not easily accomplished and methods mast be used
which closely account for the equilibriumeline curvature., A close approXie
mation of the mumber of transfer units may be obtained uaing eithex the
graphical integration method illustratgd in the example below or a computaw
tion method employing Simpsonts Rule(2), B

The operating and equilibrium lines developed for the HeEeTeSe calcu-
lations under B3,1l, above, and shown on Figs Vel may be used in the &xe
ample IA extractionesection H,T.U. calculations for Run 8"=20=U, From the
extractionwsection equilibrium and operating lined on'Fig, Vel, the followe
ing values of X and X*, from Xrg m O.L7 to Xy w 0,001, were obtained, (To
obtain thé value of X* for a given value of X, a constant Y line is drawn
through X, The intersection of the constant Y line with the equillbrium
1ine == read on the X axis =« is the ¥* value,)

X Xt 1/(X. - X¥)
07 0,218 3497
0.3 0.153 6,8
0,20 0,113 115
0.10 0,067 30,3
0,06 040l1 ”5.5
0.0 0,028 L "5
0,0 0,017 13,5
0,03 0,011 gg.
0.02 0.008’.]. .2
0,01 0.002L %ﬁﬁ
0,005 0,0009
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The values of X and 1/(X = X*) are plotted as shown on Figure V-2
and the number of transfer units beneath the curve from X = 0,47 to
X = 0,001 is determined by graphical integration to be 10,6, Dividing
the 13.,9=ft, packed height %2) by the number of transfer units, the H,T.U.
is 13.9/10.6 = 1.3 ft.

3.3 Example H.E,T.S. calculation = IC Golumn

Outlined below is the graphical stage-step=off HeE.Te5. method used
for evaluating the uranium=stiripping performance of the packed section
of a Redox IC Column operating at conditions closely approximating HW No,
li Flowsheet conditions (see Fig, I=-2). The following data were obtained
during the steady-state period (approximately 6 hours) of a typical pilot-
plant run, Run 5%55-CU, nade in a Swin, diameter column packed with 196
ft. of 1/2-in, by 1/2-in, stainless steel Raschig rings:

Concentrations, Xge/Lis

Welght, Kge
ﬂgn- iﬁn-—U ﬁf
Stream Liters Density UNT HNO3 Total UNT HNO, UNT  Non-hNO3

ICF 897 0.916 0.145  0.,0013 821 129 1.15 692 691
ICX 291  0.998 5.9x10° 0 290 0,0015 O 290 290
IcU 35 1,248 0,358 0.0032 LLhy 128 1,13 316 315
oW 81y 0.801 3.0x106 0 652 0,0025 O 652 652

The X and Y values used on the HNO3 operating diagram (Fig. V-h) are
expressed as g.HNO3/g.non-UNT non-HNO3, These units have been chosen so
that straight operating lines may be obtained in cases where appreciable
HNO3 transfer occurs in the column., In the particular example shown,
1little HNO3 transfer occurs and goUNT/g.non-UNT units could be used withe
out introducing a significant error,

The following equation was derived from a UNT balance around the
dilute end of the column, and plotted as the opserating line on the IC
Colwm uranium operating diagram (Fig, V=3)., {(For the derivation of a
typical IA Column extraction-section operating line, see B3.l, above,)

Y = (LA = (LAY Ry + Yy
0 290 ,0,001 0,002
- B - GO . G
= 0,Ll5X + 1.5k x 100
Although the operating line for use on the nitric acid operating
diagram (Fig, V-li) may be calculated in a similar manner, a satisfactory
nitric acid operating line may be obtained by drawing a straight line
tyrough the two pgints which represent column end conditions (i.e.,
s

s and X7y Yg) on Fig, Vek. The subscripts x, w, u, and f refer,
respectively, to the ICX, ICW, ICU and ICF streams,
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(1,13/315) =0,00359
s (1,15/691) =0,00167

a8 éﬁ-,éfé Kol

In the IC Colwm both nitric acid and UNT transfer, with both concen
trations affecting the equilibrium for cach stage. Therefore, the equilibe
rium concentrations for the various stages in the column do not fall on any
given parameter on Figures V-3 and Val, but mist be caleulated from stage
to stage in the mannor described below, It is noted that under HW Nos L
Flowsheet conditions the UNT equilibrium curve is close to the O HNO 3~
parameter curve, The higher HNO3 concentration parameters shown on Bigure
Vw3 are of use in connection with the ANL (aeid) Flowsheet.

(a)

(o)

(e)

(d)

Sl g '
;gwrﬂﬁmmif

The first stage on both the UNT and HNO3 operating diagrams is
stepped off at the concentrated end, Tae first stage on the UNT
ddagram is drawn, as indicated, from the concentratedeend terminal
point (X,, Yr) to a point on the nitric acid parameters which.
corresponds to the concentrated end aqueous~phase nitric acld cone
cantration (X, = 128/316 = 0,405) Yp =129/692 = 0,187), The
corresponding first stage on the nitric acid d%agr is dreawn from
the nitric acid concentratedmend conditions (X, Y¥r) to a point on
the UNT parameters which corresponds to the concentrated-end aquee
ousephase UNT concentration.

Successive stages are stepped off in a similar manner, the aque~
ouswphase HNOq (or UNT) concentration at the end of the preceding
stage being ufed to determine the parameter used for the next’
stage on the UNT (or HNO3) operating diagram. Stages are stepped
off until the Y; value is attained or surpassed in the last stage.

(Y, = 0.0025/652 = 3,84 % 1070, )

The equilibrium lines on each diagrem may be obtained by drawing

‘2 smooth curve through the points representing the equilibrium

conditions of each stage. ,

Because of the wide divergence in slope between the equilibrium
and operating lines in the dilute region, linear interpolation
on a rectilinear plot does not give a correct value for the

last fraction of a stage in the IC Column. Linear interpolation
on a logarithmic plot would be more accurate in this case, but-
the best procedure is to use the oquation developed by Colburn,
as indicated below:

T T A
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Lk x 1073 to Y, = 3,8k x 106:

7
g
ld

ﬁcv/L) = 1 6x10~k (652/290) = 1,03 x 10=3
1. x 103

m Y = = 2
Moo= g TR IS <365 % 10

Ng lo 03399 365) + 0,001 = 0,86

)
]

The total number of stages is thérefore the sum of the two stages
stepped off on the diagram plus the 0,86 stage caléulated above, The
HoEeToS¢ for the 19,6eft, packed section is 19,6/2.86 * 6,85 ft,

3eli Example H,T.U. calculation e IC Colurm

The number of transfer units for uranium in the IC Colum may be
obtained by suitable methods for integrating the basic expression

5

dy
Noh = f s
Yo

as discussed under A3.7.

For determining the number of uranium transfer units cbtained in the
column for Run 5%-55-CU, the equilibrium and operating lines developed
under B3,3, above, and pletted on Fig, V=3 are used,

Since the UNT equilibrium line (Fig, V=3) has considerabls curvature
al the concentrated end (when plotted on a linear plot}, it would be .
diffioult to determine an appropriate value for the extraction factor P
to be used in Colburn!s equation. Therefore, the calculation is broken
into two parts with the number of transfer units in the concentrated )
region (from Yy * 0,187 to Y3 ® 0,02) calculated by graphical inte ration,
and the number of transfer units from Y; ® 0,02 to Y, ® 3,8l x 100 cale
culated from Colburnts equation(l).

(a) Concentratederegion transfer units b hical integration
The data (from Ir = U, o Ii w 0,0d), used in the graphical integrae
tion, have been obtained from the equilibrium and operating lines on
Figure Ve3, The Y* value corresponding to a given value of Y may be found
by reading the Ywaxis value of the intersection of the equilibrium line -
and a vertical line through the given value of Y. This data is tabulated
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Oc 187 0. 059 ?‘ 8
O.14 0.02h 2.6
04100 10,0078 10,9
0.08 0,0038 13,1
0,06 0,0015% 17.1
0,04 0,00048 25.3
0,02 0.00009 50,2

The above values of ¥ and 1/(¥ « ¥¥) are plotted on Figure V=5 and
the numbzr of transfer units from Ys = 0,187 to Iy = 0,02 is calculated
to be 2.40,

| (b) Dilute region btransfer vnits by Colburn!s eg&gtion' The. followe
ing equation, explained in A3,7, is used for the dilute~-region transfer

unit calculation:

. . 2e3 log g§%§r) 1 + Fl
\oh ).

0.02 to Y = 3,84 x 10~6s

7
g

R
i

P = m(V/L) = (b6 x 20°4)(652/290) = 1,03 x 1073
M = Yi/Y, = 0,02/3.8) x 10°0 = 5220

2.3 log [(0.999)(5220) + 0,001 _ g o
04999 T

Non *

' From the calculations in {a) and {b) above, the total number of
transfer units from Y¢ to Yy is 10,9, the H,T.U. for the 19.6uft. packed
section is 19.6/10,9, i.e., 1.8 ft,

i. Operating Diagrams for A1l Redox Columms

In Subsection B3 the use of IA uranium and IC uranium and nitric
acid operating diagrams for evaluating the nass-transfer performance of
IA and IC Columns during typical HW No, i Flowsheet pilloteplant runs is
demonstrated, Methods similar to those shown for the example calculations
may be used to determine the actual number of stages and transfer units
required to obtain flowsheet waste losses, Operating diagrams for typical
Redox columns, showing the required number of plutonium and uranium stages
and transfer units at various Redox flowsheet conditions, are included in
this chapter as Figures V=6 through V=12, inclusive, '

L.1 IA Column urenium and nitric acid operating diagrams (Fig. V=6)

Uranium operating diagrams for IA Columns operating at HW No. L, ORNL
June 1949, and ANL June 1918 Flowshcet conditions are shown on Fig, V~6.
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Although the required number of uranium stages or transfer units is approxie
mately the same for each of the indicated flowsheet conditions, the shapes
of the equilibrium lines used are considerasbly different., The HW No. L
Flowsheet line, for example, has a point of inflection at about X = 0,05,
Hence, with slight changes in operating conditions (higher aqueous=tom
organic flow ratio or decreased aqueous=phase salting strength) the opere
ating and cquilibrium lines would be closer together and a significantly
increased number of stages or transfer units would be required to obtain
waste losses below the point of inflection, From the three IA Colurmn
uranium diagrams of Fig. V=6 it may be noted that the sérub solutlon (145)
quickly approaches its maximum uranium concentration (i.e., approaches the
scrub equilibrium and operating line fpinch®), Hence, the proportion of
internal reflux of uranium resulting from two or three stages in the scrub
section of the IA Columm would not be significantly increased by additional
scrub stages,

Also shown on Fig, V=6 is the HW No, L Flowsheet nitric acid operw
ating diagram, Negative values of X are shown on the plot, This means
that the aqueous phase is acid deficients that is, caustic has been added
beyond the amount required to nentralize any free nitric acid in a solu=
tlon containing aluminum nitrate, uranyl nitrate, and free nitric acid,
There aré L to 5 equivalent stages indicated on the positive acid side on
Fige. V6, The mumber of positive acid stages can be decreased consider-
ably (from 6 to as little as one equivalent stage) by decreasing the
salting strength, or increasing the aquecusetoeorganic flow ratio, The
number of positive acid stages is also affected by noneflowsheet influent~
Stream HNO3 concentrations, The position of the HNO3 equilibrium line in
the dilute range (below Y' = 0,005) may possibly be slightly in error

gince analytical difficulties are encountered in the dilute range,

Le2 TA Column plutonium operating diagram (Fige Va7)

On Figure V.7 are presented Pu(VI) operating diagrams for IA Columns

rocessing IAF prepared from uranium slugs containing&é%?lg:%gé%ﬂg{ﬁ_jﬁzl
tiiﬁ This corresponds to a plutonium concentration of 0.2 g. » at HW

Ge Ly ANL June 1948, and ORNL June 19L9 Flowsheet-conditions, The equiliw
brium lines are based upon calculations using Chemical Research Section
Pu(VI) distribution ratio data and data obtained during countercurrent
batch equilibrium studies made for each of the flowsheets with IA~system
process solutions containing "cold" uranium, For calculation of the
Plutonium equilibrium line it was assumed that one Pu(VI) stage is equivae
lent to one uranium stage; i.e., phase distribution ratio calculations
were made for Pu(VI) using the aqueouse~phase chemical compositions present
in each of the stages of the uranium countercurrent bateh studies,

The HW No, L Flowsheet Pu(VI)} diagram exhibits a point of inflection
as does the uranium diagram, Therefore, Pu(VI) waste losses may be apprecie
ably affected by slight changes in column operating conditions,.”

~ As indicated on Fig, V-7, a considerably greater number of plutonium
(V1) stages and transfer units is required for a column operating at
ORNL- June 1949 Flowshect conditions than one operating at HW No, L or ANL
June 19LB Flowsheet conditions, since the equilibrium and operating lines
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are closer together for the ORNL Flowsheet, The number of stages required
may be reduced from 11,9 to 6,5 by increasing the aluminum nitrate concentra=
tion of the ORML Flowsheet IAS from 2,0 to 2,18 M as indicated by the lower
right-hand corner diagram in Fig, Ve7. A similar reduction in the required
nunber of stages may be made by increasing the IAS to IAF ratio from 1 to
approximately 1,3 '

Le3 IB Column wranium and plutonium opersting diagrams (Fig, V-8)

Uranium and plutonium operating ﬁiagrams for the IB Colum processing
IEF containing\G00 g. Pu/short tem Ulat HY No. L Flowsheet conditions are
presented on Fig, VeS8, :

Succegsful operation of the IB Columm is dependent upon the reduotion
of Pu(VI) or (IV) to Pu(III) by ferrocus ion.

On Pigure Va8 the operating diagram for plutonium mass transfer in the
IB Column is shown, The position of the equilibrium line is dependent upon
the agueous=phase ferrouseferric ratio and is developed from the distribue
tion ratio equations presented in Chapter IV,

In- addition to the massstransfer phenomenon depicted on the operating
diagram, the performance of theIB Column is depsndent upon reaction rate,
iﬁﬁ" the reduction of Pu(VI) or (IV) to the aqueouswfavoring Pu(III) state
(E§ values of roughly 5 x 10*4) when the Pu and ferrous ion come into conm
tact %n the top packed section of the IB Colwm, Chemical Research Section
data(?2) have indicated that Pu(VI) is rapidly (in less than 20 seconds)
converted to Pu(III) in simulated aqueous IB Column solutions, Also, Sucw
cessful operation of the ORNL piloteplant IB Column has demonstrated the
rapid Pu reduction,

As indicated by the slight change in the scrubwsection aqueousphase
plutonium concentration, little plutonium(III) refluxes in the bottom {scrub)
section of the IB Column, _

Yol IC Column uranium and nitric acid diagrams (Fig, Ved)

On Figure V-9 are shown the uranium and nitric acid cperating diagrams
for a IC Colwmn operating at either HW No, L or ANL Flowsheet condlitions,
The operating diagrams were developed using the "stageetomstage" calculation
method explained under B3.3.

The #loop" in the ANL Flowsheet nitric acid diagram is caused by the
reflux of nitric acid in the lower (or concentrated) portion of the IC
Column, The position of the HNO3-squilibrium line at the concentrated end
is not easily determined, Hence the loop, shown by the dotted line, is,
st best, an approximation, Nitric acid does not reflux at HW No, L Flowe
sheet conditions, MHowever, with a slight increase in the ICF (or ICX)
‘nitric acid concentration or a higher ICF to ICX ratio, acid would reflux
giving an equilibrium curve of the same genersl shape as the ANL Flowsheet
nitric acid equilibrium line,
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4¢5 2D and 3D Colwm uranium and nitric acid operating diagrams

The operating diagrams for the 2D and 3D Columns are very similar to
those for the IA Colum, discussed under Bl,1, above, and are not pre-
sented separately.

h.6 2B and 3E Column uranium and nitric acid operating diagrams

Operating diagrams are not shown for the HW No. L Flowsheet 2E or 3E
Columms, Although these colums operate with different chemical composie
tions and flow ratios, their operating diagrams are developed in the same
manner as the IC diagram, The number of stages and transfer units required
for the 2E and 3E Columns have been listed on the table in Subsection B5,
below,

L.7 24 and 34 Colwm plutonium and nitric operating diagrams {Fig, V=10)

The 24 Column plutonium operating diagram for HW No, L Flowshest,
shown on Figure V-1l0, is based upon the mass transfer of Pu(IV), Fewer
stages or transfer units are required to obtain flowsheet waste losses if
plutonium is present in the 24 Column in the Pu(VI) state., By employing
crossmover oxidation techniques (i.e,, hot crossover) which insure quanti-
tative conversion of plutonium to Pu(VI), a given plutonium yield in the
24 Column is more easily attained, However, conversion of all Pu to Pu(VI)
in the 24 Column makes Pu stripping in the 2B Column more difficult.

Operating diagrams have not been indicated for the 34 Colum, Its
operating diagram is quite similar to the 2A Column disgram, Since the
3AX flow rate is only 7/8 of that of 24X, the slope of the operating line
is correspondingly greater for the 3A Column, In addition, the salting
strength and nitric acid concentration of the 34F (0,36 ¥ HNO3) is higher
than the 24F (0,10 Q’HNO3),thereby raising the position of the 3A extrace
tionmsection equilibrium line, Since the equilibrium and operating lines
for the 3A Colum are both raised above the 2A lines by about the same
amount, there is little difference in the stage or transfer-unit require=
ments for the 24 and 3A Colums,

L8 2B and 3B Column plutonium and nitric acid operating diagrams
ms; Vall )_

The plutonium operating diagram for a 2B Column operating at HW No,
Ly Flowsheet conditions (shown on Fig, V-1l) is based upon the mass transe
fer of Pu(VI)s Since the equilibrium relationships for Pu(IV) stripping
are more favorsble than for Pu(VI) stripping, fewer stages and transfer
gﬁ%%;)are required to obtain flowsheet waste losses if the 2BF contains

Operating diagrams have not been shown for stripping in the 3B Colum,
The 3B diagram is of the same general type as the 2B diagram. However,
since the nitric acid concentration of the 3BF (0,26 M HNO3) is higher
than that of 2BF (0,17 M HNO3), and since the organic flow is lower in the
3B Column (about 7/8 of that™in the 2B Column), the positions of both the
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operating and equilibrium lines are raised slightly with a net inmcrease in
the number of stages or transfor units roquired in the 3B Colum, As indiw
cated in Subscction BS, 3,2 stages or 8,2 transfer units are requiréd to
attain the flowsheet 0,05 per cont Pu loss in the 3B Column while 249 stages
or 7.9 transfer units are required to attain the same loss in the 2B Colum,

4e9 Oporating diagrams for the IS Colum (Fige Vel2)

The IS Column may be required for recovery of excessive uranium and/or
plutonium losses from offwstandard waste streams under a variety of circume
stences, In each case when the nsed for reworking an off-standard stream
arises the selection of the operating conditions is considered a separate
problem; In the selection of conditions for adequate recovery and decontame
ination, special attention must be paid to the nitric acid operating diae
gram, The operating conditions should not result in sufficient internal
reflux of nitric acid to permit the buildeup of hazardous concentrations of
nitric acid in the bottem of the scrub section and top of the extraction
section (the part of the system most susceptible to HNO3 buildeup). If the
buildeup of orgenicephase nitric acid concentrations above 1,0 M anywhere
in the system is avoided, the formation of potentially reactive HNO3j=hexone
mixtures will be precluded by an adequate margin, -For further discussion
of the selection ?f %S rework operating conditions, reference is made to
Document HW=14756417),

Shown on Fig. V12 are plutonium and uranium operating diagrams for
the IS Column operating at a set of typical rework (HW No. 3 Flowsheet)
conditionis, The waste losses used on the diagrams are 2¢ of the uranium
and plutonium present in thé ISF instead of the approximately 0,5% losses
shown on HW No, 3 Flowsheet, The allowable losses in the IS Column are
subject to considerable variation with thé frequency of rework. For exe
ample, if the frequency of rework is less than the design basis, the
allowable losses in the ISW may possibly be increased, depending, of
course, upon economic considerations, '

As indicated on the plutonium operating diagram of Fig, Val2, the
plutonium extraction attained in the IS Célumn is dependent upon the
valence gstate of the plutonium in the ISF, Considerably fewer than the
3.8 stages or 5,0 transfer units shown for Pu(IV) transfer are required
if the plutonium is in the six valence state, Since an H.T.U, value of
5 ft. is not unlikely in the IS Column {optimun H,T.U, values of 3,5 to
L ft, obtained in a 3«in, diameter pilot-plant IS Columm)most of the 28=
ft. extractionesection packed height would be used to attain flowsheet
losses if plutonium is processed as Pu(IV), Additional extraction safety
factor may be obtained by converting ISF plutonium to Pu(VI).

5. Equivalent-Stage and TransferUnit Requirements for All Redox Columns

As discussed earlier in this chapter (under A3,6 and A3,7), the
mmber of stages and transfer units are measures of the difficulty of the
extraction duty performed by a seolventwextraction contactor. The number
of stages or transfer units required to attain flowshecet waste losses for
uranium and plutonium extraction in the various Redox colwms have been
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determined from opéerating diagrams similar to Figures V.6 through V-12, in-
clusive, discussed in Subsection Bli, The number of stages and transfer units
required for all Redox columms operating under the conditions of various
Redox flowsheets are summarized in the following table: :

Number of Equivalent Stages and Transfer Units
for All Redox Solvent-Extraction Colurms

Waste Loss,

% of U or No, of Equiv, No, of
Redox Pu in TAF ___Sbgggs Iransfer Units
Column . Flowsheet [ij Pu U Pu

IA Extn. Sect,{8) mime. &b o2 o2 8,5 8,3 11.4(0) 11,3(b)
IA Extn, Sect,t#! ORNL June'l9 0,2 0.2 11,9 8.8 14.9() 15.1(b)
IA Bxtn, Sect,(2) ANL June'l8 0.2 0,2 9.5 1.2 1z.i(b) L, 0(b)

IB Scrub Sect.{(d) HW No.l or ORNL w— 1075 L - 11,6(b)
1C HY No. U - 0,05 - 2., - 7.8(c)
¢ ORNL — 0,05 - 2, e ﬁ7.8(C;
1c ANL - 0,05 - 1 R 8oli(c

F and 3E HW Nool or ORML ~ 0,05 = = 2.1  wn - 7,6(c)
24 (Based on PulV) 411 three. 0,2 — 3.7 e 7.5(b o

2B (Based on PuVI) Ail three 0.05_, - 2,9, — 7.9(0) -

34 (Based on PulV) All three 0.2  mm 3.6 ~ 750

3B (Based on PuVI} All three 0,05 - 3,2 — 8,2 —

IS Rework BN 3 0(®oa(d) 38 30 5o 540

(Extn, Sect,)

Notes: (a) Also applies for uranium in the 2D and 3D Colums,
(b) T™Overall agueous-film" basis,
(c) mOverall organic~film" basis,
(d) 2% of the U and Pu content of IsF,

The numbers of equivalent stages and transfer units listed in the above
table are for the nominal flowsheet conditions and may vary by as much as
307 with relatively minor changes in salting strength and flow ratio, TFor
example, a 20 g,/1, increase in the total ANN salting strength present in
the extraction section of a IA Colum operating at HW No, L Flowsheet condi-

tiogs decreases the required number of theoretical uranium stages from 8,3
to ¢1. '

ol DECLASSIFIED L



-  DECLASSIFIED

From the required number of stages or transfer units, as tabulated in
the above table, the packed height required to attain the dedired U or Pu
losses in each column may be calculated if values of H.E,TaS. or HeTaUs
are known which are applicable to the operating conditions for each column,
Values of the HeEeTeSe 0r HeTeU, are affected by a number of variables as
diséussed in the following section (Section C). Experimentally determined
Ii{.ﬁEéT.i;. ang H.,T.U, values for uranium transfer in the Redox columns appear

ection D. :

Has0 8

A 4

Co REDOX EXTRACTION COLUMNS3 VARIABLES AFFECTING EXTRACTION AMD CAPACITY

. The performance of. a packed column may be evaluated in terms of its
mass-trensfer effectiveness and its processihg capacity. The varisbles
affecting column performance. may be. divided into two categories, physical
and chemical, with the former pertaining to the physical structure of the
colunn, packing size, flow rates, and temperaturs, and the latter referring
to the chemical composition of the process solutions, The chemical variae
bles for all Redox columns and thelr effects on phasemequilibrium relatlone
ships are discussed in Chapter IV. The important physigal variables and’
the general trends of their effects are discussed below, More detalled
information conéerning specific columns may be found in subsequent sections
of this chapter, ' B '

1, Variation with Packing Sim

The flooding capaeities of Redox columns increase considerably with
packing size, Under HW No, L Flowsheet conditions, the complete flooding
capacities of the IA Column extraction section, IB Column scyub- section,
and IC- Column are approximately 2.0, 1.5, and 1,7 times greater, respec-
tively, when packed with lein. Raschig rings than the same columns packed
with 1/2«in, rings. . o

Optimm HeT.Us values in columns packed with lein, rings.are only
slightly (about O to 30 per cent) higher than thoee with 1/2«in, rings,
However, at higher processing rates, i.¢., at rates above about 70% of
the flooding capacity of 1/2ein, rings (sum of agueous and hexone, flow
rate equal to approximately 1200 gale/(hr. Y 8qefts)), léwer H.ToU. values
are obtained in TA, 2D, and 3D Colums packed with lwin, rings instead of
1/2"5-1'1. rings, o ‘

2. Vartation with Flow Rate

Plots of H.T.U, as the ordinste ¥s. flow rate as the abscissa are
convex downwerd for all Redox colums, The curves become flatter with
increased packing size, and for plantesize Redox colums packed with
1/2=in, or lein, Raschig rings, the minimum H,TeU, generally occurs at
approximately 30 to 60 per cent of the complete flooding capacitye. co
H,T4U, plots for all Redox colurms are attached as Figures Vell to Ve2l,
and are discussed in Section D, below. : _ ‘ :
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3« Variation with Column Diameter

In pilot-plant studies in 5,05-in. and 8,42-in, colums there was o
appreciable difference either in complete flooding capacity or in H,T.U,"
which could be attributed to the difference in colunn diameter, However,
small HeTeUs scale~up factors (about 0 to 25 per cent) were noted in going
from 3w-in, to 8ein, I.D, columns, both packed with 1/2-in, by 1/2~in.,
stainless steel Raschig rings,

L. Variation with Packed Height

Experimental studies in pilot=plant IA, IB, and IC Columns with
packed héights varying from 11 to 20 ft, indicated a definite increase
of HoToUs with packed height, The HyToU, for a 20=ft. packed heéight was
approximately 10 to 25 per cent higher than for a 1ll=ft, height,  This
might have been due to the fact that, as packed height increased, a greater
portion of the total packed height operated on very dilute uranium or it
may have been due, at least in part, to poorer distribution of the phases
(channeling) as the packed height increased, No effect on the flooding
capacity attributable to packed height has been noted,

De Fhase-Disengaging Sections

In the Redox columns it has been found necessary, particularly at
column volume velocities (sum of both phases) exceeding about 900 gal,/
(hre )(sqefts. ), to incorporate enlarged top sections in the colum desien
to minimize the entrainment of aqueous phase in the organic effluent.

The arbitrarily chosen Redox colum enlarged top section we a Gaft,
section (approx. 3 ft. of organic phase above the interface) with double
the nominal packed~section diameter = has proven satisfactory for minie
mizing entrainment in experimental colurn studies at flow rates expected
to exceed those used in the Redox Plant colums, At colum flow rates
(sum of both phases) from 300 to 2500 gals/(hr, )(sqsft, ), residence times
for organic in the enlarged top sections range from 25 to 3 minutes,
respectively,

Enlarged diséngaging sections at the base of the columns have been
found unnecessary, Disengagement of organic droplets from the aqueous
phase is accomplished satisfactorily in an unpacked 15 to 2l-in, high
section at the base of the column, (See Chapter XIV for dimensions of
specific columns, ) Residence times for aqueous phase in the bottom dige
engaging sections of the columns, for flow rates (sum of both phases) of-
300 and 2500'331./(hr.)(sq.ft.), range from approximately 10 to 0,5 min,,
respectively,

Since entrainment from the Redox Plant Colurms is, for most operating
conditions, expected to be less than Os1 per cent, the upper processing
capacities of the columns are limited by the flooding capacities of the
packing rather than by entrainment,

6. Influent-Stream Distributors

.. Deyelopment studies have shown that plant-size Redox columns packed
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with 1/2=in, or l-in, Raschig rings do not require elaborate influente
stream distributing devices, Ixtraction performence is as good using
simple three~hole organic-strean distributors (see details in Chapter
XIV) as with multi=hole "shower headt distributors. The hexone velocity
emerging from the threewhole distributors is not critical, satisfactory
performance having been realized over a range from 0,05 to 5 ft./sece
Single pipe distributors are adequate for the aqueous influent streams,
An enlargement of the columm diameter at the TAF feed inlet peint was
found to offer no improvement either in extraction or column throughput
capacity,

As a precaution, a hollow=cone hexone~phase mixing device is provided
at the IBF feed point (see Chapter XIV), but this device i3 of unproved
value since development studies in plant-size colurms were conducted with
plutonium absent, ' '

7. Effects of Physical Properties

The physical properties of most importance in solventeextraction
column performance are (a) the density difference between the agueous and
organic phases, (b) the viscosities of the phases, (c¢) interfacial tension
between the phases, and (d) the diffusivities of the diffusing components,
Data for these physical properties of the solutions in all Reédox columns
are generally quite favorable, as evidenced by the lower H,T.U. values and
higher flooding capacities of the Redex columns as compared with the trie
butyl phosphate=hydrocarbon diluent systems, for example, Although not
too well understood quantitatively, the following semiquantitative statom
ments illustrate the general importance of the above physical properties
on packed solventeextraction column performance,

7.1 Density difference between phases

For a giyen size and type of tower packing, the flooding capacity ine
croases as approximately the first power of the density difference between
the phases, This density difference is generally 0,2 to 0435 go/ml, for
all Redox columns == whereas column operation is feasible {generally with
lower flooding capacities, however) in systems with a density difference
as low as 0,05 ge/ml. '

742 Viscosity

Low viscosity of the continuous phase generally favors high flooding
capacity, the flooding capacity belng proporticnal to about the =0,2 power
of the viscosity., Viscosities in the Redox streams are relatively low,
ranging from ca. 0.9 to 3.5 centipolses in aqueous streams, and from 0.56
to 1,0 centipoise in hexone streams.

7.3 Interfacial tension

Low interfacial tension generally favors high flooding capacity.
(The flooding capacity is proportional to about the 0,1 power of the
interfacial tension.) Interfacial teneions between hexone and aqueous

DECLASSIFIED _—

SR e




S
-— 533 DECLnSSlFiED A

phases of the Redox systems are unusually low, ranging from approximately
5 to 10 dynes/cm., compared with approximately 16 dynes/cm. for the TBP
Waste Metal Recovery system,

7.h Diffusivity

Individualwfilm H,T.U, values are generally believed to vary directly
with the value of the dimensionless Schmidt number raised to approximately

the 0,6 power, _
. .6
)

vhere any set of comsistent units may be used, such as:

M = viscosity, Ib./(hr,)(ft.);
P = density, 1b./cu.ft,;

D = diffusivity of the diffusing component, sq,ft,/hr,

Hence Individual aqueous~film or organicefilm H,T,U, valués should be
smaller for lower viscosity and higher diffusivity values, Smaller values
of the Schmidt number undoubtedly aceount, in part, for the lower H,T,U,
values obtained in Redex columns than in the TEP Waste Metal Recovery

or Purex process columns,

8, Effects of Alternative Flowsheets

Differences between ANL, ORNL, and HW Flowsheets actually have very
minor effects on the flooding capacity and the optimum HoT.U, values
obtained, No significant differences in the flooding capacity are noted
for any given Redox column operating under the conditions of the variocus
flowsheets, As indicated in the tabulation below, the optimum H,T,.U,
values are practically the same (within experimental error) for the
various flowsheets,

Dptimum H,T,U,s Values for Various Flowsheets

(Data obtained in 5,05 and B i2-in, I.De Columns packed with 1/2win,
Raschig rings,)

+3imum H.T_'U. Fta.

Flowsheet IA Column olumn
ANL June 1948 S 1.8
ORNL June 1949 1.2 1.7
HW NO. h ) 1.2 1.7

Although the optimum H,T.U. values are rmgh the same, there are
Slight differences in the positions of the H.T,U. vs, flow rate curves
for the ANL end the acid~deficient flowsheets (see Figure Va1l and Vel )a
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The number of transfer units required to obtain the same uranium
waste loss for any particular Redox colwm operating at ANL, ORNL, and HW
No. L glowaheat conditions varies only about #10f as indicated in Subsec-
tion BS,

' The number of stages required to obtain the same uranium waste loss
for a particular column varies congidersbly with the flowsheet. This is
particularly true for the IC, ZE, and 3E Columns, For a IC Column opers
ating at ANL Flowsheet conditions approximately .1 stages are required
to attain 0.05% U waste loas, while 2,li stages are required to attain the
same loss in an ORNL or HW Flowsheet IC Column, This difference in the
required number of stages is due to the higher nitric acid concentration
in an AML IC Columm; the higher concentration raises the position of the
uranium equilibrium line (higher ursnium distribution ratios, ER) pro~-
duc1n§'a higher value of the extraction factor, P (see Subsection 10,
below)e :

9. Effect of Aqueouswto=Organic Flow Ratio

H,T.U, values for Redox columns are lower when the volume flow of
the continuous aqueous phase, L, is less than the volume flow of the dis=
persed hexone phase, V, This is 111ustrated by the following HeTeUe
values which represent approximate optimum values for 1/2«in, rings in
each column:

Volume Flow

Redox Colum Ratio, L/V HeTuUs, Ft,(a)
IB (Serub Section) 0.2 1.5
10 0,3 1.7
1A (Extraction Section) 0«5 o 1,2(b)
ZA‘(Extraction Section) 1,0 246
IS Rework (Extraction Section) 540 345

Notes: (a) ®overall aguecus-film® H,T,U, values for all except
the IC Column which is an Hoverall hexone-film" H,T,U,
value,

(b) ‘Extraction in IA is better than in other Redox colums,
spparently due to fortuitous physical properties.

This trend to lower H,T,U, valuss as the dispersed=phase flow becomes
relatively greater than the continuous-phase flow 18 believed to be assom
ciated with the presence of more dispersed~phase globules {and hence more
interfacial area for mass transfer) at the higher dispersedwphase flow
rate, One of the requirements for the best extraction performance, however,
is that the packing must be preferentially wet by the continuous rather
than the dispersed phase,
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10, Effect of the Extraction Factor on the HeE,TsS,

o

377

The extraction factor, P, has been defined under A3i6, above, as
L/nV for extraction and mV/L for stripping (1.4, the slope of the operw
ating line divided by the slope of the equilibrium line for extractlon,
and the reciprocal of this value for stripping)s A4 table of nomenclature
appears at the end of this chapter, H,T,U, values for all Redox extrace
tion columns have been found not to vary significantly with changes in the
value of the extraction factor, However, since the HJE,T,S, and the
HeTeUs are related directly through the value of the extraction factor,
the H,E,T.S, varies as much as fourefold among various Redox columns due
to changes in extraction factor., This is illustrated by the following
data:

Average Extraction HoTyUsuy H,E,T,3,,
Redox Column Factor, P rt, Ft‘
IA (Extraction Section) J 0.5 1,2 1,8
IB (Scrub Section) _ 0,05 1,5 ko9
Ic 0,01 to 0,05 1.7 6.6

The H,E,T,5./H,T,U, ratios, above, agree closely with ratios predicted
by the theoretical equation, given under 43,8, indicating that the
3¢T=fold variation in H.E,T.S, between the IA and IC Columns is due to
the much smaller average extraction factor in the IC Column,

11, Effect of Temperature on Extraction

Distribution ratio date (see Chapter IV) for plutonium and uranium
indicate that the phasewequilibrium relationships for stripping from the
organic to the agueous phase are favored by an increase in temperature,
Also, as the temperature is increased the Schmidt number decreases (see
C7.L, above) and it might be expected that the HeToU, in the IC Column
would be decreased with increased temperature. However, studies in an
8e42+in, diameter IC Column showed no significant difference in H,T,U,
when the temperature of the feeds was increased from 19°C, to 33°C,

i2. Effeot of Packing Surface Conditioning

HeTeUs values approximately double the normal values have been obe
served for & IA Column packed with 1/lmein, by 1/lLwin, stainless steel
Raschig rings which had been degreaséd and pickled in &0 per cent nitric
acid for 3 hours at 509C, The H,T,U, gradually decreased to normal after
the packing was exposed te the IA system for 2 to Lk days (19), ©Na .
such surface effects have been observed in Redox studies using 1/2ein,
or lein, Raschig ring packing which had been plckled as sbove,
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D, REDOX H.T.U,, HeE4TeSa, AND FLOODING DATA3 DEVELOPMENT OF PLANT
COLUMN SPmmmTIONS

1, Introduction

~ As discussed above in Section C, the extractiion performance of a
packed colum is conveniently measured in temms of either the Height
Bquivalent to & Theoretical Stage (HeE,T.3,) or the Height of a Tranafer
Mt (HITQHQ ))I mﬂm Wﬂ Qf the H'E’T.S, or thﬁ HQ-TQUQ are’a
function of the system employed, the geometry of the packed column, and
g number of operating variables as distussed in general terms in Section

Knowing the number of theoretical stages or transfer units required
in each Redox column based on the operating diagrams prosented in Section
B, the packed height required for recovery of uranium and pilutonium in each
Redox column may be calculated by miltiplying the number of transfer units
(or equivalent stages) by the H,T,U. (or H.E,TeS.) values applicable for
each colum, The purpose of this gection is to present H.TeUs data Obe
tained experimentally in Redox plantwsize colwms based on studies made
with unirradiated uranium. Also .presented are flooding capacity data for
each column and the methods of employing the HiT.Ue and flooding data in
establishing column diameters and packed heights for yranium and plutonium
recovery in all Redox columms. ) ‘ ‘

Since the HeTeU4y yather than the HyEsTeSey concept was actually used
in establishing design specifications for the Redox columns, the bulk of
the experimental data presented in this seotion, and the methods of estabe
1ishing packed heights, are pased on transfer units pather than equivalent
stages, HeEsTes data for the IA extraction gection and the IC Column are
presented for comparison in Subsection L, beloW. -

-Design criteria for the scrub sections of decontamination colunns are
presented in Section E, o

2, H,T.Us and Flooding Capacity Data

Total flooding capacities (designated on the plois simply as nflooding! )
and H,T.U, data for uranium transfer in Redox plantesize colums packed:
with both 1/2wine by 1/2-in, by 1/32-in, wall and lein, by lwine by 1/32~in.
wall stainless steel Raschilg rings are presented graphically on Figures
V.1l through V-2l. These data were obtained in solventextra¢tion studies
(using unirpadiated uranium) carried out at chemical conditions closely
simulating those of the various Redox flowsheets, For additional informas
tion the reader is referred to references (11), (L), (15), (19), (20), and
(21), listed at the end of this chapter.

Physical properties, phase~equilibrium relationships, and phase flow
retios are fairly well fixed for each Redox column by the chemical flowe
cheet conditions, Consequently, if the column geometry is fixed, as in
solvent-extraction studies in a given diameter column with a given size
and height of packing, the remaining primary variable which affects the
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extraction performance is the sum of the phase flows through the column,
This is expressed in this chapter as volume welocity in gal./(hr, )(sq.ft.
of column crossesectional area), the Tlow EeIﬁg the sum of both the
aqueous and organic phases, -

Figures Vw1l through V=21 are plots, for the various Redox colunns,
of the HoT.U. as ordinate vs, thae volume velocity (sum of both phases)
as the abscisasa, Reference to the above plots for plantesize Redox columns
packed with 1/2<in, or lwin, stainless steel Raschig rings reveals that
all of the curves are convex downward, and that the minimum HeToUe genere
ally occurs scmewhere in the range from 30 to 60 per cent of the complete
flooding capacity for the packing, The H,T,U, vs. volume velocity curves
for lein, packing are generally somewhat flatter than corresponding curves
for 1/2-in, packing, and the minimum HeToUs for lwin, rings is generally
about 10 to 20 per cent higher than the minimum value for 1/2«in, rings,
Iikewise, the minimum for the larger packing occurs at a higher volume
velocity, Minimum H,T,U. values (based on uranium transfer} for all Redox
colunns are summarized below for the various Redox flowsheets, and for
different sizes of packing:
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Based on uranium transfer in 5,05=-in. and 8.h42=in,
diameter colums packed with 19 to 20 ft. of Raschig
rings of the sizes indicated below,

% of © Complete

. ' ' Flooding Flooding Capacity
Redox Packing Minimuam At Min.' Gal./(Hr.)(Sq.Ft.j,
Column  Flowsheet Sige. ne. H,IgUgl Ft= _.H,T,U= Sum of Both FPhases
CIA HW No, L 1/2° 1.3 L0 1850 t 20
(Extn,  HW No, b 3/k(a) 1.l 50 . 2700
Sect,) HW N? L 1 1.5 50 3550 * 150
' - omg,(B) 1/2 102 esn30 31650
ANL(b) 1/2 1.1 60 1900 * 50
IB a1 )ied 1/2, . 1.5 65 2000 * 200
(Serub fmg(c) 3';u(a) 1.5 55 2700
Sect,)  (a11)(c) 1 1.6 55 ca43500
Ic (a) 1/2 1.7 Lo 1800 * 200
(d) 3/u(a) 1.9 30 21,00
{d) 1 2,1 15 3000 + 100
ANL(P) 1/2 1.8 60 1500 + 50
2D a:}d HW No. L 1/2 1.3 L5 1850 * 200
3ple HW No. 4 3/L(a) 1. 50 2700
(Bxtn,  HW No. L 1 1.5 50 3500
Sect.)_ _
oE and a 1/2 1.4 35 1800
3’::3(2]3 Ed; 3/u(a) 1.6 35 2600
(d) 1 1.7 Lo >3500
24 and  (A11) 1/2 2,6 30 1800 *100
3A (Bxtn, (ALL) 3/L(a) 2.8 L5 2600
Sect, )
2B and  (All) 1/2 2411 50 1550 + 50
3B (a11) 3/4(a) 2.6 55 2100
IS Rework HW No. 3 1/2(£) Le2 80 ol50 %50
(Extn.) HW Nos 3 3/l(a) 5,0 80 3000
Sect.

10 - (a11) 1 2.1 35 3050 100
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Notes: (a) Since 3/L~in, rings were not tested, these values have been
estimated by interpolation,

(b} The ORNL June 1949 Flowsheet is referred to simply as ORNL
and the ANL June 1948 Flowsheet as ANL,

(c) Chemical and flow conditions for the IB Colwm scrub section
are almost identical in the ANL, ORNL, and HW No, . Flowsheets,

(d) Data apply to the ORNL or HW No, 4 Flowsheets,

(e) Limited data for the 2D and 2E Columns are extended by the
analogy of these colums to the IA and IC Columns, respece
tively,

(£} IS Column data are based on studies made in a 3win, diameter
column,

As shown in the table above, minimum HeTyUs values range from 1,1 ft, for
the IA Column extraction section to 540 ft, for the IS Column extraction
section operating at rework conditions, The trend is from low to high
HeToU, values with increase in the aqueous-to-organic volume flow ratio,
a8 discussed in Subsection C9, above, Most of the H,T.U, values lie in
the narrow band from 1,5 to 2.5 ft,

For each colum, the optimum He,T.Ue values obtained under the condie
tions of the three flowsheets are approximately equal,

The optimum H,T.U. values for lwin, Raschig rings are usually less
than 20% higher than those for 1/2-in, rings and oceur at higher values
of volume velocity, H,T,U. values for 3/Lwin, rings have been estimated,
by linear interpolation, between those for 1/2«in, and l-in, rings,

Flooding capacities, expressed as gal./(hr.)(sq.ft.), range from
approximately 1700 to 2400 for 1/2win, rings, from approximately 2200 to
3000 for 3/lein, rings, and from approximately 3000 to 3700 for lein,
rings, The increase in ring size from 1/2 to 1 in, is thus accompanied
by 2 70 to 100 per cent increase in flooding capacity.

As indicated by the flowsheet, all other Redox columns bear a close
resemblance to one of the first extraction cycle columns (IA, IB, or IC).
The resemblances are reflected in the flooding capacities of the IB Golumm
scrub section and 24 Column extraction section as well as in the flooding
capacities of other pairs of similay colums,

IB Golumn scrub-section studies made with "shower headn (multiehole)
type scrub introduction devices indicated that the presence of ferrous
sulfamate reduced flooding capacities to approximately 75 per cent of the
values obtained in the absence of ferrous sulfamate (Figure V-16), The
presence of ferrous sulfamate or of ferrous ammonium sulfate and sulfamie
acid was without significant effect on the flooding capacity of the 2D
Column extraction section,
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3e Develogﬂent of Plant Column SEecifications

HoT.Ue. data presented on the attached Figures Velly through V=2l pro=
vided the experimental background for specifying the diameters and packed
heights for uranium and plutonium recovery in the various Redox solvente
extraction colwums, Detailed dimensions of all Redox solventeaxtraction
columns appear in Chapter XIV.

Column diameters and packing sizes were selected so that each columh
would operate in the range of optimum performance (1e84, lowsst HoTeUs
values) over the range of processing rates specified as the design basis,
As discussed in Chapter XIV, this design basis specified a sustained pro=
duction rate of from 1 to 2,5 short tons of jrradiated uranium per day at
an 80 per cent operating efficiency (giving instantaneous rates ranging
Prom 1,25 to 3.1 tons per day), Approximately 20 per cent additional
capacity for hendling rework streams is provided in most columns, &8 dise
cussad further below.

On the basis of solvent-extraction studies in most of the Redox
colurne uging both 1/2«in, by 1/2win. by 1/32s=in, wall and lein. by lmins .
by 1/32-in, wall stainless steel Raschig rings; 1/2«in, rings were origie
nally specified for Colums IA, 1S, IB, 2D, 3D, 24, 3A, 2B, and 3B, while
1=in, rings were specified for Colums IC, 2E, 3E, and 10 However, bee
cause of a subsequent interest in increasing the uraniumeprocessing capacity
of the Redox FPlant to an as-yeteunspecified rate above the original sus=
tained production capacity of 245 tons/day (3.1 tons/dayy instantaneous
rate ), 3/L~in, by 3/Lein, stainless steel Raschig rings are being procured
at the time of this writing for installation in all columns which would -
1imit the plant capacity if packed with 1/2=in, rings, For these reasons,
estimated performsnce data for 3/Lwin, Raschig rings are listed below
along with experimental data for 1/2win. and lein. rings.

The following subsections present data on the expected rangeabilities
and complete flooding capacities for vardous sizes of Raschig rings in
each ofthe Redox extraction colunms and illustrate how the respective packed
heights were solected to attain the uranium and plutonium waste losses
shown for each column on the chemical flowsheets in Chapter I, Similar dew
sign bases for the serub sections of the decontamination columns (I4; 2D,
3D, 2A, 3A, IS) are presented in Seetion E of this chapter. To provide a
convenlent comparison of the capacities of the various Redox extraction
columns with alternative sizes of packing, Table V13 sumarizes the range=
ability for most of the columns (at HW No. L Flowsheel conditions) using
1/2«in., 3/hein,, and lein, stainless steel Raschig rings. Since the l=in.
diameter 24 and 3A Colwmns and the 3ain, diameter 2B and 3B Columns are
considered too small for l=-in, rings, the above table does net. include the
ase of ledin, rings in Colums 24, 3A, 2B, and 3B, As pointed out above,.
the rangeabilities of the various colwms using’3/l~in, rings are not based
on experimental data, but on interpolations betweeh data for 1/2=~in, and.
1;3:. rings {and extrapolations in the bases of Colums 24, 3A, 2B, 3B, and
152 J:‘,.x
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3.01 The IA Columm extraction section

Since both plutonium and uranium are to be extracted in the IA Column
extraction section, with losses in the TAW (waste) stream not exceeding
042 per cent of either the plutonium or the uranium in the IAF (feed)
stream, the packed height in this section must be adequate for recovery
of whichever of these two materials is the more difficult to extract,
Although the simultaneous extraction of uranium and plutonium has been
demonstrated in pilot-plant colums at Argonne and Qak Ridge National
Laboratories (as well as in the mixerw-sottler banks at Knolls Atomic Power
Laboratory), plutonium was not present during "cold! solventwmextraction
studies'in smallwscale and plant-scale columns at Hanford Works, Consew
quently, HeT.U, data for plutonium extraction in plantesize colums are
not available, However, because of similarities in the chemical nature
and' solvent~extraction behavior of plutonjum to these properties for urae
nium, it is assumed that column geometries and operating rates which result
in optimum solventeextraction performance for uranium will also be at least
near optimum for plutonium, It is further assumed that scale-up factors
for plutonium extraction (ises, the increase in H,.T.U, with increasing
column diameter) will be of a similar magnitude to those found for uranjum
extraction,

The following uranium extraction data, appropriate to the plant IA
extraction section (6,5win, I.D., 2Buft, packed height), are taken from
experimental studies in 5,05-in, and Behi2=in, diameter columns, data from
which are plotted on Figures Vw1l and V=153

Rangeability for H,T,U.

Raschig Equal to or less than 2 Peet(a)
Ring Gal./(Hre ) (SaeFte ), Short Tons U
Flowsheet Size, In, Sum of Both Phases ﬁmml_—%'m
ANL 1/2 500 to 1700 0,91 to 3,1 0,73 to 2,5,
ORNL 1/2 500 to 1700(b) 0,91 to 3.1(b) 0,73 to 2.5(b)
HW No, L 1/2 300 to 1700 0.55 to 3.1 OJil to 2.5
Hi No. Lk 3/l (350 to 2400)() (0.6l to L.L)(e) (0l5) to 3.3)(c)
HW No. L 1 600 to 3000 1.1 to 5.5 0,88 to L.l

Notes: (a) "Overall waterwfilm® basis,
(b) Estimated by extrapolation,
(c) Estimated by interpolation,

The egleulated number of transfer units required for plutonium and
uranium reeqvery in the IA extraction section are as follows:
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No. of Trensfer Units Required(s)
For 0. ﬁ For O.ﬁ

Flowsheet Pu lLoss U Loss
ANL 12.4 14.0
ORNL 1.9 12,1
Hw NO. h 11.L|. 11|3

Note.y: (a) "Overall water«film besis, Increasing the concentration
of aluminum nitrate salting strength in the extraction
section by 0.1 M above the flowsheet value decreases the
number of transfer units required (to obtain the specified
wranium and plutonium losses) by approximately 15 to 30
per cent,

Since the 28wft. packed height provides a minimumm of 1k transfer units
(for uranium H,T.U, values equal to or less than 2 ft.), uranium lost to
the IAW stream should be less than 0,2 per cent of the feed uranium when
the IA Coluwrn is opersted within the above ranges at .conditions of any of
the three flowsheets,

Transfer-unit requirements for uranium and plutonium extraction are
nearly equal under the conditions of HW No, L Flowsheet, whereas more
plutonium than uranium transfer units are needed under gf=ur ORNL Flow=
sheet conditions,

1f, as expected, the H,T,U. for plutonium tranafer is 2 ft. or'less
over the ranges of production glven above for good uranium transfer, the
28-ft, packed height provides a 23 per cent safety factor (when operating
under the HW No, L Flowsheet) for attaining the flowsheet plutonium loss
of 0.2 per cent in the IAW stream, In the event that high plutonium
losees in the IAW are experienced due to highersthan=expected H,<T,U. vale
ues for plutonium, the number of transfer units required for plutonium
recovery may be reduced (thus reducing the plutonium loss) by either ine

-ereasing the aluminum nitrate concentration in the IA extraction section

by 0.1 to 0,2 M, or increaging the IAX flow rate, or both.

3,02 The IB Column plutonium scrub sectlon

This portion of the IB Column below the center feed point removes
essentially all of the uranium from the plutonium, reducing the uranium
content of the plutonium metal to 0,1 per cent or less. At an irradiae
tion level of LOO g. Pu/short ton of U, this permits anly L.b x 10=5 per
cent of the IAF feed uranium to accompeny the plutonium in the IBP gstream,

The following uranium extraction data appropriate to the Redox Flant
IB scrub section (5-in. I.D. column, 25«ft, packed height) are taken from
exnerimental studies in a 5,05-in, diameter column packed with 19 fi. of
1/2win, or le-in, stainless steel Raschig rings, Data from these studies
are plotted on Figure V16,
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Rangeability for H,T.U.

Raschig Equal to or Less than 1,8 Feet(a)

Ring Gal./(Hr, )(Sq.Ft, ), Short Tons U
Flowsheet  Size, In, Sum of Both Phases Instantaneous stained
A1l three 1/2 400 to 1800 1,1 to L.9 0.87 to 3,9
A1l three - 3/), (600 to 24,00) () (136 to 6.5)(c) (1.3 to 5,2(c)
All three 1 800 to 2800 2,2 to 7.6 1.7 to 6,1

Notes: (a) "Overall water-film" basis,

(b) Chemical differences among the three flowsheets
(ANL, ORNL, and HW No. L) are insignificant for the
IB Column,

(¢} Estimated by interpolation.

Approximately 12 transfer units (foverall water-film" basis) are required
in the IB scrub section to reduce the uranium accompanying the plutonium
to bl x 105 per cent of the TAF feed uranium, The 25=ft. packed height
in the plant IB scrub section provides 1l transfer wnits or more over the
abgve ranges of processing rates, based on an H.T,U, equal to or less than
1,8 ft,

3,03 The IB Column plutonium extraction section

This portion of the IB Colum above the center feed point extracts
9948 per cent, or more, of the IBF plutonium from this hexone feed stream
back into the aqueous phase., As discussed in Chapter IV and elsewhere,
this is accomplished in the IB extraction section by reducing the oxidation
state of the plutonium to the +3 level (using ferrous sulfamate reducing
agent in the IBX stream), in which form the plutonium distribution ratio
in favor of the aqueous phase is on the order of 500,

Because of the 2+1~f0ld higher total flow rate through the IB exXw
traction section than through the IB serub section, the plant IB extraction
section is 9 in, inside diameter and the serub section is 5 in,inside
diameter, Since plutonium was not present in plantwsize IB Coluwmn studies
made at Hanford Works, the 15~ft, packed height of the plant IB extraction
section was based on the performance of pllot-plant IB Column studies made
at Argonne and Oak Ridge National Laboratories, as summarized belows

IB Extraction Section Dimensions

Diameter, = Packed Height, Pu Loss
Source In, Ft, Packing in IBU, %
ANL 1 6,3 Fenske helices(a) 042
ORNL 3 10 - Raschig rings(b) 0,05 to 0,09

Notest {(a) 3/16=in, 0,D, stainless steel helices,
(b) 1/hein, by 3/8-in, stainless steel Raschig rings,

DECLASSIFIED —




o L DRUSR

The 15=ft. height of 1/2=in. by 1/2-ine stainless steel Raschig rings in
the Owin, diameter Redox Plant IB extractlon section allows for approXie
mately a 50 per cent scale-up factor over the performance of the 3«in,
ORNL column, The loss of plutenium accompanylng the uranium in the IBU
stream is expected to be equal to or less than 0,2 per cent of the pluton
jum in the IAF (feed) stream,

3,04 The IC Column

The TC Colwm strips 99.95 per cant, or more, of the ICF uranium
from the hexone feed stream back into an aqueous phase, A8 discussed in
Chepter IV, this is accomplished by means of an aqueocus extractant (ICX)
containing no ANN salting agent, The uranium~bearing aqueous effluent
(ICU) is ready for concentration and chemical adjustment to the required
composition of the feed for the 2D Colurm, .

The following uranium extraction data appropriate to the Redox Plant
1C Column (10wine,IeDs 25-ft, packed height) ere taken fram experimental
studies in a 5,05«in. I.D. column packed with 20 fto of 1/2=in, or l=in.
stainless steel Raschig rings, Data from these studies are plotted on

Figure Vwl7,
Rangesbility for HaTeUe
Raschig al to or Less than 2. peet(a) .
Ring . s Qel'le /g O ons
Flowsheet Size, In, Sum of Both Phases Ingtantaneous. ustaine
ANL 1f2 600 to 1420 1.9 to Le5 1.5 to 3.6
ORNL or HW No.k 1/2 300 to 1600 0,95 to 51 0,76 to lLel
ORNL or HW Nouli 3/ (300 to 2000)(b) (0,95 to 6.)(0) (076 to 541)(P)
ORNL or HW NoJsk 1 300 to 2500 0,95 to 7.9 0.76 to 6.

Notest (a) "Overall hexonewfilm" basie,
(b) Estimated by interpolation.

The calculated numbers of transfer units required for uranium recovery
in the IC Column are a8 follows:

No, of Transfer Units(a)

Flowsheet for 0,054 U Loss
ANL 8.k
ORNL or HW No« b 8

(a) "Overall hexone-film" basiss

Since the 25=ft. height of l=in, by 1in, stainless steel Raschlg
rings in the plant IC Column provides a minimum of 10 transfer wits (for
H,T.U, values equal to or less than 2.5 ft,), wranium lost in the ICW
should be equal to or less than 0,05 per cent of the IAF feed uranium over
the range of processing rates given above for lein. Raschig rings.

L
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3.05 Colunms 2P and 3D

. The specified 99,87 uranium recovery from these coluwms is the same
as the percentage recovery from the IA Column, The packed heights in
the 2D and 3D Columns are, therefore, the same as in the IA Column (de=
scribed above, under 3,1)s The 2D and 3D Colurm diameters are 7.5 in,,
as_compared with 6,5 in, for IA, because of the additional capacity
allowed for rework,

The following uranium extraction data applicable to the Redox Plant
€D and 3D Columns (7.5 in, I,D,, 28mft, packed height) are based on
scouting 2D and 1A Column studies in 5,05-in, and 8,42=in, I,D, colums,
data from which are plotted on Figures Vw18 and Vel5,

Rangeability for H,T,U,

Raschig . al to or Less than 2 Feet(2)
Ring Gal,/(Hre J(Sqefte J, “Short Tons géﬁég
stain

Flowsheet Size, In, ' Sum of Both Phases Instantaneous

ORNL or HW No,L 1/2 300 to 1700 0.73 to lel 0,59 to 3,3
ORNL or HJ Notk  3/h (350 to 2400)(B) (0.8 o 5.3)(b) (OLEB o 1i3)(®)

ORNL or HW No,&: 1 600 to 3000 1,5 to 73 1,2 to 5,9

Notes: (a) MOverall waterefilm" basis,

(b) Estimated by interpolation,

306 Columns 2E and 3F

The functions of the 2E and 3E Coluwms are similar to those .of the
IC Column, described in Subsection 3,0lL, above, Although the allowable
uranium losses are the same for all three colums, the differences in
chemical flowsheet conditions for the colunms are reflected in the column
dimensions. Thus, the diameter of the 2E and 3E Columns is 9 in, (come
pared to the 10win, I,D, IC Column) and the packed length, 30 ft,
(compared to 25 ft, for the IC Colum), The packed length of the 2E
and 3F Colums allows for successful operation under acidic (ANL) floww
sheet conditions as well as under the conditions of the acid=deficient
flowsheets, :

The following data applicable to the Redox Plant 2E and 3E Columns
are based on scouting 28 Column studies in an 8,42ein, I1,D, column
packed with 18 ft, of lwin, Raschig rings:{19) :

Rangeabllity for HeT,U.

Raschig Equal to or Less than 2,5 Feet(a)
Ring ale/LiiTe J(OQaFt, ), 0 ons :
Flowsheet Size, In, Sum of Both Phases InSTanTanoous ustaine

HW No, 4 1 300 to 2500 140 to 845 0.8 to 6,8

Noteir (a) ™Overall hexoneefilm® basis,
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3,07 The 2A Column extraction section

Plutonium decontamination is to be accemplished in the 2A Column with
a permissible waste loss of 0,25, which establishes the massetransfer re-
quirements of the extraction section, '

As stated above, in Subsection 3,01, the HeT.U, data aveilable for
the plutoniumecycle columns are based on studies using "cold? (unirradie
ated) uranium to simulate plutonium, The following data (which are plotted
in Figure Vel9) applicable to the plant 24 Colum extraction section (Lein.

T4Ds, 28.5=ft, packed helght) are taken from experimental studies in'a
g,05+in, I.D, column packed with 16 ft, of 1/2«in. Raschig rings:

Rengeability for HeT.U, Equal to or Less than 3 Feet(2)
Raschig Ring Gﬁ.?!ﬁr. ﬂéq.ﬁ, 5, Tnhﬁaous Production Tates (D)
Size, In, Sum of Both Phasges gu_i_v; Tons UZE Grams Pu@!c)

/2 1350 to 1350 0490 to 3.5 340 to 1300 |
3/ (350 to 2000)(2) (0230 to 5.1)(4) (3o to 1930)(4)

Notes: (a)" tQverall water~film® basis.

(v) To caleulate "sustained® rates, the instantaneous
rates are multiplied by the O.é fractional operatinge
time efficiency. - .

(c¢) Based on 376 grams Pu/short ton of U enrichment level,

(d) Estimated by extrapolation and by analogy with IA
Column studies using 1/2«in, and lein, rings.

Except for slight differences in:acidity and a lower 3AX flow in the
HW No, L than in the other flowsheets, the three flowsheets (ANL, ORNL,
and HY No, L) are essentially identical for the plutonium cycles.

The 28,5=ft, packed height in the plant 24 Column extraction section
provides a minimum of 9.5 transfer units (noverall water=filnt basis)
over the above operating ranges for which the HoT.Ue 18 3.0 £, or less,
With only T.5 transfer units required to attain the flaowsheet 0,2 per
cent plutonium loss in the 24W waste stream, this provides a packed height
approximately 27 per cent in excess of the bare minimum, This extra
height is expected to ensure satisfactory plutonium recovery in spite of
minor deviations in plant operation from the flowsheet salting strength
and phase flow ratio, and provides some margin of safety in the event
that H.T.U, values for plutonium are somewhat higher than those determined
using uranium as a standein for plutonim,

3.08 The 2B Column _ )
The 2B Column strips all but 0,05% ‘of the 2BF pluwtonium into an -
aqueous phase, which is gubsequently butted with ANN saltingeagent solution

to serve as feed for the 34 Colwm, Chemical conditions and flow ratlos
for the colum are virtually identical under the conditions of all three
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The following data applicable to the Redox Plant 2B Column {3w=in.
IuDsy 25«ft, packed height) are taken from experimental studies using
uranium to simulate plutonium in a 5,05=ine I,D, column packed with 20
ft. of 1/2=in, stainless steel Raschig rings (data from these studies
are plotted on Figure Ve20):

Rangeability for H,T,U
Raschig Ring Gal,./(Hr, )(Sq.Ft, ),
Size, Ina_ Sum of Both Phases

to or Less than 2,6 rt,{a)

1/2 250 to 1500 0,61 to 3,

7 230 to 1390
3/4 (LOO to 1800){d) (1.0 to L0)(d) (370 tg 1670)(d)

Notes: (a)} %Overall hexoneefilm" basis,

{b) To calculate "sustained" rates, the instantaneous
rates are miltiplied by the O.é fractional operw
atingetime efficiency,

(c) Based on 376 grams Pu/short ton of U enrichment
level,

(d) Estimated by extrapolation and by analogy with ~
IC Colum studies using 1/2-in, and lein, rings,

The 25-ft. packed height in the plant 2B Column provides a minimum
of 9.6 transfer units (Moverall hexonewfilm" basis) over the above
operating ranges for which the H.T,U, 18 2,6 ft. or less, This is in
excess of the 7,9 transfer units required in the 2B Column to attain a
0,05 per cent plutonium loss in the 2EY stream,

3.09 The 3A Column

Except for the differences in feed composition (0,33 M HNO3 in 3AF
compared to 0,1 M in 2AF) and extractant flow (70 3AX flow relative to
IAF = 100, compared to 80 2AX flow relative to IAF), the 24 and 3A Columns
are almost the same, The decrease in 3AX compared to 2AX flow is to minie
mize the quantity of HNO3 carried over into the 3B Column, where HNO3 is
detrimental to plutonium stripping,

Because of the column similarities, the 2A Column experimental studies
using uranium to simulate plutonium, mentioned above in Subsection 3.07,
are the basis for the following rangeabilitities applicable to the Redox
Plant 34 Colum (L=in, I,D, column, 28,5-ft, packed height)s

Rangeability for:HaT.U. Equal to or Less than 3 Ft.(a)
Raschig Ring  Gals/(Hr,)(Sq.Ft.), Instantencous Produotion Ratestd)

Size, In, Sum of Both Phases Equlv, Tons Gram
1/2 350 to 1350 1,0 to 3.7 360 to 1410
3/L (350 to 2000)(d) (1.0 to 5,5){d) (360 to 2060)(d)
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Notes: (a) f%0verall water«film" basis,

(b) To calculate Msustained" rates, the instantaneocus
rates are multiplied by the 0.5 fractional operatinge
time efficiency.

(¢) Based on 376 grems Pu/bhorf ton of U enrichment level,

(d) Estimated by extrapolation and by analogy with IA Column
studies using 1/2~-in, and l-in, rings.

The 28.5~ft. packed height in the plant 3A Column extraction section
provides a minimun of 9.5 transfer wnits ("overall water-film¥ basis) over
the above operating ranges for which the H,ToUs is 340 ft. or less, With
only 7.5 transfer units required to attain the flowsheet 0,2 per cent plu-
tonium loss in the 3AW waste stream, this provides a packed height approxie
mately 2T% in excess of the bare minimum. :

3,10 The 3B Column

The flowsheet conditions of the 2B and JB Colurns are almost the same
except for the differences in feed composition (0,26 M HNO3 in 3BF compared
to 0,17 M HNO3 in 2BF) and flow rate (6% 3BF flow relative to IAF » 100,

compared to 79 2BF flow relative to IAF).

Because of the colum similarities, the 2B Colum experimental studies
with uraniom simulsting plutonium, mentioned above in Subsection 3.08,
are the basis for the following rangeabilities applicable to the Redox
Plant 3B Colum (3wine IeDe column, 25~fte packed height )z

Rangeabllity for HeTeU, E o or Less than 246 Ft.(a)
Raschig Ring Gal./(Hr.)(5q.Ft.), stantaneous Produetion es

e fines Tt et both hases’  Taudvy Tons (/R Srans Pu/BRYCS)
1/2 o 250 to 1500 5,69 to Ll " 280 to 1500 , .
3/ (400 to 1800)(d) (1l to he9){(d) (110 to 1860)(d)

Notest f{a) ™Overall hexone-film" basis,

(b) To calculate "sustained" rates, the instantaneous rates
are multiplied by the 0,8 frac%ional operatingetime
efficiency.

(¢) Based on 376 grams fu/éhort ton of U enrichment levels

(d) Estimated by extrapolation and by analogy with IC
Colurm studies using 1/2win. and le=in, rings.

The 25«ft. packed height in the plant 3B Column provides a minimum of
9,6 transfer units (Moverall hexone~film" basis) over the above operating
ranges for which the H,T,U. is 2,6 ft, or less, This is in excess of the
8,2 trensfer units required in the 3B Colwmn to attain a 0.05 per cent
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3411 The IS (rework) Colum

The function of the IS Column is to recover uranium and plutonium
from offestandard Redox agueous waste streams, Because of adoption of
the TBP process, its functions no longer include recovery of uranium from
underground (Bismuth Phosphate process)wastes, These rework operating
conditions will have to be set on the basis of the composition of the pare
ticular off-standard waste to be reworkeds The chemical and phase volume-
ratio conditions must be chosen SF a? to prevent refluxing of HNO3 in the
eclumn and high HNO3 in the ISP, {17

The use of the IS Column in vework of waste high in vranium content
is 1llustrated by the nominal conditions of IS Column operation given in
the HW No, 3 Flowsheet.{17a) The routing of streams and preparation of
IS Column feeds are discussed in Chaptere VI, X, and XII, Operating diaw
grams for typical uranium and plutonium rework operation are discussed
above, in Subsection Bl,

Studies with unirradiated uranium in a 3eine I.D, column having an
extraction section packed with 15 ft, -of 1/2-in, Raschig rings are the
main basis for the H,TF.U,=volume velocity curves for the extraction section
of the plantesize IS Column, These curwes for the plantesize column (Sein,
I,D¢, 28«ft, packed height in extraction 8ection) are presented on Figure
V-2l and indicate typical performance only.

The experimental studies reveal that the H,T.U, for the IS extraction
section operating at rework conditions decreases continuously as the volume
velocity increases up to about 85 per cent of the flooding capacity, As
discussed above in Subsection C9, the generally high H,T.U. values for the
IS {rework) Column are believed due to the high value of the agueouswtom
organic volume flow ratio,

The following rangeabilities applicable to a plantesize colwm are
based upon the IS experimental studies mentioned above:

Rates for Best Extraction
Raschig (83 _of Flooding)
Ring Gal,/(Hr, ){(Sq.Ft, ) Equiv,

’ HeToUs, Approx., Waste Losses
Size, In, Sum of Both Phases Tons/Dg(a) Ft, (b) M

1/2 2100 0,50 L, 1.0 1.0
3/k (2600)(c) (osg2)(e)  (c3Ce) (2,0)(¢), . (2,1)(e)

Notes: (a) Instantaneous uranium tonnage rates (for the Sa-in,
IS Column) equivalent to the ISP volume if ISP were
0.8 M in wranium, as for flowsheet IAP and relative
flow rates were the same as in HW No, 3 Flowsheet,
(ISF:ISX:1S5 = 10:2:1)

(b} mOverall waterefiimt basis; estimated for the S-in,
plant IS Column assuming a 20 per cent scalewup
factor from the 3win, column experimental data,
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(c) Estimated by extrapolation and by analogy with IA
Column studies using 1/2ein., and lein, rings.

As stated above, operating conditlens for the IS Colum will vary
with the composition of the stream to be reworked so that the above performs
ance date are presented as typlcal only.

3.12 The IO Colum

The primary purpose of this hexcnee-washing colum 1is to remove redie
dual plutoniun and uranium from the combined hexone waste streans (l.e.,
ICW, 2EW, JEW, 2BW, and 3BW) before this spent hexone is treated with
canustic and distilled in the Hexone Distillation Column, Ge3 (see Chapter
I¥). Plutonium and uranium stripped from the spent solvent (into water .
or approximately 2 wt, per cent Na2C03) in the IO Columm may be recovered
by recycling the batches of concentrated salt waste (of which the IOW bew
comes & part) to the Rework Adjustment Tank, De7, thence to the IS Feed
Tank, F=3, and back to the IS ework) Colum.

Ueing water as the IOX stream, the IO Colum econditions are similar
to the dilute end of the IC Colwm (for uranium) or the 2B Column (for
plutonium), except that the aqueous=to-organic flow ratio may be as low
as 1/20 during normal plant operation with uranium and plutonium losses
at or below the flowsheet concentration in the IOF (0,10 g. UNH/1.;
0,00001 go Pu/l,)s The following performance date applicable to the -
12-in. I.D, Redox Plant IO Column (packed with 15-ft. of leine by lein.
stainless steel Raschig rings) are based on I0 Column studies and analogy
with the IC and 2B. Colums, |

Rangegbility for H.T;U.'B(a) Equal to or Less than
3 Ft, (for Uranium) and ), Ft, (for Plutonium)

Gal./(Hr, }(8q.Ft.) sum of both phases 300 to 2500
Gal, hexone processed/2lk hr, SL00 to L5,000
Equive tons uranium/2h hre (Redox Flant) 0,7 10 549

Note: (a) "Overall hexone«film" basis,

A minimum of approximately 5 transfer units for uranium and 3.75 for
plutonium should ensure removal of over $0 per gent of the uranium and
plutonium from the hexone in the I0 Column, .

hn HaEiTosa warsug H.Tsub Data

Although H.T.U, data were employed, above, to illustrate the develop=-
ment of solventeextraction column specifications for the Redox Plant,
essentially the same column design specifications ¢ould have been arrived
at using H,E,T.S, data rather than H.T.U. data, As explained in Subsection
C10, above, the H,E,T.Se is influenced markedly by the numerical value of
the extraction factor, while the H,T.U. is relatlvely insensitive to this
variable, This difference between H.E.TeSe and Hel.Ue values is shown on
Flgure V=22 by experimental HeEesTeSe and HeT,Us data for both the IA ex-
traction section and the IC Colurm,
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HoToUu values for both columns fall in the range from 1 tc 2 ft,
H.E,T.S, values for the IA extraction section average approximately 2 ft,.
vS, 1.3 £, for the corresponding H,T.U. values, whereas H,E.T,S, values
for the IC Column range from 5.4 to 6, £+, As explained in Subsection
€10, these high H.E.T.S. values for the IC Column are due to the relatively
small average value of the extraction factor (0,01 to 0,05 vs, approximately
0u5 in the IA extraction section).

The H.E,T.S, varies with the numerical value of the extraction factor
as well as with all of the factors which affect the HeToUusy HoEo ToS, values
of 5 to 10 ft. being commonly observed in packed solventeextraction columns
when the extraction factor is 0,05 or less, Thus, an abnormally high
HeEWTeSe value does not necessarily indicate a difficult mass-transfer
operation, but may be due to a small extraction factor, The rass-transfer
performance of a packed solvent~extraction column is, therefore, considered
to be better revealed by H.T.U. than by HeE.T.S. data,

E. FISSION-PRODUCT DECONTAMINATION; DEVELOPMENT OF SCRUB-SECTION HEIGHTS

1, Introduction

' This section is devoted to the performance {required and expected) of
- the scrub sections of the decontamination columns, namely Columns IA, 2D,
3D, 24, 3A, and the IS (rework) Column. The function of these decontami-
nation-column scrub sections is to remove as much of the fission products
as possible from the ascending hexone streams (which carry uranium and/or
plutonium} by scrubbing the hexone phase with a highly salted 1,3 M to 2 M
aqueous aluminum nitrate stream, The scrub streams are highly salfed to
minimize stripping (and hence internal refluxing in the colums) of uranium
and/or plutonium. - (The IB Column scrub section performs a different funce
tion and is discussed in Section D, above). '

The more important radiocactive fission products. of process signifie
cance are discussed in Chapter II., The chemistry of these fission products,
and their phase~distribution ratios at Redox process conditions are dise
cussed in Chapter IV, The relative inextractability into the hexone phase
of these fission products (hexone/aquecus distribution ratios below 0,1 for
most species) is the fundamental property which enables their almost quan~

titative separation from uranium and plutonium in the Redox solventeextrace
tion columns,

Because some species of radioactive ruthenium, zirconium, and niocbium
{columbium) present in the dissolved, irradiated slugs decontaminate less
readily then the bulk of the fission products, special provisions are made
in the Redox Plant to remove 90 per cent or more of these three fission
products in the "headeend" IAF feed preparation steps prior to solvente
extraction., These head=end treatments, which involve -volatilizing ruthenium
in the feed-oxidation step and adsorbing zirconium and niobium on a solid
scavenger (MnO, or Super Filtrol) are discussed in Chapter III,

Deconiamination'of uranium and plutonium frem fission products in the
Redox solvent~extraction process has been successfully demonstrated by many
independent experimental studies at various AsE.C. sites, ineluding
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the following: (a) laboratory batcheextraction studies conducted at at
least four sites, (b) "hot# pilotplant packedecolumn studies at Argonne
and Oak Ridge National Laboratories (including operation at full Hanford
radioactivity level at ORNL), and "hot* countercurrent mixeresettler studles
at Knolls Atomic Power Laboratory. Highespot performance data from the
above decontamination studies and scaleeup factors allowed in arriving at
design specifications for the decontaminationecolumn sorub sections for the
Redox Plant columns are presented in Subsections 5 and 6, belows

2. Design Basis for Decontamination

" For slugs irradiated at energy levels as high as 600 megawattedays.
per ton and fcgoled™ for 90 days, beta and garma radioactivity in the dige
‘solver solution will be approximately 0.23 and 0.6 (theoretical) curiés
per gram of uranium, respectively. Since the permissible radicactivity
levels in the product uranium are tentatively set at a maximum of 1 x l0~7
beta curies and 5 x 10~0 garma curies per gram, the overall uraniup decone
temination factgrs for the Redox process should be.at least 2 x-lg2 for
beta and 3 x 10° for gamma activity. The allowable total activity {beta
plus gamma) in the product plutonium is tentatively set at 8 x 105 theo=

retical curies per gram and thus the decontamination factor for the come
bined ;%E%!i§¥~insplﬂ&92iEﬂiEEEE}d be approximate1g;§_§_1nz_ai,n_cnngg§%iga%
tion o 0. grams of plutonidm per ton of uranium in the digsolver solut
un 3n W0 S8

Experimental studies have shown that urenium and plutonium decontamie
netion factors of more than 10k may be expected for the combination of
headwend and first-so%vsntaextraction-cycle treatment under acidedeficient
filowsheet conditions, (7} A reduction in the column feed concentrations of
Ru, Zr, and Nb by a factor of approximately 10 is effected in the headeend
treatment with the remaining decontamination to the 10¥ value attained in
the firstecycle columns, Most of the decontamination in the first=cycle
columns is effected in the IA Colum, Fission products in the IAP stream
are divided approximately equally between the IBP anc the IBU, and only

on the order of 10f of the fission-product radioactivity in the ICF is
carried by the ICW, '

Secondeplutoniumecycle decontamination facltors are expected to be
approximately 100 for beta and 300 to 500 for gammaj second-uraniume
cycle decontamination factors, approximately 20 %o 50 for beta and
approximately LO to 65 for gamma. The second-cycle decontamination fac
tors will be substantially lower than those for the first cycle because
the fission products which are most susceptible to removal by solvente
extraction are removed in the firstecycle colums.

3, Mass Transfer (Scrubbing) of Fission Products

Normal mass~transfer concepts may be used to explain the functioning
of the scrub sections of the decontamination colums in the removal of
fission products with lmown, reproducible distribution coefficients,
Principles of mass transfer may also be used to calculate the number of.
equivalent stages or transfer units requ%ggd‘to attain eny desired D.F,.
for a fission product or gioup of fission products, ‘
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Laboratory and pilot-plant decontamination performance data show
that such an idealized approach is actually applicable to nearly all of
the fission products, Thus, as would be predicted on the basis of masse
transfer theory, decontamination factors for the IA Column are of the
order of 10k (99.99% removal of fission produets), Hence, behavior of
fisslon products in accordance with classical mass-transfer concepts is
the rule rather than the exception, From 0,01 to 0,1% of the fission
products in the IAF remain in the TAP because of:

(a) insufficient height of the scrub section;

(b) distribution coefficient (ES) values unfavorable for
stripping (i.e., E§ in the range from 0,2 to Q.L); and

{c) the so~called Winextractable! (or, more rightfully,
"unstrippable" or munscrubbable") behavior of certain
fission products, due to complexing in the organic phase
or formation of organicwfavoring forms of some fisgion
products (notably Ru), In these cases, EQ values for
the fission products are greater than 045

Although the fraction of the total fission products in the IAF which
exhibits Yinextractable" performance is small (generally 0,1% or less), it
is nonetheless highly important because D,F.ts for recovered U and Pu (£rom
fission products) must be on the order of 105 to 107,

This subsection deals with the massetransfer behavior of the bulk of
the fission products (99 per cent or more) which exhibit normal msss«
transfer behavior, Subsection El discusses the phenomenon of Mirreverse
ible" extraction of ‘some of the fission products,

3.1 Fissioneproduct operating diagrams

The basic principles for the construction of operating diagrams are
discussed sbove, in Section B, As indicated in Section B, equilibrium
data are an essential element in the dlagrams, The following equilibrium
data (distribution coefficients) for fission products are intended.as
reprosentative only, because, as indicated in Chapter IV, the values vary
gonsiderably with changes in HNO3 ar A1(NO3)3 concentration:

Fission Product Distribution Coefficient, EQ
Ca 0,01
Nb 0,02
Ru 0,01 to 0,2
Zr 0,02

Values are estimated for the scrub section of the IA Columm operating
under HW No, L Flowsheet conditions, It is estimated that distribution
coefficients for the remaining fission products are on the order of 0,01
or less,
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The listed values for distribution coefficients were used in cone
gtructing four of the operating diagrams (for Ce, Nb, Ru, Zr) presented
on Figure IVe23, (The diagram for "inextractable" Ru is discussed in Sube
section L, below,) Because of the wide range of concentrations involved,
it was more convenient to construct the diagrams on logarithmicescale cow
ordinates. With the exception of Nb, Ru, and Zr, decontamination factors
of over 104 are indicated for each of the fiasion products insa IA Column
sorub section with 2 to 2,5 equivalent stages (esge, 24l x 102 for Cele

3e2 DyF. as a function of the number of scrub stages or transfer units

The straight operating and equilibrium lines suggest application of
the Colburn equations (see under A3,5 and A3.7, above) to the calculation
of stages and transfereunit requirements in fissioneproduct removal,
Figure Vw2l, which is a graph of transfer units in the IA Column serub
section versus decontamination factor has been constructed on the basis
of the Colburn equations and the assumption stated on the figure, With
the aid of the graph it i1s possible to determine the number of IA Column
scrubmsection stages or transfer units required to attain a specified DyF.
for a fission product of known distribution coefficient, Conversely, the
graph may be employed to calculate the decontamination factor for e fission
product of known distribution coefficient in a colum with a known number
of stagee or trarsfer units in the scxub section, Sample calculations are
given below,

Tt will be noted that Figure Vw2l indicates that some desontamination
occurs with no stages or transfer units in the scrub section. This inie
tial decontamination is a consequence of the fact that the organic feed to
the scrub section has been contacted with an aqueous phase, IAFS, containe
ing spproximately oneshalf the IAF fissioneproduct concentration, The
organic feed to the scrub section has therefore already undergone conside
erasble decontamination due to the highly aqueousefavoring distribution
coefficient of the fission products (most of the fission product remains
in the agueous phase) in this part of the extraction section, Further rew
duction in the concentration of fission products in the organic phase is
offected in the scrub secticn by scrubbing the ascending organie stream
with an aqueous phase in which the fission products are relatively very
soluble, For each transfer unit in the scrub secilon, the decontamination
factor is increased by a factor of approximatelg 2.5 for fission products
with distribution ratios (ES) below 0,05, As Ej values increase, the
effect of each transfer unit on the dscontamination factor becomes less
pronounced so that, for values of E3 above 0,35, increases in the helght
of the scrub section have little effect on the decontamination factor.

The use of Migure V-2l may be illustrated with two calculations
showing the determination of (a) the number of "overall hexoneafilm*
trensfer units required to attain a given D4F. for a fission product of
nown ES, and (b) the D,F, attained with a set number of transfer units
for a glven fission product with a known EQe

(a) Let it be assumed thet the fission product has an E§ of 0,05,
the required D,F, is 3 x 10>, and it is desired to etermine

the number of transfer units required, Reading on the lefti-
hand vertical scale (Fig, Ve2l) up td D,F, ® 3 x 102 and across
to EJ = 0,05 (radial parameter line), it is found {on the
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abscissa) that approximately 10 transfer units are required,” (&s
1@; be read from the theoreticalmstage parameter line at DJF, = 3 x
10° and EJ ® 0,05, this corresponds to about 5 theoretical stages. )

(b) Let it be assumed that the fission product has an E§ of 0,20, there
are 5 transfer units in the scrub section, and it is desired to dew
termine the D,F, attainable, Reading on the lower horizontal scale
over to 5 transfer units and following the vertical line at &5 up to
its intercept with the'Eg ® 0,20 line, one finds the Intercept to he
1.3 x 108 (D,F, scale), The D,F, attainable is therefore 1,3 x 10%,
The influence of EY on the D,F, is shoun by taking a second example,
-assuming 5 transfer units and En EQ of 0.§005, For this latter case,
the indicated D,F, is 1,2 x 100, The fortyefold dgorease in EO ig
therefore accompanied by a onewhws#8d.nfold increase in the D.F,.

thow s a nd
Figure Vw2, may also be used in calculations involving the number of
theoretical stages in the IA Column scrub section by using the sloping (stage)
parameter lines instead of the vertical (transferwunit) lines,

Le The "Irreversible" Ixtraction of Some Fission Products

It has been observed in laboratory and pilot-plant studies that certain
fission products, or = 23 is more often the case e emall fractions of cere
tain fission products, under some conditions extract initlally into the hexene
phase and camnot be subsequently scrubbed back into an aqueous stream, Such
Mirreversible" extraction behavior has been explained in terms of two mechae
niams, both of which undoubtedly occur to some extent in the Redox process,

One of the possible mechanisms is the formation of an organicefavoring
complex compound of the fission product in question with some other solute,
Zirconium may be thus complexed by IIBG (methyl isobutyl earbinol) or MO
(mesityl oxide) under acideflowsheet conditions; and cerium, by dichromate.
Other camplexes may be attributable to unknown impurlties, Because of the
extremely low concengrations in which individual fission products are present
(on the order of 10> to 10~k M in the IAF stream) a very low concentration
of complexing agent would be effective,

Another possible mechanism is the presence of certain fission products,
notably ruthenium, in more than one chemical form, some with low and some
with high distribution ratios, Uhile the solventeextraction behavior of
ruthenium is only partially understood, it-is fairly well established that
ruthenium exists in several solute species, of which two, designated by the -
Oaic Ridge nomenclature as RuA and RuB, both believed to be nitroso complexes,
predominaté in nitrateesalted hexone~aqueous systems, The distribution
ratlo (orge/ags) of Rud in IA=type systems is generally in the range of 1 to
10, That of RuB is about 0,1 or less, In any one system an equilibriun
proportion of Rui:RuB tends to become established at a slow rate (halfwtime
of the order of 1 hr,), The équilibrium ratio of RuA to RuB under Rédox T.
Colurn conditions is not known, but is believed to be in the range 0,01 to
0.1,

The effect of the presence of significant amounts of RuA on- decontame
ination from rutheniwm is adverse, As apparent from Figure Vw23, the
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concentration of & ruthenium species with a distribution ratio (E3) of 2
is not significantly reduced by processing in the IA Column, Thus if 5%
of the total ruthenium is present in e form with a distributien ratilo (E9)
of 2,dadtota1 Ru {arithmetic) decontamination factor of 20 cannot be
exceeded, : :

The bearing of ruthenium volatilization on the finaxtractable! ruthew
nium problem is complex and not entirely clears On the one hand, laboratory
data obtained at Hanford indicate that the initial gross Ru distribution
ratio (EJ) is about 3 to 6 times as high for untreated dissolver solution
as for the 5% residue from volatilisation (E§ of ©.008 as compared with
0,0018 in a typical instance). On the other hand, in SPRU (mixer=settler
pilot plant) xins under ORNL flowsheet conditions, Ru D.F.'s across the IA
battery were only 30 to LOO after headwend treatment (volatilization of
ruthenium and MnOg scavenging) as compared with 500 without headwend treat-
ment. ' : S

For further data on the chemical species of ruthenium in solution and
their distribution ratios and conversion rates, reference is made to

S, Laboratory and Pilot=Plant Decontamination Perfoymance
5.1 Laboratory batch studles

"Hot" laboratory-scale batch experiments, under conditions simulating
those of the process, have been extensively used in the study of the de-
contamination performance of the Redox process, The quantitative predice
tion of eoluwmn performance with more than orderwef=magnitude accuracy from
Jaboratory countercurrent batch studies has not been possible, because of
the complexitics and uncertainties of inddvidual fissicn=product extractionw
stage and transfer=unit heights, and because of such anomalies ad the
nipreversible" extraction behavior of some fission products, discussed in
Subsection Ei, above, However, simple, multiple, and gountercurrent batch
laboratory results often provide a valuable qualitative and order=of=-
magnitude quantitative indlcation of the effects of various independently
_controlled factors on.process decontamination performance. Seme illustram
tive laboratory countercurrent batch dF's are tabulated below.

Radiom
activity
APProX.
Colum : % HW No, of Stages dF
Simulated Flowsheet _ level _EEEE. ~Wormb  Beta " Gamma.
53_) ANL s 6 L 16 10
1a(8) ORNL No, 1 5 6 L 3.8 - (a)
-14(6) oW Noe b (a) 10 6 3. 2,7
1a(6) ORML No. 1 (a) 10 6 3.9 3.1
7a(16) ORNL Noe 1 100 1 2 2.9, 27
7a(16)  ORNL No. 1 100 1 2 3,8(0) 3,7(b)
21)&8; ANL 30 6 L 03 O
2p(8 ORNL No, 1 30 L 2.5 2.5
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Notes: (a) Not reported,

(b) Including dF in headwend treatment, in which ca. 90%
of the Ru was removed by ozonolysis and ca, 70% of
the Zr and Nb by Filtrol scavenging. (All other dFts
in the above table were obtained without headwend
treatment, )

S5¢2 Pilotwplant studies

Pilot-plant studies of the decontamination performance of the Redox
process were carried out in packed columns at Argonne and Oak Ridge National
Laboratories and in mixer-settlers in the Separations Process Research Unit
at Knolls Atomic Power Laboratory, The pilot-plant equipment sizes were
as follows:

' SPRU
Column or ANL Columns(2) ORNL Colwms(b) Mixer Settlers{c)
Mixer-Settler Diam,, Packed Diam,, Packed Ho, of
Battegg In, Heiggt y Fls In, I—Ie:l.gl‘l‘l‘-I Ft, Stages
IA, extn, 1 10,7 3 26,0 12
serub 1 10,0 3 13.8 8
1B, extn, 1 6.3 3 10.0 10
scrub 1 6.3 3 14,0 10
IC 1.5 8.4 3 13 - 10
2.111., extn - 1 8 . 9 ——m - o
scrub 1l 8.3 — - -
2D, extn, - - 2 25.8 12
scrub o — 2 12,5 8
2E - L 2 I}_’.. ? 10

Notes: (a) Packed with 1/lin, Raschig rings, (Fenske helix
packing was used in early runs and summariged
here, )

(b} Packed with 1/hwin, diam by 3/8«in, long Raschig
rings,

(c} 600 ml,/stage,

The decontamination factors obtained in these studies are summarized
briefly below, A somewhat more detailed sumary is presented in Table
Vw25, 'Table Ve25 includes dF's for those individual fission products (Ru,
Zr, Wb, and Ce) which are important because they generally control the
gross fissionwproduct decontamination factors obtained,
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PilotwPlant First-Cycle dF's

Camma dF Based on Radiow
Radioactivity, activit% in Dissolver Solution

: R Approx. % HW
Equipment Flowsheet Level - (IBP Stream) (ICU Stream)
ANL packed ANL 5 3.1 ' 2,9
colums ORNL No. 1 5 3.8 3.6
- HiNo, 4 = 5 37 3.8
ORNL packsd AVL S to 30 ' 3.2 240 -
colums ORNL No, 1 30 to 100 3.9 3T
SPRU mixer~  ORNL No, 1 5 Ll 3.9
sattlers HW No. L 5 . ‘ Lie3 4.0
D ORNL No, 1% g SR o L ~ Lew*

#) Including dF in headeend trestment (Ri volatilization with KO,
and Zr-Nob scavenging with co-formed MnOp). (A1l other grFts in the
gbove table were obtained without head-end treatment.)

Pilot-Plant Second=Cycle dFis

Gamma AF Based on Radiow
Radiocactivity, activity in 24F or 2DF
Approx. % HW

Equipment Flowsheet. Level (2BP stream) (2B Stream)

ANL packed ANL 100 2.6 —
columns

ORNL packed ANL 30 - 1.0
columns ORNL No, 1 30 -— 1.8

Pilot-Plant Two-Cycle dFls _
‘ Gamma dF Based on Radio=
Radicactivity,  gctivity in Dissolver Solution

Approx. % HW
Equipment Flowsheet Level (2BP Stream) (2BU Stream)
ANL packed ANL 100 5.7 —
colums _
ORNL packed ANL 30 - : 3,0 _

colwmns ORNL No., 1 30 - )
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It may be noted from Table V~25 and from the ahove summary that
secondwcycle dF's are generally substantially lower than those for the
first cycle. This is due in large measure to the fact that the fission
products in secondecycle feeds contain a lower proportion of those chemi~
cal species which are easy to decontaminate from and hence were very
largely removed by the first cycle,

With 600 Mw,~day/ton, 90m~day “cooled® slugs the dF!s required to be
achieved in the solventeextraction battery in order to meet the tentative
product radioactivity specifications are as follows:

dF Required in Solvent~Extraction
“T?TE%'Eééazﬁhd 1T Head=-rind

Treatment Treatment
isUsed _ _is Used
U beta 6,3 ca, Dol
U gamma 6.5 cas 543
Pu beta 649 ca. 5.9
Pu gamma 6,9 Ca. 5.9

The pilot-plant data summarized above and in Table V=25 indicate that,
with head-end treatment (discussed in Chapter III), the required dFfs for
both uranium and plutonium will be met in the Redox Plant in two solvent=
extraction cycles under acidedeficient flowsheet conditions, Under acid
(ANL) flowsheet conditions two cycles may be inadequate, If two solvente
extraction cycles should suffice for achievement of the required dfts, the
third cycles can be by-passed and held as stand-by,

6. Development of Redox Plant Scrub-Section Packed Heights

The specified packed heights (20 ft,) of the scrub sections of the
Redox Plant decontamination columns (IA; 24, 3A; 2D, 3D; IS) are based _
Primarily on the 12,5 and 13,8~ft, heights found satisfactory in the ORNL
Pilot~plont studies discussed under 542, above, Acheight allowance of
about 507 was made for the scale-up factor on going from the 2=in, and
3=in. columns packed with 1/hein, by 3/8win. Raschig rings to Lein, to
Te5-in, columns packed with 1/2~in, by 1/2ein. rings, Since the original
design, the packing size has been changed to lein, by l-in, in IA, and
3/b=in. by 3/L~in, in Columns 24, 3A, 2D, 3D, and IS,

Consideration of the transfer-unit requirements, for representative
scrubbing dutieg (see Subsection E3, above) employed in conjunction with
fission-product H,T.U. estimates for the decontamination-column scrub
sections, supports the adequacy of the 20-ft., scrub-section heights arrived
at as described above, Thus, as read from Figure V-2l, the attaimment of
a IA Column D,F, of 10h for a fission~product species with a distribution
ratio (Eg) of 0,01 requires about 6 transfor units. With an estimated
H.T,U, of 2,5 to 3 ft., a D,F. of 10! would be achieved by 6 times 2.5 to
3, i.e4y 15 to 18 ft, of scrub-section packed height, as compared with 20

m . jenr.-at:i.Zl.a‘t::le .
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F. LOCATION AND USE OF EXTRACTION COLUMN PRESSURE TAPS

1., Funotion of Pressure Taps

In the Redox Plant a lag
that a column effluent line sample is t
Furthemmore, line semples will not be taken routinely.
to have a method of detecting any offwstandard operation as s
starts so that immediate correct
and appropriate line samples may be
t of the offwstandard operation,
extraction of uranium in plant-size packed column

causes and exten

ions in operating conditions
taken as an aid in determining the
Stydies of the solvente
s at Hanford Works have

of several hours may occur from the time
aken until the analysis ie known,
It is desirable
oon ag it
can be made

demonstrated that static or differential pressure, measured at connections
along the side of the column, givesa a reliable indication of flooding in

the packing, and that differential pressure reflects the appar
Jumn as influenced by the concentration of the

uranium salt (and of aluminum nitrate salting agent) in solution,

of the liquid in the co

2, Location of Pressure Taps

The pressure taps
located so as to provide the maximum use
poses. The locations are based upon an appraisal o

ent density

on the several solventeextraction column® have been
ful information for control pure
f the solution density

. gradient through the column and of important variables which affect this
... - density gradient for enticipated operating conditions. The types of

pressure instruments used on each of

: the locations of the pressure taps are

.\ The technical basis for the tsbulated information will be apparent from

For a functional desoription of these ine
reference is made to

the discussion which follows,
struments and data on their ranges and acouracy,

Chapter X1X,

Types and Location of Extraction Column Pregsure Taps

Columm

Type of
Taps Location of Taps

Ia, IS, 2D, 3D Differential 6 ft. below t?p)of
a

1B

1C, 2E, 3E
2A, 3A

2B, 3B

10

gk o § Notes

extn, sectlion

Static 5 in, below bottom
of packing :

Differential 15 ft. below t?p of
' ~ packed section\®

Static 5 ine below bottom
of packing

Static & in, below bottom
' of packing

Static 6 in. below bottom
of packing

(a) Position of center line between two

the solventeextraction columns and
summarized in the table below.

Spacing of
Zaps, Fte,

Yy

L
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3. Effect of Uranium Losses on Density

3,1 IA, IS, 2D, and 3D Columns

Figure V=26 shows the estimated aguecusphase (1,64 continuouse
phase) density as a function of packed height for the extraction section
of IA-type columns (i,e., Columns IA, IS, 2D, and 3D)e Below a level
approximately 10 feet down from the top of the extraction section, the
agueousmphase density is mainly dependent on the ANN concentration in the
aqueous waste stream (determined by the scrubestream ANN concentration
and the scrubwtosfeed ratio)., The principal dissolved constituent contribe
uting to the aqueous~phase density just below the feed point is the uranium
in the feed, which is to be maintained substantially constant in plant
operation, The aqueous-phase density changes the greatest amount as a rew
sult of aqueouswphase uranium concentration changes in the zone from 8D
proximately 3 ft, to 9 ft, below the top of the extractionesection packing
(if it is assumed that the top 2 ft, are used up in achieving effective
mixing of the phases), The differentisl pressure taps for these columns
are located in this region because it is in this region that variations in
colum performance entail the most pronounced changes in aqueousephase
uranium concentrations == and hence density, For example, with the IA -
Column extraction section operating under HW No, U Flowsheet conditions,
an increase in H,T.U. from 2 to 3 ft, (corresponding to an increase in
uranium loss from approximately 0,08% to 0,69 ) would result in sn increase
in the aqueousephase density between the pressure taps located as shown in
the table above from 1,234 to 1,275 g,/ml. (a change corresponding to about
8% of instrument scale), It is noted however that a change in differential
pressure reading for the IA Column may also be due to a change in ANN cone
centration or changes in flow rate {or ratio),

Since high Pu(VI) losses are generally accompanied by high uranium
losses, the IA Column differential pressure readings provide an indirect
indication of Pu(VI) losses also, However, since the plutonium in the
column is too dilute to affect the differential pressure rcadings directly,
Pu(IV) losses arc not indicated by the readings,

3,2 IB Column

In the IB Column the uranium concentration in the aqueous phase never
exceeds approximately 100 g, UNH/l., and uranium is always a minor contribe
utor to the density of the aqueous phase, For example, a tenfold change
in the uranium concentration in the IRP stream exerts a negligible effect
on the agueous~phase density gradient through the colum,. Consequently,
static or differential pressure taps on the IB Column are not suited to
indicating offestandard uranium extraction, However, the static pressure
tap at the base of the columm is useful as an approximate indication of
the ANN salting strength in the aqueous phase, It may also be used to
indicate flooding, as discussed below,

3e¢3 IC, 2B, and 3E Columns

Since uranium is by far the major dissolved constituent contributing
to the aqueouswphase density in the IC, 2E, and 3E Columns, these columns
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are ideally suited to be monitored for changes in uranium transier by
means of differentisl pressure taps along the side of the column, While
the following discussion deals specifically with the IC Column, it is also
applicable to the 2E and 3E Colurns,

In order to provide a sensitive indication of high wranium content
in the IOW stream, the differential pressure taps have been located as
close as possible to the top (i.esy ICW) end of the IC Column, but suf=
ficiently far down the column so that the differential pressure instrument
is capable of registering chenges in aqueouswphase density as uranium
-extraction changes. ' ‘

Tf the IC Column is operating at a given waste 1loss (€eZey CaOF% of
the feed uranium), the UNH concentration and its contribution to density
can be computed as a function of packed height. This calculation has been
made for meveral representative IC Column operating conditions and three -
resulting curves are plotted on Figure V-27. As indicated on this figure,
at a point 10 fi, above the bottom {or 15 ft, below the top) of the packed
section of the column, the calculated aqueous-phase density changes from
1.01 to 1,03 ge/ml. (& change corresponding to abaut lf of instrument
scale) when the uranium waste loss changes from 0,05% to 0.5, Density
changes of this magnitude are sufficiently large to be registered by the
differential pressure instrument. :

' Curves for the 2E or 3E Columms are similar to those shown for the Iic
Column although they are displaced slightly to the right because of an
increased uranium concentration,

3.4 24, 2B, 3A, end 3B Colwms

Since no uranium is present in these columns and plutonium concentras
tions are too small to affect the aqueousephase density significantly,
differential pressure instruments would not be capable of responding to -

. changes in plutonium transfer, However, as in the case of the IB Column,
the static pressure tap at the base of each of the second and third plue
toniumecycle columns is useful in indicating when flocding occurs and,
for the 2A and 3A Colums, also indicates the approximate ANN concentram
tion in the aqueous phase.

3.5 IO Column
A static pressure tap on the IO Column provides a method of detecting
flooding conditions in the column. A macro buildeup of uranium in the

aqueous phase is indicated by an increase in apparent density for the
solution in the column, ' : .

Yy, Effect of Flow Rate en Apparent Density

Pigure V.28 shows the effect of flow rate on apparent density as
obtained in experimental runs. It is not known to what relative extents
the decrease in apparent density with inereasing flow rate is (a) due to
fluid friction of the phases flowing countercurrently or (b) to the
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sometimes-postulated effect of the rising hexons«phase globules averaging
in with the aqueous phase to give a weightedeaverage density for the two-
phase system,

The absolute values of the experimental apparent densities as plotted
may be in error because of improper functioning of the instruments used
(relaxedwdiaphragn pressure transmitters), However, the trend of decrease
of apparent density with increasing flow rate in any one colum appears
to be well established from the data on which Figure V=28 is based,

5. Detection of Flooding

As shown in Figure Vw28, there is a decrease in apparent density with
increase in flow rate for any one column, This decrease in density is
related to a gradual increase in the relative percentage of organic phase
(as compared to the aquecus phase) in the column as the flow rate is in-
creaseds At flooding, portions of the column. are completely filled with
organic phase and the pressure tap readings for a column will show a more
or less sharp decrease in apparent. density,

Ge. SPECIAL PROBLEMS

The expectation of continuous satisfactory performance of the Redox
Plant solvente-extraction columns over long peridds is based on thousands
of hours of trouble-free operation in pilot-pladt studies. This section
sumnarizes experimental information on Perud® formation, emulsification’
in the columns, and some trace-impurity effscts, In exceptional circume
stances, such effects may give rise to anomolous column behavior, "Norw
mally, however, if such effects (like crud formation) occur at all, they
do so to only a harmless extent,

le Crud Formation

The formation of a dark broun~toeblack precipitate, which built up
or: the interface, was observed in almost all I4, IC, and 2D Column runs
and in about 10 per cent of the IB runs made in "cold® piloteplant columns
at Hanford Works, This observation was generally borne out by thot" and
"cold" pilot studies at other sites, In the Hanford experiments with
1/2ain, and l-in, Raschig=ring packing, the "cruds" did not give rise to
maloperation of the columns or acecesgories, The cruds were swept out by
the effluent organic stream af sufficient rates to prevent excessive
accumulation at the interface,

Crud formation has been attributed to dlverse causes, but the specific
origins of cruds observed in pilot-plant runs are only. partially underw
stoods A crud formed in the 2D Colum under acidmdeficient conditions is
sometimes atiributed to precipitation of iron (from the reductant in 2Ds)
at the relatively low hydrogen ion concentration of the system (pH about
2)e In a piloteplant run at Oak Ridge under acid-deficient conditions(18),
the 20U (2D organic effluent) 1ine was plugged by a crud with an Feal
atomic ratio of approximately 6:1, Atterpts to reproduce such a crud
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at Hanford succeeded only quelitatively: a crud did form, but its Fe:Al
ratio was 4O times lower and it did not accumilate in sufficient quantity
- ta result in line plugging or other mechanical trouble.

Susperded solids in column influent streams may contribute to crud
formation. . This effect is expected to be minimized in the Redox Plaat by
passing all "cold" column influents through strainers which remove all
particles larger than 0,005 in., and by the feed clarification step dis-
cussed in Chapter III, '

Analyses of interface crud from Hanford IA Column ("cold") runs indi-
cated tha?lﬁ?mpounds of tin and silicon were importent factors in the crud
formation . The origin of these materiels and the methods for their re-
moval are discussed in Chepter IiI.

= There is evidence to i?ﬁ}cate that some crud formation may be related
to impurities in the hexone‘™/. The sources of impurities in the hexone
and the methods for their removal are described in Chapter IX.

Crud accumuletions mey sometimes be removed by temporary operation of
the affected column at increased acldity. To remove cruds resisting such
treatment, mechanlcal flushing of the column may be required,

2, Emulsification

An emilsion mey result from the intimete intermixing of two phases
of low interfacial temsion,

In pilot-plent experiments et Hanford, 2 to 3 f£t. of emulsion was
‘obeerved et the imterface in ORNL June 1H49 Flowsheet, S5~in, diemeter
IB Column runs in which e "anower-hesd" orgenic distributor was used.
The distributor plate contained 121 holes 0.04 in, in dlemeter.

gurface-active impurities, notably some gilicious materials derived
from the Al-Si slug-bonding layer, may reduce the interfecial temsion
between the phases sufficiently to cause emulsification. In Hanford

pilot-plant experiments, emulsion resulte? £ OT & IAF silicon concentra-
tion of 60 p.p.m., but not from 30 p.p.m. 3,127,

The immediate effect of a severe emilsion on column operation is the
carry-over of agueous phase in the orgenic effluent and erratic operation
of the interface control instrument. Such conditions of operation, if due
to silicious materials, may be roflected in an increase in the silicon con-
tent of uranium or plutonium product streams. '

3. Trace-Impurity Effocts

The effects of trace impurltiles derived from slugs on column per-
formance were investigated to a very 1imited cxtent on the leboratory
scele. These investigetions were carrled out with IAF medc from crystal-
1ine UNH. Ammonium nitrate wes used es salting agent. The column was
packed with 3/16-in, steinless steel Fenske helices., The results indicate
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that traces of Si, Sn, Fe, and Cu may have significant effects on H E.,T.Se,
but they can by no means be regarded as conclusive, The following are
TIA Column results obtained under conditions designed to be comparable:(9,10)

R TR BT Y T PRI reril TUSSIEHS B S TIOfT FUNHE S AT W M S e
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Trace Impurity Added HeEaTaSey Fto

lone 1.75
Si 2421
Sn 1,30
" Sn and Si 1.23
Fe, Al, and Cu 1.19
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R URANIUM MASS TRANSFER IN THE EXTRACTION SECTION OF A REDOX IA COLUMN
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GRAPHICAL

INTEGRATION METHOD FOR THE NUMBER

OF TRANSFER UNITS OBTAINED DURING RUN 8"-20-U

Now = Now, * Now, * 46+6.0=106
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_ FIGURE ¥-3
I IC COLUMN UNT OPERATING DIAGRAM ::
] o
10" (SAMPLE CALCULATIONS FOR RUN 5-55-CU} ‘
; Tuia Fipure is uszed in conjunction with Fipure V-i for evaluating
©  the mase=tranafer performance of JC Colwsn muns, Nunbars on sach
] paramater refer Lo the [0 concentration in the aqueous phase
.3 nxproescd ap ;. lM-/7. nqueour phasa (UNT and DX~ free basie).
The cquillbrlum anid oparating lines shown arw develope:! as dise

4 cuswe’ in Jubsertion 03,1 of the text,
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EIGURE Y-4
IC COLUMN HNOs OPERATING DIAGRAM
{CALCULATIONS FOR RUN 5 -55-CU)

This figure is used in conjunction with Ffijure V-2 for evalualing the mass-
transfer pverforrmance of IC Column runs, .umbers on each paraneter refer to
the U.T concentraticn in the aqueous phase cxpressec as £.0T,/g. aquecus
phase{UlT-free basis). The equilibriun and operating iires shown are dev-
eloped as discussed in Subsecticn 23.2 of the text,
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FIGURE V-5

DETERMINATION OF THE NUMBER OF TRANSFER UNITS OBTAINED DURING RUN 5"-55-CU
BY GRAPHICAL INTEGRATION
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Figure X-6
FOR

OPERATING  DIAGRAMS
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FIGURE ¥-10

OPERATING DIAGRAMS FOR THE 2A GOLUMN
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i 20

PERCENT OF THE Pu(l¥) CONCENTRATION IN THE ZAFS
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FIGURE ¥Y-1I
2B COLUMN OPERATING DIAGRAMS FOR THE HW No4 FLOWSHEET
SOURCE OF DATA : HW- 19047

Streem oompositioms am) flow retlcs are as specifisd om the B4 Flowsheet (Fig. I-2).

Calonlations for thees disgrams wars based the asswmption that the masber of ¥I} stages and mamber of stages ogml. Thos the saiw
mmbar of stages is shown oa esch diagrem, - pelve) II)3 -

Pu (M) OPERATING DIAGRAM

Tha 2B Column 18 desigued to strip both Pu(IV) and Pu{¥I). Bquilibrium relaticmships for Pu{IV) stripping are mere fevoreble than for Pu{¥I) stripping,
thus the misber of stages and tramsfer wmits for a 0,05 [T cent waste loss of pl will e 1f the 20 comtaims Pa(IV).

Phﬁm-mue-mwuuhmmum.hmno.ﬁb_mumhhﬂ(qdmtu 3 by P rt 1o y
ead iz per cemt of the ZBF plutomium comcewtIwtioh. The latter scale may Be applisd to axy cther 2 plutomium comcewiratiom, ss the plwtamium comoestratios

s g range 1 the 2 Colum is 1ow ewcugh to bawe no offect on the position of the Pu(YY} equilibrive lime.
-
" cu PERGENT OF THE Pu(XI) GONGENTRATION IN THE EBF
= ; 0.3 30 100 150 200 250 300 380 400 430 500 %
- - - ¥ T T T T T T T L —
«t | REQUAEMENTS OF .08 % WASTE 1083 OF Pu.(m) Xpe L2094 /L Jioo BY
rg = 2.9 STAGES Yer0.2649/ 1L ] :
' =3 oal  Moa*T® TRANSFER UmiTS ' o=
P ; §§ | yx :
E 2 T3
! + O | 480 sg
!" 0.1 . | LE
s! Ol fe aTaor | el o o e ——— _.._————.__—————T__—_-d'——__ gz .
g N i " A i A A [ Y 8 *
[+] [\ 0.2 0.3 o4 [+1. [(+1 o7 oh 0.9 Lo LI .2 1.3 4
Yu Q0008 ¢/
[0.08% WASTE LOSS) X+ GRAMS Pu.(NI) PER LITER IN THE AQUEOUS PHASE

NITRIC ACID OPERATING DIAGRAM

-1

[ =2 §

I Ny * 2.9 STAGES Xg = 887 9. /1.

EE Non® 3.8 TRANSFER UNITS Ye'= 1089.71

2 [

= . 'ﬂ'é
o )
;! 5y 2839/ =00
£z Yux08g./L 'ﬂ (V3]
- — .ﬂ
b o — r A A A L i i " 2 " —_—

> G s 0 ) %6 2% 3% % 40 45 %0 55 80 # 70 8

X'= GRAMS HNOs PER LITER IN THE AQUEOUS PHASE
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Table V-
RANGEABILITIRS OF THE KEDOX PLANT COLUBOE

Basis:

m #4 Ylowsheet

Refer to Figures V-12 to V-21 for Experisental Data

Operating Rangeabilities For Good lxtmﬁon Mmg
Equi

Short Tons U/Day

Gal./(Br.){Sq.Ft.),

Sum of Both Phases

300 to 1700
350 to 2400
600 to 3000

&00 to 1800
600 to 2400
800 to 2800

300 to 1600
300 to 2500

300 to 1700 .

350 to 2400
600 to 3000

300 to 1700
300 to 2500

330 %0 1330
350 to 2000

2%0 to 1500
OO to 1800

3%0 to 13%0
3%0 to 2000

25%0 to 1500
%00 to 15800

.}
20

G.Pg

Pu Production Iht.,(b)
Instantaneous

340 to 1300
340 teo 1930

230 to 1390
370 to 1670

360 to 1M10
350 to 2060

250 to 1550
h10 to 1860

300 to 2500 (Procu;eing 5,1;00 to 45,000 gal.
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: Figure AL-14
HTU. vs. VOLUME VELOCITY - 1A COLUMN EXTRACTION SECTION
Comparison of Flowsheets

N
SRR

Diffusing Component : ufi;o,), {Unirradiated U)

Pocking : ;—-h. x l.-h. x h—h. Wall Stainlesa-Stesl Raschig Rings.
H.T.U. Calculations:  "Overall Aqueous - Fiim " Basis
Legend : '
Symbol Flowsheet Column 1.0, In. Pocked Length, Ft.
A ANL 8.08 9.6
A A.N.L 8.42 19.1
[ ] HW No. 4 8.42 139 or B.7
(o] O.R.N.L. 5.08 19.6
4 T T T T T ITTF]
5.058-n. 1.D. Column 'l -
Operated Under ORNL.| v
r y Flowshest Conditions
1 At This Rate Without /:
{ lFIood‘ln' —— L‘ '/)
re =8.42-In. I.D. g
R = AN.L. Flowsheet A
E 171+ Flooding, ANL. ]
=] A ‘]2 And HW No.4
s ‘ 0.42-In LD d Flowshests
- t HW No. 4
g \ Fiowshest - ]
= - 5.05-in. I.D. , e
o 2F ::1"';;3'_ \o.a. L. Flowshest l’ ,‘;,/
x| shest— \ V.
- \ R I /J
: SRIETN N0
- o ! x\ -fdd;/,‘ i i
j a e ]
e .o -=/_._..|¢ . o
- o l - //I
l o
L]
1 1
e
0 = .- l //1
0 300 -~ 2= K00 2000 2300

Volume Velocity, Gal./(Hr.XSqFt.), of Soh Phasss
e L N —

[

] 2 3 4
U Production Rate in Plant-Sixe (6.8-in.1.D.) Column, Short Tons / Day
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H.T.U. { Height of a Transfer Unit), Ft.

n

Figure M -15

HTU. vs. VOLUME VELOGITY- IA COLUMN EXTRACTION SEGTION

Comparison of 3-Inch and I-Inch Raschig Rings.

Diffusing Component: UO4(NO3), (Unirradiated U ) Legend:—
Chemical Flowshest: HW No. 4 Raschig Column Pac:(hodn )
Packing : é-ln.x%-ln. x&—-in. Wall or Symbo! | Ring Size, .| LD., In. | Length, Ft.
I-1n. x I-In. x &-In. Wall ® % 842 | 139oria7
_ 'Shlnlus Steel Rascr:lg Rings. a ) 5.05 19.8
*‘ T.U. Calculations; Overall Aqueous-Film Basis
P IITT] Zn T
5.05-In. I1.D. Column, vy /] ‘ ///// 7
- lin. Rings, t 7 Floodm_g With : .
41— 20-Ft. Pocked Height I-In. Rings 44,
£ ~ A e
- / Estimated For 1A e e
; 4 3-In. Rings. Vi /1 | Estimated For V)
X, 20-F1. Packed Height! [/ 2-in. Rings, X/ ;
N N = ~ 20Ft. Packed Height 70 'e
= N gt e v g
T~4 1 <t | Estimated Flooding
P_‘ —+ 2 - o With 3-In. Rings 44 2 |
T—T—TT // 4 e
] A ) -
% Flooding With VA
\ v TV -ln. Rings /
N 8.42-in. 1.0. Cotumn A b 9 /;’ %
% In. Rings, p /
£ g /]
14 to 15- Ft. Packed Height % %% //’
M $ Va Ta
9% YA nT
0 500 1000 1500 2000 2500 3000 3500 4000 9 ?
Volume Velocity, Gol. /(HL{Sq.¥1), Sum of Both Phases Ha-,
| ] ] i t | | 1 I
0 i 2 3 4 5 [3 7 0\8

U Production Rate in Plant-Size (6.5-1n. 1.D.}Column, Short Tons / Day
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Figure ¥ -16

HTU. vs. VOLUME VELOCITY - 1B COLUMN SCRUB SECTION

Diffusing Component: UO,(NOy ), (Unirradiated U)

Flowsheet : HW No. 4

Colkumn Diometer : 5.05 in.

Packed Height : 19.6 to 19.8 Ft.

Packing : Lotn x §-1n. x g-tn. Woil or I=In.x I-In. x - In. Wall

Stoinless - Stesl Raschig Rings, as Indicated.
H.T.U. Calcuigtions : "Overall Aqueous- Film*" Basis

Legend:
Roschig
Symbol | Ring Size, n
hd i
A i

! T
. ga
g: = Flooding With 1-In. Rings,
~ Estimated for e Ferrous Sulfamote Absent: —
o V| 1-In. Rings 5 4200 * 200 Gol./(HINSGF1)
z-in Rings 4 e
- 4 ] e /
, AT [T g /T
.0 - / 4 J
= SEERGi=mu =t = = — Estimated Flooding With —
o -!--h. Rings, Ferrous
b
S Sulfomate Present
5 | !
. 11-n. Rings —
- 7 ith < ~1n. Rings
- . . Flooding With 5-In.
=5 Flooding With £-In Rings 1 2 » |
= Ferrous Sulfomih p,.m.// Ferrous Sulfomate Absent
x
oY
=]
o 500 000 1800 2000 2500 3000 3500
Volume Velocity, Gal./{Hr.)(SqFt.), Sum of Both Phoses
L 1 n d
o ] ) 5 4 5 6

U Production Rate in Plont Size (5-in.1.0) Scrub Section , Short Tons/Day

§
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Figure X -17

HT.U. vs. VOLUME VELOCITY- IC COLUMN

1

Diffusing Component : UO, (NO, ), {Unirradiated U ) Legend:
. ) Raschig
Column Diometer : 5.05 in. Symhol Riﬂg Siz‘. n. Flowsheat
Pocked Height ; 19.6 to 19.8 Ft.
. v - °, : ® L ANL.
[ : | -m. -
acking 1 L ‘x*ln.mllfw a " “HW No. 4
I-in. x I-In. x g3-In. Woll Siainless -
tesl . 1 HW No. 4 or
Stes! Roschig Rings v 3 ORNL.
HT.U. Galkulations: “Overall Organic- Film " Basis :
- ? T T T T T T I| | T T l 4
: I-in. Rings, Acid- §-In. Rings, !
' Deficient Flowsheets ANL. Flowshes! g l
) x T 'f// P e I
\ \ Y, M ‘ :7!" 1
¥\ - b v I/
~ >
ol Lyl
- > S 7-’ <141 Fiooding With l,- In. Rings,
- LIE AL Acid-Deficient Flowshests
° 5
s §-Wn. Rings, Acid- /ﬂ I
s Deficient Flowshests 1 | Fiooding With I-in. Rings,
2 el Acid- Deficient Flowsheets
~ Flooding With P
2 l!' n. Rinq., '-/ ¥ /// I
T AN.L. Flowshee < i
1] |
0 500 1000 1500 2000 2500 3000

Volume Velocity, Gal./(Hr.)(Sq.Ft.), Sum of Both Phases

-

or .

| 2

3

4

U Production Rate in Plaont-Size (10-in. |.D.) Golumn, Short Tons /7 Day

:‘!I
5=
Ko
AN
~NQ
O

=
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Figure V.- 18

HTU. vs. VOLUME VELOCITY- 2D COLUMN EXTRACTION SECTION

Diffusing Component : UO'(NO,),(Unirradiohd u) Legend :
Chemical Flowsheet: HW No.4, With Reductont Modifisd os Shown. Symbol Reductont
Golumn Diometer: 85.08 In. O Ferrous Sulfomate
Pocked Height : 5 Ft. Ferrous Ammonium
Packing : §-m. x §-hx §-In. Woll Staintess - i 5“'::" ond Sulfamic
Stesl Raschig Rings. Acid.
H.T.U. Colculations: “Overall Aqueous-Film Basls
3
1
" Flooding With
£ 3-W. Rings :
+ 2 2D Column
..; Extraction Section L No Reductont
E _ / |r Ferrous Sulfomate |
v 47 Ferrous Ammonium
b - Sulfate ond —
- N o Sulfamic Acid .
s I
3 / (For Comparison)
~ 842-in. 1.D. |A Column Extraction Section
> L-w. Rings, 14 to 15-Ft Packed Height
= :
}
1
o H
o 500 1000 1500 2000 2500 3000
Volume Velocity, Gal./{Hr.)(5q.Ft.), Sum of Both Phases
L L L i 1 1 1. i ]
0 1 2 3 4 5 6 rd

U Production Rate in Plont-Size {75-In. 1.D.) Column, Shor! Tons / Doy

mI
&2
K%
53
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Figure X-19 |
HTU. vs. VOLUME VELOCITY - 2A COLUMN EXTRACTION SECTION

Diffusing Componen?:  Unirradiated U (UNH) Used e o *Stand-in" for Pu.

Flowsheet : HW No.4

Column Diameter : 5.05 In,

Packed Height : 16.0 Ft.

Packing : 1-in. x §-In. x gg-In. Woll Stoinless-Steel Raschig Rings.

H.T.U. Colculations: “Overall Aquseous-Film" Basis

4 I I
]
L1 |
Z . 7 -
= o -r--"""i'
=
—
2 "5\' Estingted Floodng |
< with 2-in. Rings — | —
E | Estimated For ¢ ™
= §-in. Rings 1
o 2 . l
s 3in Rings
5 -
S = Flooding With
i I §-in. Rings
3
=
T 1
|
] t
0 i |
0 %00 | Ll 1500 a’” 2000 2500
Volume Velocity;Gal./{Hr.3q Ft), Sum of Both Phoses
L [ ' i} 'y L S |
o] 500 1000 1500 2000 2500

Pu Production Rate m Plant~ Stze { 3-in.1.D.) Column, G./Day at 378 G. Pu.s/Ton U
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C HW- 18700

Figure ¥ -20
HTU. vs. VOLUME VELOCITY - 2B COLUMN

Diffusing Component:  Unirradiated U (UNH) Used os o “Stond-in" for Pu.

Flowsheet : ' HW No. 4

Column Diomater : 5.08 n.

Packed Height : 19.9 Ft.

Packing : Fhnox goin x g~ In. Woll Stainless -Steel Raschig Rings.

H.T.U. Calculations: “"Overotl Organic- Film" Basls

o

T T T 1.7 T 1 T l
Estimated For §-In. RInqsl | |
. : -
E l | : S R A = S E— -Mp .-A !
Py "] }
: === | '
s 2 | \ I Fiooding With *l
2 1-in. Rings — )
§ t I 'T-In. Rings 7]
._ 'l
- ; |
k2 l |
= U | Estimated I
g 1 Flooding With
z -in. Rings
5 |
x | |
T 1 1
0
o 300 1000 1500 2000 2500
Volume Velocity, Gal./(Hr.XSq.Ft.), Sum of Both Phases
L i i L 4
0 500 1000 1800 2000

Pu Production Rate in Plont- Size ( 3-In.1.D.) Column, G./Day at 376 G. Pu/Ton U.
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a_— HW- 18700

COMPARISON OF HETS WITH HT.U.
Typical IA and IC Column Runs

Diftusing Component :  UO, (NOy )e (Unirradiated U )

Flowsheet : HW No. 4
Column Diometers : 5.05-in. I.D. |A Column (Exfraction Section)
0.42-in. 1.D. IC Column
Packing : L-mx 3-in. x gy~ 1n Wall Stainless-Stesl Raschig Rings (1A)
l-in. X 1. X gy= In. Wall Stainless-Steel Raschig Rings (IG)
H.T.\U. Calcuiations : *Overall Aqueous Film “ Basis For |A Column

* Overall Orgonic Film" Basis For IC Column

7 i
-
oo
6 st
-+ NIC Column H.E.T.S
Yy 1
8.5
_ (TS
§ 3
o =3
e [ =
-]
E s
£5°
4
- e r IC Column H.T.V.
% = L 1a Column HETS. \ —ty
I‘ 2 L i
N w k
= © 4
ui
z
\
) P\1A Column H.T..
% 8500 600 . 2000 2800 3000
Volume Velocity, Gol/{Hr.)Sq.F1), Sum of Both Phases
P
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Y, 6. Ca/G.Orgenic Phase (UNT- Free Basis)

o]

o
o

Per caat of Fesd LIAF} Cs in Orgamic Prose (AP}
o
-]

;

3

Orgunic Phese LIAP)

Por Cont of Feed [IAF) N In

-]
o
o

L1
Extn Qp Line

Certum Operating Diagrom
[For & .79 total Ca/ton Uin |aF)
Distribution coefficiant (EQ)for
both sections estimated at

approx. 0.0
indicated D.F.= 2.4 x 107
) A Ny =22 -~
0.2 Stage Noh=8.4 -
Y 3
l*leT 5 I 5 1 5 i 1 s
T = = = =7 - .
° 10 0 10 10 10 10 s 10
X, 6.Co/G. Aqueous Phoss (UNT«Fres Basis)
0.001 0.0l o ( 10 100
Par Cont of Feed (IAF) Cain Aquacus Phose (IAFS)
-’
10 T T T T T
N -
1]
-
Fad -
= .
£ Y 1
\\’
i g s
-8 .2
H 0 o‘@' 1 :':', ]
s ¥
5 &
& L) Niobium Operating Diagrom
o0 #3 (For 088 ¢. total NB/ton Uin IAF}
20 v Distribution coafficient(ES Mor ]
° \°‘ both sactions estimated at
> 2/
) £ approx. 0.02 s
(4 Indicated D.F. ¢ 3.9110
M N s? 2.0
3 Nop* 5.5
;.
f"-f. .
[ e 43
-2 1 1 P A | A L 1
0 4l A -9 _i : - Py - -8
o] W0 o (o] 10. IOT - IO_‘ 0

X, 6. Nb/G. Aqueous Phess (UNT-Fres Basis)
[ . A L i J
oo Ql ] 0 100
Per Cant of Fead {IAF) N In Aquecus Phase{IAFS)

o

o
e
T

Per Cent of Feed (1AF)Ru in Organic Phase{IAP)

C.001~

e0r

0.

Por Cemt of Feed (IAF) Ru in orgonic Phass (IAP)

o0t

o
=
L]

& ' ' ; SR A
7L —
Q0
-
-
9
-]
2 -
e
"
3
R
g -5 .
Eol |
o i
c
[ %
& e
L] > ot Ruthanium Operoting Diogram
>|-0'O" (0 (For DB g tolol Ru/ton U in 1AF) -
x Distribution coefficients (EJ )Jastimoted
:. at approx. 0.01n axtraction, O ) 10 0.2
in s¢rub section.
| indicated D F. = 3.1x 107
ol Ny: 16 B
Nowt 3 0
-
ol
o
12 1 1 I 1 .t 1
1o -n -1 -9 -8 A -6 -5
0 10 G 10 10 1Q 10
X.6 Ru/G Aquecus Phose (UNT- Fres Bows)
- . N N
C.08 Q1 I 10
Par Cont of Fend{IAF)} Ru in Aqueous Phose (IAFS)
i T T T T T
| 5 Stages
| Stoge '7
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Figure ¥-23

IDEALIZED FISSION-PRODUCT OPERATING

Basis:

Symbols:

DIAGRAMS  — |IA COLUMN

(1)Decontamination factors and fission- product
concentrations from HW-1426l

(2}integrated 400 megawoatt -days exposure over
360 days, followed by 90 days "cooling” .
(3)Distribution coefficients estimated from data
in ORNL-343 and KAPL-223

(4) Phose volume ratios as in HW No.4 Flowsheet.
{5)Concentrations of fission products in scrub (Xg)
ond extractont (Yx)are zero in every case .

Xfs ,concentration of the f.p. in IAFS.
Xw .concentration of the f.p. in iAW,

¥p concentration of the f.p. in IAP,
Ng ,number of stages in scrub section,

Noh .number of transfer units in scrub section,
"averall orgonic-film" basis .
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DECONTAMINATION IN THE A COLUMN
Effect of Fission-Product Distribution Ratio

Basis: (a) Feed: scrub: extractant volume flow ratios= 1: 1'4 . (b} Fission-product distribution ratios in the portion of
the extroction section just below the feed ‘ee equal to those in the scrub section. (c)"Overall organic film"
transfer units in the scrub section.

Nomendloture: m= Slope of the scrub section equilibrium line - i.e..g.of f.p. per g. UNT-free orgonic phase divided by the
g of £.p.per 9. UNT-free aqueous phase.
V= Organic phase flow rote (UNT free), wi. per unit time .
L= Aqueous phase flow rate (UNT free)in the scrub section, wi. per unit time .
E8=Dlsfribuﬁon ratio in the scrub section, g. of f.p. per liter of organic phase divided by g. of f.p. per
liter of agueous phose.
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Fiure ¥ -26 :
AQUEOUS PHASE DENSITY vs. PACKED HEIGHT

IA_COLUMN EXTRACTION SECTION

These curves indicate the aprroximate agqueous-phese density in the
IA Colwmn as & function of height for the ANL, ORNL #1 or HW #k Flow-
sheets. Yo allowance bas bDeen mede for the effect of flow rate on
apparent density., The curves have been calculated on the basis of an
assumed H.E.7.8, of 1.8-£t, for the ANL Flowsheot, and 2,5.ft. for the
GRNL #1 or BV #4 Flowsheets, The top 2 f£t. of extraction section packed
height vere assumed effectively lost to xtraction, to allow for the
mixing of the IAF and IAS,
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HW-18700

Figure Y -27
AQUEOUS PHASE DENSITY vs. PACKED HEIGHT
1IC COLUMN
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- These curves indicate spproximate
22" squeous-phase density in the IC Column
; &8 a function of height for ANL, ORNL .
L #1 or IV #4 Flowshests. No sllowance 5
203 has been made for the effect of flow-rate T -
1 on apparent density. The curves have w
— besn calculated on the basis of an —
1g - sssumed H.T.U. of 2.5, 3.2 and 4,7 feet j
& ; to give vaste losses of approxzimately =T
o — 0,005, 0.05 and 0.5% respectively. inmn ::
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EFFECT OF FLBW RATE ON APPARENT DENSITY

S f M.

APPARENT DENSITY ,

PEDOX TA, 1B, £ IC COLUMNS
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IAF = IA Columm aquecus Teed streaam.

A8 = IA Colwmm aquecus scrud stream.
IAP = IA Column organic afflusut stresm.

IAN = IA Column aquacus effluent stream.
nx-_ncoh-mcm.
IXF = IC Coluem organic feed stream.

ICU = IC Calumn aquacus afflusnt stream.
. I = IC Calumn organic effluent streawm.
P-ECMmm.

‘L

phase ou & UNT-free basis (weight/
wth-:lop-urthsapont;ng

= Mass flow of
wmit time).
lime.

= Slope of the equilibriom line; dY#/AX or Y#/X if m is
constant .

=X /X rwmtimuﬂ!]j!e for stripping. If the ex-
omtains sufficisnt solute the values of M he-
coms (X; - r./-)/(xe T,m) ana (1) - Xpm) /(T2 - Xcm)
for extrection and stripping, respectively.

= The slops of the opsrat lins divided by the slope of
the qn:l:l.'l.trl.—nm ( ) for extraction (i.e.,
trensfer aquecus to organic), and the reciprocal

(i{L) for strupiu (1.0., transfer from organic to aque-

UM = Uranyl nitrate hezmhydrate (Mol.wt. = 502).
T = Uremyl ndtrete trihypdrete {Moi.wt. = hh8),

¥

I

= Mass flow Of organic phase on & UNT-free basis {weight/
_ unit tims).

= Veight rutio; g.INY/z.aquecus Thass on a UNT-froe basis.
Also, in commection with plutonium operating diagrawms,
g-Pufl. of aquecus phase on a TNT-fres basis.

Il

xl

= Weight retio; g.HNO3/g.aquecus phase on a UNT and HNO3- -free
besis. Also, in connection with plutcnium-cycle operating
diagrams, g HN03/1., aqueous phase.

= Concentration in an agueous phase in equilibrium with an
organic phase of concentration Y. (Same units as X.)

= Waight ratio; g.URT/g.organic phase on a UNT-free basis.
Also, in connection with plutonium operating diagrems,
g.Pu/l. of organic phase on & UNT-fres basis.

= Weight tatio; g.ﬂ03/g. orgaoic phase on s UNT and HNC -rroa
Also, in cofmection with plutonium-cycle opera %%

basis.
disgrems, g.iM03/1.organic phase.

= Concentreation in an organic phase in saquilibrium with an
aqueous phase of concentration X. (Same units as Y.)

= Langth of packed section, feet.

Subscripts

-1, 2=

Concentrated and diluts-end values, respectively, for X
andfor Y.

= Intermediate value of I or I, locatad between values of X
or T with subscripts 1 or 2.

= Concentration in feed stream,

= Concentration in combined feed and scrub streanms.
= Concentration in plutonium-bearing effluent nr;.l.
= Comcentration in serud stream.

= Concentration in urenium-bearing effluent stream.
= Concentration in waste stream.

= Concentration in extractant stream,
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PART TI; PROCESS, continued

CHAPTER VI, SOLVENT.EXTRACTION PROCEDURE
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CHAPTER VI, SOLVINT.EXTRACTION PROCEDURE

A. ENGINEER'S FLOW SKETCHES

1. Introduction

A brief overall description of the Redox process is presented in
Chapter I, in connectlion with the discussion of the chemical flowsheets.
The reader is also referred to Chapter IV for background meterial whieh
involves the chemlstry.of solventeextraction operation. ‘

Embodiment of the above.mentioned chemical procees principles in the
Redox Plant is set forth in the engineer's flow sketches (Figures VI.l,
VI.2, and VI-3), which, with a description of solvent-extraction procedures,
‘form the basis of the present chapter.

2. Interpretation‘ofifhe.Flow,Sketches

The enginger's flow sketches presaented as Figures VI-1l, VI-2, and
VI-3 schematically show.the procass .stresus and equipment for the First
Solvent-Extraction Cycle, Second and Third Uranium Cycles, and the
Second and ThirdPlutonium Cycles, respectively. The schematic aymbols
employed for all of the disgrams are explained on Figure VI-l.

The stremm volumes shown on the skeiches are based on a uranium pro-
cegsing rate of 3-1/8 tons per day. Tank volumes are shown as working
‘volumes and generally represent about TC to 80% of full capacity for the
tanks.

Additional information covering such items as lubrication lines,
electrical lines, connectors, and spare connectors may be obtained from
the engineering flow diagrams in Chapter ¥II. Exact dimensions of process
equipment may be found in the detailed mechanical design drawings for the
specific equipment pieces. : ‘

Plutonium concentration (included on Figure VI-3) is treated seperately,
in Chapter VII. '

B. NORMAL PROCEDURE

The compositions and flow rates shown on Figures VI-1l, VI-2, and VI-3
correspond very closely to those presented in the HW #h Redox Chemical
Plowsheet at a throughput of 3-1/8 tons of uranium metal per day. The
satisfectory operating range of the installed equipment, however, covers a
much broader range of conditions &s & result of the "built-in" flexibility
of the plant. It is possible to operate the Redox Plant with the C.R.N.L.,
A.N.L., or modifications of the H,W. Flowsheets as presented in Chapter I.
In eddition, the continuous uranium processing capacity may be varied by a
factor of about 3, from 1,2 to 3.G tons per day (instantaneous rates),
without exceeding the allowable plutonium and uranium waste losses. It is
elso possible to by-pass certain solvent-extraction cycles, as discussed
later in this chepter, if adequate decontamination of uranium and/or pluto-
nium cen be achieved in fewer than the three cycles available for each.
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1. First Solvent-Extraction Cvecle

1.1 General

The principal steps of the First Solvent-Extraction Cycle are per.
formed 1in three countercurrent liguid-liquid exiraction colwme and
an evaporator for concentration of the uranium-laden effluent from the
third extraction (IC) column. The daily charge to the IA Columm (first

extraction colum) at a uranium processing rate of 3-1/8 tons/day is
1576 gallons of feed solution (IAF) containing from to 1630 gram
%ﬁ@@ (T:is corresponds to \8hO Pu/short ton of U,
See Appéh

rX"A for a tabulation of Pu concentration vs. pile-irradiation
level of urenium,) The beta radicactivity will be on the order of 300
(absolute) curies/gal. and gamme activity will be about 200 curies/gal,
These nominal numbers for radioactivity may vary by a factor of about
three, depending upon (a) irradiationin the piles, {b) "cooling” time,
end (c) decontamination effected in head-end treatment .

1.2 Steady-state operation

The uranium and plutonium-bearing feed (IAF) is pumped through a
recording end controlling roteieter from the IA Feed Tank, F-7, to the
center feed point of the IA Colwmn. This vraniws-plutonium solution
mixes with the aluminum nitrate-salted (ANN-saltedg aqueous scrub (1AS)
which is gravity-fed through & recording and controlling rotameter to
the top of the column. In the extraction {lower) section of the IA
Column uranium, plutonium, and some fission products are extracted into
the rising hexone extractant (7AX). In the scrub (top) section of the
column the rising uranium-laden hexone is scrubbed by IAS which
extracts the bulk of the fission products from the rising hexoné
globules. Before being gravity-fed to the bottom of the IA Column,
the hexone (IAX) stream, from the Organic Header, may be acidified by
line-blending with 60% HNO, supplied from Tank 70l-A. The process
involves feeding 60% HNO gy means of a plston pump into a mixing tee
carrying the hexone strefim. The frequency of the pump piston and
therefore the volume of nitrie acid is changed in direct proportion to
the hexone rate by automatic control instruments. A deseription of
this control cquipment is contained in Chapter XIX.

The aqueous waste effluent from the TA Column (IAW) should contain
not more than 0.2% of the entering uranium and plutonium, in eddition
to §9.9 per cent or more of the entering fission products. The organic
affluent (IAP) contains the bulk of the uranium and plutonium from the
IAF, together with & smell fraction of the original quantity of figsion
products.

The IAP stream cascades to the middle (feed point) of the IB
Column. It is the function of tie IB Column to separste the plutonium
from the uraniun. A chenical reductant {either ferrous sulfemate or a
mixture of ferrous smmonium sulfate and sulfamic acid) and ANN are
gravity-fed through a recording-controlling rotameter into the top of
the IB Column in an aqueous extractant stream (IBX)., The reducing
agent contained in the IBX reduces the plutonium to the trivalent
state, in which form 1t is highly distributed %o the aqueous phase.

e DECLESSFED  "wgye
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Uranium is not affected by the chemical reductant and remains in the hexone
gtream in the hexevalent state. In the scrub {lower) section of the IB
Column the squeous stream is scrubbed by the rising hexone scrub stream
(IBS), so that the totel uranium content of the agueous effluent plutonium
stream (IBP) is less than 0.1 weight per cent of the plutonium. Of the
total gamme curies entering the IB Column, approximately one half (about

50 to 100 curies per 3-1/0 tons of uranium fed to the IA Column) are con-
tained in-the IBP stream and are essentially removed in the Second and
Third Plutonium Decontamination Cycles. The uranium-laden hexone stream
(IBU) leaving the top of the IB Column should contain net more than 0.2% of
the plutonium introduced into the IA Column and on the order of 100 gamma
curies of redicactivity (on the basis of 3-1/8 tone of U}.

The IBU siream cascades to the bottom of the IC Column, An aqueocus
extractant stremm (ICX) is gravity-fed through & rccording-controlling
rotameter to the top of the IC Column and extracts uranium from the rising
hexone phase., The effluent hexone phase {ICW) leaving the IC Column
ghould contain not more than 0.05% of the uranium contained in the IAF,
The aqueous uranium streem (ICU) leaving the bottom of the IC Column
cascades to the middle of the dteam stripping column located on the ICU
Concentrator. The srall smount of hexone dissolved in the ICU 1s flashed
off in the column (by the water vapor rising from the Concentrator pot) to
prevent the formation of undesirable hexone decomposition products during
concentration. A 25% caustic solution is added continuously by e metering
pump to the Concentrator to adjust the acidity of the concentrate prior
20 Purther processing in the Second and Third Uranium Decontemination

yeles,

The I8 Colum, which is shown on Figure VI-1 in parallel with the IA
Column, is normelly not used. It serves for the rework of any agueous
waste streams for the recovery of excessive uranium and/or plutonium
losses. Its use for this purpose is discussed in Section C, below. The
revork operating procedure for the IS Column is similar to that for the
IA Column. By means of in-cell jumper changes, the IS Column may be
operated as a IA-type column -- either in parallel with, or in place of,
the IA Column,

Al11 "cold" mqueous influent streams to the solvent-extraction battery
are grevity-fed from tanks situated in the "cold" sections of the Redox
Processing Building (202-8). "Cold" organic influent streams to the
solvent-extraction columns are fed directly from the Organic Header, with
nitric acid line-blended into each stream (if required) ag deascribed ahove,

Flow-control instrumentation on column influent streaums (both "cold"
and "hot") is automatic but can be operated manually when required, e.g.,
when the equipment is started up or shut down. Column interface control-
lers meintain the interface in each column by regulating the flow of
agueous effluent from each column. Differential pressure recorders on
the IA, IS, and IC Columns and a static pressure recorder on the IB
Column are provided as a reans of detecting flooding conditicus in the
columns and also ae an aid in the early determination of any excessive
urenium losses. A detailed description of the various instruments shown
on the flow sketches is given in Chapter XIX.

DECLASSIFIED




ECUSSFE) sl

W-16760° *y

Auxiliary equipment sho'm on the sketches, such as strainers,
samplers, jets, and puups, i3 described in detail in Chapters XVI and
XVIiI,

1.3 Start-ug

The preceding discussion has deslt with steady-state operation
of the columns, A brief cutline of the start-up procedure employed
for the First Solvent-Extraction Cycle is given below.

(a) The columns are first filled with "cold" aqueous solutions;
i.e., IAS solution in the IA Column, IBX solution in the
IB Column, and ICX solution in the IC Column.

(b) After step (), above, the "cold" hexone streems are started
to the colwms; i.e., IAX to the IA Column, IBS to the IB
Column. The open steam at the base of the ICU Concentrator
column is turned on to strip the hexone from the IC agueous
effluent,

(¢) After the flow rates of the “"cold" aqueous and hexone streams
become steady, feed (IAF) solution is greduslly started to
the IA Column. Caustic solution addition to the ICU Con-
centrator is started in order to neutrglize the effluent ICU,
When the ICU Concentrator pot is full and its content
boiling, The open stean supply to the base of the Concen-
trator column is turned off,.

The control instruments are Jenvally operated while flows are
being increased (or decremsed), but when flows become steady the
instruments are shifted to automatic control.

1.4 Shutdown

When the Redox Plant is to be shut down, a reversal of the above «
mentioned procedure for start-up ie followed, as outlined below:

(a) The feed (IAF) to the IA Column is shut off.

(b) Stripping plutonium and uranium from the columns is then
carried on for a period of about 30 minutes, if flow rates
are as shown on Figure VI.l, with all streams on except the
IAF. About 90 gallons of orgenic (IAX) are required to
gtrip uranium from the plent-size IA Column. It is possible
to turn off both the IAF and the IAS and to strip urenium
from the static aqueous phase with only the IAX stream flowing.
However, allowing the IAS stream to continue flowing has the
advantage of azradually increasing the salting strength in the
extraction section of the column and of displacing fission
products out the botton of the colum. The flow rates shown
on Figure VI~l provide approximately 130 gallons of organic
{or one aqueous displacement) if stripping is carried on for
thirty minutes. Increased stripping times are therefore
required if flow rates lower than those indicated in

« donatillt  Figure VI-1 are used.
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{c) After IA Column stripping is completed, the IAS, IAX, and IAW
flows are stopped, leaving the column terporarily filled with its
1iquid contents. The IB Column is allowed to run for an additionw
al period of approximately thirty minutes to insure complete
removal of uranium (and plutonium) from the IB Coluwmn. After IB
stripping is couplete, the IBS flow is stopped. The organic
solvent left in the IA, IB, and IC Colwans is then displaced
gucceasively from the top of each column by introducing IAS {o
the IA Column, IBX to the IB Colunn, end ICX to the IC Column.

(d) Finally, the aguecus contents of the IA and IB Columns are
drained to the Balt Waste Header, and the uranium-bearing aqueous
solution in the IC Column is drained to the ICU Concentrator,
which leaves the columns empty for the next start-up.

If direct meintenance is required in the Silo or Canyon area, it is
possible to introduce special decontamination solutions into the head tanks
for deconteminating the inside of a particular column or other "hot" equip-
ment piece. Wall sprays are also aveilavle for cleaning the 3ilo and
Canyon and the outer surfaces of "hot" equipument.

2. Second and Third Urenium Decontamination Cycles

2.1 Cenersl

The engineer's flow sketch for the Second and Third Uranium Decontem-
ination Cycles is presented as Figure VI-2, In general; the process
equipment provisions and connections are similar to those of the First
Solvent-Extraction Cycle, as described in Subsection 1, above.

As presented in Figure VI.2, the required further decontamination of
the uranium effluent stream from the First Solvent-Extrection Cycle (1CU)
is accomplished by solvent-extraction with hexone in a battery of four
columns used in geries. The first two of these (2D and 2E Columns) consti-
tute the Second Uranium Decontenination Cyele; the last two (3D and 3E
Columns), the Third Uraniwn Decontemination Cycle,

Because of uncertainties existing at the time the Redox Plant was
designed, 3-cycle operation was provided for, to insurec adequate decon-
taminetion of uranium and plutonium, Subsequent developments indicate
thet only two uranium cycles may be required, especially if the Dissolver
solution is subjected to head-end treatment as discussed in Chapter III,

After initial start-up, it is expected that the 3DF uranium stream
{i.e., concentrated 2EU) will mect final uranium specifications on a
continuing besis. The 3DF cen then be routinely jetted to the 3EU Con-
centrate Sampler, E-12, on an O-~hr. basis and thence to decontaminated
UNH storage, thus entirely by-passing the Third Uranium Decontamination
Cyele. It may prove advantageous to use the by-passed third cycle as &
rewvork facility (discussed in Section C) in the event that only two cycles
are routinely required for uraniwe decontamination,
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If one-cycle processing of uranium develops as a feasible operation,
it can be accomplished by directing concentrated ICU into the 2DF Tank
(which would act as a receiver on an 3-hour basis) and thence Jjetting
to the 3EU Concentrate Sampler, E-12.

2.2 Stesdy-state operation

Feed for the 2D Colurm (2DF) overflows from the ICU Concentrator,
F-2, where it has been concentrated and adjusted in acidity, to the
2DF Tank, F-1., The uranium feed (2DF) is pumped through a recording
and controlling rotameter to the center feed point of the 2D Column.
Uranium extraction and decontamination is as in the IA Column. The
hexone extractant (2DX) is gravity-fed through a recording-controlling
rotameter to the bottom of the 2D Column. An aqueous scrub stream
(2DS) containing aluminum nitrate and & reducing agent (either
ferrous sulfamate or a mixture of ferrous emmonium sulfate and sulfamic
acid) is gravity.fed to the top of the 2D Column. The function of the
reducing agent is to reduce residual guantities of plutonium contained
in the urenium-leden hexone stream to the agueovs-favoring form
(trivalent oxidation state) and thereb; effect decontamination of the
uranium from plutoniwa. The hexone stream containing urenium {2DU)
leaving the top of the 2D Column cascades into the bottom of the 2F
Column, where, like in the IC Column, the uranium is extrescted into an
aqueous solution {2EX). The aguéous uranium streem (SEU) leaving the
2E Colunn overflows to the 2BU Concentrator, F-5. Here it is stripped
of hexone, neutralized with caustie, and then concentrated to form a
feed (3DF5 identical in couposition with 2DF.

The uraniunm solution {3DF)} tius obtained mey be subjected to
another solvent-extraction cycle for further decontamination in the
3D end 38 Coluuns., The operetion of this third cyecle is identical to
that of the second.

The product from thesc decontamination cycles is an agueous
solution containing about 60 weight per cent uranyl nitrate hexahydrate
(UNH) ana innocuously small amounts of radiocactive fission products and
plutonium, Tentetive specifications of the final uranium are as follows:

Beta radicactivity from 1 x 1077 absolute curies/g. U
figsion preoducts

Gamme radloactivity 5 x 10-5 absolute curies/g. U

from fission products

Plutonium 1 part/107 parts of U

Iron 1 part/lO3 parts of U {1060 p.p.m.)}
Sodivm 1 part/103 parts of U (1000 p.p.m.)

The start-up procedure for the Sccond and Third Uraniuwm Decontarie
ination Cycles is identical in principlc to thet described for the

-
- .
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First Solvent-Extraction Cycle (under 1.3, sbove). It involves (a) starting
the "cold" aqueous stresaims to f£ill the columns, (b) starting the hexone
stripping streams, end (¢} gradvally starting the uranium feed efter the
hexone and "ccld" aqueous streams are adjusted to the proper retes. As in
the ICU Concentrator, the initial stripping of hexone from the feed to the
2EU Concentrator is accomplished by open steam to the base of the Concen-
trator column,

2.4 Shutdown

The shutdowm procedure for the Second and Third Uranium Decontamination
Cycles is also identical in principle to that discussed for the First
Solvent-Extraction Cycle (under 1.4, sbove). It involves {a) turning off
the feed stream (2DF or 30F), (b) stripping the remaining uraniua from the
colums, (¢} overflowing the hexone with a "cold" agueous solution {i.e.,
2DS or 2EX), (d) drmining the agueous contents of the 2D and 3D Columns to
the Salt Waste Header, and (e) draining the uranium-bearing aqueous contente
of the 28 and 3E Colurms to their respective uranium Zoncentrators.

3. Second and Third Flutoniun Decontamination Cyeles

3.1 General

3.11 Introduction

The engineer's flow sketch for the Second and Third Plutonium Deconw-
tamination Cycles is presented as Figure VI-3., In general, most of the
process equipment provisions and connections are similar to those of the
First Solvent.Extraction Cycle, as described in Subsection 1, above,

As presented in Figure VI-3, the required further decontamination
of the plutonium effluent stream from the First Solvent-Extraction Cycle
(IBP) is accomplished, aftor re-oxidation of the plutonium, by solvent-
extraction with hexone in a battery of four columns in series, The
firet two of these (2A and 2B Columns) constitute the Second Plutonium
Decontamination Cycle; the last two {3A and 38 Columns), the Third
- Plutonium Decontamination Cycle.

o

3.12 By-passing of cycles

It was mentioned under 2.1, above, that it may be unnecessary to
use all three decontamination cyeles to secure uranium of sufficient
purity. The achieveuent of adeguate plutonium decontamination by the
use of only two of the available three cycles may also be possible.
However, a one-cycle Redox process for plutoniwi is not feasible since
the plutoniuwm froa the IB Coluwm (IBP) must be separated from the
~gluminum nitrate sslting agent.

The third Plutoniwa Docontamination Cycle may be byepassed by
connccting the 2B Column agueous cffiucnt (2BP) line directly to the
3BP Receiver, E-2., This can be accomplished by a Jumper change in the
Silo,
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3.13 Critical mass control

A general discussion of the size of the critical mass of plutonium
end of critical uass control nethods is presented in Chapter XXV. The
reader is referred to that chepter for a discussion of how the size
of the critical imss is affected by such veriables as plutoniwm eoncen-
tration, nitrate concentration, the muaber of megawatt-days/ton of
pPile exposiure received by the parent slugs, and the geometric con-
flguration of the plutonium solution.

As explained in Chepter XXV, operational critical mmss control in
the solvent-extraction cycles is necessary only in the Second and Third
Plutonium Decontemination Cycle tenks. The uraniua cycles gre cone
gldered safe by vir%gg of the invariable co-presence of enocugh
neutron-absorbing U to render criticality impossible. The plutonium-
cycle. colwms are sufe by virtue of their geouetries, provided that
their plutonium content does not exceed 5 kilograms.

In the plutonium-cycle tanks, critical mass control is achieved
by operetion in safe batches, each containing approximately 300 g. of
plutonium. As discussed in Chapier XXV, the maximum allowable batch
pPlutonium content will be sel at a value somewhat in excess of 300 £.,
to provide reasonable working tolerances in batch size control.

Tenks which receive continuously are subjected to an additional
sefeguard because they are more liable 4o accidental overfilling.
These tanks, which include IBP Receiver {or 2AF Tank),34F Tenk, and
3BP Receiver, are designed to overflow befora they can collect a volume
of solution which will contain over 300 g. of »lutonium when the Pplant
is processing slugs with irradiation levels of up to 420 megawattndays/
ton (@prroxiumtely{ 30 g, Pu/ton U). At higher slug irradiation ievels,
in order to maintain this same safeguard, the IBP stream must be
diluted with aluminum nitrate solution (from the IBP Butt Tank, E-6 &
7-B) to a higher relative volume than indicated on the HW 4 Flowsheet
By limiting these tanks to contain not over 600 g. of plutonium when
the tenks are filled to overflowing, they do not attain the eritical
mass Tor plutonium from slugs with 420 megawatt-days/ton or greater
pile exposure (i.e.,EEEC—ET‘Pﬁ7%on U or over))

As discussed in Chapter XV, the possibility of criticality during
plant operation is extremely rcmote even when sufficient plutonium is
present to form a winimm critical mess. For exanple, the following
events must occur simultaneously in a given tank before it will become
critical: the plutoniuiz {ca. 500 g.) must (a) totally precipitate,

(b) form a 12 to 15-inch sphere surrounded on all sides by at least

4 inches of water refleetor, {c) be uniformly suspended in a spherical
shepe et approximately the optimum Pu concentration (20 to 4o g, Pu/l.),
and (d) contein ne nitrate or other foreign solutes,

The concentration of plutoniu: processed determines the maximun
volume of solution normally contained in process tanks in order to
maintain the batch size within the nouinal 300-g, figure. This is
illustrated in the table below, which is based on a uranium processing
rate of 3-1/8 tons/zay.
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- Gel. IBP Gel. 3BP
G, Pu/Ton G, PufGal. Containing Containing
of U of IBP 300 G. Pu 300 G, Pu
1.2k 2kp 98
1.36 220 85
1,49 202 82
1.7h 173 70
1,95 151 61
2.98 100 ‘ 40,5

Note: Vorking volume for IBP Receiver = 215 gal.; for 3BP
Receiver = 89 gal.

Contenplated routine analysis for plutonium at steady~-state conditions
will be only from the 3BP Sampler. The total product plutonium (in 3BP)
will be checked against the amount of feed plutoniun (in IAF) for purposes
of accountability. A smnll change in the amount of plutonium as accounted
for in the 3BP (plus a small amount in the waste stream) as compared with
the amount introduced as IAF is normally expected, IHowever, a sudden
drop in the amount of plutonium collected as 3BP (on the order of 50 or
more g, of Pu) is of immediste concern as it is indicative of a severe
off-standard condition, such as precipitation in one of the receiver tanks,
For example, if plutonium in the 2AF Tank were to start to precipitate
just after the 3BP Receiver is emptied, by the time 300 g. of Pu {one
batch) would normally have collected as 3BP only 130 g, of Pu {from soclu-
tion held up in the second and third cyecles) would collect in the 3BP
Receiver. In the meantime 600 g, of Pu would have precipitated in the
2AF Tank -- 300 g. from the initial content of the tank and an additional
300 .g. from the 2AF solution received in the interval.

At stert-up, additional samples of plutonium streams are obtained
because & period of ebout 24 hours is required from introduction of IAF
until steady-state conditions are reached at the 3BP Recelver, Because
of this significant time delay, it is necessary to obtain grab samples
from.8ll tanks which could have accumilated 300 grams of plutonium during
the time interval from stert-up to the time of sampling.

. .-, +he discussion above has not made allowances for plutonium intro-
duced as o rework strean. If, as an exmuple, 3BP solution is to be
reworked through the 2A Column, it will be about 3 times as concentrated
in plutonium (flow ratio of 2AF:3BP = 42:15) as normal 2AF, It is
probably advisable to dilute such a revork stream with ANN solution to
the same plutonium concentratlion as normal 2AF 80 as to enable maintenance
of the noninal 50Q-g. tank overflow point, When such rework is being
done, it is required that exact material balance figures (through an
incressed sampling schedule) be availeble in order to keep plutonium
batch gize within the nominel 300-g. figure.

....After shutdown of the plant, it is considered good poliecy to flush
vessels in the plutonium cycles with nitric acid before start-up. A
nitric acid flush of the plutonium system will dissolve plutonium salts
and tend to remove all the held.up plutonium from the system. Thie
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procedure permits the keeping of accurate plutenium material-baldnces
after the plont is agoin in operation. :

3.14 Continuous and betch cross-over oxidation procedures

At the time of writing this chapter, o decision has not been
renched as to whether the plutonium cross-over oxidation will be accom-
plished on & batch or on a continuous beosis. Batchwise oxlddtion was
provided for in the originnl plent design. Subsequent technologidal
Improvements have pointed up the reasibility of continuous oxidation,
the employment of which simplifies operating procedures and helps re-
lieve a potentiel bottleneck for increasing the plant plutonium pro-
duction cepncity. A description of both processes is given in thie sec-
tion,

Figure VI-3 shows equipment and process lines as originnlly sched-
uled for installation in the Redox Plant. A proposed design change to
permit contimuous roather than batchwise cross~over oxidetion involves
the following line chenges. The IBP strecm cascades directly to the
2AF Tank, E~-5. Because the oxidation reaction will then occur in the,
2AF Tank, it 1s necessary that the tonk bo equipped with a chemical
‘addition line (for Mo CrEO addition) and en ogitator, In order to
handle 3BP solution whieh Zequires reworking, & new line is installed
from the 3BP Rework Tonk, B-4, to the present IBP Receiver, E-§. After
chemical adjustment in Tenk E-0, the rowork plutonium stroam is pumped
to the Cross-Over Ozidizer, E-7, and then pumped to the 24F Tank, E-5,

3.2 Steady-stote operation

With a batchwisc crosse~over oxidetion of plutonium, the plutonium
stream (IBP} is gravity-fed to the IBP Recelver, E-6. From here, it is
pumped (in batches) through a recording-controlling rotemeter to the
Cross-Over Oxidizer, E-7. Fced to the oxidizer mey enter directly into
the tonk, or it mny be introduced into the column above the tank, E-7,
if it 1s necessary to strip the dissolved hexone from the solution
(required only for hot oxidation of plutonium to the VI valence state).
The oxidant (NonCrs0~) is botched into the Cross-Over Oxidizer from the
Cross-Over Addition Tonk, E-7-D. Plutonium in the IBP stream leaving
the IB Column must be reoxidized from the IIT to the IV or VI valence
stote to render the plutonium readily cxtracteble by hexone in the 2A
Column. With 0.1 M concentrations of NaoCroaO7 and HNO3) plutonium III
is oxidized to plutonium IV in less then o minute et room temperature,
Oxidation of plutonium to the VI valence state at these same concen-
trations requires from two to four hours at o temperature of about 80°C.
To prevent partinl decomposition of the hoxone which may cause some
plutonium precipitation, the hexone is vepor-stripped from the IBF
solution before & hot cross-over oxidation (i.e., oxidetion to the
Pu(VI) state). If, however, the plutonium is to be oxidized only to the
IV valence state, the absence of heating during oxidation renders hexone
stripping unnecessary. For a discussion of the chemistry of the cross-
over oxidation step, reference is made to Chapter IV, PFrom the Cross-
Over Oxidizer the plutonium stream is punped batchwise to the 2AF Tank,
E-5. Thence it 1s continuously pumped through & recording-controlling
rotoameter to the 24 column.
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v - With continuous cross-over oxidation of plutonium, the IBP. stream is
gravity-fed to a receiver (probably the 2AF Tank, E-5), where it is
treated with scld dichromate solution, The resultant oxidized plutonium
stream is then continuously pumped through a recording.controlling rotameter
to the center feed point of the 2A Column. .

. Plutonium extraction in the 2A Column is based on the same principle
as its extraction in the IA Column. After extraction in the 2A Column,
the plutonium is stripped (transferred from the organic to the agueous
phase) in the 2B Column, The plutonium-bearing effluent (2BP) from the
2B Column is edjusted in salting strength by the continuous sddition of
aluminum nitrate so thet ite composition is approximately that of the IBP,
The required ealuminum nitrate is continuously supplied to the 3AF Tank,
E-1, through a recording-controlling rotameter from the ANN Butt Tank,
E.l and 2-A, The adjusted solution (3AF) may be processed in the Third
Plutonium Deconteminetion Cycle {34 and 3B Columns) which is similar to
the preceding cycle.

The agueous effluent from the third cycle is collected in the 3BP
Receiver, E-2, sanipled for accountability and to check for conformance
with specifications, concentrated, and finally received in FR cans. The
concentretion procedure is described in Chapter VII, : ’

The flow of the "cold" streans follows the general pattern described
previously for the First Solvent-Extraction Cycle, Hexone from the Organic
Header is blerded with 60% HNO; from the common HNO; head tank, 303, through
geparate batch feed tanks (70224, for the 2A Column} 703-A, for the 34
Column), After line blending, the hexone is gravity-fed through
recording-controlling rotameters to the bottoms of the two columns.
Aluminum nitrate scrub solution for the extraction columns is gravity-
fed through recording-controlling rotameters from separate tanks (802-A,
for the 2A; 803-A, for the 3A) in order to allow the use of Naglry0, as
en oxidizing emgent in the 2A scrub solution if desired. Aqueous
extractant for the stripping columns (2B and 3B) ie gravity-fed through
recording-controlling rotameters from feed tanks (802-B, for 2B; 803.B,
for 3B) supplied from & common head tank, 408. : .

 The purity specifications for 3BP have not, .at fhis vriting, been -
definitely established. It is tentetively expected that the specifi-
cations will be approximately ae follows:

Beta plus gam&a‘radioactivity 3 x_10“5 absolute curies/g. of Pu
from f£ission produgts ‘ . |
Iron P Approx, 5% by wt. of Pu
Uranium ‘} o Speéification‘has not been deter-

nined, The Pu in the 3BP solution

is -expected to be contaminated by
. approx. 0.1 wt.% of U, based o

the weight of Pu. -

Aluminum © ' ‘Specification has not been deter-
- : nined. The Pu in the 3BP solution
is expected to be contaminated by

DECLASSIFIED SEEvveiade sifemn ™ toet e




alisa

- o DECLASSED  »ioms’

3.3 Start-up

The start-up procedure for the Second and Third Plutonium Decon-
temination Cycles is identical in principle to that described for the
First Solvent-Extraction Cycle (under 1.3, above). It invalves (a)
atarting the "cold" aqueous streams to fill the columns, {b) starting
the "cold" orgenic streams, and (c) gradually starting the plutonium
feed after the hexone and "cold" aqueous streams are flowing at the
prescribed rates,

It should be noted that critical mass control procedures make it
necessary to increase sampling frequency at start-up. {See 3.13, above. )
The sampling schedule must be sufficient to keep accountebility records
for plutonium on individuel tanks as they gradually reach steady-state
concentrations,

3.4 Shutdown

The shutdown procedure for the Second and Third Plutonium Decon-
tamination Cycles is also identical in principle to that described for
the First Solvent-Extraction Cycle (under 1.4, above). It involves
(a) turning off the feed stream {2AF or 3AF), (b) stripping the remaining
plutonium from the columns, (c) overflowing the hexone with a "cold"
aqueous (i.e., 2A5 or 2BX) solution, (a) dreining the agueous contenta
of the 2A and 3A Coluuns to the Salt Waste Header, and (e) draining
the plutonium-bearing aqueovs conitents of the 2B and 3B Columns to the
2AF Tank and 3BP Receiver, resvectively.

C. REMEDY OF OFF.STANDARD CONDITIONS

In Bubsections 1 to 4, below, after a recapitulation of uranium
and plutonium product specifications, the general methods of detection
and reuwedy of possible off-standard conditions in the solvent-extraction
battery are discussed. Specific off-standard conditions, their
detection, likely causes, and remedies are dealt with in more detail
in Tables VI-L to VI-7., A brief aynoptic discussion of these tables is
pregented in Subsection 5, below.

1. Purity and Yield Specifications

In general, final specifications for the effluent streams from
Redox have not been firmly established, and probably will not be until
after operation of the plant has mede it possible to determine the
performance under normal running conditions. Final decisions on epecifi-
cations and on when an off-standard stream is to be reworked will be
based on a balance between considerations {(a) of the adverse behavior
of an off-specification material ‘n subsequent processing (or on the
value of the U and/or Pu losses in the case of waste streams), and (b)
of the cost of meeting the specifications in normal operation or by
revork.

w4 _ DECLASSIFED =



Swm R J—

At this writing, tentative specifications for decontaminated uranium

(3BU) are:

Bete radiomctivity from 1 x 1077 abgolute curies/g. U
fission products '

. Gamma. rediocactivity 5 % lo's'abéélute curies/g, U
from fission products ) -
Plutonium 1 part/107 parts of U
Iron | ' 1 part/103 parts of U (1000 p.p.m.)

© Sodium - l_part/lO3Apgrts of U (lQOO PeDolMa)

Tentative specifications for decontamineted plutonium (3BP) are:

Bete plus gamme radio- 8 x 10" absolute curies/g. of Pu
activity from f13510n

products ‘

Iron - o " Approx. 5% by wt. of Pu

Uranium =~ _ Specification has not been deter-

wined, The Pu in the 3BP solution
is expec»ed to_be contaminated by.
‘approx. 0.1 wt.% of U, based on
the weight of Pu,

Aluminum Specification has not been deter-
mined: The Pu in the 3BP solution
- 1s expected to be contaminated by

" approx. 3 wt.% of Al, based on

the weight of &Pu. .

The ‘maximumn permlasible total uranium and plutonium losses to the

golvent-extraction battery waste streams will be finally set after the

" ‘plant is in operation, but will probably not exceed sbout 1,5% of the
uranium and plutonium in the IAF,

2. General Methods of Detection of Off«Standard Cémsitions

i During routine plant operation, it is expected that only the final
effluent streams will be checked by frequent analyses. After detection
of off-standerd conditions in an efflucnt stréam, it will be necessary
to check systematically back through the possible sources of error until
the speclflc cause is discovered and corvected,

Generally, detection of an off-standard uranium, plutoniun, or waste
effluent stream calls for an 1mmed1ate check of readings supplied by the
1nstruments for each colwum, These readings include:

(a) flow rates of all influent streans;
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(b) pressure readings from the differentisl and static pressure
taps (to detect possible flood;ng or, in some gases, high
uranium loss

(c) specific gravities of influent streams (especially solutions
in the ANN head tanks); and

(8} rediation-recorder readings (if required).

Flow rates of all influent process streams to the Redox columns
ere controlled by Hammel-Dahl valves operated by Foxboro recorder-
controllers and Fischer and Porter rotameter-transmitters. Normal
control of flow rates is automatic except during periods of start-up
and shutdown. If the flow rate of a particular stream, as indicated
by the recorder, is suspect, it is possible to obtain & croes-check by
the use of feed tank weight factor readings.

The flow control, static and differential pressure, and radiation
instruments are described in Chapter XIX, The technical basis of the
locetion of static and differentiel pressure taps on the solvent-
extraction columns is discussed in Chepter V., The exmct locations of
the several pressure taps are given in Chapter XIV,

3. Use of Column Static end Differential Pressure Readings

3.1 Detection and remedy of flooding

Detection of flooding in the solvent-extraction columns is done by
the use of remote instruments because of the high radiation level of
the process solutions. Chief reliance for the detection of flooding is
placed on the differential pressure or static pressure readings for the
column under consideration. At flooding, there will be & drop in either
of these two prespure readings as the lighter organic phase tends to £ill
the colurms., A secondary effect will be erratic changes in agueous
effluent rate as the controller attempts to maintain a changing inter-
face by regulating the aqueous effluent. The normal readings of the
several instruments are established by celibration during initial
operation of the columns,

Generally a flood in & column is dissipated by reducing the influent
strean rates and then walting until the operation of the column is
restored to normal. The flow rates may then be gradually increased.

If non-standard conditions are the cause of flooding (such as emulgifi-
cetion or plugging of the packing), it may be necesgsary to shut the
plant down until thcse conditions are remedicd,

3.2 Detection of high uranium loss

Pilot-plant studies heve decmonstrated that static or differential
bressure measurements give an indication of uranium waste losses fron
the columns as well as of flooding, A discussion of the technicel back-
ground of the use of such measurements is contained in Chapter V.
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3.21 IA, 2D, 3D, and IS Columns DECLASS’F ,ED

The IA, 2D, 3D, and IS Columns are all equipped with differential
pressure taps which are located in that region of the column extraction
section in which the density changes sttendant upon veriations in urenium
waste logses are most pronounced, Because of the presence of ANN salting
agent in these columns, a rise in the differential pressure reading for
& column does not necessarily reflect a hHigh uranium loss but may indicate

‘an increased concentration of ANN, Correction for this effect must be

mede before a high uranium loss mey be reliably inferved.

Since high Pu(VI) losses are generslly accompenied by high uranium
losses, the IA Column differential pressure readings provide an indirect
indication of Pu(VI) losses also. However, since the plutonium in the
column is tog dilute to affect the differential Pressure readings
directly, Pu(IV) losses are not indicated by the readings.’

3.22 IC, gE, 3F Colgmns

Since uranium is by far the major solute contributing to the aqueocus-
Phase density in the IC, 2E, and 3E Columis, these columne are ideally
suited to be monitored for changes in uranium transfer by means of dif-
ferential pressure readings. It is expected that a waste loss increase
as small as 0.025% is sufficiently large to be registered on the dif-
ferential pressure instrument. o :

3.23 Other golumne
Since no urenium is present in the 24, 2B, 3A, and 3B Columhs and

" since the rlutonium concentrations are too low to affect pressure
- readings, the static pressure teps on the plutonium-cycle columns cannot

be used to detect high plutonium losses., Uranium losses in the 1B
Column ere likewise unsuited to be monitored by preseure taps, the
uranium concentrations involved being too low, Besides their use to
detect flooding, the IB, 2A, end 3A Column static pressure readings
provide an indicetion of the ANN concentration.

L. Rework of Off-Standard Process Streams

Any required rework of off-standard procees streams in the Redox

- process will normally involve one of the following three streams:

(2) the concentrated salt waste -- to recover excessive
uranium and/or plutonium losses;

(b) the final urenium product stream (3BU, or 9BU .if the
Third Ureniium Decontemination Cycle 18 not used) == to
decontaminate the uranium from an excessive plutonium
and/or fission-product content; and

(¢) the fimal plutonium product stream (3BP, or 2BP if the
Third Plutoniwn Decontamination Cycle is not used) =-
to decontaminate the plutonium from an excessive uranium
- and/or fission-product content.

Methods of reworking these off-standard streams are discussed below.

DECLASSIFIED
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h,1 Off.standard concentrated salt waste

Uranium enters the salt-waste concentrate directly from the IAW,
2DV, and 3DW streams, Plutoniwn is received directly from the TAW, 2DW,
24W, and 3AW streams. Uranium end plutonium ere aelso received,
indirectly, from the uranium and plutonium stripping columns {ICW, 2EW,
and 3EW for U; 2BW and 3BW for Pu}, through the hexone-washing column
(I0), in the IOW streem. Relatively small amounts of uranium end
plutonium may be received in the salt waste by way of the bottoms from

thé Condensate Evaporator.

If the concentrated salt waste shows uranium end/or plutonium gone
centrations above the nllowed values, it is transferred to the Rework
Adjustment Tank, D-7, If the off-standard waste contains excess
Plutonium, it is necessary to oxidize the solution while in Tank D.7
until the plutonium is converted to the,VI valence stete. After chemical
adjustment, the solution is transferred to the IS Feed Tank, F.8.
Uranium or plutonium extracted in the IS Column enters the IB Column as
IBF. Depending upon conditions, it mey be necessary to reduce IA Colum
flow rates 20 &8s not to exceed IB Column capacity. As shown in Figure
VI-1, it is possible to route the ISP astream directly to the IC or 2E
Column feed point (by & jumper change made with the remote crane).
However, unless plant experience shows that cxcess plutonium losses are
pPractically never encountercd, the rouzing of ISP may be to the IB
Column even though the particulsr batch treated maey not contain A
plutonium, because of the inconvenience of more or less frequent jumper
changes,

b2 Off-stendard uranium product (38U)

As shown in Figure VI-2, normsl rework of off-standard 3EU will be
from the 3EU Concentrate Sampler, E-12, to the Rework 2DF Tank, E-13,
end thence, after chemical adjustment, to the 2DF Tank, F.1, as feed to
the 2D Coluwmn.

In the rather unlikely event of the 389 conteining amounts of
plutonium too lerge to throw away {as. 2DV) or containing fission products
in concentrations above about 100 times the maximum allowed values, it
will be necessary to transfer the off-gtandard 3EU from the Rework oDF
Tank, E-13, baeck to the Oxidizor, H.k, via the Reoxidation Header.
Treatment of the off-standard stream would thon follow normal processing
procedures es discussed in Section B, above,

If, as it eppecis likely at the present writing, it is possible to
decontaminate ureniua in two cycles (ond perhaps in only one cycle),
advantage may be taken of the unused third cycle for uranium rework.
Such & procedure could be accosmplished as outlined below. With a two-
cycle process, norusl uwrenium routing would be through the first and
second uranium cycles as presently outlined. The uranium stream from
the 2EU Concentrator, F-5, would flow to the 3DF Tank, F-k, and would
then be jetted to the 3EU Concentrate Sampler, E~12, on an 8-hour basis.
If adequate uranium decontamination should normelly be obtainpable in a
single cycle, the ICU concentrate could be routed directly (by gravity
flow) to the 3DF Tank and thence jetted to the 38U Concentrate Sampler.
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An off-atandard batch would be. Jetted from the 3EU Concentrate Sempler
to the Rework 2DF Tank for chemicael adjustment and then directly (via new
juwpers} e & 3DF stream to the 3D Column. After being processed in the
3D and 3E Columns, the uranium stream would flow to the 3EU Concentrator

"and thence to the 3EU Concentrate Receiver, E-11.

4.3 Off;stgggggd plutonium product (3BP)

. Normal routing of off-stendard plutoniwn (3BP) will be from the 3BP
Sampler, E-3, to the 3BP Rework Tenk, E-Lk, From Tank E.-4, the stream is
Jetted to the Cross-Over Oxidizer, -7 {via the IBP Recelver, E- 6, if
continuous crosg-over is uged), However, if the 3BP contains excess

'uranium, it must go back to the First Cycle in order to go through the IB
Column. In order that the plutonium umey be properly extracted in the IA
Column, it must be oxidized to the VI valence state., This oxidation is

_ carried out in the Cross-Over Oxidizer, E-7, at near-boiling temperature.

*'To prevent the ‘decomposition of hexone during oxidation, the digsolved
~hexone is atripped out of the solution in the Cross-Over Oxidizer colwmn
‘before the oxidation is carried out, The oxidized solution is transferred
“to the IA Feed Tenk, F-7 Rework plutoniwm streams containing only excees
fission producta can be oxidized continuously at room temperature in the
2AF Tenk, E.5, wlth NaECr and ANN being added in the Cross-Over Oxidizer.

5. Specific OFff.Standard Conditicns'

5.1 Solvent-extréction coluns

Tables VI.L, VIS5, and VI-G contein a listing of the off.standard
con@itions which can conceivably occur in the operation of the solvent-
extraction columne. Methods of detectieon, possible causes, and romedies
ere indicated for the varilous off.standard conditions in the several
columns of the tebles. An attempt has been made to list the separate
causes in the order of likelihood of their occurrence. For example, on
Table VI.L under Item A, the most frequent cause of high uranium loss to
the IAW wae judged to be e low salting strength in the extraction section
of the IA Column.

The following brief table covers likely causes of off-standard con-
ditions as detected by contemplated routine analysee of effluent streems
from the Redox Plant. Cross references to Tables VI, VI-5, and VI-§
ere mede in order to eid in quickly determining Wthh gpecific condition
‘ig at fault and how it may be corrected. .
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Wheis....
Solventuﬂéggpcticn Eofuﬂhs

Synopsis of Possible Off-Standard Conditions

Reference
First Symptom Likely Causes (Table No. and Item)
@) Bxcess uranium in (1) U from TAW, 2DW,30W Table VI.h,A; Table VI.5,A
salt waste stream (2) U from ICW, "oEW,3EW  Teble VI-L F; Table VI.5 &
(3) J from U concentrator Table VI.T.A
condensates
&) Excese plutonium in (1) Pu from IAW Table VI-L4 B
gnlt waste stream (2) Pu from 24W, 3AW Table VI-5,A
(3) Pu from 2DV Table VI.5,B
(4) Pu from 2BW, 3BW Table VI-5,D
(¢) Excess fission-product Table VI-4,C; Table VI-5,D
content in 3EU
(d.) Plutonium in 3BU  IB + 2D + 3D Column Table VI-5,C; Table VI-4,E
failure
(2) Excess fission-product " Table VI-4,C; Table VI.6,B
content in 3BP v .~
(f) Uranium in 3BP U in IBP T;;:e Vi.5,C; Table VI.L.D
‘?) Aluminum in 3BP 3 Column flooded Table Vﬁf,z
Note: Excessive concentrations of im%uritieseué es Fe and Cr

ere treated as given in iteus (c) or (&), ebove. A
large anount of these particular ions may indicete an
excessive corrogion rate in the process eguipment.

5.2 Uranium coancentrotors

Teble VI-7 contains & 1l sting of the off-standard conditions which
can coneelvably occur in the operation of the uran:um concentrators,
HMethods of detection, possible causes, and remedies are indicated for
the various off-standard conditions in the several columns of the
teble. The off-.standerd conditions covercd in Teble VI.7 are {(a)
uranium in the condensate, {b) excessively dilutc product stream, and
{c) excessively concentrated product stream.

5.3 Excessive plitonui: eccumnlation

Effective crit’cul mess control calls for the immediate splitting
of any plutonlum-cycle tank batch containing more than the maximum
permissible amount of plutonium, For deteils of the critical mass
control methods, reference is ﬁadc to theidiscussion under B3, 13, above,
and to Chapter XXV,
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L. EEEE m Reutinely, »gh urantum (Arom the TR 11" Low =altfry atrancth: Jatagtad by YT apalyis ~F tha 1Y Tosranem aaléipng stapact N, Tmalp TEY teps
Col'ren) will %e “atected 1n romtine TEP straam, Tark, ENILG, 1 ALY oF AgTgee TET
anulymis of “he affiusnt rint-niom #ryt =nFT1] R tant TR THY eniutione k14
atresm {387%, [7) Plondlag; tetestat bm TP vonting *op In Calwen, the cortret rancentrréian Prom TRY Sely vy
Tuny, L7, .
< n‘ {2} Sracifieslly, Jranium -nelynis of *he M Low THS (Rawime serub' ae poraihly kigh TRY (ANW prtupgan) ' b
ISF {herdly necwstory, mr urenime 1% the Tatas; fatmetad hv VBT rasdings, {3V Teerecse Mlow ratee, ra text, nnder 0¥,
plutoniue strewe should nome on'w Prom
faulty I® “~lrmn sraratiagd, LY Low TR, dn Tower Malf ar colrmnp Aetentad by T, apatyaia (1Y Temramas mptting ~F W0 . e Lade o
of TEP gtreas, . Avgrense ‘TOTY vep
{L' Tnoremss Wy cote tn mixing phenbar e L,
INT saAttion Yine,
x. EEEM' (1) Reutinely, higher thar mores] rlatonte (1% Lack of refucing rpent 1n the TRY V' Trereaps ratne gent concentrs
s g . n 4
18 the concentretad salt waste * (3! Trorease . Hem,
(Plutontoe travele via the sy, {2} Low comcentretiom; detact=t by T anelvels or f2) %uma rroowhung o sbogwe (Tros ™) for
*hetked by TPT analyets, low salting st=anvdh,
(2) Speeifieslly, by plutonive ssalysie of
the 190, Y Low flow rate; detected by ™e, {FY Irerssrs getting of Wor o oy wtroes,
() Portupa by amlywis of the oI lumnt (2)  Plootiagy Aetacted by ¥ on IP Colwmm, 2Y Decresss M ton + v her
wrsniwm stress WU (caly 1F 20 ent ¢ e Tam et Ses tent, ol
Colwmas 454 not serub owt Pa), (3 Flet arpurts flov (TVF or TRS)} Setested by T reedings, (1% Necresse settiags om ¢,
P. Rich Srsalne iy to the ICU (1)  Boutimly, by asalysis o7 the somcsntryted (1} Plooding; deteeted by D°F reading, {1} DecTeams low rates. Ses texmt, under £).1.77"
. salt wapte,
(2} Low IZX rete; detectad oy FRC resding, slsc by an increase {2} Increass rete setting oo (ICI) FRC.
{2} If the scavestrated mit sty shows exsess in CPl reading as the aquecus in the colmmm lucresses in
U (or Pu), & grab semple of the ION should uracium concentration, (3} Rework of solwwnt, Ses Chypter IX ror
be taken to deteymine if the strip soivmme detalled procedurs,
ars not operating osrrestiy, This saaple {3) off-stand:rd solvemt) detected by ammlysis of solvent
would intlude lesses from the ICW, W, before wee, {4) -Dreim ICX Peed Tusx, refill with ICX of
and )N for erealwm) the 7EW and the W correet seld coenpeatration from the ICK.
for plutowiom. {4) High moid comoeutretion in the 1CX; detected bty lice ssmpla. ZL-MI Waike-¥p Tumk, 201,

0

Speeifically, by urssion soalysis of the
IGY. (Should be msde -nly after o IOW
ll“_.ﬂ shows thet a strip columa s et
fault).
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4. Eah Bceclus loss o the 2% (or U] Sioesm

Ses Tehle Ti-i, Item &.

e

I
*

O. Lish Masiop-Product Comtent in Mg
Sea Table Vi, Item C,

B Migh Gregion o ke ZN (or JA) diurem

3ee Table VI-4, Item F.

{1} Routipely, by a plutonium waslysis of the
sonpentrated salt maste,

(2] 3Spesifically, plutonium snelysls of & ZW
line =emple.

{1) Routizely, by rluitcnioe amalysis of ke ef-
flnent ureniue [3PU) st-enm,

{2Y Routipely, by pluto>nioe antljyeis 27 ‘he
encantrated salt waste. 1If
tound {a the X0 becsuse :f the emlisdion of
redueing 2gert In the 255 {and DS becauss
sommon feed tank} It will eod in the JEU
stream, If plutonium i found ir the 2O
because > & feult suck as flooding, (t will
presmatly be scrubbed out le the S :lumm
and #nd 1n the ¢oncentreted selt waste.

{3} Sgeelfiea.ly, by platoplue analysis 37 the
200 streax. If the TU (v X%) shows u nlu=
tonlum lcss stove sbemt 5K [of the Fu in
IAY) an immedinte eheck 3hould te 2ade of tre
1B Coluan.

If avalysls of the IEU shoss larger than ususl awocunts
of Rw, Zr, or N, check should be zade on the effsct-
iverass 3f the *Lead-end® tremtaent.

Bata: Most of the weterial (yith *he exveptlop of [tems D and T dealing speeifleslly
with the ID Columnm) eogtalmed in Table YI-i 1s epplicable bty analogy *o the
Sepond and Third Uraniue Deeontyrinmation Creler with *he provisc that rxtering

chnnges bw tekon imtc sceduat (e.g., I or JDW now replaces 1MW, ete,’,

Items

aof iistinction or of differsnce irs noted in the aniries atove,

{1

{2)

Allaly Causes
\Listed In arproxisete -risr of probobility)

Oefective IR Columm operstion, 3ee Tuble Vie, Ites X,

Lrek of reducing sgert in “he scrub =ection.

{s) Low eomcentration; detested -y rsalysis =f toe
279 otream.

() Low Plow rate; ‘etseted by FEC inztrumsst reading.

Ficoding, Zsteetsd by DFF reading.

Lenadise
{The {ndicated rwaedies apply tc ceuses
with the sorrespomdiing itew mambor)

.1} 3ee Tatle Vi, Item K.

1) Incressce reduciag spent ir the serut
section,

{BY 3T due to low flow,
setting v the 7RG,

.2} Cecratee Tiow rates, Sl tert, unfer
T ;
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p Al

pit LA

Iy AWDAPT

JEGIW AND TUIRT PLUTONIT moNTAWINATION CTTTS

Puiesticn

{1} Rsutimely, by anilywis of *he eomcentrated
2alt weete,

{2} 3Speei”ically, by amelysis of the 24W strese,

(1) ®autinelr, by enaly-*: of & TBF saarle,
{2) Specifieslly, by snalysis o “re 24P,

(1) L~ InfMecation of high artivy!sy-lerel
' veaae is Purilshod by the RA ins*rusents,

.

{1} RNoutimely, Yy urandve smalysis of the TP,

{2} 3peeificelly, ry urariom ssalysis of a
2AF lipe 2ample.

(1' Rout‘nely, ‘y analysis of the¢ comcentrated
301t wante,

12} If the concentrated salt wnsle sav-le shows
sxcens Pu, e greb seo le of the 178 streaw
a%ould ba taken to deterring if the strip
eoloane {28, TE) are act opereiing correctly,

(3) Speeifieslly, bty rlutonimm snalysis of the
22 (er 3B¥). Tuls enelysir stould be
asde only after a IOF savxtle shows thet n
atrip eclmn 1s at “wule,

(1Y Routine =nalywis of the ¥ {Sewnler?,

{Listed 'n lpm of rrobabliltty?

{1) Terough [4Y as in Tekle ¥, Itew B,

{9' Improper oxlidetion of plntoniwe {TIT walemes
*5 I7 o PT)r dntrate? by amalysie of ‘he MW
tor MalTTD),

{6) Laek of NeLr,0, 1n *he 2!® =p = *alding wxidenty
Aetected be nhalyste of 244,

{7) Yor the W utrewr slonw lugufficient V¥ com-

eentretion fn sxtrection seetion; Jatented by iWW
raalyein o the W,

(1) Ficodirg} detected by PP resting,

(2} Wigh selting strercth In serub saction dstected by
U 1ine sewnia for LYY,

(30 Pesd to the coluen 18 at & high levsl ~7 setivity dwe
to improper heal-end and firsh-eyole trertaerts, De-
tected by sample of TBF (or by "X on IPP Pecelves),

(5Y Offostantsrd solvant; detected by a==lvgias of solvent
tafire use,

(1) Pwmlty T8 Column operatlim,

(1} Plooding; detectsd by PR Tesding.
(21 Low strip rate; detected by PC reading,

{3} Off-rtanderd solwent; Yeteriad %3 analysis »f aslvent
tefore use,

(1) Tooding In W Colwn,

[$3]
()

£y

n

Bt

(3

{&)

[+N

{m
&3
M

1" Mecrmeise Talsy, Zen text, unler OV, \] :) )

{™he fbﬂe-ts remalltes wrply to oruses
~{th the eorregponding t*en member},

hrongh {1} ns ia Teble ¥7-{, Tiem ¥,

ors severs sridetion, "Su Aeta?la? —roesdore
£or tha eross—tver oxiiatinn 'y net emmletsly
te*ined 2t thie writing, Nowever, Incvaesef
oxifation aun he sesursd *hrought

{a} Tmcransed concewtration o ~eldewk,
(bY Wigher Lerpereturs,’
{a* Loneer Nol4p times,

TP tra vgoxifation eannot be -vickly »reop-ltsked
tn the AP Panf Tank, the molvtion e=n b

fetial t5 ‘he TOF Pagael Tank *v womn Aregtie
trentaent ,

Tneressg oxtYapt sy contpat iong the M Paald
Tenk, 3.4, say ‘¢ drained ot nef11)d
wEY rerat aclchlan 2% e porrect concen
‘ration frrm the 23 Bake-"p Tank, L™

THeTeAnd 19 eoneentiation T aep of 0N b
Terk, B2 § A

{-* If 3ys to low eonoentret
72¢ Wust Tank, Aratn, sndt
AN polutfon of the eo
from Tank AL,

(] If dus to low Now rate,
Ceerssse reter, Soe text, mien
Tecrengs mlting sirensth, Trai
22k, end refill witk serot sol
~n—reat eowpositicn from Tank
“haol. ‘hrough first-erele amd
wont of fend, See Tobla ¥T=f, T
Mrat crele goveragss Thaoter TIT S
repsration,

Rework of solvent, S2ee Thanter IY for rrceefure,

Corract TM Colmwn operetion, %ee Teble VI=f,
Ttem D,

Tecresse rotes, Tes text, umter 0,1,
Increase rote satiing w 0

Fewsrk ~F #rlvent, Tes fhaptar IT Por ~reocedurs.
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T-iiandecd fonditlem Detsction Likelr Canzes . somadles
{Listed in spproxisste order of prodability) iTne i1ndtnatad remedise 3217 tc causes with
"he esrragponting 1tes mmber)

4. Uesalme 3a the Comlenguts {1) Bxeess ur-alwm in 2 total =alt veste zasple, (1) Pesmingg detected by an 1ocrease ir di’ferential (1) Ce=cresce rete, rechaps odd
’ Fote hosever that exeess uranimm loss is pressurs aoross racked peetlon. 4 nigh rate of [oea-

acre likely to result frow fauliy solveat- ing mey result In 4 tecrease in ;roduct cverflow Trom (<! feduce rate, 3 Jllzni svesrs
- axtraction ¢olumn operation, as indigated the eomcentratar pot, te aceommodaced by oA corres; cEly
in Tables ¥i-i ond VI3, the eflux r-te 17 eration ¢t
{2) Extrelemest; ietected by elight neres:ze ir 2i7Ter- is rejui-ed,
ential pressure scross the packed section, This .

eondition showld oeeur cnly st high retes.

(1} Speeifioally, by sasple of the 2DF Tank, P-.; {1} Low siream conmmptiing detected by F=" reading. (1: Increase atsum rats,
DF Tank, P-4; o U Concentrate Sespler, )
212, {8} Low sstilng sm 3SR eontrelling ziess flow, \2"  Imcreass ralg setting b
{2} Low temperatura in e-ncentrator ;o%. <) 3teas trep Semmed shut, WP Aeclmee trep,
+*) 3ctle on steam soils, (el e Llews atedan. Boil rleaning s>ivtiom -

, cauatie, -t 2ijute YF) in tek H
the serle !y dinaslved Troe the e3ils,

s
(2) ®igh Peed rete; etected by Pigh steew rate, ol
large pressure drop across the loaded tower,

A

{2) Cecreats faed vate 13 tra spRcertratar.
(3) GSteas trar Jammsd open; detacted by “igh sterm rata,
N ’ LY Rerlace trap,

i — vy ;
{1} Speeifically, ty saaple of the ZF Tarx, F-1; {1} Righ setting >f SGRC ~cnir:lling steem flow, AV ecreace ctaet Tete,
IDF Tank, F-4; or Jil Z-ncentrate Saziler,

E-12, Sote thet if the effluent from tie
concenirstor hes besn over-conesntrated, it
aay s0lidify in the recaiver upom eooling,

{2} High temperaturs in corcentrator ;ct,

Rotar (s} 3ICC Concentrator, Fe2;
20 Gomceatrator, P-5; and
XU Conoentretor, 3-10,
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CHAPTER VII, PLUTONIUM CONCENTRATION

A. DESCRIPTION OF PROCESS
l. General

Decontaminated plutonium solution from the 2B or 3B Columns must be
evaporated to a volume suitable for shipment to the (231 or) 2345 prow
cesses, In order to conduct the operation with a maximum of operating
convenience and to minimive ‘the problem of exposed coil scaling at low
liquid levels, the required volume reduction is carried out in two concen=
trator vessels: +the Flutonium Pre-Concentrator, E-16, and the Plutonium
Concentrator, E.17, Approximately a three-fold volume reduction is obtain-
ed in the Pre-Concentrator following steamestripping of the dissolved hexone
in the Pre~Concentrator strippingedeentrainment column, The final volume
reduction is carried out in the Concentrator., The concentrated plutonium
product is removed in' critically safe 30=liter batches, containing approxie
mately 300 grans Pu, via the PR Can. o

The following table summarizes a number of the important process and
operating variables in the plutonium contentration steps as a function of
the enrichment level of the parent sliugs.' " The tabulation illustrates a
range over which these operations may be' conducted,” The bases for this
table include the assumption that the second gnd third plutonium cycles
can deliver those quantities listed above the level without re-
sorting to- dilution of the' IBP stream with ANN solution as an additional
aid in maintaining critically safe batch sizes in the IBP Receiver, 3AF
Feed,- and 3BP Recej . 1 ons indicated for enriche
ment levels sbove[ 376 grams of piutonium/ton of uranium i
applicable at plant startsup, but only #pon inC on of certain
equipment changes(1)-as an alterna to-the above mentioned dilution
required at enrichment levels abovei37§ E./ton.) Because of critical
mass iimitations- throughout: the crossB~over step and the plutonium decone
tamination cye¢ which re the above batch dilution at enrichment
levels abovei§%gfE;EEE_Gf—g%iiiﬁiﬁﬁ?%%gxif—GEE:iﬁﬁ} the plant at start
will be 1 aximum instantangous production of abautﬁz 5 Kg./day

' '-. mo,) sustained production raté’,

P stiould permit operation up to the
[ 600 g,/ ton 1eve1 shown in- the table below without the requlrement that the




TN Tl el oy MLHDDIHEU ;rg-.m?w?

PLUTOMNIU:, CONCIZ{TRATION AFD PROCESSING RATE
“VERSUS BRTCIDAANT LEVIL

Bases: Uranium Capacity (Maximum Inutantaneous)(b} = 3,125 Short Tous/Da -
(255 Gale JBD/DTJ)
Average Batch Size = 300 Grams Plutonium
Volumetric Basis: Redox Productlon Plant Chemical Flowshesi
(Hil=lNo, ). Wo Dilution of IBP, 2BP, or 3BP
for CGritical Mass Control.
Final Pu Concentration = 10 G,/L, in 30 L, (7.95 Gal.).
Cne PR Cage.

—— e il kacin: *

“Enrichment  Pu Rate  Basch

Level, Grams/Da;r  Volume Average ' Nomber of 300-(,
Grams Pu/ (Maximum  Gal, 38F/ Pu Conc, Overall Batth/Day
Short Ton Instan?bn 300-Gram in BBP Volume (Maximm In-

of U neous ){ 2 Batch G, Pu/L. a) Reduction stantaneous)( b)
08 0.8 12,3/1
82 0,97 10.3/1
70 1,13 8.8/1
65 1,22 8.2/1
61 1.30 7a7/1
sl 1.h6 6,5/1
Lo 1.62 6.2/1
n 1.9 5.2/1

(a) Uncorrected for-’osses earlier in process,

(b) Average production rates may be determined by multlplylng
the maximum instantansous rates by 0,0,

It is empliasized that the above processing conditions apply to an’
assumed uranium capacity of 3.12%.short tons per day. Uranium production
may vary, but values for the last colwm above may, with the capacity
limitations discussed below, be readmly compruted by mnltlplylnﬂ the
batches/day figure by the ratio of the new uranium rate to 3,125,

The capacity of the plutonium concentrators is 1imited by the time
required for transferring the solutions to and from the individual cone
cantrators, and the heat tronsfer limitations of the concentrators, A
maximum of 51x to scven °OO—~r1m Pu o tcncs doy _may be processed

rate ol from 1800 to 2100 grams Fu per.gayv )} if no reflux is added to

T reflux at 2 rate cqunl to 25 per cent
of the total overhead rath will roduce the maximum capocity to 5 to 6
batches per day. These capacities can be maintainced so long as the

b g
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uranium processing rate does not exceed L,3 tons per day wilh no reflux or
3.7 tons per day with 25 per Zent reflux when operating vnder HW No, L4 Flow-
sheet conditions, These capacities may he mainiained dwiw.ng nigher uranium
processing rates if operating conditions are adjusted tc jzive a smaller vole
une of 3BP per ton of uranium processed, If the plutoniin tapacity of the
Redox Plant is to be increased above this maximum rate, revisions to the
present concentrators or the installation of a second sel ¢i’ concentrators
will be necessary, These capacity considerations apply to the plutonium
concentration equipment alone and do not imply that the plart as a whole
is capable of meeting these capacities, Further minor changes at early
parts of the process may be required befo; t can excesd an instane
taneous plutonium production rate of overE%ive 300wgram tutchds per daye -,
——— "“_“—-.______‘__/'f'

To process the maximum number of batches per day, the iime cyecles of
the two concentrators nust be as nearly equal as possible, This is necese
sary in order that one concentrator will not be standing idle for a porticn
of the time when the other is in operation, The time cycles may be made
equal except in cases where the final Pre«Concentrator volume would be less
than 20 gal., as this volume is necessary to cover the Pre-oncentrator
coils The volume to which a batch should be concentrated in the Pree
Concentratar for optimum time cycle operation and the estimated time cycle
per concentrator, as determined by the initial volume of 3IBP collected for
the batech in the 3BP Receiver, may be determined from Figures VII-l and
Vil.2,

The Plutonium Pre«Concentrator and the Plutonium Concentrator are
located in the Plutonium Cage in the North Sample Gallery, These vassels
and theiy auxiliaries are shown on the Engineerts Flow Sketch for the
Second and Third Plutonium Cyclea, contained in Chapter VI and a general
description of the plutonium cage is contained in Chapter XI. The Pre-
Concentrator, Concentrator, and PR Can are discussed from a functional
point of view in Subsoctions A3, Ali, and A5, below,

24 Progerties and Comgositions of Solutions
2.1 ggggical properties and compositions

Tabulated below are the important components and physical properties
of the 3BP solution before and after concentration. Normal flowsheet
variations, caused by slight variations in column flow ratios, composie
tions of feed streams, and operating temperatures, are to be expected
during operation and are reflected in the range of values indicated.

Bases: Operation at}l0O0 g./ton 1 at 3.125 ton/day U proe-
cessing rate Stantaneous) under HW Nos h Flowsheet
conditions, Volume reduction in Pre-Concentrator to 23

gale
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Stream
Eiy Pre-Goncentrate Cbncentrate

mponent,

. Ee e T 11,2 to LL 7 9.2 t0 10,77
HWO 1,0 to 1,2 2.6 to 3e2 o7 to 9.2
1+++ 2./g. Pulb) 0e03 . 0,03 0,03
Fott g./g. Pufe) <0.08 <0,05 <0,05.
ort+, g./g. pulb) 3x 1073 «3x1073 (3 x 107
Na*, g./g. Pulb) 2 x 10~3 2 x 103 2 x 103
soh- s 2./gs Pulb) 1 x 10-3 1 x 10°3 1 x 10-
Sillca (as 810%) 2./2. I, x 10-3 L x 10-3 L % 10-3
Ca**, g./g, Pulb ’5 1 x 1073 1 x 1073 1x 10-;
Mgtt g/g. 1x10-3 1x10-2 1 x 10"
ci-,’g. /. PuP%b) : 1 x 103 1x 10~ 1 x 10-3
Hexone, Wi, & of Soln. 1,7 to 2,0 0 0
UNH, g./g. Pulb) 0,001 0,001 0,001
Properties
Specific gravity at 259C, 1,03 to 1.0L 1,08 to 1,10 1,25 to 1.29
Boiling point,©C, 100 to 101 101 to 103 11l to 117
Freezing point, 9C, -3 to =5 -11 to =15 =2l to =31
Viscosity at 25°C., cp. 1.0 . 1.1 1.5 to 1.7
Radioactivity from Fission Products
Gross(bita plus gamma curies/g. 8 x 1075 8 x 105 8 x 10=5

pulc

(2) The plutonium is present mostly (ca, 80%) in the IV valence
state, The remainder ig in the VI state,

(b) Specifications for the allowable concentrations of these
components were not available at the time of this writing.
Values given are ordereof-magnitude estimates of the ex
pected impurity concentrations, based on available solubility
data and demineralized water specifications, (Demineralized
‘water enters the plutonium product stream because it is used
for 2BX and 38X makenup.)

(¢) Probable specmflcatlon value,

Nitric acid concentraticns and physical properties will differ
'slightly from those wvalues 1lsted above if Z3P solution is being pro=
. cessed, since the 2BP stream contains a lower concentration (0.8 to 1,0
M) of nitric acid. Different plutoniun concentrations in the irradiated
slugs, variations in uranium processing rates, and changes from HW No. &4
Flowsheet operating conditions may cause deviations from the figures
tabulated above, The physical properties of concentrator solutions dee
pend admost entirely on the nitric acid concentrution, as even the final
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plutonium concenirations are relatively low, This is illustrated by the
freezing points listed in the table above, The original 3BP freesing
point is only 3 to S degrees lower than pure water, as the nitric acid
concentration is relatively low. The final freezing point of the concen=
trate is 20 to 28 degrees lower bacause the concentration steps have
increased the acid concentration eight-fold to a concentration which de-
presses the freezing point substantially., The plutonium concentration,
while also increased eight-fold, is still low enough to have no appreciable
effect, (This is an opposite condition from that encountered in the
uranium concentrators where the final concentrate contains sufficient
uranium to raise the freezing point.substantially.) s

2,2 Chemical behavior

Plutonium is present in the copeentrators in the form of the IV and
VI ions (Pu*" and PuO2*™ ions. Pu** may be associated in ionic complexes
with up to six NO3™ ions, PuO2** with up to two NO3™ ions). The plutonium
nitrates are very soluble in high coneentrations of nitric acid. Pu(IV)
nitrate concen?rstions as high as 1200 g./1, in 1,7 M nitric acid have
been reported.(?

In plutonium solutions with nitric acid concentrations below 0.5 M,
there is a possibility of partial hydrolysis or the formation of the
polymerized form of plutonium(IV), Nitric acid is normally present in
thd concentrator sclutions at concentrations (see table above) where this
cannot occur, The plutonium{IV) hydrolysis reaction is ra?td and rever-
sible and takes place according to the following equation:(lL)

Puth + 20 = PuOH*3 + Hyo*

Plutonium hydroxide will precipitate if the solution pH is 2.5 or greater.(2)
Plutonium polymer is a complex mixture of high molecular “Btﬁht' hydrolyzed
Pu{IV) stable in low (about 0.1 M or less) acid solutions, (4} As long as

the acidity of the solution is on the order of 0,1 M, polymerization takes
place relatively slowly at elevated temperatures.#* When the acidity is of
the order of 0,01 M, however, po%gﬁerization cocurs very rapidly and is
complete in a2 matter of minutes, This polymer will partially precipi«
tate when the nitric acid concentration is increased to approxima?gﬁy 1M,
and redissolves on further incréase in acid concentration to 6 M.
Depolymerigation rates are slow, unless the solution is heated, Polymer

may be rapidly dissolved and depolymerized by increasin% She.nitr;c acid
concentration to & M and heating ot 909C, for one hour,\3/ As pointed out
above, the range of*“acid concentrations in the concentrators are sufficiently
high that no difficulties due to polymer formation or hydrolysis are anti=-
cipated, ‘

Occasional precipitation of plutonium from hexone-saturated 2BP soluw
tions, which had been stored for several weeks, was observed at aﬂuc-gcnma(5 6)
National Laboratory and traced to hexone or its decomposition products,! X

¥)1T was reported that polymer can De pro&ueeﬁ-ﬁ? heating Pal1v) Tor one .
hour 4n low (0,1«0,3 M)} acid solutions, but that polymerdaation is not
complete as somé Pu(IV) is oxidized to Pu(VI) by the acid, Temperature
was not given but is believed to be between 70 and 100°c,
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Analysis of the supernate revealed that generally over 90 per cent of the
plutonium had precipitated, It is believed that methylisopropyl diketons,
a hexone decomposition product, is the material responsible for the
formation of the precipitate, which is believed to be an impure plutonium
(IV) oxalate, Stability experiments at Hanford Works (7) have shown that
2BP or 3EP solutions saturated with diketone (20 g./1,) yield a precipi-
tate when heated to 80°C, for from three to four hours, and in eight to
ten hours when pure hexone is substituted for the diketone, Concentrations
of either hexone or diketone of 3 g./l. (approximately 15¢ of the satura-
tion value) gave no precipitate when heated to 75 to 80°C. for L8 hours.
No plutonium precipitation was cbserved in hexone-saturated aqueous Redox
solutions after standing for six weeks at room temperature, It was con-
cluded that plutonhium will not precipitate in normal IBP, 2BP, or 3BP
streams at room temperature and that any step requiring the heating of
these solutions should be entirely safe if preceded by a hexone~stripping
operation to remove 90 to 95% of the dissolved hexone.

Decomposition products are regularly removed from the hexone used in
the Redox Plant in the solvent treatment facilities and the bulk of the
dissolved hexone is removed from the 3BP stream by live-steam stripping
before it is heated in the concentrators, These preventative measures
should eliminate the possibility of a hexcone-piutonium precipitation.

It has been experimentally demonstrated that the hexone~plutonium
precipitate may be dissolved,(5){6) if the remaining dissolved solvent
is first removed from the solution, in excess concentrated nitric acid
(16 M) at room temperature or in a solution of 0,65 M HNO3, 0,1 M
NagCr207, and 1.3 M A1{NO3)3 at 75°C, Attempts to dissolve it in 6 M
and 10 M HNO3 at 75°C, failed. No dissolution attempts have been made
at boillng temperatures,

3. Plutonium Pre~Concentrator

3.1 Description

The Plutonium Pre-Concentrator, E-l6, in which the initial concen
tration of the plutonium product stream is carried out, consists of a
vertical tank equipped with jacket and coil and mounted with a column,
The function of the column is two-~fold: it serves both for stripping
hexone from the entering feed, and deentraining plutonium solution
droplets from the overhead vapor,

The tank (180-gal. volume) is supplied with 100-1b,/sq.in. steam,
water, and air through a single line to the coil (9.L sq.ft.) and jacket
(8.1 sq.ft.) and with 15-1b,/sq.in. steam to a sparger which discharges
into the top of the tank, The column {12 in, inside diameter) contains
two sections packed with one=inch Raschig rings {lower section L ft, 9
in. high, upper scction 21 in, high), a weir-type inlet feed distributor
located between the two packed sections, and threc demineralized water
spray nozzles at the top of the column for intermittent flushing and to
provide liquid reflux, if nccessary, Flow indicators are provided on
the steam line to the coil and jacket, the stecam line to the sparger,
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and the water line to the spray nozzlos, Column differential pressure,
tankmtomcell differential pressure, and tank weight factor indicators are
also provided, 4 vapor condenser, E=15, containing 22 sq.ft, of con=
densing surface is connocted to the vapor outlet at the top of the column,

A mo;g complete description of the Pre~{oncentrator is contalned in Chap-
ter )

3.2 Hexone stripping

Hexone is steam stripped from the entering plutonium feed solution as
it flows down through the lowsr packed section into the tank, Live steam
for the stripping operation may be supplied through the sparger or by
boiling a heel of demineralized water in the tank, The latter method is
preferred, as it provides an additional "perfect plate" for the stripping
operation, It may be desirable to use the former method, however, to
reduce the time required for the stripping operation.

The transfer unit height for hexone stripping in the lower packed
section is expected to be on the order of lel/2 ft,; thus the L3/l ft. of
packing provide approximately three transfer units and will reduce the
hexone concentration in the Pre«foncentrator feed to approximately O,1
weight per cent (95% hexone removal), Additional hexene removal is
accomplished in the tank if the stripping steam is supplied by boiling
the tank liquid, -

3.3 Concentration

Following the stripping operation, the plutenium solution is concen=
trated by boiling with coil and jacket steam to a volume suitable for
‘processing in the Concentrator. The bulk of any remaining hexone is disw
t111ed from the solution at this time. The Pre~Concentrator is designed
to operate at a boileup rate of 29,5 lb,/(hr,)(sq.ft, of liquid surface),
which corresponds to a total rate of 175 1b,/hr. Vapor velocity through
the column when operating at this boilwup rate is 1.7 ft./sec,

3.4 Deentrainment

Entrained droplets of plutonium solution must be removed from the
overhead vapors during the stripping and concentration operations in
order to minimize plutonium contamination of the condensate stream,
The upper packed section acts to deentrain these droplets during the
stripping operation and both paclied sections perform this function
during the concentration operation, During both operations a conden.
snte deentrainment facter of 104 is required, This corresponds to a
plutonium loss to the condensate of approximately 0.0001 g./1l. At
the normal operating rates it is expected that this roquirement can .
easily be met without the use of reflux, If it should becomc ncoessary
to improve deentrainment, reflux may be added from the water spray
nozzles, Under these circumstances, & reflux rate equal to cne~fourth
of the total overhead rate is recommended,
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i, Plutonium Concentrator

Led Description

The Plutoniwnm Concentrator, E=17, in which the final concentration
of the plutonium product stream is carried out, consists of a wvertical
tank cquipped with jacket and coll and mounted with a column. The
column serves to deentrain plutonium solution droplets from the overhead
vapor stream, -

The tank (46 gal, volume) is supplied with 100~1b,/sq.in, steam,
water, and air through a single line to the coil (2.8 sq.ft.) and jacket
(2.9 sq.ft,}s The column (6 in, inside dismeter) is packed with 4 ft.

8 in, of graded packing consisting principally of 1/2einch Raschig rings.
A coldwinger reflux condenser (2.4 5q.ft,) is contained in the top of
the column to provide liquid reflux intermittently for flushing or cone
tinuously, if required. A vapor condenser, E~18, containing 9,8 sq.ft.
of condensing surface is connected to the column vapor outlet. Flow
indicators are provided on the steam line to the coil and jacket and on
the water line to the reflux condenser, Colunn differential predgsure,
tank=to=cell differential pressurc, and tank weight factor indicators
~are also provideds A more complete description of the Concentrator is
contained in Chapter XV, :

he2 Concentration

The plutonium soluti-on is concentrated by boiling with coll and
jacket steam to the final FR Can volume in the Concentrator. The Concene
trator is designed for a bdileup rate of I 1b,/(hr,}(sq.ft of ligquid
surface), which corresponds to a total rate of 72 1b,/hr. Vapor velocity
through the column at this boileup rate is 2.7 f£t./sec.

Lhe3 Deentrainment

A condensate deentrainment factor of ol is required during the cone
centration operation, This corresponds to a plutonium loss to the cone
densate of approximately 0,0001 g./l. At the nomal operating rate it
is expected that this requirement can casily be met, If it should become
necessary to improve deentrainment, a portion of the vapor stream can
be refluxed with the reflux condenser, Under these circumstances, a
reflux rate equal to one~fourth of the total overhead rate is recommended,

50 Can

The PR Can {15 gal. capacity, 30 1, working volume) is a stainlessm
steel vessel used to transport the concentrated plutonium solution to the
(231 or) 23L~5 Building, A complote description of the PR Can iS cone
tained in Chapter XVI, Whoen being storcd or transported inside the
building, the PR Can is contained in an outer carricr vessel, For transe
portation between buildings, both of these vessels are contained in a
special truckemounted carricr, The PR Can is filled through a hole in
the top. This hole is closed with a clamp~operated metal plug during
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transportation, The hole and the arca over which the plug travels arc ene
closed within a well which limits the spread of leakage and allows any
leakage to be flushed into the can, Both the PR Can and its carrier vessel
are equipped with eyes for engaging hoist hooks,

The PR Can is filled through the PR Can Stopper, which is located ine
side the east end of the Plutcnium Cage., This stopper is a metal plug,
fitted with a teflon gasket to provide a vacuumwtight seal, which contains
the filling line from the Plutonium Concentrator, Ewl7, and a vacuum line
from the Plutonium Transfer Trap, E=2l,

B, PROCEDURE
1. “Normal Procedurc

The procedure deseribed below applies to 2BP or 3BP material result-
ing from the processigg of 3,125 short tons of uranium per day at a plue
tonium level of about For other enrichment levels,
batch volumes are selected attordance with paragraph A1, above, and
the extent of volume reduction in each concentrator is determined from
Fig, VIIwl to give maximum operating convenience and optimum time cycles,
In all cases, batch volumes contain approximately 300 grams of plutonium
as specified for critjcal mass control and at higher plutonium levels a
greater number of batches of smaller initial volumes must be processed
through the equipment per day,

1.l Receiving and sampling

The 3BP solution is received in the 3BP Receiver, E=2, in the canyon
wntil the batech volume of 61 gal, is collected. The batch is jetted from
the 3BP Receiver to the 3BP Sampler, Ew3, also in the canyon, where it is
sampled, The batch is held here until it is determined from. the sample
that it meets specifications, If the sample shows that the batch contains
more than the proper amount of plutonium it is split in half at this point
by Jetting only onewhalf of it to the Pree=Conéentrator and holding the
other half for processing as a separate batch, '

1.2 Prew«foncentration

The sampled batch is jetted from the 3BP Sampler through a 3 gal,/
min, steam jet into the Pre~Concentrator, located in the Plutonium Cage.
The fesd enters the Pre-Concentrator column through the feed inlet,

Live steam is fed through the colum during the period when feed is

being admitted, This steam is supplied; either from the sparger or from
boiling demineralized water in the tank, at the rate of 300 1b,/hre to
strip the hexone from the entering feed, The time required for the siripe
ping operation is approximately 30 minutes, At the completion of the
stripping operation, steam is fed to the coil and jacket at the approxie
mate rate of 200 1b,/hr, and the seolution is concentrated by boiling to

a volume of 23 gal, It is then cooled to 359C, -for transfer to the
Plutonium Concentrator, Ewl7, The times required for concentration and
cooling are approximately 150 minutes and 15 minutes, respectively., The
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overhead vapor streams from the stripping and concentration operations are
condensed in Condenser E~15, and collected in the Pre~Concentratbr Conden-
sate Recciver, E-lL, Condensate is jetted periodically from this receiver
tc the waste condensate treatment system, where it is subjected to an
additional distillation before disposal to the cribs,

1.3 Concentration

The cooled concentrate in the Plutoniwm Pre-Concentrator, E=lb, is
transferred to the Plutonium Concentrator, E«~l7, by drawing a vacuum on
the Concentrator with the vacuum jet via the Plutonium Transfer Trap,

E-21l, The valve between the Pre~Concentrator and the Concentrator is then
opened and the batech is drawn into the Concentrator, Approximately 30
mirutes are required for the transfer operation, Steam is admitted to the
coil and jacket at the approximate rate of 90 1b,/hr, and the solution is
heated to boiling, Boiling is continued at this siteam rate until the batch
has been evaporated to the final PR Can volume of about 8 gal, The soluw~
tion is then cooled with coil and jacket water to 259C, before final
transfer into the PR Can., The times required for heating, évaporation,

and cooling are approximately 20 min,, 110 min,, and 50 min,, respectively,
Overhead vapor from the Concentrator is condensed in condenser E=18 and
coliected in the Concentrator Condensate Receiver, B-19. This waste con-
densate is periodically jetted to the waste treatment system,

1.h Packaging and removal

The PR Can and its carrier wvessel are brought up to the east end of
the Plutonium Cage. The PR Can is lifted from the carrier vessel by a
traveling chain hoist and carried into the Cage. It is then raised in
place under the PR Can Stopper, A vacuum is drawn on the PR Can with the
vacuum line from the Plutonium Transfer Trap, The valve between the
Concentrator and the PR Can is then opened and the concentrated plutonium
solution is drawn into the FR Can, The final sample, for accountability,
critical mass control, and procduct purity, is taken from the line sampler
during this transfer, At the completion of the transfer, the PR Can is
removed from the Stopper and cleaned of any outside contamination. It is
then closed and put into the outer carrying container for shipment, It
is estimated that the time required for the packaging and removal operation
will be at least one hour, although the actual solution transfer time is
only about ten minutes,

1;5 Critical nass control

Specificatiops for critical mass control (see Chapter XXV) allow the
handling of batches with an average plutonium content of 300 grams in the
concentrators and PR Can, Batch size is controlled in the 3BP Sampler
so that the average size of batches fed to the Pre-Concentrator will be
approximately 300 grams, Slight upward deviations from this figure will
be allowed in order to avoid the necessity of frequently splitting batches
in the 3BP Sampler, The maximum allowable batchsize will be determined
alter the plant goes into operation, as discussed in Chapter XXV,
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The only pessible circumstances that would result in the accumilation
- of over a safe batch of plutonium in the concentratorg are an accidental
mixing of two batches or a holdup of plutonium, caused by accidental pree
cipitation or crystallization, which would mix with the next batch, If
two batches are accidentally mixed, they must be split immediately, It
will be normal procedure to make material balances, based on the 3BP
Sampler Tank and PR Can samples, for each batch processed. Plutonium
holdups large enough to cause a criticality hazard will thus be detected
aud must be immediately removed by the methods outlined under 2,6 below,

2, Remedy of Off~Standard Conditions

2,1 Offustandard plutonium product solutions

Of fmstandard plutonium product solutions (those failing to meet the
gspecificatians for uranium and fissiocneproduct decontaminadion or product
purity) should be detscted in the 3BP Sampler and recycled as outlined in
Chapter V1. Any off~stondard condition which should escape detection in
the 3BP Sampler will be detected fron the PR Can line sample after the
solution has been loaded, It is considered unlikely that this will ever
happen, and thus no facilities for recycling FR Can solutions have been
installed, However, if it does become necessary to rework PR Can solu- -
tions, a spare flange has been lcft on the Plutonium Transfer Trap, E-2l,
to which a suitable connection for adding recycle solutions can be added,
Sclutions added to the Transfer Trap arc recycled as outlined under 2,2,
belO'H’. : ’ ' .

2,2 Rework of Plutonium Transfer Trap Solutions

All solutions from the Plutonium Cage in need of reprocessing are
routed back to the process through the Plutonium Transfer Trap, E=2l.
Plutonium solutions may be added to the Transfor Trap from PR Cans (as
outlined in 2,1, sbove}, from the Flutonium Cage sump through the sump
Jet, or, if the PR Can is accidentally overfilled, through the vacuum
line from the PR Can. These solutions are sampled in the Transfer Trap
to determine the type of rework necessary and are then jetted to the
3BP Sampler, E=3," They are then roworked through thc process as outlined
in Chapter VI, or, if otherwise within shipping specifications, concene
trated for shipment, It must be noted that the 3BP Sampler is regularly
in use, and thus the routing of rework soclutions through it must be carce
fully scheduled, Contaminated rework solutions routed through the 3BP
Sampler must be followed by a demineralimed water flush, in order to
avold cross-contamination of maineline. product solutionsa,

2.3 Insufficient condensate decontamination

A condensate deentrainment (decontamination) factor of loh,'uhich-
corresponds to a plutonium concentration in the condensate’ of approxie
mately 0,0001 g./g., is required in order that the condensatec may be
disposcd of to underground cribs after onc additdonal eveporation, (Sce
Chapter X for a discussion of waste condonsate treatment and cribbing
tolerances.) Under normal operating conditions it is expected that the

:
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actual condensate deentraimment factor will be greater tnan 105. (See
Chapter XV.) Fxcessive contamination of the condensate streams is possie
ble only if the concentrators are operated with {a) an excessively high
boil=up rate, (b) too large a volume of reflux, or (c) the column packing
partially plugged with sclids. All three of these conditions may cause
high entrainment losses and, sometimes, flooding and will be indicated

by high differential pressure drops across the columns, Pressure drops

- should never be allowed to exceed 7 inches of water across the Pre-
Concentrator colum and 5 inches of water across the Concentrator column,
If differential pressure readings show that these allowable pressure drops
are being exceeded in either column, the boile~up rate should immediately
be lowered and, when stripping hexone or using reflux, the feed or reflux
_rate cut back, If contamination of the condensate {caused by entraimment)
exceeds 0,0001 g, Pu/l, and the columns are operating well within their
allowable pressure drop range, reflux should be added at a rate equal to
25 per cent of the total overhead rate to improve deentrainment,

No provisions are made for returning plutoniumecontaminated cone
densate to the concentrators, as the plutonium will be recovered in the
waste treatment system if enough is present to make recovery economical,

2.i Plugging of column packing

Plugging of the packing in either column is very unlikely, as the
concentrator scolutions are normally far from the saturation point and
thus any solution in contact with the packing will have little tendency
to deposit solids upon it, Periodic wash-downs will tend to remove any
solids that deposit before they can plug the packing. Should the packing
become plugged, the solids can be removed by a water wash-down of the
packing, This is done with the water spray in the Pre~Concentrator column
and by operating with reflux in the Concentrator column, If this method
is unsuccessful the column must be removed and the packing dumped and
cleaned or replaced with new packing,

2,5 Overeconcentration

Over«concentration in either concentrator will be evident from
weight factor instrument readings on both the concentrator and condensate
receiver vessels, In cases of over-concentration where the volume is
still greater than l gal,, the solution should be diluted to the final
concentration volume {20 gal, in the Pre~Concentrator, 8 gal. in the
Concentrator) with demineralized water, If the volume is less than L
gal., a volume of 60% nitric acid sufficient to bring the volume to
i gallons should be added and watcr then added to bring the volume u
to the final concentration volume, After dilution the solution should
be heated to 90°C, and cireulated through the recirculating jet spray
for one hour. The processing of the solution may then be continued
following normal procedure, This dilution proccdure should remove any
plutonium that has crystallized out becausc of the over-concentration.
It is possible, howover, that it will not, and this holdup of plutonium
will be dectected and removed as outlined in 2,6 below,
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2,6 Plutonium holdup in vessels

A’plutonium holdup in the concentrator vessels could result from an

- accidential precipitation or crystallization of the plutonium from the
concentrator solutions, Off-standard conditions which may result in Prew
cipitation or crystallization are: (a) nitric acid concentration less
than 0.5 M in the Pre~Concentrator (3BP) feed stream; (b) incomplete
hexone removal from the Pre-Concentrator feed stream, or (¢) extreme over-
-concentration, Nitric acid concentrations less than 0,5 M are extremely
unlikely, as the bulk of the acid contained in the 3B Columnn feed streams
leaves this column in the 3BP stream, Incomplete hexone removal will rew
sult only if the stripping stean rate to the Pre-Concentrator column is
too Jow and would be obvious because of the resultant low condensate cole
lection rate in the Pre-Concentrator Condensate Receiver, E=ll, There is
only a slight possibility that the incomplete removal of hexone would cause
a precipitation, as it would be distilled off in the Pre=Concentrator be-
YTore it was in contact with the plutonium solution long enough to result
in precipitation, It is unlikely that overwconcentration will result in
a plutonium holdup if handled as outlined under 2,5, above,

> Any holdup of plutonium caused by these or other reasons, will be
detected by the plutonium critical-mass and accountability material
balance, which ig made on the basis of the 3BP Sampler and PR Cen samples
for each batch,

Plutonium holdups are removed by adding 25 gal,-of 6 M nitric acid
solution to the Pre«Concentrator, heating to beiling, and circulating
for one hour with the recirculating jet spray, During this period reflux
is added to the Pre-Concentrator colum, at a rate equal to the boileup
rate, to flush the column, The solution is then cooled and transferred
to the Concentrator, It is again heated to boiling and cirenlated with
the recireulating jet spray for one hour, During this period the colum
is:operated under conditions of total reflux to flush the packing. The
refluxing is then stopped and the solution concentrated to 8 gal, for -«
shipment, If this treatment fails to remove the heldmup plutonium, use
may be made of the following expedient, which is based on limited inforw
mation and may not be optimum, An oxidizing solution (25 gal,) containing
0.7 M nitric acid, 0.1 M sodium dichromate, and 1.3 M aluminum nitrate
is added to the Pre-Concentrator, heated to 75°C,, and recirculated for
aight hours, This solution is then transferred to the Concentrator,
heated to 75%°C,, and recirculated for another eight hours, It must then
be transferred batch-wise through the PR Can to the Plutonium Transfer
Trap, as outlined under 2,1 above, from where it is reworked through the
plutoniwa cycles for removal of the sodium dichromate and aluminum
nitrate and then proccssed through the concentrators as a normal batch,

oy
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FIGURE VII—I|

VOLUME REDUCTION (NillllgmRRE —CONCENTRATOR
FOR MAXIMUM NUMBER OF BATCHES/DAY

Basis: Flow ond Heat Transfer Rates Shown on Fig. ¥I-3

The final Pre- Concentrator volumes plotted on this

figure wifl result in equal batch processing times for the
Pre- Concentrator and GConcentrator, which permits the process-
ing of the maximum number of batches / day.
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FIGURE YII-2

OPTIMUM TIME CYCLES IN THE PLUTONIUM CONCENTRATORS
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PART II: FROCESS, continued
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cm@ VIII . _AQUEOUS MAKE-UP QECLASSIF’ED

A. DESCRIPTION OF PROCESS

‘ The function of the Aqueous Meke-Up System is the preparation and .die-
tribution of aqueous chemical solutions (except disgolver solutiom) having
proper specificatlons for use throughout the Redox Plant. Figure VIII-1
" #is a schematic presentation of the entire chemical make-up system. The
streem data and chemical requirements shown on this sketch are besed on an
iustenteneous plent capacity of 3~1/8 tons of urenium per day.  Compositions
of column feed solutiona made in the Aqueous Mﬁke-Up System are tabulated

below: .
Cdmponents :

Feed Alr(NO ) 93 o NaOH Fe 504) Naa 291 %ﬁ
" Stream . w’{;—%"—"‘TB 2 2 _w__j_ﬂ_(% 2 —WT‘F"S"H e

.IAS 5213 1-8 0.62 0520 » - - . -"- "" 0.?3 . 0-01
IBX bo.1 1.3 - -~ 1.0 0.05 0.27T 0.05 -~ -
Icx )

2EX ) - -- .- - - . 0.25 0.04 -- -
3EX )

epB ) 51.9 1.8 0.62 0.20 1.0 0,05 ==  a- o= --
308 )

EBX ) - - - bathd - . —— 0.63 0.1 - -
3BX )

2A8 40.3 1.3 - - .- .- .- -~  0.25 0.01
3A8 40.6 1.3 - - - - - - - --

The specifications of the chemicals used may be found in Reference {4).

Demineralized water is used in the preparstion of all solutions that
enter the solvent-extrection columns. Two demineralizing units (on the
second level of the silo) are supplied with 200-W Ares filtered water, and
each hae & maximum throughput of 1250 gellons per hour. They discharge in-
to the Demineralized Water Storage Tenk, SW-131 (15,000-gallon capacity),
located in Building 211-S, the Chemical Tank Ferm. Distribution of this
water is handled through e head tank, 602 (2400-gallon capacity; three-
hour holdup), which supplies the verious meke-up vessels by gravity flow
from the fifth level of the silo.

Aluminum nitrate is delivered by the vendor in the form of 70 to T5
weight per cent (as AL(NO3) ) solution end stored in three 149,000~
gallon storage tanks, SS- ili 2, and 113, in Building 211-8., The stock
solution ie adjusted to 61,7 weight per cent in the Aluminum Nitrate Ad-
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Justment Tank, 202 (3500-gallon capacity), before it is routed to the head
supply tenk, 601 (2300-gallon capacity; holdup time of tem hours). Fifty
welght per cent sodium hy@roxide solution is stored in two 93,000-gallon
tanks, 8Q-101 end 102 {located in Building 211-8), and delivered to a head
supply tenk, 604 (1800-gellon copreity; holdup time of twelve hours), on
the fifth level of the silo. Similarly, sixty per cent nitric acid golu-
tion is stored in three tonks, SA-121 (15,000-gollon cepacity) and SA-122
end 123 (41,000-gallon cepacity), ond délivered to o head supply tenk,

603 (1800-gollon cepacity; holdup time of 23 hours), on the same level of
the silo. Sodium nitrate, used in the coeting-removal solution, is pur-
chesed as the dry chemical snd made up to the desired composition with
woter in Tank 509 (1100-gellon copecity; holdup time of 54 hours) before
being routed to the Dissolver operating gellery tonks. Also; sodium
dichromate, an oxidizing agent in some process streams {e.g., IAS, IAF,
2A5, 2AF, IS8, end ISF), and sodium carbonete, used in IOX, ore purchased
as the dry chemicels and madoe up into the desired solutions in Tank 506
(400-gallon capacity; holdup time of 110 hours) and Tank 501 (1100-gallon
cepacity. holdup time of 22 hours), respectively.

Ferrous sulfemnte, the plutonium-reducing agent in IB, 2D, and 3D
Columms, is prepared in Tank 504 (400-gollon copecity) by recction of
powdered iron with sulfomic zcid solution. The completed charge is filter-
ed to Tank 503 (400-gallon copacity) and adjusted to 30 weight per cent
ferrous sulfamate before delivery to Tank 405 (130-gellon capacity) for
use in the moke-up of IBX, 2DS, aond 3DS. Perrous sulfomate may be added
alsc to the ISS Muke-Up Tonk, 403 (600-gallon capacity), for use when the
IS Column 1s used &s o rework columm. The use of ferrous srmonium sulfate
end sulfemic ecid is beilng considercd st the time of this writing es o re-
placement for the preporetion of ferrous sulfomote by the reaction of iron
powder ond sulfoamic ceid. '

Agueocus wosh solutions for decontamination purposes are mede and
stored in Tenk 505 (1100-gnllon capacity). Water, nitrie acid, and ceustic
are plped to this tank; other washing aids may be cdded to the tonk
menuslly. h

B.  PROCEDURES

1. Genersl Procedures

Porteble scoles snd weigh. tenks ore used for the messurement of small
quantities of moke-up chemicols such cs sodium dichromate, 50 per cent
caustic, 60 per cent nitric acid, 30 per cent ferrous sulfamete solution,
iron powder, und sulfsnic ocid. Welght-fector monometers sre used for the
neasurement of lorge gurntitics of woter, caustic, end nitric scid added to
the teuks.

All aqueous solutions ere mede up batchwisc in agltated tenks equipped
with heoting ond cooling coils ag shown in Figure VIII-1, Salted feed
streams such as IAS, 248, 3A3, and IBX are prepared In individual tanks.
Since 2DS and 3DS ere identiczl in composition, they are mede in the same
tenk. Similarly, dilute nitric ccid stresms of like composition (e.g.,
ICX, 2EX, end 3EX; or 2BX end 3BX) ere prepored in e single egiteted tank.
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Completed solutions are pumped.through Cuno filters to the various galiery

“tqgksli?qm_which they ere fed to the columns.

 ‘2ij ?réparation of Acid-Deficient Aluminum Nitrate Solutions .

The eluminum nitrate solﬁtions, JAS, 2DS, end 3DS, have a specificatiom

-of minus 0.2 M nitric acid and are, therefore, termed "acid deficient”. These

solutions become stoichiometricelly neutral upon addition of 0.2 moles of
nitric ecid per liter of solution. The pH of these solutions, however, is

 on the ecid side (pH approximately 2). This "acid deficiency" in IAS, 2DS,

and 3D8 is. produced by the sddition of caustic, approximately 0.2 moles per
liter of solution. In order that the formation of insoluble oxides of
aluninum mey be prevented, the ceustic is added slowly to the solution at
room temperature and in the presence of good agitation. Even when agitatim
is adequate, local precipitetion occurs at the point of caustic addition, but
this precipitate redissolves readily.

3. Preparation of Ferrous Sulfamste Solution

Ferrous sulfamate mey be prepared by the reaction of sulfemic acid
with ferrous hydroxide, ferrous carbonste, or metallic iron. Due largely

to the availability of the required materials. the metalllc iron method

is used. An equation showing the resction is presented below:
Fe + 2HNHp 503 = Fe(NHzSO3)p, + Hp+ heat.
Baker end Adamson U.S.P., or egual, hydrogen-reduced iron powder and

technical-grade sulfemic acld are used. Evolution of hydrogen during the
reaction necessitates inert-ges blanketing to avold a fire end explosion

. .. hazard.

R

Solutions of ferrous sulfamete are to he made about 2.3 M in ferrous
ion. BSince two solids, metallic iron end excess sulfemic acid, are present
in the make-up vessel throughout most of the reaction time, vigorous agita-
tion is required. The solubility of ferrous sulfamste (see Chapter 1V) is
much greater than that of sulfamic acid. An excess (two to three per cent
of the stoichiometric quantity) of sulfemic acid is reqQuired so that the
PHE of the finml solution is less then 2.2, e pH below which ferrous ion is
more stable.

As indicated by the eqQuation, the reaction betiween metellic iron and
gulfamic acid 15 exothermic. TUsing hydrogen-reduced iron powder, the re-
action should take place without sdditional hesting; in fect, & temperature
rise of approximately 20°F. should occur. Although the resction would be
faster at a higher temperaturc, the temperature should be meintained below

*)This heat of reaction hes not been reported. However, sulfemic acid

is similar to hydrochloric acid in respect to its reaction with iron; thus,
the heet evolved would be approximately equal to the hest of reaction for
iron and hydrochloric acid, 20.7 kilocalories per grem mele of iron.

OSSP
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120°F. to minimize hydrolysis of the sulfamaic ion to the sulfate lon.
Due to the long reaction time required at 120°F. or below, pérhaps as long
2s a full day, a threc days' supply is made up per botch.

The Ferrous Sulfamate Preparation Tank, 504, is equipped with héating
and cooling colls, temperature and weight-foctor indicotors, and an agitator.
In addition, 2 nitrogen blanketing and vent system is provided for the
elimination of oxygen aond removal of the hydrogen evolved in the reéction.

In the preporation of & batch of ferrous sulfemate, 1890 pounds of

- woter are measured into Tank 50k, the egitator is turned on, and 1182
pounds of sulfamic acid are added. The nitrogen purge is turned on, end
330 pounds of iron powder are added slowly to the aeid slurry. Hesting
will accelerate the reoction, but the temperature should be controlled be-
low 120°F. When the specific gravity of the solution et 80°F. renches
1.4%2, the reaction is considered complete, cnd the charge 1is cooled and
sampled. Ferrous ion concentration and pH cre the criteria of a completed
reaction. The desired concentration of ferrous ion is 130 grams per liter
in & solution with o pH less thon 2.2, If the pH is ebove 2.2, additional
sulfomic acid is dissolved until the desired pH is attoined. Then ogita-
tion is stopped so thet unreccted iron {opproximately 65 pounds) can
settle out of the solution. After & one-hour settling period, the super-
natont is pumped from Tank 504 through a Cuno pressure filter ond into the
Ferrous Sulfomate Sclution Adjustment Tenk, 503. A slurry heel (contain-
ing approximetely 65 pounds of unrescted iron and 190 pounds of sulfamic
acid) is left in Tank 504 for use in the next moke-up., The solution in the
adjustment tank, 503, is diluted with demineralized water to o 30 weight
per cent ferrous sulfamote soclution.
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CHAPTER IX,. SOLVENT TREATMENT

A, INTRODUCTION

~ The selvent used in the Redox process ismethyl isobutyl ketone
(1IBK), otherwise known as "hexocne". "Hexone" is a trade name employed
by the Carbide and Carbon Chemicals Corporation for methyl isobutyl ke=
tone, and, strictly speaking, should not be used for this product when
supplied by any other manufacturer, However, the word "hexone" (uncapie
talized), representing methyl isobutyl ketone regardless of the manufacturer,
has come into common usage during the development period of the RedoX pro=
cess,

Hexone, as received from the mamufacturer, contains impurities formed
during its synthesis, In addition to these impurities, several oxidaticn
products are formed while hexone is in contact with Redox solutiona cone
taining nitric acid, The important impurities are listed in the following
tables . : . :

urit SR Chemical Formuls Origin

Methyl isobutyl carbinol (MIBC) (CH3;20H-CH2-CHOH-GH3 Synthesis
Mesityl oxide (MO) S (CH3 2C1CHeCO»CHy Synthesis
Methyl isopropyl diketone (CH3)2CH«CO+CO#CH3 Oxidation

: < product
1,1«dinitroisobutane (CH3)oCH«CH(NO2) 2 Oxidation
5 : : : product
Organic acids, e.g., Oxidation

L . : products

Acetic acid CH3COOH

Isobutyric acid (CH3)2CHaCOOH

Isovaleric acid (CH3 ) oCHeCHp «COOH

In the synthesis of hexone,(2) a condensation of acetone forms mesityl
oxides :

2CH3+C04CH3 -QE-Q- (CHB)Q-COHOCHQOGOOCHB
(CH3)2-COH00HgoCOOCH3 R (CH3)2-C:CHOCO~CH3 + HgpO.

Hydrogenation of the oxide produces hexone:
(GH3)2'C:CH'CO'CH3 + Ho wamemp (CH3)2'CH*CH2'CO‘CH3.

Small quantities of methyl isobutyl carbinol (MIBC) are formed during the
hydrogenation, and small amounts of mesityl oxide (MC) remain; thus, both
MIBC and mesityl oxide are present in low concentrations in raw hexone,
The other impurities listed are the main products formed from oxidation of
hexone by nitric and nitrous acids, The reactions of hexone with nitric
and nitrous acids are explained in Chapter IV and also in Reference (12),

OISR —




- w  DECLASSIFED 2"

For use in the Redox process, hexone as received from the manufacturer
must meet the specifications tabulated below(1l3):

Purity not less than 99,0% by volume hexone

Distillation 11k to 1179C, (A.5,T.M. D26846)

Refractive index nD20°c- = 1,3953 £ 0,004

Color maximum 15 platinum cobalt (Hazen)

standard

Acidity less than 0.05% by volume as acetic acid

Oxidizing normelity less than 0,001 N

MIBC (methyl iscbutyl shall not exceed 0,6% by volume
cerbinol)

Mesityl oxide shall not exceed 0,3% by volume

As is discussed below, procedures must be employed to reduce the
MIBC concentration to 0.?5 per cent or less before the hexone is suitable
for the Redox process, (7 The deleterious effects of hexone impurities.
on the extraction and decontamination of plutonium and uranium are dise -
cussed in greater detail in Chapter IV, Hence, only a brief resume of
the problem is presented here,

Both of the two main impurities present in hexone as a result of its
synthesis, MIBC and mesityl oxide (MO), can possibly be deleterious to
process performance, The removal of zirconium, niobium (i.e., columbium),
and cerium from the product streams is believed to be affected adversely
by small concentrations {greater than 0.05 per cent) of MIBC in hexone
~under acid flowsheet conditions,(h) though possibly not under acid-
deficient flowsheet conditions, Variations in the plutonium (IBP) and
uranium (ICU) decontamination factors of as much as 50~ to 100-fold, enw
countered during 0.R,N,L, pilot plant development with the A,N,L, acid.
flowsheet, were attributed to the high MIBC content of hexcne which was
approximately 0,1 to 0,3 per cent, Laboratory experiments(1l) have ine
dicated that concentrations of MO as low as about 0.25% in the hexone
IAP stream will reduce Pu(VI) to a hexonewinscluble state, probably
Pu(V), This occurs fairly rapidly, with a half-time of onewhalf to one
hour, A second, slower reduction to Pu(IV) and/or Pu{III) follows,
with a halfetime of several hours, Thus MO may adversely affect plutonium.
losses to the IAW, 24W, and 3AW streams, Only a small amount of data on
the effect of hexone impurities were obtained during the pilot plant de-
velopment of the O,R,N,L, acidedeficient flowsheet, Results of one run
at S,P.R,U, under 0,R,N.L, Flowsheet conditions have indicated that
substituting raw Carbide and Carbon hexone, containing 0,6 per cent MIBC
and 0.3 per cent MO, for highpurity, pretreated hexone had no adverse
effect on either IBP or ICU decontamination(lh), but may have been the
cause of about 3 times higher than normal plutonium losses to the IAW
(waste) stream,

The effect of other specific impurities have not been as extensively
studied, In general, however, low concentrations (less than 0,001 N) of
oxidation products in hexone produce no detrimental effect on the dig.
tribution coefficients for U(VI), Pu(VI), or Pu(IV), However, based on
laboratory studies, oxidizing impurities in hexone in concentrations
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exceeding 0,001 N may affect IB Column performance by oxidizing the ferrous
ion to ferric ion, thus affecting the SIII):Pu(IV) ratio and, hence, the
distribution coefficient of plutonium. Methyl isopropyl diketone should
be prevented from accumulating in the hexone because this hexone impurity
may, in the plutoniim concentration step,decompose to the oxalate ion, and
form a precipitate of plutonium oxalate,

Hexone impurities may play & part in the formation of "crud", an insol-
uble matter which on occasion accumulates at the organiceagqueous interface
in the solvent-extraction columns, particularly the IA Column, An occasional
tendency for the columns to plug on account of an emulsion at the interface
has been noted during the solvent extraction of uranium, Some experimental
evidence, described in Chapter IV, indicates tha? g%xg?e impurities possibly
have an effect on "crud" formetion in the colunn(1J(2)(3), but no direct
correlation has been reported, An expedient which has been used to a limited
extent during the development period for the Redox process involved the wash-
ing of hexone with aluminum nitrate sclution just before it was used. (1) No
justification for this method has been reported, except that it seemed to rew
move (by a process of "crud" formation) those materials which would cause
the formation of "orud" with the aluminum nitrate-uranium nitrate solutions
in the extraction columns,

Solvent treatment, necessary for removal of hexone impurities, is pere
formed in two separate portions of the Redox Plant, Facilities for batch
treatment. (Figure IX-l) are provided in the Organic Treatment Building
(276-8), located west of the Redox Production Plant (202-S), Equipment
for continuous recovery of hexone (Figure IX-2) consists of the IO Column,
the lowest column in the Scolvent Extraction Column Cascade in the silo, and
the Organic Distilletion Column, Ge3, located in the Orgenic Cell G of the

B, PRETREATMENT

Raw hexone is pretreated batchwise according to the procedures oute
lined later in this chapter (Subsection D1), The facilities provided in
the 2763 Building for pretreatment of hexone are shown schematically in
Figure IX-l, Essentially, this pretreatment consists of a nitric acid-
dichromate wash of the hexone followed by water and caustic. washes, Thias
acid-dichromate wash, 1} each in HNO3 and NapCrpO7.2Hp0, oxidizes MIBC to
hexone,(li) Acid concentration has a pronounced_erect on the oxidation,
the optimum range being 1.0 to 1.4 M., Raw hexone having an MIBC content
less than 0,2 per cent is readily purified to 0,02 per cent or less in a
1e1/2 hour, single-stage agitation, At an initial MIBC content of 0.k
per cent, some advantage is gained by inecreasing the treatment time to
2-1/2 hours. When the initial MIBC considerably exceeds O,L.per cent,
singlewstage operation does not yield a product of desired purity, Twoe
stage treatment with intermediate water washing produces the desired re-
sults when the MIBC concentration is as high as 0,67 per cent, In addition
to the oxidation of MIBC, mesityl oxide (MO) is oxidized by NapCrpO7s2H20
te organic acids,

Following the acidwdichromate wash, a stoichiometrie quantity of
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caustic (50 weight per cent) is added to neutralize the acid solution
before the wash is pumped to the 276m3 Building Crib, Seolutions which
are "cribbed" should have a pH in the range of 5-8, Acidic selutions
{pH below 3) leach the alkaline soil and cause channeling with the re-
sultant decrease in absorption of radioactive contaminants, Retention
of plutonium is thought to be favored when the pH is 5-7 and retention
of fission products,when the pH is about 8. (The problems of waste
disposal are discussed in more detail in Chapter X,) After the neutrale
ized dichromate wash is decanted, two water washes remove residual salts
(primarily NaNO3). 4 0.5 per cent (0.13 M) caustic wash neutralizes
organic acids formed by oxidation of MO and adjusts the pH of the

hexone to approximately 7. Any residuel caustic is removed by a final
water wash of the hexone,

In the washing operations, adequate time and good agitation are
both essential for sufficient contact of the hexone with the washing
agent., Occasional emulsification is encountered during washing opera-
tions, but a few pounds of nitric acid added to the emulsion ordinarily
breaks it, The settling time for the final wash (sixty minutes) is
longer than the time (twenty minutes) allotted for the initial and iNe
termediate washes, Following the initial and intermediate washes, a
twenty-minute settling period is adequete because a small residual
aqueous heel from one wash does not decrecse the effectiveness of the
following wash appreciably, However, after the final wash, a sixty
minute settling period is allotted so that egsentially complete dise
engagement. is achieved and no aqueous heecl enters the organic feed
system. If more than a few gallons of water were transferrcd to the
Organic Head Tank and entered the extraction columns, the operation of
the columns would be adversely affected {resulting in increased plutonium
and/or urenium losses), In addition to the longer settling period, the
final washing is performed at a temperature less than 779F., the normal
operating temperature in the solventeextraction columns, so that water
of saturation does not separate ocut of the hexone after it leaves the
treatment tank, Data indicating the effect of temperature on the mutual
solubilities of water and hexone are presented in the following table:(5)

Solubility of Hexone in Water §9}ubility of Water in Hexene

Temperature, Weight % Temperature, Weight %-

OF, Hexone oF, Hater
145-7 2'62 3506 1-1‘14
7043 1,94 777 1.54
10L.9 1.52 101,7 2.35
130 - 140 1.45(kin, ) 123,6 2,92
165,2 1.53 155.2 3.63

202.1 1,93 201,2 : 4.73

Additional data are presented in Chapter IV,
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C.” SOLVENT RECOVERY

‘The purpese of the Solvent Recovery System is two fold: (a) to re=-
move the residual plutonium, uranium, and fission products from hexone
which is recycled to the Redox process and (b) to remove oxidation products
(and any condensation products which might be formed) from hexone, This
purpose is accomplished by continuous washing and distillation of the
hexone, The fecilities in the 202.8 Building for hexone recovery are
shown schematically in Figure IXw2. '

1, IO Column Wash

Hexone from the extraction cycles (i,e., ICW, 2BW, 2EW, 3BW, and 3EW)
1s continuously and countercurrently washed in the IO Colwmn, The wash
solution, demineralized water or 2 per cent (0,192 M) sodium carbonate, is
used in a ratio of one volume of wash to twenty volumcs of solvent. Water
does not extract the plutonium, uranium, end fission products quite as read-
i1y, -as carbonate, nor does it neutralize any organic acids, Howeover,
water doeg dissolve thc watcresoluble organic acids, and it has the advenw
tage over carbonate that it does not add solids to the wastc to be stored
underground, Dilute sodium hydroxide might be uwsed as the extractant,
but it would precipitatc residual ions of uwranium and plutoniuwm in the
column rather than allow them to flow to the waste roceiver, A

.+ When the plant operates at an instantaneous uranium processing rate
of' 3=1/8 tons/day, the IO Column (twelve inches in diameter) is operated
at a volume velocity of approximately 1300 gal./{(hr,)(sq.ft.), sum of both
phagses, This volume velocity is about fifty per cent of the flooding cém
pacity of the column when packed with one-inch Raschig rings. At these
operating conditions the H,T.U, {see Chapter V) obtained during uranium
extractio s&udies in the I0 Column using water as extractant is about -
2.5 feet,(20) Although the H,T,U, has not been determined for a column
using sodium carbonete extractant under similar operating conditions, a
congervative estimate is approximately three feet, Therefire, the fifteen=
foot packed section (see Chapter XIV for additional specifications for the
I0 Column) is eguivalent to sbout five transfer units when dilute sodium
carbonate is used as extractant, The diffusing compenents (Pu, U, and
F,P.'8) are present in the column in extremely low concentrations, Their
distribution ratios (organic/aqueous) at these low concentrations are very
low, However, even though the distribution ratios may be taken as essen-
tially zero, the minimum concentration of diffusing components in the
organic effluent is about 1/150 of that in the organic feed to the I0
Column, This factor is calculated assuming that 5 transfer units ("overall
organic-film" basis) are aveilable, and that the distribution ratios (or-
ganic/aqueous) are effectively zero.

2, Distillation

The organic effluent from the IO Column is treated in the Organic
Distillation Column, G=3, by simultaneous distillation and caustic scrub-
bing (5 weight per cent aqueous NaOH, 1.3 M). The purpose of this treat-
ment is to remove the remaining hexone oxidation products {i.e., methyl
isopropyl diketone, 1,ledinitroiscbutane, and organic acids) from the

B P
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hexone so that it may be recycled to the Redox process. Although the

- mechanics of removal are not clearly understood, methyl isopropyl dike-
tone in concentratiomsup to 20 grams/liter (approximately 100 times the
concentration anticipated during operation) is removed (approximately
90 per cent) bg a caustic wash with the hexone in either the liquid or
vapor phase.(8 As illustrated in the following equation, caustic also
removes 1l,l-dinitroisobutane to a similar degree by forming a water.
soluble salt of the tautomer of 1,l-dinitroiscbutane:

(CH3)2CHACH(N0)p e [ (CHH3)p0H -C(NOR) (NOpH) | 20K,
(CH3)2CH «C(NO2 ) (NOpNa).

The organic acids (e.g., acetic acid) are neutralized by the caustic as
shown in the equation below:

CH3CO0H + NaOH ——s CH3COONa + Ho0

In addition to the hexone oxidation products, any residual {trace
amounts) of uranium, plutonium, and fission products are removed by
precipitation of complex sodium salts,

A McCabe~Thiele-type operating diagram for the Organic Distillation
Column is plotted in Figure IX-3, The vapor composition (Y), expressed
as moles of hexone per mole of vapor, is plotted on & logarithmic scale
versus the liquid composition (X), expressed as moles of hexone per mole
of liquid, 21s0 on a logarithmic scale, The equilibrium data shown are
for the hexonew~water system although the aqueous phase in the column is
a dilute (5 per cent) caustic solution, This approximation is justified
because the vapor pressure over the dilute caustic solution is approxi-
mately the same as that over water at the same temperature, The horizon.
tal section of the equilibrium line represents the azeotropic composition
(36.2 mole per cent hexone) of the hexonewwater vapor which is distilled
from the immiscible liquid phases at 7L0 mm, Hg total pressure (the
average operating pressure in the column)., The compositions and boiling
points of the hexone-water azeotropes at different pressures are shown
in the following table,(5) ~

Wt. % Mole %
Pressure, mm, He Temperature, °F, Hexone Hexone
27 6746 81.2 L3.7

L5 78.6 81.0 L3.h

89 101,1 79.3 Lo.8

108 108,1 79.6 1,2

207 132,8 78.5 39.6

382 158.5 T71.7 38,5

752 189.5 75,9 36.1

760 190.2 75.7 35.9
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Lo The operating diagrem in Figure IX~3 is divided into three sections,
T~ 'yemoh having a separate operating line: (a) hexone feed plate (Plate 5 ¢n
Figure IXw2), (b) hexone stripping section (Plates 6 and 7 and the Rew
boiler), end {c) caustic treatment section (Plates 1, 2, 3, and k), The
hexone feed (0,8l mole fraction hexone) entering the colum is mixed on

-*Plate 5 with the hexonéesaturated caustic scrub solution (0,0032 mole
fraction hexone) overflowlng from Plate L as shown on Figure IXe3 by the
dotted horizontal line starting at Xp, The curved portion at the upper
end of the Feed Plate Operating Line represents the changes in composition
occurring on the plate as the hexone feed is heated to the boiling point
(diluted by condensation of steam used for heating), Thus, Xr (0,8L mole
fraction hexone) is diluted to Xfc (0.58 mole fraction hexone) by condensed
steam and caustic, The straight portion of the operating line for Plate
5 is represented by the following equation:

Based on the assumption that 80 per cent of the hexone is vaporized from
the feed plate, the composition of the feed plate overflow ls 0,12 mole
fraction hexone, The feed plate effluent is mixed on Plate 6 with the
cold (77°F.), hexcone-saturated aqueous return (Xr = 0,0032 mole fraction
hexone) from the condenser, and the mixture is heated to the boiling
point, The straight portion of the operating line for the hexone stripe
ping section is represented by the followlng equation:

Yg = 1,06 X = 0,0003,

Based on the assumption that the remaining hexone phase (approximately 20
per cent of the hexone fed to the column) is vaporized from Plate 6, the
overflow from Plate 6 is caustic solution saturated with hexone {0.0032
mole fraction hexone), If Plate 7 and the reboiler each have an overall
efficiency of 20 per cent (i.e.,, 0.2 theoretical plate per actual plate),
the composition of the waste caustic solution leaving the column (X} is
0,00048 mole fraction hexone.

" For the caustic treatment section of the column (Plates 1, 2, 3, and
u), the operating line is represented by the following equation:

Y, = 0,053 X + 0,352

Since the numerical value of X to be substituted in the equation is small
(never exceeding 0.003), this operating line is nearly horizontal at 2
value of ¥ ® 0,352, As the caustic flows down through Plates 1, 2, 3, L,
it becomes saturated with hexone, and the vapor actually decreases in
hexone concentration slightly as it rises through the column, One theo-
retical plate is essentially adequate to achieve hexone saturation of the
caustic, and since the plate efficiencies are expected to be high (approxi.
mately 100%) in this section of the column, one actual plate is adequate.
However, three additional plates are provided so that the time of contact
(epproximately 5 seconds) of hexone with the caustic scrub solution is
sufficient to achieve removal of the oxidation producis, The hexone-water
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vapor leaving the column is condensed, cooled to approximately 77°F,, and
the resulting immiscible liquids are decanted continuously., As discussed
in the previous section, the liquids are cooled to 77°F, so that water

of saturation does not settle out of the hexone at a later point in the
process, This cooling would not be important if the hexone were retreated
following each distillation cycle because the hexone would be in contact

with water again,
3. Retreatment

Recycled hexone, which was pretreated before introduction into the
Redox process, should be free of impurities and oxidation products of
hexone after it has been through the Solvent Recovery System. Therefore,
the hexone is usually returned to the Organic Header Feed Tank, 03
(Figure IXel), without further treatment, However, a routine sample of
the hexone is taken and analyzed specifically for MIBC, Although MIBC
is not known to be formed in the Redox process, hexone does decompose
slowly during prolonged storage to yield MIBC, The concentration of
hexone oxidation products (methyl iscpropyl diketone and 1,ledinitroiso-
butane) are determined at less frequent intervals than MIBC, Empirical
methods (e.g., distribution ratio test) for ascertaining the quality of
the hexone are currently being developed and may replace the tests for
individual impurities.  Analytical methods are described in Chapter XX,

If these routine analyses of hexone indicate an accumulation of
impurities the entire supply of hexone in the system, approximately
24,000 gallons, is retreated in batches of 10,000 gallons each before
it is returned to the Organic Head Tank, 80L, If a specific tank-full
of hexone is found to be unsatisfactory, this one batch may be retreated
without retreating the entire inventory, This retreatment procedure is
identical with that described in Section D1 for pretreatment of raw
hexone; however, the specific weights and volumes of chemicals indicated
in Section D1 are for LOOOwgallon batches and must be increased proporw
tionally for 10,000-gallon batches,

D. PROCEDURE

1, Normal Procedure

1,1 Pretreatment

Raw hexone is added to the system when the normal hexone inventory
of approximately 24,000 gallons drops to approximately 20,000 gallons,
Based on the assumption that routine retreatment is not necessary, the
hexone losses to process wastes are approximately 150 gallons per day
which drops the inventory to 20,000 gallons in epproximately | weeks,
Figure IX-l is a schematic diagram of the Organic Treatment facilities
where raw hexone is added, 4 batch of LOOO gallons of raw hexone is
pumped to the Organic Sampler and Treatment Tank, 0-2 (working volume,
11,000 gallons), from one of two, 21,500-gallon Organic Storage Tanks,
S0-1L1 and 142, buried north of the 276~8 Building,
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The pretreatment procedures described below apply to typical raw
hexone having an initial MIBC concentration of less than 0.4 per cent,

(a) The hexone is agitated for two hours with a 40O gallon (ten
per cent by volume) wash solution that is 1 M each in HNOg

(5.3 weight per cent) (350 pounds &0 per cent HNO3) and
NagCrp0742Ho0 (22,2 weight per cent){1000 pounds solid).

{b) Following the acidedichromate wash, a stoichiometric quantity
of caustic (270 pounds 50 per cent NaOH) is added to neutralize
the acid, After twenty minutes of continued agitation, a
twenty-minute settling period is allowed for disengagement. of
the two phases, The aqueous phase is decanted to the 2763
Building Crib, a single crib for disposal of hexcnemsaturated
aqueous wastes of negliglble activity.

{c¢) The hexone is given two 200wgallon (five per cent by volume)
water washes to remove salts (primarily NalNOj) formed during
the neutralization. Twenty minutes are allowed for each

~agitation and settling period, These washes are also cribbed,

(d) Neutralization of residual acids is accorplished by a L0O gallon
(ten per cent by volume) wash which is 0,13 ¥ NaOH (0.5 weight
per cent NaOH){35 pounds 50 per cent NaOH), After twenty-minute
agitation and settling periods, this wash is cribbed,

{e) One 200=-gallon (five per cent by volume) water wash is used for
removal of residual caustic, This wash is performed et a tem~
perature below 77°F, After a twenty-minute agitation, a sixty-
minute settling period is allowed so that complete disengagement
is accomplished, The wash is decanted to the 276-5 Building
Crib,

(£} A sample of the hexone is taken and analyzéd for MIBC, When the
MIBC content is 0,05 volume per cent or less, the hexone is
suitable for use in the Redox process,

Note: If the hexone is previously known to contain more than O.k
per cent MIBC, twomstage acldedichromate washing is performed
with one<hour agitation periods,

1.2 Solvent recovery

Figure IXw2 is & schematic presentation of the Organic Recovery System.
Hexone from the solvent-extraction columns (i.e,, ICW, 2BW, 2EW, 3BW, and
" 3EW) flows at 16.5 gallons per minute into the base of the I0 Column where
it is contacted countercurrently with water or a two per cent {0,192 M)
sodium carbonste wash, Water or dilute sodium carbonate is fed to the top
of the column at 0,84 gallon per minute from the Organic Wash Addition
Tank, 801-0 (holdup time, 12 hours) by gravity flow through a remotely con=
trolled valve, The aqueous effluent, IOW, leaves the column through e
valve remotely controlled by the interface recorderwcontroller (see Chapter
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XIX) and flows to the Waste Header Receiver, Tank D13, Provisions are
‘made for sampling this stream.

The hexone effluent, I00, from the IO Column overflows to the
Organic Distillation Column, Ge3, where it is caustic washed and dise
tilled. In addition, a hexonewwater mixture (58 weight per cent hexone)
from the Condensate Stripper, DS (described in Chapter X) is blended
into the I00 and increases the average hexone feed rate to the column
from 16,5 to 15,8 gallons per minute., The hexone feed enters the column
at the fifth plate from the top. Steam vaporizes the hexone, and 8 -
hexone-water vapor passes up the column where it is scrubbed with dilute
caustic, and leaves the column at a temperature of 1939F, or higher.

The temperature of the vapor leaving the top of the column regulates
the steam supply to the reboiler by means of a temperature controller
and automaticallyeoperated steam valve, For positive control of the
steam, the vapor temperature is maintained at least as high as 193°F,,
four degrees higher than the azeotropic boiling point of 189°F, at 7LO
mm, Hg, so that the vapor (25 weight per cent water) is richer in steam
than the azeotropic vapor (2L weight per cent water), Thus, if the
steam supply to the reboiler coils decreases slightly, the steam content
and the temperature of the vapor leaving the top of the column decreases,
and the controllier responds, However, if the vapor temperature were
maintained at 189°F,, the azeotropic boiling point, any decrease in the
steam supply to the reboller would decrease the rate of vaporization, ‘
but the vapor would still have the azeotropic composition, and thus its
temperature would be unaficcted, and the controller would not respond,
If the guantity of hexone distillcd is less than the feed rate, hexone
accumulates in the column and eventually is lost in large quantitibs by
overflowing from the rcboiler to the Organic Waste Receiver, Gel,

The vapor is condensed in a Condenser-Cooler-Separator, and the two
"immiseible liquids arc continuously decanted at 779F, The aqueous phase
returns to the sixth plate of the column as reflux, The hexone, diSe
tilled and canstic washed, overflows from the separator to the Organic
Surge Tank, Gwl. The Organic Surge Tank has a normal operating volume
of 1000 gallons; however, its capacity of 5000 gallons can be used in
case additional holdup time (four hours maximum) is needed. A submerged
pump continuously pumps the recovered hexone to the Organic Receiver,
Tank Owl, in Building 2765,

~The 5 per cent (1,3 M) caustic scrub sclution in the column is made .
by dilution of 25 per cent (8.0 li) caustic in Tank G-3~B (working capa-
city, 170 gallons), The caustic flows by gravity at & rate of 0,31
gallon per mimite through a controlling rotameter and antomatically operw
ated valve to the distillation column, Normally Tank G-3-B is used as.
the feed tank; however, during makewup and adjustment in Tank Ge3=B, .
an auxiliary feed tank, Ge3wi, is used, The caustic flows dowrward .
through seven bubblewcap plates to a closed-steam reboiler (capacity,
JLLO gallons), overflows to the Organic liaste Receiver, Tark G} (holdup
time, eight hours), and is jetted periodically to the Waste Header Rew
ceiver, Tank D-13, ' " ' '
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" Recycléd hexone is routed from the Organic Receiver, Tank O-1 {work-~
ing volume, 11,000 gallons), to the Organic¢ Seampler and Treatment Tank,
Ow2, This step is the transition from the continuous recovery process to
a batchwise treatment process, lNormally, z routine sample is taken of the
hexone while it is in Tenk 0-2, .Then the hexone is pumped to the Organlc
Header Feed Tank, O-3 (working volume, 11,000 gallons} from which it is
contlnuously pumped to the Organic Head Tank 8ok (holdup time, 25 minutes).

1.3 Addltion of nitric scid. -to hexone

‘ Nitric acid may be added to each "cold" orgenic feed stream (1.e.,
IAX, 'ISX, 2AX, 3AX, 2DX, and BDX) individually before it enters the column,
A reclprocatlng, piston punp {automatically controlled) injects the acid

.“into hexone as the golvent flows through an enlarged "blending" sectlon of

the feed line, The Getails of this pumping system are described in Chapter
XVII, Resistance thermometers, located on both 8idés of the point of acid
addltion, are .wired to a Brown instrument which records any temperature inw
creage 48 the acid is added. During operation, an increase (2 to 3°C,) in
this temperature difie“ence indicates chemical reaction of the nitric acid
and hexone, (The ndrmal’ tempera ture rise due to the heat of m1x1ng upon
addition of 60% nitric dcid to hexone until a concentration of 0.5 M HNO3

 4s réached is 1 to 20c, ).

There are two reasons for prohlbitlng hexone and nitric acida from
being in contect with each other longer than necessary: (a) slow oxidation
occurs which results in products having deleterious effects on column pere
forhanice, and (b) the remote hazard of a violent hexone-nitric acid reaction
exi#ts. This hazard is discussed in Chapter XXIV,

2, Remedx'ofioffnstandard Condition

" Two methods are provided for detection of of festandard solvent treat-
mént conditions, A radiation recorder (described in Chapter XIX) is ina
stalled on the inlet 1iné to the Organic Receiver, Tank Owl, lNormally,
the process radiation level cannot be detected above background (natural
radiation level), However, if any radiation is detected, investigation of
the entire process (particularly the I0 Column and the Organic Distillation
Column) “should be made to- detect improper operation, The radiatione
recorder instrument is located on the inlet line to Tank Owl rather than
on the tank proper., This location allows an éarly and accurate detection
of offestandard conditions involving radiomaterials before a large volume
of undesirsble material is adcumulated or the off-grade material is masked
by ‘accwnutated 1iqtid in the tank, If the hexone containg a significant
emount of radicactive materials, 1.6., greater than 200 co./min,./ml., it
is washed in the Organic Sampler and Treatment Tank, 0=2, with water or
dilute (0.1N) nitric acid solution until the radiomaterials are removed,
The washies, after neutralization in the case of the nitric acid wash,
are cribbed with an adequate amount of dilution water so that they do nnt
exceed cribbing tolerances (sea Section B2, Chapter X).

* The second method for detection of off-standard conditions involves
the routine sampling and analysis of the recovered hexone as it passesp
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through the Organic Sampler and Treatment Tank, O-2., Normally, MIBC
content is determined for each batch, and analyses for hexone oxidation
products are made at less frequent 1ntervals. When these analyses indi
cate an excessive amount (specifications tabulated in Section A) of
impurities, the solvent is retreated., Although it is not anticipated,
the hexone may become unsatisfactory for use even after repeated retreate
ment, a condition which would necessitate disposal of the used hexone and
replacement with raw hexone, No facilities are provided in the Redox
Plant for the disposal of large quantities of hexone, However, it could
be stared in a tank car until facilities for disposal (e.g., burning)
could be provided,

DE:

?HID

L\ IFIED



REFERENCES

@)

(2)

(3)

(L)

(5)

(6)

(7)
(8)

(9)

(10)

(11)

(12)

(13)

CNL=6

o DECLASSIFIED .. #-ome

Progress Report for the Quarter (September, Octeber, and

~ November, 1947). Author not stated, December 1947.

KAPL.8
MON= 32

ORNL~463

HDCw826
INDC-1257

GEH.~12983
HWw13925

HW=15074
Hi»15663
HW=175L2
HW=19096

HW=19156

P, 111, |
li-Methyl-2-Pentanone, C, A, Burkhard, 11/17/47.

‘Monthly Report of Chemistry Division, J. R, Coe and

E, H, Taylor, 12/15/L7. P. 13k,

Summary Report for the ORNL Pilot Plant Investigation of
the Redox Process, H. K, Jackson and G, S, Sadowski, -
11/1/L9, Pp. 28, 33, 3k, bh, 59, 65«67, and 130.

Redox Technical Data Handbook., Process Group, Redox
Design Section, December 1948, Pp, 38, LO.

Monthly Progreas Report - Redox, May. J, F. Flagg et al,
6/2/1:8,

Hexone Specifications, J,. llarsden., 7/15/L8,

Chemical Research Section Report, June 1949, F, W, Albaugh,
/15/49.,

Chemical Research Section Report, October 19L9,
F. W, Albaugh. 131/15/L9, P, 32,

Redox Plant Scolvent-Extraction Columns, G. Sege,
J. G, Bradley, and F, W, Woodfield, 7/6/50.

Chemical Research Section Report, March 1950,
F. W, Albaugh. L/17/50. P, 12,

The Reactions of Hexcne in the Redox Process, B, R, Jones
and L, L, Burger, Technical Divisions, September 1, 1950, -~

Specifications for Acceptance and Sampling Procedures for

Essential Materials, Specification No, 27. Analytical
Section, Technlcal Services Divisien, Ca, April 1951,

© DECLASSIFIED




543

HW-18700

DECLSSFD % a—

H
i
I
' ORGANIC
804 | HEAD TANK
500 ~GAL. l
|
mEOM SA-121,2 0R 3 (&0 #NVO,) i b
- S I
ROV 5Q-[0/0R2 (SoRsMow) - SoL!o 1 pP-266~-1 @_é_'
o N8s Cra0Oq - 2 HpO 168 GPM. Te
SOOI SW-131_(DEMINERRLITES IRITER) < WFI ORGANIC HEADER
J i rT—0 24,2264 6AL @ /158 6PM
+— & CURIES ca 10-*
|
0-2A || ORGANIC TREATMENT
' | ADDITION TANK
810 GAL. (e y T 560 T
: )
| 9
o | ¢
1 @
]
3
o
soarm N
3
. AERONE SPPrr SO - 14 E 2
RR ;
FROM ORGANIC
RECOVERY, G-/ ? , WFR
24,226 QAL D 16.8 GPM. an A-309. V\F_R-O O
& CURIES cu. 10°* \ 1~ 1] r1 P
ot 012 | 0-3 |
ORGANIC | - " !
RECEIVER | i oeShn/C 1AM aLe ORGANIC ! ORGANIC TREATMENT
' F TRERTIENT | - HEADER |
13 700 GAL. | . 7 ' ~ TANK I
l ooy | o5 | §| | e Tan ! FLOW SKETCH
- | 'F; f ! e /3700 GAL | —————
é | < | 0 apL- 305 N ! ] (From Drawing No. SK-2-5317)
RAW WATER py J ' R .
' <= e I LZ N o TR AEIET Basis: 6250 Ib. U/24 hr.
' el : - ool
ﬁh‘wﬂw . .,,,“?‘ s ] lr‘ 'T)g
d s 5 P-309-2 *Q“
P-30 BJ) ‘ 3 l LA (i
27/ 6PM E B 27 GPm T6.8 s Ert L e
i T DEC! ST —
HO GPM o TO 276-3 BUILDING CR/IB S AAE)
& CURIES O-0/ MAX. AT |



s

) J.:!Eﬂ
AT LN
Jovd SIHL

(31551030

QOLsl- M &



DEMINERAL! ZED
2 %Ny Oy
I ERY
oy
O-—n
_80-0
MATER oa
£ % Aoy OOy

MOL TN TANE

B3 G .
e "
VR
L2853 GAL
£ 8 GO e HES

TS L 25X Agor Appt 507

RO A AN, py TR Al

s

lorF
PRIV EH. O TGN
- o IC 28, 2£,38,3E CoLs

7
Y TER T 2 CO8IMN

WA R AL

e
‘l

Z

)
I
|
!
I
|
|
i
|
|
MI
o |
}
i
|
oo

-

1

& CURIES = X

DECLASSIFIED

HW-18700

1

BHS

P4

. 3ET

DECLASSIFIED

FPe S0L.
Wy » Sz
P! A BT
fl | G-3-B
| 5% Manr | il
|.¢mrfaw rﬁ
‘ Ig,s,
.=l .
5253 T
s
& CYURIES = ¢ H£IEI BAL
oo
@{ 278 M / o* 24224 EAL, AR -8 EA? - l
sn e ledd 7 CURIES ¢a 10% ) aemzoc , TREATMENT
N& | _ v ws - {
§¥ | ff\ ‘% ‘__O e —- |
7]/ G @O S g ,3 | A { i r 2, LLe BVL B JEE S ]
TN VIERE Tt THEEES N 2,244, 000 Srviye Tr56a N -
& CURIES « 1 , | ¥ ) : Ery -~ 9 |
v eATE 2 b | _#22 Al -/ l 3 |
. 1L I G-2 OXVYOh A SEZ P\
f I | 2Are 3| | COCLER - SEARATOR 5
R4 N p
¥ | |owere o I A} Y
N | X ;
T | 1 i |
' G-3 6 : :
o] arsex || % |
} Lo 570k i T 7400 § |
T e gone | : ?
| |_plare < (#-1 6/6/ E0c & #2580 |
ow | ! .
SPL /54 I I
24T GRc & OBF gL
ro rw . 89 gl | SLATE S | !
| A [
| Lo r ]| |
£-/5085 | SRIT - 20887 Ml R Figure IX-2
[ | eesacee] | 4 S9L_TOTH /S | ——
G-l : | \
s+ 1 || ORGANIC RECOVER
CEESANIC SURoE | —
S S | | 7 ‘
— “ FLOW SKETGCH
l d
- : tp_: le (From Drawing No. SK-2-5316)
‘Basis: 6250 |b. U/24 W



ANY79 1437
ATIVE D10
FVd SiHll y

AR

QAL H1-MY

(3HSSYI0G -i o



Y, Vapor Composition, Mole Fraction Hex:

0

X, Liquid Composition, Mole Fraction Hexcne

g T T TTTTT T T 7T T T T rrIT T T T T T T T 111
- A ¥¢c, Mixed and 1
X0 o Juecus Duerflow Heated Feed~Coustic .
Caustic Scrub Liquor Composition J
;C_omposition
'p i . T 1
Overhead Vapor : Equilibrium Line
| Composition | Dota from HDC-B26 Plate 5 .

Operating Line above Feed Piote
{Caustic Treatment Section) Mixed and Heated
o1l Ye=0.003X+0.352 X, Aqueous Return Aqueous Return and Xf, Hexone Feed
“E Plates 1, 2, 3, and 4 from Condenser Feed Plate OverroIr/ Composition
e (Y Feed Plate . = |
Operating Line *~ |
Yp= 0527 X - 0.0012
Plate © R
Feed Plate Overflow g
Stripping Section f;";'
Operating Line k%
0.0l Yg=1.06 X -0.0003 o
e
Plate 7/ X1 Uy _ ]
| (2)_ | .
L (3.
000 — Reboiler § | (4)_ | _
C - X—1 (5 3
C Figure IX-3 -j;tﬁ X ]
. X Wose—)” ORGANIC DISTILLATION COLUMN  ["] ]
~ mposition - . - _
" (McCabe - Thiele Type)
i OPERATING DIAGRAM <
Xw —
Pressure = 740 mm Hg
.000I 1 N B Lol i L1 1 iigl | ||:1;1|| 1 I N
G.00001 0.0001 0.00I 0.0l i

¢-XI aunbi4
___00481-MH
LhS




FW-18700

THIS PAGE
INTENTIONALLY
LEFT BLE.

A LASSFED




E ] 1001 DECLASSIHED i nw-‘%?rotl T

PART II: TROCESS, continued

CEAPTER X, WASTE TREATMENT AND DISPOSAL
CONTENTS ‘ Page
A.‘ IN,I‘RWCTIONOOCll‘....0..‘V.ll"'.'l.l.“l.'l..l'.li.l..ld..‘q..l 1003

B- PIANTuQUm.VI&gmopp.'obnoaaoll--oloclIlIU‘cocl!ollc'llo.loo. 1006

l- High'ACtiVity waStESa-o-a-a.coccotcoooollo'ococo-.ttonvoou 10%
1.1 Definition of problem...eesversccsrsvsesssscesnsnsres 1006

1.2 Technlcal and process backgrount,...cecivsvsvssnssess 1007
1.21 Hexone removal from WasteS....evcesrevsceeerers LOOT

1,22 Concentra8tioN,sscssveeccscrannsncvccersassasees 1008

023 Neutrallzatkon......-..-............-.......... 1009

1.24 Conditions in underground storage tanks........ 1011

A 1,25 Aluminum nitrate recoverY...eseesessssessesesss 1012

1.3 Description of underground storage facilities.,....., 1013

2. IJW"ACtiVity W&Stes.-..--..-----...--.----.--a.-.-o..-..... 1015
2.1 Definition of ProbleM...sesssevssssvseancorasasrseeee 1015

2.2 Technical DOACKETOUNA s s v v vuorrersorronnnsaneararsasna 1017
£.21°, Basis for selection of disposal method,..,..... 1017

2,22 Deentrainment.cuvesecsacossaseoeresansvssrassse 1017

2.23 "Course of crivbed WesteB..seaveresvcssesesrsvess 1018

2.3 Description of disposel fecilities.,. .sseev:vevasue... 1010

3- Negligible‘ActiVity Wastes....g...-.,oq.o.--....-..-.---.. 1020
3.1 Definition of problem.s.secssscssnscsnrnserrrvesessass 1020

3.2 Description of disposal facilities..,..cveeveveseesse 1020

Cl PI-ANT GASEWS WASE‘ESQ-|DQJl0l'o.lt.c..'t.olnantlcoalO!l.'.ooot 1021

lo Definition of Problem-.-.--....-.---.....-.......u...-’“ 1021
2, Technical BacKkgroUnd...vescacsesvsserraverseennsraesorsensas 1021

2.1 Todine removal by Silver ReBCtOr...eveerescccvensases 1021
2 Ruthenium scrubbing with NaOH...eevoveeonnesrascness. 1020
3 Filtration of process equipment vent discharges,..... 1023
L Filtration of ventilation 81r....ssevssecovecsesssses 1023
5 Disposal of geseous wastes through Ste8cCK...e.eesesrs. 1024
6 Ucmbbing of DiSSOIVGr Off-gases...-u.......-....... 102}4'
escription of Disposal Facllities.eieseeersrovanscsenssss 1024
1 Fiberglas filterSuc.uot00oo.v¢loool‘loollovbouaﬂ-bcoo 102’"
3.2 Send Filter and StaCK.ueseeevcacsvavrosrncsveresaress 1025

2,
2.
2,
2.
2.
De
3.

DECLASSIFIED



\
¢ KS’Q e |
4 KA 1002 . EW=18700

comms DECLASSIFIED ..,

DI mmmll"ll.'..““.'.l"‘.‘....l..l"l..'l.'l.'l.".ll..‘ 1%6

l. Noml Procedwe..‘"..l.“.‘..."-‘lQ....I......l..ll.l.... 1%6
Lol GENerBl.icvcecononnstirnseontoatosirssvessneasanssosssss 1026
1.2 Waste concontratioN..e.cesscosrsssssescecsrasesnsssrse 1026

) 1.3 Condensate evapbr&tion.............................u. 102?

20 Bemﬁdy of Off'stmd Comitionsaunqoco.l'-.tospoiocioucl- 1(28

Excess amounts of uranium or plutonium in the waste

Stre’amwoonloqpooooo'oc.aaqiaoo-.-a-cattcotoaoc-oaoc-too 1028

Excess rediocactivity of Retention Basin contents....., 1029

Excess rediocactivity of wastes normally cribbed....... 1029

Undissolved Al(OE)3 in neutrelized wastee.eessiveesass 1029

o
=

L]

N
-
w0

E‘ IABQRATORY LIQ,UIIJ WASTESQ.Qolco.'o-'.oltvtoocctoci;touq-ocnonco 1029
F. IABORATORY GASEwS wASmS..I‘Oll."..'ll.l‘.]"."‘."'.‘l“"' 1032
Gl DRYWASES.."':i.’l.Q'.h:l.t“'..ﬁ..llll..ll‘.l‘..‘l'lll.."tl“l 1033

mNCES-Q‘......"'...‘...".':'“"‘l.“."'...;'"..!'..O.."..l 1031*




s dng b bt weeocr, eas L SRR R R T e s N
- i 3 —

CHAPTER X. WASTE TREATMENT AND DISPOSAL

A, INTRODUCTION

The radicactive wastes from the Redox Plant are treated and disposed
of so that they do not cause a hazardous pollution of the environs of the
Hanford Works., Liquid wastes which contain appreciable quantities of
radiomaterials are concentrated and stored in large underground tanks,

On the other hand, ligquid wastes which contain only trace quantities of
radiomaterials are discarded into cribs frem which the water percolates
into the ground with the accompanying absorption of residual radiomaterials
by the soil, Process cooling water, which should not be contaminated, is
collected in a retention basin and monitored before being discharged to a
pond from which it seeps into the ground or is evaporated, Gaseous wastes
are treated to remove radiocactive iodine and particulate matter e
ég?ﬁbactive noble gases (xenon, KXypton) are gischarge G atmosphere
WW Although these basic methe
of Waste disposal are no 5 causing a hazardous condition,
the storage of large volumes of highwactivity wastes is extremely expensive,
and the disposal of any radicactive materials to the ground or atmosphere
is not desirsble as a long range practice, Therefore, a constant effort
is being made to devise new methods which will decrease the cogts of waste
storage and the hazarcs of pollution of the atmosphere and potable -water
sources,{7) In addition, routine monitoring is used to ascertain the exe
tent of pollution and to follow the courses of the radiomaterials which
are discharged to the environs, because it is necessary to know with
accuracy that the wastes released are not adversely affecting the welfare
of the region, ‘

The following table based upon a probable maximum instantaneous
capacity of 3w1/8 tons of uranium per day presents the sources of Redox
Plant liquid wastes, their volumes, radiocactivities (expressed in "counte
able® curies as defined in Chapter II), and intended disposal methodss
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‘ Estimated
o _ Activity Pu Content
o Volume, Gal./Day* °  TLevel (3~ (3-Cycle
Source of iy Uy U,cPu  Cycle Basis) Basig) - Disposal
Waste. B Cycles Cycles Cycles Curies/Gal, -, Method
Zrand No . 90 90 90 150 & 3,0  Underground
Scavenging - 630 7 ' Storage
o 780 Total
m.Sc;'ub.‘._ e 8o . 80 90 £ trace Underground
68 7 Storage
158 Total ‘

‘Main Process 9000 5700 . 3500 18 8 0.3 Undergrotnd
(Bxtraction ' 97 Storage
Columns, Ore 27 Total
ganic Wash

Columm, Orgs

Dist. Column
bottoms, Cone

densate Evap.

Coating Rem 590 590 590 5 x 10=2 049 Underground

- moval Slurry Storage
Diasqiﬁér” ‘,650 . 650 650 1 x 10t 1.2* Uhderground
Flush,: - : : Storage
Condensate 16,000 10,00 5800 1 x 10 trace  216wS Crib
Solvent Treat, 3600 gallon/10,000 0 to 10=4 trace 276=8 Crib
Wastes gallons hexone treated
Cooling 3x 106 2,210  1.8x106 0 to 10~7 0 Retention
Water Basin

%) The Redox Plant is provided with 3 extraction-stripping cyclea for

uranium and 3 for plutonium,

It is a distinct possibility that

decontamination specifications may be met in fewer than 3 cycles
thus résulting in reduced waste volumes due to the elimination of

cycles,

o
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Daily, on a three cycle basis, a total of 10,500 gallons of Yiquid wastes
ropresenting a total of 250,000 "countable® curies (explained in Chapter
II} is sent to underpround storage., At expected plant yields, approxi-
mately 17 grams of plutonium accompany this wastc, For two cycle operation,
about 7200 gallons per day of 1iquid wastes and 1l grams of plutonium are
disposed of to underground tanks, This would be decreased to 5000 gallons
and 12 grams of plutonium for operation of one uranium and two plutonium
cyclcs, '

Daily, on a three-cycle basis, approximately 16,000 gallons of liquid
wastes are sent to the 216.S Crib,meeting established Hanford Works limits
(see Subsection B2), Over a period of one year, an estimated 20 curies
of activity and 10 milligrams of plutonium arc oxpected to be sent to
cribs,

In the following table, the sourccs of the Redox Plant gascous wastes
are itemized with thcir approximate volumes and activitios {expressed as
"countable" curies).

GASEQUS ASTES —= PLANT
Instantaneous Capacity: 3-1/€ T,U/Day of 360 G,Pu/T, Materis

Lpprox, Peak Volume

Rate, Cu,I't,/Min, Estimated Total Activity/Day
Source of Waste ) (SeToP, ) £ Curies 7 Curies Total Curies
Silver Reactor 150 200 1
Ru Scrubber 200 - - trace
Process Vent Header 250 - - 1
Condenser Vent Header 200 - - 1 x 1075
Ventilation Air 35,000 - - <1 x 1076

o e——

— -
e . T
#)f Practically all of this activity is attributable to the inert gas, .-
. krypton.85, S T

Prior to disposal to the atmosphere from a 200-foot stack, each of
the gas streams is filtered, the process gaseous wastes through individual
Fiberglas filters and the ventilation air through a sand f
any radloactive particulate matt ' “the activity in the
Stack-gases 15 due to the beiamemitting krypton-805, an inert gas which is

" evolved during the nile-metal dissolution.
e T e e e et e e et o

The disposal of radicactive wastes from the Laboratory Building
(222.8) is governed by the same principles as the disposal of wastes from
the Redox Plant, The disposal of iiquid and gasoous radicactive wastes
from the Laboratory Building is discussed in Sections E and F, below,

w. -
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1. HighwActivity Wastes

1.1 Definition of problem

Pertinent data for all of the higheactivity wastes from thé Redox
Plant to be stored in underground tanks are listed in Table X«l, The
quantities of chemicals indicated are based on an instantaneous capacity
of 3=1/8 tons U per day (LOO megawatt~days integrated exposure for 360
days, followed by 90 days Mcooling"), The wastes are divided into four
sections (headeend wastes, extractionecolumn wastes, hexone=recovery
wastes, and condensatemsvaporator purges) which, in turn, are subdivided
into the specific waste streams in the Redox Plant, Wastes listed as
item 4 of Table Xl are transferred directly from their sources through
a holdup vessel to the underground storage tanks, Item E shows the come
posite oy the wastes listed as items B, C, and D, which are all collected
in the Waste Header Receiver, Tank Dwl3 (Figure X=3), prior to treatment,
The waste sclution represented by the data in item E is concentrated and
transferred to the Waste Ccuccntrate Sampler, Tank De9, where it has the
properties listed as item F, This solution is neutralized with 50 weight
per cent caustic in the Neutralizer, Tank D-8, and then is represented by
item G, The total wastes stored in underground tanks, item H, are a come

“bination of wastes listed under items A and G, Data are presented in
Table Xl for operation of the Solvent Extraction Battery (Chemical Flowe
sheet H W. No. ﬁ) under three conditiohs: (a) 3 wranium and 3 plutonium
decontamination cycles; (b) 2 uranium and 2 plutonium decontamination
cycless end (¢} 1 uranium and 2 plutonium decontamination cycles,

The coatingmremoval solution and the Dissolver acid flush, listed
under item A, are solutions having the same composition as those which
have been used in the BiPO} precipitation plants, The other two wastes
are produced during headeend treatments of the Dissolver solution for
partisl removal of ruthenium, zirconiwi, and niobium, as discussed in
Chapter III, The Ruthenium Scrubber solution, 25 weight per cent caustic,
15 assumed to contain 72L0 beta "countable! curies and SLOO gamma counte
able curies of ruthenium based upon an assumption of 907 removal (by
distillation) of the ruthenium activity present in Dissolver solution .
(from uranium having LOO megawatt~days intograted cxposure for 360 days,
followed by 90 days "cooling"). The assumption that the entire 90% of
ruthenium distilled passes into the Ruthenium Sorubber caustic gives a
ruthenium concentration there which is probably a maximum, Tests have
shown (see Chapter III) that some of the volatilized ruthenium may plate
out on lines and equipment before rcaching the Scrubber. Scrubber ree
moval of the remaining rutheniun activity is, however, almost quantitative.
The scavenger solution, formod by dissolutdlon of the ImQ% scavenger with
HNQq and Fe{NH,SO )2 {or any other dlssolution chemical), is assumed to
congain 13,500 beta countavie curies and 56,800 gamma countable curles of
zirconium and niobium activity, representing 90 per cent of the total
zirconium and nicbium activity present in the Dissolver solution. These
figures are based on an assumed DJF. of 10 for ruthenium, zirconium, and
niobium in the headwend treatment which is & conservative estimate based

o DECLASSIFIED
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on the limited amount of data available at the time of writing, Since
other process considerations nay make it desirable to eliminate these
headwend treatments, the activities reported under the extraction column
wastes, listed as item B of Figure X3, include the total ruthenium,
zirconium, and niobium activities present in the Dissolver solution as
though there were no headeend decontamination, The following table shows
the approximate activity levels of the IAW solution under the three condie-
tions of headeend decontamination:

Countable" Curies/Gallen in IAW

leadwiind Treatment Beta Gamma Tatal
No headmend decontamination 57 30 87
Ruthenium volatilization only sh 28 82

Ruthenium volatilization and Lo 8 57
zirconium, niobium scavenging ~

Since the IAW contains almost all-of the radicactive fission products fed
to the solvent-extraction columns, the activities of the other waste
streams (2DW, 3DW, 2AW, and 3AW) are negligible in comparisen to IAW whethe
er or not headw=end decontamination methods are used,

1.2 Technical and p:ocess background

A1l of the waste solutions which have been itemized in Table X=l cone
tain appreciabie quantities of radiematerials and, therefore, must be con~
fined because they cannot be disposed of to the environs (see Subsection
B2), For economic reasons, the total volume of wastes to be stored must
be a minimum. Concentration of the waste solutions is the primary method
employed, Reduction in the total volume of wastes to be stored would also
result from: (a) operation of the Redox process on only 2U, 2Pu or 1U,
2Pu decontamination cycles, and (b) recovery of aluminum nitrate from the
waste solutions for reuse in the process, The use of the first method is
dependent upon the success of headwend decontamination methods, The pose
sibility of aluminum nitrate recovery is discussed later in this chapter,

1,21 Hexone removzl from wastes

Prior to concentration of the wasﬁes, the hexone dissolved in the
slightly acid, agqueous solution should be removed for several reasons:

(a) It is desirable to eliminate the possibility of hexone decome
position during concentration, As mentiocned in Chapter IX,
hexcne is oxidlized by nitric and nitrous acids and forms
decomposition products, primarily organic acids, which pre
cipitate the ions of Pu or U present in the waste solution,
(However, during concentration of acid-deficient hexone=
saturated solutions, laboratory studies under the rigorous
conditions of total reflux have shown that a period of from
8 to 10 hours is required ?egore any detectable hexone decome
position is brought about.({l/) If partial decomposition of

g |
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hexone with the formation of precipitates does occur in the
Waste Concentrator, Del2 (Figure X=3), two difficulties might
be incurred: first, the precipitate would scale the heating
coils, thus decreasing their heat-transfer rate, a condition
which could conceivably prevent the soncentrator from having

a high enough evaporation rate to maintain the continuous cone
centration; and, second, the precipitate might cause excessive
foaming in the concentrator which would decrease the effectivew
ness of deentrainment,

(b) Streams to be reworked might behave adversely during solventw
. extraction under cenditions (storage for extended periods before
accomplishing the rework, for cxample) which might favor the
decomposition of digsolved hexone, This possibility is discussed
further in Chapter IX,

{c) The recovered hexone has an important economic value, Approxie-
500 gallons of hexone are recoverad daily from the aqueous
streams prior to concentration, 225 gallons from the Waste Cone
centrator, D-12, above,

(d) A potential safety hazard (although considered extremely remote
and of small magnitude) might exist if hexone remained in solum
tiona sent to underground storage,

The hexone is stripped from the aqueous waste streams in the column
on top of the Waste Concentrator, D-12, which is described in Chapter XV,
Briefly, steam rising from the concentiator pet through six bubble-cap
plates, L9~1/2 inches in diameter, spaced at ll=inch intervals, strips
the hexone from the aqueocus phase, This stripping Jjob is similar to that
done in the lower section (plates 6, 7, and Reboiler) of the Organic Dis-
tillation Column, Gw3 (Chapter IX), Essentially all of the hexons is re=-
moved from the aqueous wastes when they enter the concentrator pote

1,22 Concentration

: As mentioned previously, concentration of the wastes is performed to
minimize the volume which must be stored underground, The concentration
18 done continuously in the Waste Concentrator, D=12 (Figure X=3). As
ghown in Figure X-3, the neminal volume reduction is threeefold. The conw
centrated solution collected in the Waste Concentrate Receiver, Tank D=-10,
after overflowing from the Soncentrator is jetted at a temperature above
100°F, to the Waste Concentrate Sampler, Tank D=9, where it is cooled to
‘room temperature {77°F.) for sampling, The solution in Tank D=9 consists
of about 65 weight per cent AIIV {after approximately 3 weight per cent
Jet dilution) and has a freezing point of about L19F.; i.e., crystalliza-
tion begins at LIOF, as the solution is cooled. (Freeszing points of
solutions of various concentrations are reported in Chapter IV.) The
following tsble liste the freezing points of several typlcal waste solu-
tions as a function of their ANN concentrationt
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Weight Per Cent AI(NO3)q9H20 Approximate Freesing
in Waste Solutions Point, °F,
6L, 30
66 50
68 70

The freezing point of the salt solution in Tank D=9 is the limiting
factor as to degree of concentration permissible. An increase cf only
about 2.3 weight per cent ANN, from 65,0 to 67,3 weight per cent, raises
the freezing point to 659F, Concentrating to this slightly higher figure
would reduce the daily volume of extraction column wastes {on a 3-cycle
basis ww item F1 in Table X~1) from 4795 to L5LO gallons, a tankage saving
of approximately 250 gallons per day or 2,5 volume per cent of all wastes,
The feasibility of concentrating to this degree must be determined during
normal operation, however, because at these high concentrations over=
concentration is easily achieved (i.e., the rate of ANN concentration ine
creases more rapidly than the rate of water boil-off). In order to prevent
over-concentration, and its accompanying crystallization, the designed basis
for ANN concentration in Tank D=0 is 65 weight per cent ANN, Under this
condition the concentration of the solution overflowing from the Waate
Congentrator, D«12, is 67,7 per cent; this solution boils at approximately
2L40°F, and has & hot specific gravity of approximately 1,37. The distill-
ate from the concentration operation passes through 3-1/2 feet of one~inch
stalnless stpel Raschig rings; a distillate fisaion.product decontamination
factor of 104 to 10g is anticipated, The method for disposal of this cone
densate is discussed in Subsection B2,

1.23 Neutralization

Prior to storage in the underground tanks, the waste solution (listed
under item F, ag%e X-1) is neutralized and adjusted to a pH of 13, corw
rosion studiestld) indicate that the pH must be greater than 9.5 to
minimize the corrosion of the mild steel tank liners; a solution having a
PH of 13 is slightly less corrosive than one having a pH of 9.5, However,
the specification for a pH of 13 is not required on the basis of corrosion
resistance, This specification is based on the desirability of having the
large quantities of aluminum salts present in the neutrslized wastes in a
soluble form, i.e., as aluminates rather than oxides. 4 50 welght per cent
caustic solution is used for the neutralization. Based on a laboratory
‘titration of a simulated waste (65 per cent ANN) with caustic to a pH of 13,
0.685 volumes of caustic are required per volume of waste; the volume of
the neutralized waste is approximatelg 105 per cent of the combined volumes
of the waste solution and caustic.(19) The heat of neutralizaetion of
simu}aged wastes is approximately 1750 B.t.us per gallon (65 per cent
ANN)'€/, This heat evolution is adequate to cause a 1200F, temperature
rise during neutralization if no cooling is achisved, For reascns discussed
below, the temperature during neutraliza*ion should not exceed 120°F,

Although the neutralization procedure deseribed in Subsection D1 rew

quires that the waste solution be added to the caustic ("reverse strike!)
consider for purposes of this discussion that caustic (50 weight per centS
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is added to the waste solution, At a pH of about 2, the aluminum begins
to precipitate according to the equation{(9):

A1(NO3}3 + 3NaCH ————3 3NaNOg + AL(OH)3.

As the caustic addition is continued, the pH rises slowly to L at which
point it begins to rise more rapidly. At a pH of L or 5, the gelatinous
precipitate, A1{0H)3 (or A1504-3H,0), becomes so extremely heavy that
agitation is very'difficult. However, as more caustic is added, the mass
becomes less viscous, and at a pH of 6 to 7, the precipitation is complete,
Aluminum hydroxide, being amphoteric, acts as an acid in the presence of
additional strong caustic and may be represented as behaving according to
the following equationt

A1(0H)3 + NaOH -——3 NaAlOp ~+ 2HgOs

The freshly precipitated hydroxide is readily soluble in excess caustic,

.. but this reactivity drops rapidly as the temperature of formation is

" raised, Dissolution is slower or incomplete if (a) the caustic is added
tooc slowly with insufficient agitation, {b) the precipitate is allowed to
age for any extended period (several hours) before being dissclved, or

“{c) if the temperature is allowed to go tco high (greater than 1206F.)

during neutralization, These contingencies all result in Mageing® the

precipitate, thus causing a corresponding decrease in solubility, Howw

- ever, if these conditions are prevented, the soluble NaAlOs is formed as

~the pH is increased toward 13, at which point the dissolution is essentialm
1y complete, About 25 to 30 per cent excess caustic is required, above thgt
stoichiometrically needed to form NaAlQOp, in order to reach a pH of 13.,(19
It is presumed that the excess NaOH reacts with the NaAlOp in. the following
manners

NaAlOp + 2NaOH ————> Na3Al03 +H20,

The difficulties which may be encountered during dissolving of the A1(OH)3
' precipitate can be largely avoided by reversing the procedure and adding
the waste to the ceustic. In such case, an excess of caustic is always
present (pH greater than 13), and the precipitate of aluminum is peptized
almost as rapidly as it is formed if adequate agitation is provided so
' that the temperature remains below 1209F, This prevents the formation of
_the large, gelatinous mass of AL(OH)3 which must be ultimately redissolved,
Therefore, a "reverse strike" is used as the Redox Plant procedure for waste
neutralization,

The minof components in the waste which are neutralized are UNH,,HN03,
NayCrg07, Cr(NQ3)3, Fe(NO3)3, and Fe(NHhsoh)3. The UNH forms highly in-
‘soluble uranates in the basic solution. One reaction may be represented
by the following equation for the formation of sodium diuranates

2U02(N03)2e6H20 + 6NaOH —> NapUpQ7e6H20 + hNaNO3 + 3H20,

'This equation cannot be considered as the complete explanation of what
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takes place, but it mayr te interpreted as an indication of one of several
possibilities. Polyursnates containing as many as six molecules of U013

in combination with the soium are ¥nowm and are more or less distinguish-
able by colors from light yellow (diuranate) to deep red=orangc (poly=
uranates ), _

Nitric acid is neutralized according to the simple reaction:
HNO3 + NaO{  ———> NalNO3 + Hp0.
The neutralization of NaECréOTIis represented by the following equation:

Org0y= + 2NaOH ——> 20r0)= + 2Na*+ H,0,
(orange ) {yellow)

The chromate ion (Cr0),%) is stable in basic solution, Howevér, the dia
chromate ion (Cro07®) which has been reduced prior to neutralization to
the chromic ien (Cr+3) reacts as follows:

20r!{ 1-103) 3+ GYa0H > Crg03+3H0 + 6NaN03.

This oxide is a highly hydrous gel when the caustic is added slowly to
the solution.  However, when freshly precipitated, the oxide is readily
peptizable in excess caustic and forms a green colloidal sol. The
Fe(NO3)3 and Fe(iH),S0) )3, oxidation procucts of Fe(NH2503 )2, react with
the caustic as follows:

Fe(N03)3 + 3Ma0H  ~——3 Fe(OH)3 + 3NaNO3, and
Fo(NH)S0) )3 + CNaOH  —> To(0H)3 + 3WapS0y, + M3y + 3Ha0,
Fe(OH)3 is another golatinous procipitate,

Under normal conditions of neutralization, the neutralized waste
solution will consist of about 0,2 to 0.} per cecnt by weight solids,

1.2L Conditions in underground storage tanks

Aftcer concentration and neutralization, the high-activity waste,
listed under item G in Table X=1, is combined with the head=end wastes,
listed under itom 4, in the underground storage tanks whore the wastes
have the properties listed under itom H, Small quantities (approximately
200 gallons per day) of radicactive wastes from tho Laboratory Building
(222.3) are also added to thcsc wastesy but they are not ineluded in item
H bacause they are insignificant in conparison with tho Redox Plant quane
titics, The 222.3 Nuilling waste disposal system is deseribed in Section
E of this chapter,

The radiation intensity duc to the deceay of the radiocactive wastes

in the tank is vory high., Calculations show that the intensity at the
center of a wastc tank and one foot above tho surface is approximately
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3600 r./hr., based on an assumed 90-~day "cooling® period of the upper tway
foot layer of solution{12)., The intensity at a ten~foot distance above
the surface of the tank is estimated at 2700 r./hour. These figures are
on the high side because they are based on the conservative assumption of
no mixing in the tank which would expose material at the surface of the
liquid that had fcooled" for a period longer than 90 days. ' The "cooling"
curves in Chapter I1 may be used to caleulate the radicactivity of the
wastes at different "cooling" perilods,

The radicactive decay of fission products causes considerable heat
evolution, It is estimated that at the time the liquid level in the first
tank in a 3-tank cascade first reaches the overflow point, 22,7 feet, (and
at design production rates with 3U and 3Pu extraction cycles) the heat
developed in the tank is approximately 7000 B,t.u,/minute.(12) Since the
heat losses from the tank to the ground are relatively small, the heat
liberated during the radiocactive "cooling® period raises the temperature
of the solution in the tank and the tank itself, Shortly after the tank
is full (i.e., approximately two or three weeks afterwards), the contents
are expected to boil, The boiling point is in the neighborhood of 225
5°F., depending upon the degree of miving and amount of precipitation in
the tank, The solution is not cpecied to boil wntil the tank is
full becausc the intermitiont additions of current waste solutions have
a significant thermal cooling effect on the tank contents when the liquid
level is low. The boilir=z .11l continue for an extended period of several
months until the heat develoned by the radiocactive decay is insufficient
to maintain the thernal equilibrium, Sinilar conditions of radiation
intensity and heat evolution sre present in the second and third tanks in
a given 3=tank cascade, but the radiation intensities are expected to be
lower in the second tank than in the Zirst and lower in the third tank
than in the second. This cecrease in intensity is caused by two factors:
{a) the first tank contains the majority of solids (e.g., Cr(OH)3 and
Fe(OH),) and, thus, a larger portion of fission products (occludéd by the
precip%tate} than {he other tanks; and (b) the solutions entering the lower
tanks (second and third in cascade) have "cooled" for a longer period than
those entering the first tank, Ior example, solutions entering the first
tank have "cooled" approximately 90 days., By the time any seolution over-
flows into the second tank, it has "cooled" for a period between 90 and
165 days because approximately 75 days' accunulation of waste were required
to £ill the first 750,000-zallon tank, Becausc the solutlons in the
underground storage tanks are cxpected to boil (or at least they will be
very hot), airecooled condcnsers are provided on the tanks, A brief deem
scription of the underground tanks and auxiliardes is presented later in
this chapter (under Bl,3),

1.25 Aluminum nitrate recovery

No faeilities for aluminum nitrate nonohydrate {(ANN) recovery are
installed in the Redox Plant., However, provisions have been made for
the possible future installation of AN recovery facilities if ANN re-
covery is deemed feasible, These provisions are discussed briefly later
in this chapter (Subsection D1), The recovery process which has been
contemplated but not fully developed utilizes the solubi%ity character~
istics of ANN in concentrated nitric acid (70 per cent)e 20) The salt is
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only slightly soluble in cold (3200, ) acid, but it is very soluble in
nitric acid above 17097, The basic procedure which woyld be followed for
AN recovery is illustrated below in consecutive order{l3):

(a) The aqueous waste streams (i.e., IAW, 2DW, 24W) containing
ANN are first stripped to remove hexone,

(b) The hexone~free salt solution is then concentrated until the
boiling temperature is 250°F, (freewming point is 165°F, ),

(c) The concentrated ANN solution is combined with hot 70 per cent
nitrie acid and hold at approximately 175°F, until solution
is complete,

(d) From this solution, the ANN is crystallized at 32°F,

(e) After separation of the crystals from the mother liquor, a
cold (329F,) 70 per cent nitric acid wash is used to remove
residual impurities,

() This'cycle is repeated by redissolving ANN in hot (175%F, )
70 per cent nitric acid and again crystallizing and washing
at 3ecr, '

(g) Following this, the free nitric acid is removed from the
. orystals which are then redissolved in water for reuse in
the Redox process solutions,.

() The mother liquors from the crystallization steps are combined
with washes and djstilled; thus, the nitric acid is recoverad
as the partially-decontaminated constant boiling (70 per cent )
acid and recycled to the ANN recovery process,

(1) The bottons from the nitric acid distillation, containing the
bulk of the fission products, are neutralized and sent to
waste storage,

The feasibility of ANY recove lﬁ om the Redox process wastes is
dependent on an economic evaluatio;{_ 5. The cost of construection and
operation of the additional facilities necessary for the recovery process
rmst be overcome by the savings in costs of chemicals, primarily ANN (at
#5400 per 100 pownds) and NaCH (at 3,30 per 100 pounds), and waste storm
age tank capacity (at 0,36 pcr gallon)e If the Rodox process is operated
on 2 and 2Pu extraction eycles, a conservative cstimate for the pay=off
period is five to ten years,

l.3 Description of undereronnd storage facilitics

4 plot plan of the 200-lest Area, showing the layout of tﬁe waste
disposal facilities,appears in Chapter XI, The Underground Storage Tank
Farm, Building 2L1«S (desoribed and illustrated in Chapter XI) is slightly
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less than one mile northwest of the Redox Production Plant, g 202~S,
This tank farm is the first of four which are planned, provisions being
made in the present piping for future installation of-three more Tamms,
The total storage capacity of Building 2415 is 9,000,000 gallons, If the
Redax Plant is operated on 3U and 3Pu extraction cycles (prodiction rate
of 6250 1b, U/day) this capacity will be reached in 2,9 years, However,
it will last L¢3 years with operation of only 20 and 2Pu cycles or 6.2
years with only 1U and 2Pu cycles,

Building 241~S consists of twelve 750,000-gallon tanks made of rein-
forced concrete with mild steel liners on the botioms and sides. These
tanks are arranged in four cascades of three tanks cache The overflow line
(2247 feet from tank bottom) of the first tank in each cascade (Tanks 101,
10k, 107, and 110, respectively)} is the inlet line to the second tank (Tanks
102, 105, 108 and 111), Similarly, the second tank overflows to the third
tank (Tanks 103, 106, 109, and 112). In order to provide the necessary
gradient for gravity cascade, the second tank is one foot lower than the
first, and the third tank is one foot lower than the second, As menticned
previously {(under 1.2L) the concontration of radicelements and the heat
evolution in the first tank in series is highest, lower in the second than
the first, and lowest in the third tank, This distribution is the basis
for the presence of two alrecooled condensers on the first tank and only
one on the second and third tanks in a cascade, The alr-cooled condensecrs,
provided to minimizc tlc cscape of radicactive droplets, are made of fin
tube, hot dip galvanized pipe cxbending 20 feot into the air and have no
filter or raincap.  Shiclding from the radioazctivity in the tanks is provided
by a onc~footwthick concrete domc on top of cach tank plus the six to sixe
tecn feet of backfill, Tank cover is designed so that the intensity of ‘
radiation at grade level above tae tanks is less than 1 mr./hr. In addition,
the hatchways for the aire-ccoled condensers are formed in two righteangled
bends to retard the escape of radiation through these openings.

The noutralized wastc line from the Noutralizer, De8 (Figurc X=-3) is
connected to only onc of the cascades at one time, The nccessary connec=
tions are made in two Diversion Buxes, 2lj0mSw~151 and 2hieS~151, which are
conerete boxes buried in the ground just below grade (Chapter XI). Remote
operation (Chapter XVIII) is required when the connections are changed.

In addition to the lines used for waste disposal to Building 2l1-S, lines
to the 216«S Building Cribs are also tied in at the Diversion Boxes,

Also, connectors are available so that three additional tank farms, simie
lar to Building 241-S, can be connected at a future date, The waste dis-
posal lines are encased in concrete throughout their entire length, Two
concrete Cetch Tanks, 302 and 302A (17,000=gallon capacities), are located
near the 21,0~5.151 and 2L1-3-151 Diversion Boxes, respectively., A third
Catch Tank, 302B, is located near the end of the encasement which contains
the lines directly connected to the Underground Storage Tanks. These
Catch Tanks are provided to collect any drainage (which indicates line
leakage) from the encasements, The liquid which is collected is jetted
through lines comnected at one or both of the Diversicn Boxes to the
Underground Storage Tank Cascade in use. Fach catch tank is provided with
an airecooled condenser, approximately 6 feet high and having a raincaps’
This condenser contains a 20 by 20-inch Fiberglas filter, 2 inches thick,
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A Pconductivity reel! (described in Chapter XIX) is provided on each
of the Underground Storage Tanks, 101 through 112, and Catch Tanks, 302,
3024, and 3028, for measurement of the liguid level in these tanks,
Liguid level measurements are made daily,

Eight test wells are placed at selected locations among the waste
storage tanks in Building 2418, They are all Owinch wells with cast iron
casings, seven of the wells being 150 feet deep and one being 300 feet deep
(to the water table), These wells receive no wastes but are used by the

- Health Instrument Division for monitoring to detect possible leaks in the
twelve 75-foot diameter waste storage tanks, In addition to their use for
monitoring, these test wells and many others throughout the Hanfosd Works
vicinity are used in a comprehensive geologlc study of the area(l)(

In the deep wells, a SidesHole Sampler is used to drill through the side-
wall of the black iron casing, collect a sample of the soil, and plug the
hole, This soll sample is counted for alpha and beta activity with stand-
ard radiation detection instruments described in Chapter XXI, In addition
to these deep wells, shallow wells, 20 to 30 feot deep, are drilled in the
vicinity of lincs, tanks, ctes for use by both the Health Imstrument and S
Divisions, Monitorinz for gamma radiation in these shallow wells is done
with a glass @ tubc cnclosed in a rugged wa?gsproof brass casc 5 inches
in diameter and approximately 1k inches long\“/, A oneatube Meathode
follower? circuit is also included in this case in order to convert the QM
tube pulses to a form capable of being transmitted through the necessarily
long cable to the grade level, The (M tube assembly is supported by a
light chain and two cables, one for the high-voltage supply to the GM tube
and the other for the filament and plate voltages and the signal lead,

A reel for handling the cables, a scaler, timer, and récorder are mounted
on a cart so that the monitoring equipment is portable.

2 LoweActivity Wastes

2,1 Definition of problem

Thousands of gallons of liquid wastes containing only trace quantities
of radiomaterials are discharged from the Redox Plant daily. The following
table lists the sources and the volumes (based on a production rate of
6250 1b, uranium/day) under three operating conditions of the Redox process:

Estimated
Approximate Activity
Volure, Gala./D Level, Estimated
30, 3Pu “ZU“,__I».’PuJ::l'UE,;?'Pu' "Countable® Pu Content, Disposal
Source Creles GCycles Cveles Curdes/Gal, _ Grams Site
Redistilled 16,000 10,400 £800 <5 x 1070 5 x 105  216+8 Cribs
condensgate .
Hexone 3600 gallons/10,000 0 x 1o“h . trace 2768 Crib
washes gellons hexone treeted
Building Normally not used - - 2168 Cribs
202m5 drainage -
Buildin Normally not used - - 276=S Crib
203=5 dgainage v 7
af;;ﬁjh5zﬂ ‘Normally not used - 276m5 Crib
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It is neither practical nor necessary to store these large volumes of wastes
containing only trace quantities of radiomaterials, Therefore, these loww
activity wastes are routed to wmderground cribs (approximately 20 feet pes
neath the earthts surface) from whisch they seep into the subsoils,

Figure Y5 indicates the amount and the disposal of the various liquid
process wastes from the Redox Plant, It is believed that the amount of
radiocactivity shown on the flowsheet as delivered to the cribs is a conserve
atively high estimate because of the use of feed having a rather high level
of activity (about twice the level for process solutions from L00~megawatte
day/ton, 4OeBayw®cooled® slugs) coupled with what may be conservative de-
contamination factors for the evaporstors, The amounts of radicactivity as
shown in Table Xl more nearly represent average values for hoO Mwgmday/ton
material "cooled® for ninety days.

The decontamination factors for the evaporators as listed in the
following table have be?g 3stimated base? 83‘information contained in
Doctments BNL 90 (T=20)(72) and Hw~17986'1°/, Under plant conditions
D,F.!s higher than those estimated here may be obtained because of at . .
least two reasons:

(2) At higher levels of activity, better D,F,¥s arc generally obe
served becausc of the difficulty encountered in laboratory exe
periments (from which the above estimates were made) which
atterpt to count correctly the ver, lowsactivity product sireams
(i.€ss radicactivities approaching the background level),

(b) The use of #chevron batfles® in the Condensate Evaporator may
raise the DIy by Mmocking back! a fraction of the entrained
liquid in the vapor stream.

Estimated D.F. On Evaporation
3-1/8 Tong Uranium/Day
40O Mw.-Deys/Ton, 90 Days "Cooling"

L 2U and 2Pu Cycles 3U and 3Pu Cycles

Waste Concentratof, D-12

D.F., feed to tower 450 275
D.F., tower 85 50

Condensate Evaporator, Deh

D.F., feed to tower ° 25
© D.F., tower ' 8 25 15
Overall D.F. 7.5 x 107 5 x 106
Finsl radioactivity, (absolute) -7 ' ¢
beta curies/gal. 3 x 10 5 x 10"
Cribbing limit, {sbeolute) beta
' curies/gal. | 1,5 x 10-5
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Although sufficient information is not availsble for an accurate
estimate of obtainable D.F.'s at higher rates of production, it ies
expected that the overall D.F. may be lower by a factor of 10 to 100
at s uranium processing rate of 5.5 tons U/day. _

‘2.2' Technical backgxound

2.21 Basis for selection of disposal method

The cridb method of disposal of low activity wastes is a necessary
expedient for operation of the Redox Plant. This method of disposal ie
contingent on three factors: (a) absorption of a large fraction of the
radiomaterials by the subsolls; {b) decay of the ahort-liyed radio-

‘materials during the period (aseumed as 10 to 20 years(15)) before they
reach the river; and (c) dilution of waste by ground water. Quantitative
assumptions for these factors have allowed the following epecifications
{crivbing tolerances) to be set on the wastes discarded to cribs:

Plutonium - less than 0.5 microgrems/liter
Beta emitters -- less than 4 microcuries/liter
PH --~ greater than 5.

It should be emphasized that these limite are the maximum concentrations
alloweble. More conservative limits, which should be the ultimate aim,
ere the maximum rermissible concentrations in drinking water:

Plutonium -- 0.024 micrograms/1iter
Beta emitters -« 0.1 microcuries/liter.

The cribbing and drinking water tolerances listed sbove are in a state
of revievw at the present time. Consequently, the values quoted are
subject to revision. Efforts should be made to reduce the quantities
of rediomaterials discharged "into cribs se???lf?e advieability of this
nethod of disposnl 1s still questiconable,

2.22 Deentrainment

Deentrainment involvee the separation of droplets which tend to be
carried over with the vapor from a concentrator, due to the fact that
the vapor velocity is greater thon the rate of settling of the droplets.
In the Redox Plant, six concentrators (i.e., ICU, 2FU, nnd 3EU Concene
trators and Plutonium Pre-Concentrator, Plutonium Concentrator, and the
Waste Concentrator; also the Cross-Over Oxidizer when operuteds discharge
condensed vapors to the Condemsate Stripper, D-5 (Figure X-3). All of
these condensates nrc rartinlly decontaminated (see Chapter XV) by de-
entrainment colume which remove the entrained dropletes, The two types
of deentrainment columns used in the Redox Plant ore columms packed with
Raschig rings ond bubble-cap plate columns, More detniled description
of the equipment and its fun-tion is Tresented in Chapter XV. The over-
all decontamingtion Pactors {based on dissolver solution) required for
cridbing of condensctes ore ae follows:

Plutonium b x 104
Beta emitters
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The anticipated D.F. across the deentrainment column on the Waste
Concentrator, D-12, is 10% to 107 based on the fission-product activity
in the feed to the Concentrator. Further decontaminstion is achieved by
redistillation of the condensate in the Condensate Evaporator, D-i, where
an sdditional D.F. of about 400 (baged on fission-product activity in the
feed to the Evaporator) is expected.

2.23 Course of cribbed wastes

Since the start-up of operations, extensive work has been done to
determine the geologic and hydrologic festures of the Hanford Works aree
and to iﬁffe te these features with the underground disposal of liquid
wastes. (4J{10) 45 determined from test-well drilling and geologic re-
connaissance, the chief geologic formations underlying the area are of
three types: ,

(a) Yekima basalt, s demse yock of volcanic origin, is the deepest
formation investigated, at or near the water tsble, aprroximately
250 feet below grade. The Yekima basalt has folded and faulted
since its deposition, and,as a whole, is slightly or even
moderately permesble.

(b) Ringold formetion §s a sediment which is inferred to form the
main papt of the core of the high terrace on which both the
200-Fast and 200-West Areas are built., This formation has a
relatively low permeability, due largely to the high propor-
tion of finés, The formation . ds' about 2.4 -por cent carbonate.

(¢} Undifferentiated terrace deposits range from boulders and
coarse gravel to clay, which have resulted from erosion.

It is inferred that, under natural conditions, the water table of
the area slopes gently down from the flanks of the Yekima Range and the
Rattlesnake Hills to the Columbis and Yakima Rivers. Water ile alter-
nately stored ond drained by seasonal changes in the stages of the river
in a strip adjacent to the Columbin River and averaging perhaps 3 miles
wide. BPeneath the 200 Areas this ground water occurs chiefly in the
Ringold formation, but in some places it also occurs in the Yakima
basalt and in the terrace deposits. Waste water diacharged into ponds
(subsection B3) in the 200 Areas has built upon the water table two
distinct mounds and a low bridging spur between the two areas. These
mounds are expected to grow as long as disposal ponds are used, but
growth can be largely controlled ne desired by changing the locations of
the ponds. TIn effect, for o considerable period, the mounds will act
as ground-water dems behind which contamination can be confined,
Eventuslly, when the arecs behind the "dams” £il11 up, they will no longer
confine any contaminanted water. Deep artesian water is not a factor in
waste disposal practices at Hanford, because it is effectively separated
from the non-artesian water body above.

Liquid wastes discharged from the Redox cribs, approximately 20

feet below grede, enter a Ringold formation which toe a higher propor-
tion of silts and fine sands thon that under the older cribs. These
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8ilts are ideal for the removal of the activity from the waste solutioms,
but they are considerably less permesble than coarser materials and are
capable of receiving smaller daily volumes of 1liquid than the coarser
sediments. The cribe accordingly were built on beds of crushed stone
(retained on 1/2-in. screen) to assure amdequate throughput, 100 gallons
per minute. Only meager date are available on the absorption and reten-
tion of plutonium and fission products by the soil. However, indications
are that -more than 90 per cent of the plutonium and Pission products are
absorbed and retained by the soil, either by ion exchange or adsorption.
It is the opinion of Health Instrument Division personnel {although
conclusive experimental evidence is lacking) thet retention of the
plutonium is favored when the pH of the cribbed solution is between 5 and
7, and retentiom of fissjon products is favored at a pH of 8. The pH of
cribbed wastes should be greater than 5 so that the alkaline seil is not
leached, a condition which could ceuse channeling with a resultant
‘decresse in sbsorption of radlomateriale. Those radiomaterials which
are not removed from the wastes are diluted by the natural and artificial
ground weter. Apperently, s relatively impermesble layer of sediment
minimizes the flow of waste water into the water tsble, becsuse nho con-
tamination has been discovered in the ground water due to this cribbing
rractice, However, the water tablc has been contaminated in the past by
wvagtes discharged into "peverse~flow" wel%i‘ thie method of disposal has
been discontinued. It has been estimated 5) that cribbed wastes do not
reach the Columbia River in less than 20 years with the present hydraulic
gradient, An available decay time of 10 years has been conservatively
assumed for calculation of cribbing tolerances of short-lived radio-
isotopes.

2.3 Description of disposal focilitics

Ag indicated previously, two separate crib disposal aveas, Building
216-S and Building 276-8 Cridb, are provided for the Redox Plant. (See
plot plan in Chapter XI.) Condensates (and any cell drainage which mects
cribbing limits) are jetted from the Condensate Receiver, D2, or Cell
Drainage Collection Tank, D-1 (Figure X-3), through two Diversion Boxee,
240~5-151 and 241-8-151 (described under 1.3 sbove) to the Building 216-5
Cribs. These consist of two cribs in sorics., If the first has insuf-
ficient capacity, the second in series takes the overflow. A "conductive
1ty reel” described in Chapter XIX is provided on each crib for measure-
ment of the liquid level, ' ‘ .

The Building 276-5 Crib, located 40O feet west of Building 276-S,
Solvent Facilitics Building, is 2 single cribd identical in construction
to each of the Building 21548 Cribe. This separate erib is provided to
handle the hexonc-se*ura*ed washes from Bullding 276-3.

Three test w-lls, 150 feet dcep, are locgted in a2 triangle around

the Building 216-5 Cribs. In addition, a 150-foot well is sunk in the
center of each of the three cribs.
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3.1 Definition of Eroblem

Waste sewers from the Redox Plant are segregated into two types, chemlcal .
sewere and process sewers. The chemical sewers drain all non-regulated
portions (e.g., operating galleries, service areas, aqueous make-up areas,
etc.), and the process sewers drain water (and steam condensate) from process
equipment jackete and coils, Wastes from the chemical sewers flow directly
to a pond (approximately 3500 feet southwest of Building 202-5) where they
percolate into the soil or evaporate. The process sewer wastes, however,
flow into a Retention Basin, Building 207-5, before they are d1ischarged to
the pond. This segregation is required so that the process vessel wastes
can bYe monitored for radiomaterials which may be present due to leakage.

The quantities of radiomaterials which can be disposed of to the pond are
those amounts that do not apprecisbly exceed background monitoring levels
for plutonium and beta emitters. With this as a basis, an approximate
tolerance limit for disposal of radiomaterials to the pond is:

Plutonium -- 1 x 10~% micrograms/1iter
Beta emitters -- 0.5 microcuries/liter.

The volumes of vaste water passing through the basin daily ave listed below
for three operating conditions of the Redax Plant:

3U, 3Pu Extraction Cycles -« 2,900,000 gallons/dey
2U, 2Pu Extraction Cycles -- 2,250,000 gallons/dey
1U, 2Pu Extraction Cycles -- 1,770,000 gallons/day.

3.2 Description of disposal facilities

The Retention Bagin (see Chapter XI) is located due west of Building
202-8. Tt consists of.a 130-foot square concrete pool having a capacity
of 853,000 gallone (6.75 feet deep), The inlet and cutlet lines, 2l -inch
vitreous clay pipe, are equipped with gate volves and located so that
flow is from north to south. A continuous monitoring instrument (limits
to be compatible with safe disposal of the waste), located at the inlet
to the baein and tied in to an annunciator in the Dispatcher's office (in
Building 202-8), is used ae an alorm for indicating beta-gomma radio-
activity in the basin. An assay of o 500-ml. sample is made daily to
determine the presence of plutonium. The holdup time o the basin(with
the outlet valve closed) is indicated below for three operating conditions
of the Redox process?

3U, 3Pu Extraction Cycles -= 7 hours

2U, 2Pu Extraction Cycles -« 9 hours
U, 2Pu Extraction Cycles =-- 11 hours,
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1. Definition of Problem

(adecus weetes discharged from the Redox Plant coneist of canyon,
siloc, and cell ventilation sif; &ir or nitrogen from the variocus equip-~
ment vent headers; and gaseous products fortied as a result of a Process
operation, The latter group is the most important because it contsins
the majority of the radiomaterials in the gaseous wastes.

Ventilation air is filtered by a graduated gravel and send filter
bed where radioactive particulate matter in the air is removed by the
filter media, Likewise, the gases discharged from the vent téaders pass
through capsule~type Fiberglas filter units where rediocactive particles
gre yemoved. ‘ '

Tbe gaseous products formed during process operations (i.e.,
. uranium dissolution and ruthenium volatilization) are treated to remove
... the sbsorbeble gases (I-131, RuOk) in addition to being filtered to
remove particulate metter. current operating practices, the
Tod gases (Ix-85, Xe-133) are diluted and discharged to)
the atmosphere from a 200-foot stack. _

_ The gasecum—+15tes discharged to the atmosphere awe itemized in
Table X-2. Thie table is based on an instantaneous plant production
rate of 3-1/8 tons U per day (400 megawatt-days integrated exposure for
360 days, Pollowed by 90 days "cooling") The Silver Reactor off-gas
represents the gaseous waste from the Dissolvers after esgentially all
(assumed D.F. of 103) of the I-131 is vemoved, Similarly, the Ruthenium
Scrubber off-gns represents the gaseous waste from the Ruthenium volatil-
ization after essentis ald {ogssumed D.F, of 10 of e Buly, is
removed, 4t should be emphagized that almost all of the radiosctivi
(;:' ne goses discharged to the atmosphere is due to Kref8

—811ver Reactor operation and off-gas scrubbing methode for treating

Dissolver off~gas and ruthenium scrubbing methods for treating Oxidizer
. off~gas are discussed in detail in Chapter ITT, but these operations are

summarized briefly below, L

2. Technical Bacgggound

2.1 Todine removal by S1lvor Reactor

Although radiolodinc-131 has a relatively short half lite! (approx-
imately 8 days), 1t is the most hazerdous gas evolved during pile-metal
dissolution because of its tendency to concentrate in plant and animal
tissues if allowed to pass into the atmosphere. The Redox Plant will be
provided with 8ilver Reactors (to replace Dissolver Off-Gas Scrubbers
discussed under 2.6) for removal of iodine from the Dissolver off-gases,
At the time of writing, Redox Plant Silver Reactors are under design;
however, they will be the operation cquivalents of the reactor installed
in Building 221+B canyon.
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The 8{1ver Reactor is 2 feet in Alameter and packed to a depth of
8 feet with 1/2-inch ceremic Berl saddles coated with silver nitrate. The
exact fadine removal mechanism 1s not known with surcty but may be regge~
sented by the usual iodine remction in the presence of an excess of allver
nitrate:

- 6AGRO5 + 31, + 300 —y SAGT + AgIOg + GHNOS.

There may be ‘some AgiO3 dissclution under gperating conditions so that the
following serles onf reactions can occur to a limited degree:

At an aversge off-gas temperature of L750F,, the iodine removal efficlency
from the off-gas is greater than 99,9 per cent, The temperature of the
off~gas should be maintained less than 500°F, because the silver nitrase
starts to soften at this gas tempersture and is quite fluid at an off.gas
temperature of 600°F, As discussed in Chapter TII, the potential life of
the 221-B Silver Reactor (based upon mvailsble silver) may be on the owder
of 10 to 15 years,

Tt should be mentioned that not all (only about 50%) of the lodine
is liberated during dissolving. The exact distribution of iodine not
evolved &iuring dissolution is obscmred by difficulty of detection due to
high redicactivity levels in the ruthenium off-ges and solvent-extraction
column waste ptreams.

2.2 Ruthenium scrubbing with NaoOH

The hot (195 %o 200°F,) gases passing into the Ruthenium Scrubber
from the Oxtdizer contain an estimated maximmm of 90 per cent {approximstely
7200 bete and SHOO gamma "ecountable" curies) of the radiocactive ruthenium
in the form af a volatile compound, RuOy..

large emounts (approximately 200 cu,ft,/min,} of an air carrier gas
serve as the sweeping agent for Ruly removal from the Oxldiger. Only trace
amounts ¢f fission products other than ruthenjum ere present in the cayprler
gas. A 95 per cent NaOH molution, recirculated through -the Ruthenium
Scrubber, sbeorbs the RuOy so that the gases leaving the scrubber contain
Jess than 0.001 per cent of the ruthenium, Although the mechanism by
which caustic sbsorbs RuO) is unknown, it is generally assumed thal Ru(VIIT)
ia reduced to Ru{VI) and absorbed as the soluble salt, ,. It 18
necessary to operate the Ruthenium Scrubber st approximately °F, so that
large amounts of water vapor in the carrier gns do not condense in the
scrubber and dilute the recirculating coustic, The recirculating ceustic
is replased about every 3 to 4 days with fregh caustic, and is transferred
to underground storage via the Nentralizer, Tank D-8 (Figure X-3).
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2.3 Filtration of process eguipment vent discharges

Process gaseous wastes are removed from the Redox Plant by six
individual headers which are maintained under vacuum (varying from -5 to
-30 inches water) by steam/air Jets. This header system is necessary to
maintain all cells as free of process gases and radiocactive particulate
maetter es possible., As mentioned previously, gases in four of the
headecrs (Ruthenium Scrubber end three Dissolver Off-Gas Headers) are
treated for removal of rediocactive iodine and ruthenium. In eddition,
the gases in all headers are filtered through cepsule-type Fiberglas
unite for removel of rediomctive particulate matier before they are dis-
charged into the wimosphere. The following teble lists the six sources
of gaseous vastes and their respective filters:

(2) Dissolver A-2-A, through Filter A~k

(b) Digsolver A-2-B, through Filter B-l;

(¢) Dissolver A-2-C, through Filter C-i;

(4) Ruthenium Off-Gas Sorubber H-5, through Filter J-1;

(e) Process Vemb Deeder through Filter J-3;

(f) Condenser Vent Fesler throush Filter J-k,
The first four sources are hondled separately through individual filters
because the off-gas volumes during processing periods are comparetively
high (up to 200 cu,ft./min.)} and cennot be combined without undue
incremses in equipment size, The Process Vent Header provides venting
for all other "hot" process equipment with the exception of condensers
vhich ere vented through the Condenser Vent Hemder, Vessels containing
orgenic or organlc-saturated solutions are vented to the Imert Cas Vent
Header which joins the Process Vent Header befors Filter J-5.

The Fiberglas filter units are designed to glve a pressure drop of
less thon 3 inches of water and a particle remova% ?fficiency of 99.99
per cent at a moximum gos flow of 260 cu.ft./min, 2! :

2.4 Filtration of ventilation nir

Prior to disposel to the atmosphere, ventilation air from the
canyon, silo, end process cells is passed through e sand filter for
removal of rodiocective particulate metter., Three mechani?gi of particle
removal are predeuiscnt in the operation of sond filters,'\”’/ These are
gravity settlinz, Zrownion diffusion, and, to o very small degree, inter-
ception, Since tlcse controlling mechonisms depend on eventusl deposi-
tion of suspended particles on 2 collecting surfoce (sond particles), the
particle size is o criticel factor in performance. Collection efficiency
increases with increasing bed depth and decreasing superficial gas
velocity, The Fedox Sand Filtcr is designed for o superficinl gas.
velocity of approximately 5 feet per minute. The filtration bed is
composed of successive strate of coorse (2 to 3-1/2 inch) to fine

Ry

DECLASSIFIED



- ot DECLASSIFIED g

(No. 30 sieve size) aggregate, The coarse bottom layers provide uniform
air distribution. The settling of the larger particles in this section
reduces the filtration duty of the fine upper layers, thus prolonging the
life of the filter. The pressure drop across the filter at a superficial
velocity of 5 feet per minute is approximately 7 inches of water. The
Pressure drop across the sand filters installed in 221-B and 221-T Plants
hag not increased appreciably after more than a year's uﬁ, The contamine
ation removal efficiency is approximately 99.5 per cent.

2.5 Disposal of gaseous wastes through Stack

~ The gaseous wastes discarded to the atmosphere contain essentially no
radioactive particulate matter or ruthenium and little radiociodine. The
exact amount of lodine going to the Stack, however, is not know. Practically
the entire amount liberated in dissolving is expected to be removed. (See
Subsection 2.1, above.) If any residual iodine 1s liberated (by volatilizing)
elsewhere in the process, it may be expected to pass out the vent system and
eventually to the Stack, However, it would be expected thet iodine not
volatilized in dissolving or ruthenium distillation would not distill at
gubsequent points In the process although, because of the less severe
oxidizing conditions in thc Wastc Concentrator than in the Dissolvers or
Oxidi ti:1t some fodine might be liberat waste
corcentration. As shown in Table X-2, 0. and spall amounts
enon discharged represent approximately 200 "countable" curies (670
theoretical curies) per day. 'This radicactivity must be diluted to a
permiseible concentration {1.k x 10=5 mjcrocuries (theoretical)/cu.cm.)
by discharge from a stack at a 200-foot elevation and linear velocity of |
3000 feet per minute, tial dilution is achieved when the 200 cu.ft./m
of Disgolver off-gases arc mixed with approximately 35,000 cu.ft./min. of .
ventilation air and 600 cu.ft./min. of other process gaseous wastes.
However, an additional 500-fold dilution is required before the gases are
safe for breathing by the operating personnel in the plant., Under unfav
able weather conditions (e.g., no wind, downdraft, or fog) when the
dilution ratio is less then 500, dissolving caennot be carried out, becsuse
the dilution of the radiockrypton evolved would be insufficient., The
dilution ratio is determin ologica .

2.6 Scrubbing of Dissolver off-gases

Although Silver Reactors are to be installéed for removal of raedio-
icdine from Dissolver off-gases, stub connections have been provided in
the off-gas lines for latcr installation of caustic scrubbers, 1f desired.
These pcrubbers may be required Zor removal of oxides of nitrogen from the
off-gases. (See Chapter TIT.)

3. Description of Disposal Facilities
3. X Fiberglas filters

The six Piberglas filtcrs are identimlin internal design. Each
filter is designed so that an entire unit is disposable when replacement
is required. Each is 6-1/2 feet in diamcter and 5§ feet high and packed
with Owens-Corning Fiverglas according to the following specifications:
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, Type Pack Density,
Filter Bed Iayer Fiberglas Bed Depth Ib. /Cu, Ft.
Cleanup layer "AA" 1 inch 1.2
Third Iayer 115-K 12 inches 6.0
Second layer 115-K 6 inches 3.0
Bottoam or first
layer 115-K 12 inches 1.5

Gases entering the filter pass through an entrainment separator before
entering the filter medium. Mist separation 1s necessary to prevent the
collection of moisture in the filter which would increase the pressure
drop and probably cause channeling with resultant decrease in efficiency
and decreased filter life due to fiher deterioration, An electrical
connector is provided for powering a Calrod gae preheater for heating
gases passing to the Ruthenium Off-Ges Scrubber Filter in order to reduce
¢bndensation in this filter, Spere electrical connectors are provided
Tor possible future instsllation of Calrod preheaters for other filters
1f heating of the geses is necessary to reduce condensation., Air bIleed-
in to the inlet headers near the base of the Condenser Vent Filter and
Process Vent Filter (controlled by header pressure so that the negative

essure 1s maintained) tends to reduce the dew point of the vapor
pessing through these filters.

3.2 8Sand Filter and Stack

Reference is made to Chapter XI for a detailed description of the
Sand Filter and Stack. However, a brief description will be given here.
The Sand Filter consists of layers of gravel end sand placed horizontally
in a concrete shell having s cross-gectional ares of approximately 5000
square feet (108 by 46 feet inside dimensione)., There are seven layers
of material of successively smaller particle size from the bottom ;
gravel layer (2 to 3-1/2 inches in size) %o the top sand layer (particles
approximately No. 30 sieve size), A by-pass damper system at the filter
outlet allowe the inlet plenum to serve ag a by-pass duct after the
filter hos been removed in favor of future installations. Differential
Pressure taps are provided for measurcment of the pressure drop scross
the filter. :

The air is pulled through the f£ilter by two, motor-driven, gtainless
steel fans installed in parallel, Each fan has a capacity of 20,000
cu.ft,/min, with a pressure drop of 7 inches of woter. Another identieal
fen, on emergency stondby, "is direct drfven by n steam turbine which
operates off the 125 1b./sq.in. steam supply. This fan bas & capacity
of 40,000 cu.ft./min. {ot o higher specd) and sutomatically starts when
the static pressurc in the air duct to the 3and Filter rises to a rre~
determined level, The blowers discharge into the Stack (Building 291-8)
which nlso receives the discharges from the process equipment vemt Jets.

The Building 291-8 Stack is 200 feet high sbove grade, It is

concrete and contains a frec-standing etainless steel liner of 3.T5=feect
Inside diameter. Stack gns samplers {see Chopter XXI) are provided ot
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points 4 feet from the top and 10 feet Irom the bottom of the Stack, In
addition, spray rings are provided at three levels for washing down the
liner of the §tack should it be necegsary. #
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D, PROCEDURES

1. Normal Procedure

1.1 Genersl

_ The Waste Treatment System, shown schematically in Figure X+3, come
prises three sections; (a) the waste concentration system in which those
wastes too highly radicactive to be cribbed are concenirated and neutralized;
(b) the condensate eveporstion system in which condensates from ell portions
of the Redox Plant are distilied to achieve decontamination necessary to

 permit cribbing; and (¢) the rewerk preparstion system In which off-grade -
solutions (those containing an excessive amount of plutonium or uranium) are
adjusted to permit reworking in the IS Colum, In the following discussion
of these three systems, the basis for all guantitative data is an instan-
taneous production rate of 3-1/8 tons of irradiated urenium per day and a
Redox procese opereting on U and 3Pu Extraction Cycles as indicated.in
Figure X-3, Reference is made to Tuble X-1 for quantitative data for
operation of 2U and 2Pu or 1U and 2Pu Extraction Cycles.

1.2 Waste concentration

The waste concentration system receives the higheactivity weste
streame which require hexone stripping, concentration and neutralization
© prior to being stored in underground storage tanks. Waste styeams are
sempled between concentration and neutralizetion to determine whether the
plutonium and ursnium contents are excessive.

The solvent-extraction column wastes, IAW, 24W, 3AW, 20W, W, IOW,

_iand ISW), are received continuously in the Waste Header-Recelver, D-13
14700-gallon working capacity; 6-hour holdup), vie the First Salt Waste
Header. A second header, the Salt Waste Header, is provided for possible
future use in diverting part or all of the salt wastes to an ANN Diversion
Tank (not installed) if an ARN recovery process is installed. (Four spare
comnectors are provided in D Cell for connection with an ANN recovery
plant which would probably be housed in an emnex to Building 202-8.) In
addition to these salt wastecs, wastes from the Organic Distillation
Column, G-3 (Chapter IX), Condensete Evaporstor, D-l, and Cell Drainage
Gollection Tank, D-1, are routed botchwise to the Waste Header-Recelver.

" The wastes received In Tank D13 (14,200 gallons daily) are pumped
contimiously to the Weste Concentrator {(885-goallon capacity; 4.5<hour
Edldup), where the hexone is striyped from the hexone-saturated agqueous
phese as it flows dovn through six 49-1/2 inch bubble-cap plates as
described previously (undcr Bl.21), Approximetely o three-fold concen-
tretion is echieved in the concentrator, so thet 4620 gallons of concen-
trate (67.7 per cent ANN) overflow daily to the Waste Concentrate Receiver,
D-10 (1200-gellon working volume; 6.2-hours holdup).
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As indicated in Figure X-3, the steam supply to the Waste Concenw
trator, D-12, is controlled sutomatically by a specific gravity recorder-
controller. This instrument is set to maintain a specific gravity of
1.37 in the concentration pot. MTms, the amount of steam (k4,100,000
B.t.u./hour) to the concentrater coils is regulated so thst the boileup
rate is high enough to maintain the 1,37 specific gravity in the pot.
The water vapor boiled off from the concentrator pot passes up through
the six bubble-~cap plates, where it strips the hexone from the incoming
concentrator feed and continues up the deentrainment columm with the
hexone vapor. fThe deentrainment section comprising the upper portion
of the Weste Concentrator, D-12, is 49-1/2 inches in diameter and
containe 3-1/2 feet of pne~inch stainless stecl Raschig rings. A decon-
tamination factor of 10% to 105 based on the fissiou~product radic-
activity in the feed to the Waste Concentrator is anticipated across
this tower. A water spray is provided at the top of the deentrainment
section instead of & reflux coil in order to reduce the required height
of the unit. The water spray is used intermittently (twice per shift)
to wash down the racking so that satisfactory deentrainment is not
rrevented by an accumulation of salts on the packing.

After being cooled to less than 120°F. in the Waste Concentrate
Receiver, D-10, the concentrate 1s jetted to the Waste Concentrate
Sempler, D-9 (2000-gallon working volume; 10-hour holdup). It is
sampled and retained in Tank D=9 until snolyses of the semple determine
the plutonium end uwranium content. {See under 2.1 below for a dis-
cussion of the treatment of high uranium or plutonium content wastes.)
Normally the wastes are neutralized by o “"reverse strike" procedure with
3290 gallone of 50 per cent ceustic in the Neutralizer, D=8 (B700-gallon
working volume; l2-hour holdup). As discusecd under B1.23, the
neutralization is performcd by Jetting the wastes into the ceustic in
Tank D-8 intermittently so that the temperature does not exceed 120CF.;
agitation and cooling by coil water are also necessary to prevent overe
heating. The PH of the noutralized wastes, determined on a sample
taken from Tonk D-8, should be about 13 before the wastes are jetted to
the underground storage tanks. '

1.3 Condensate evaporation

The condensate evaporation system receives condensate from the Icu,
2KU, 3EU, Plutcnium Transfer Trap Jet and Waste Concentrator Condensers;
the Cross-Over Oxidizer Condenser; the Ruthenium Scrubber Condenser; and
the Plutonium Pre-Concentrator and Plutonium Concentrator Condensate
Recelvers. All condensates (17,400 gallons per day) with the exception
of those from the Ruthenium Scrubber Condenser Join in a Condensate
Header, the contents of which flow continmicusly into the Condensate
Stripper, D-5, where the hexone is removed by steam stripping, The
condensate from the Ruthenium Scrubber, containing no hexone, is sent
directly to the Condensate Evaporator, D4 '

The Condemsate Stripper, D-5 (described in detail in Chapter Xv), is
8 20=-inch diameter column packed with one-inch Raechig rings and
supported on & reboiler (lﬁh-gallon capacity)., The hexone-saturated
condensates (17,400 gallons) flow by gravity to the feed point where
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they are distributed across the packing. As they £flow down through the
packing, steam rising at a constant rate (heat input to the boiler is
controlled at approximately 962,000 B.t.u. /hrmr) from the reboiler vaporizes
the hexone and carries 1t up through the deentrninment section. 4 reflux
coil at the top of the column condenses approximately 25 per cent of the
vapore rising out of the deentrainment section. The temperature of the
cutlet vapors is maintained at 203°F, automatically by a controller on the
reflux coil water supply valve which regulstes the flow of cool water

to coil, ‘The hexone-water vapors (containing approximately 10-° per cent
of the radiomaterials processed daily) pase out of the Condensate Stripper,
are condensed, and flow to the Organic Distillation Column, G-3, for further
treatment, as degeribed in Chapter IX. Reference is made to the discussion
of the Orgamic Distillation Colum (Chapter IX) for further explanation

and data on hexone~water distillations. Approximately 500 gallons of
hexone dre recovered dailly from the waste condensates.

The bottoms (16,700 gallons) from the Condensate Stripper, D=5, con-
taining a negligible quantity of hexone, overflow contimmously to the
Condensate Bvaporator, D} (described in detail in Chapter XV). Essentially,
the Condensate Evaporator consists of a 53-1/2 inch diameter column,
containirig six bubble-cap plates {spaced at 18-inch intervals) and s re=-
-flux coil, and supported on a reboiler {1200-gallon capecity). Tn the
Condensate Evaporator, approximately 9% per cent (15,700 gallons) of the
feed is redistilled %0 achieve further decontamination (reduction by about
L0Q=fold of the fission-product radiscactivity in the feed to the Evapor-

. ator); the remaining 6 per cent (1000 gellons) 1s recycled to the Waste
Header Receiver, D-13, to prevent an accumilation of radiomaterisls in
the reboller. The redistilled condensate is received in the Condensate
Receiver, D=2 {li700~-gallon working volume; Tehour holdup), where it is
sampled. Normally, this water is jetted to cribs {sece Section B), but
1f the water does not meet cribbing tolerances, it is jetted to under~

ground storage tanks.
2. Remedy of Off-Standard Conditions

2.1 Excessive amounts of uranium or ch,utonium in the waste stream

As menticned previously (Subsection D), salt wastes which contain

_ excessive.quantities of cither uranium of plutonium as detected by routine

- sampling of Waste Concentrate Sampler, D9, are routed to the Rework
Adjustment Tank, D«T7. Rework of wastes may be required If g t yield
specifications (95 to 98% uranium and 98 to 99% plutonimn)( are not met
or if higher-than~-normnl losses occur. Tonk D=7, having the same capacity
(2000 gallons) ns the Waste Concentrate Sampler, D=9, is capeble of
receiving only one batch of off-grade wastes at a time, However, approxe
imately 10 howrs! holdup time iz available in D-T; this fact allows
adequate time to process the batch., In Tank D=7 the wastes, highly acid,
are partically neutralized with 50 per cent NaOH and diluted with de-
nineralized water from the Rework Chemical Addition Tonk, D-T-A. Then
they are pumped to the IS Feed Tonk, F-8, from which they flow to the
I8 Column {or the Oxidizer, if oxidetion is required) for reprocessing
o.ccord.iq"g to the procedure described in Chapter VI.
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2.2 PBxcessive radiocactivity of Retention Basin conbtents

This condition may be detected by the alarm given by a continuous
monitoring instrument in the case of beta-gamma radicactivity or from
the results of a daily sample sesay in the case of plutonium. Approx-
imate tolerance limite are: plutonium, 1 x 0% micrograms/liter and
beta emitters, 0.5 microcuries/liter.

If radicmaterials are detected, the cutlet valve from the basin ie
closed allowing the liquid level to rise, and an investigation is made
to determine the cause and extent of the conteamination, If the cause is
not remedied, operation of the Plant must be suspended. * Since this
condition is considered a very remote possibility, no equipment is
installed for emptying the basin contents to cribs. However, suitable
arrengements (e.g., pumping by portable pump) could be made.

2.3 Excessive radicactivity of wastes normally cribbed

If condensate In the Condensete Receiver, D-2, or cell drainage
wvater in the Cell Drainege Collection Tank, D-1, is too "hot" to cridb as
indicated by samples of the materials in the tanks, the streams may be
routed to underground storage tanks (by a eeparate jet-cut line in the
case of the Condensate Recelver and thrcugh the waste concentration and
neutralization system by & jet-out line to the Waste Header Receiver in
the case of the Cell Drainage Collection Tank) instead of being cribbed.
Tolerance concentrations of cpribbable wagtes apre:

uranium -- less than 100 micrograms/liter,
plutonium -- Jesa than 0.5 micrograms/iiter,
bete emitters -- less than b microcuries/liter.

2.4 Undissolved AL(OH)3 in neutralized waste

Undissolved Al(OH)3 in the neutralized waste may be detected by
sampling or pH measurements of the contents of the Neutralizey, D-8, Tt
may indicate insufficient caustic used in neutralization or insufficient
egitation during the "reverse" strike procedure (as described under
Bl.23). Either cause mey indicate addition of more caustic to redissolve
the AL(OH)3, If the "ageing" phenomenon (discussed under B1,23) occurs,
however, AE(OH) may be difficult to redissolve. If the pH of the
solution is 'broaght to 13, the entire contents of the Neutralizer may dbe
Jetted to underground storage whether or not A1(OH)3 is in solution,

B, IABORATORY LIQUID WASTES
1, Introducticn

The process wastes from the Analytical and Plant Assistance
Laboratory (Bullding 202-8) are handled in & three.part system comprising .
(a) "hot" westes to storage, (b) cribbable wastes, and (c) retention
basin wastes, Included in this system is the Retention and Neutralization
Building (219-5) which 1s used for holdup, sampling, and routing of
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liquid wastes to their destination. The separate parts of the system are
described below and are shown in Figure X-h, "Isboratory Building (222-5)
Agqueous Waste Disposal Flow Diagram”, Estimated compositions; volumes,

and degrees of contamination are shown in & table in Figure X-i. Sanitary
wastes are sent vis sewer mains to septic tanks and thence to a tile field.

The waste volumes, compositions, and radloactivity levels which are
given in this section are estimates based on the use of the 222~5 Building
‘a8 8 service and plant assistance laboratory for the Redox Plant, the
Tributyl Phosphate Plant, and the Hot Seniworks Because of the none-
routine nature of much of the werk conducted in the leboratory Building,
these estimates are subject to considerable uncertainty.

.2_._ Underground Storage Wé.stes

Aquecus wastes containing mere than one-~half microgram of plutonium-
per liter or more than four microcuries of gross beta and/or gamma radio-
activity per liter are placed in transfer vessels and emptied in the
Slurping Hoods in Decontamination Rooms l-A and 2-B, which drain by gravity
to the 1365~-gallon Waste Storage Receiving Tank (TK-103) in Building 219-S,
equipped with agitator and temperature recorder. The wastes in this tank
are analyzed and then jetted to the Waste Neutralizer Tank, D-8, in the Redox
Production Plant (Building 202-8) where they are processed and jetted to
the Redox Plant underground storage tanks, The design capeclty of this

- system is 150 gallons per day of "hot" wastes. A spare cell is provided
for the installation of another tank, TK+105, for the neutralization of
"hot" wastes fram Building 222-8 if future conditione necessitate making -
the laboratory waste system of Building 222-5 independent of Building 202~8
facilities.

3. (Crib Wastes

Aqueous wastes containing plutonium and/or gross beta and gamme radio-
activity in concentrations exceeding the tolerance level for the Retention
Bagin (see Subsection b, below), but which contain lese than one-half
microgram of plutonium per liter or less than four microcuries of gross
beta and gamma radicactivity per liter are sent to the 4185.gallon Cridb
Waste Receiving Tank (TK-101) in Building 219-S. This tank is interconnected

 with the Crid Waste Treatment Tank (TK-102), a sampler tank of the same
capacity, also provided with an agitator and temperature recorder. The
waste batches accurmilated in Tank 101 are jetted to Tank 102, analyzed for
radicactivity, and the acidlity is adJjusted to a pH of 5 to 9 by addition of
caustic solution from the TCO-gnllon Caustic Storage Tonk (TK-201).
Normol batches are then jetted from this tank to Building 216~81, an under-
ground cridb as shown on the plot vlan, Chapter XI. A connecting line 1s
provided from Tenk 102 to Tank 103 so that wastes intended to be cribbed,
but which accidentally exceed the cribbing limits, may instead be Jjetted
to Tarnk 103 whence they arc jetted to Tank D=8 in Building 202-8 and
subsequently to storage undcrground. For o discussion of aqueous wast;e
disposal by cribbing, see Subsection B2, this chapter.

The crib has a design capacity of 18,500 gallons per day, made up as

follows: 3500 gallons per day from Building 222-S, and 15,000 gallons per
day from the 300 Area Works Loboratory. Laboratory wostes from the 300
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Area are transported to the 200 Area crid by tank treiler, and normally
do not exceed 15,000 gallons per day. These are the only scurces of
wastes planned for this criv, :

A 1liet of key drawings under REFERENCES at the end of this chapter
rrovides additional details. '

k. Retention Basin Wastes

The Retention Basin waste disposal method permits conservation of
urdderground storage capacity of both cribs and tE.nks, by directing
aquecus streams containing not more than 1 x 107" micrograms of Pu per
liter nor more than 0.5 microcuries of gross beta and/or gamma radio-
activity per liter, to open ponds or ditchés once it hes been ascertained
that these limits have not bBeen exceeded. The Retention Basin is
required for temporary storage of the waste solution while awditing
assay Informatton indicating whether the tolersnce limits bave been
satiasfied, : -

The laboratory basin waste system is fed by gravity through a
collection line from Buildings 222-S and 219-8 discharging directly into
8 50,000-gallon concrete basin built in two 25,000-gallon sectiouns
(Bullding 207-SL). No other sources contribute wastes to this system.
This basin has a flow capacity of 45,000 gallons per day with an average
holdup of twelve hours in each section., The retention basin is drained
through a sluice gate into a pond. A comnection is provided so that
wvastes exceeding the Pu or beta and gamma tolerances may be transferred
by gravity flow to the crib. ,

5. Sanitary Wastcs

Sanitery wastes are collected through a soil-pipe drainage system-
and conveyed to the arca sanitary sewer main ocuteide the building.

6. Organic Wastes

Organic westes are decontaminated by scrubbing with aqueous solutions
In the laboratories in which they are produced. The orgsnic liquide are
then transported to a designated site ond burned. The aquecus scrid
solutlions are disposed of in the regular wasate system, depending upon
their degrec of contamination.

7. Tunnel and Basement Drainage

The floor dreins ond underground piping from the "regulated” tunnel
syetem leed to 2 suwp from which sny "regulated" drainage wmter is dis-
chorged through automatically operated steam Jet siphons to the Ratention
Brsin systen, .

The floor drains and underground piping from the "hot" tunnel
systenm discharge intc o "hot" sump. In the event of collection of
drainage in the lines or sump, an alerm sound in the Senior Supervisor's
Office and the contents of the pump are then automatically discharged
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by & steam jet to Tank 103 for inclusion in the "hot" waste, There is also
& three~way manual valve on this sump by which tunnel drainage may be sent
to the crib if 1t is not "hot" enough to warrant underground tank stoyage.

8. FHalogen Wastes

No special provisions are made for the disposal of halogen wastes,
These are neutralized, if necessary, and sent to one of the sbove-menticned
waste systems. Bolid fluoride pellets from the Fluorimeter Rocm may be
disposed of as dry waste, as described in Section G, below.

F. LABORATORY GASEOUS WASTES

1. TIntroduction

- All ventilation exhaust air, gaseous wastes, and chemicel fumes from
the Analytical and Plant Assistance Wing of the building are removed
through hoods and ceiling porte, and leave the building via the stack.
Those wastes from the Multicurie Wing are routed through the basement
tunnels and to the main stack via an outside duct. See Chapter XI for a
discussion of the ventilation of Building 222.5,

2, Millicurie Wing

Ventilation air for, and gaseous waste from the glove boxes, as well
a8 exhaust air from open hoods, is removed via overhead canopies equipped
with either Fibergles or Chemical Warfare Service filters, The canoples
for the Junior Caves are similayr to those for the glove boxes and open
hoods except that they exhaust only the air which passes through the cave,
In addition to those in the throats of the canoples, small Fiberglas -
Filtets are mounted directly on the glove boxes to filter the box ventil-
ation exhaust. These filtered gnseous wastes then pass through the Exhaust
Alr System to the main building stack and thence to the atmosphere.

3. Multicurie Wing (222-38)

Exhaust wastes from the cubicles, hoods, and cancpies in the Multl-
curie Wing are handled in the same fashion as in 2, sbove, except that
they are routed through filters in the basement and thence to the main
building stack via an outside duct. Alr in the tunnels flows from the
"regulated"” tunnel to the "hot" tmnnel, through a Chemicel Warfare Service
filter and into the Exhaust Air System to the 222-8 Bullding stack.,

%, Vacuum System

Gases entering the two Vocuum Systems (sec Chapter XI) psss through
two sets of traps befors reaching the pumps, and are then exhausted
through Chemical Warfare Service f£ilters to the building stack,

5. Gounti_g Room

Methane from the sample counters in the basement is exhausted tiwough
6 vent pipe (equipped with a flame arrestezé 1o ‘:Enﬁ on the roof of the
i SIF
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6. Ligquid Weste Disposal Building (219.S)

Exhaust ventilation eir from the Liquid Waste Disposal Building
(219+5) and off-gases from the tanks are filtered through the 150-gallon
Condensate Vent Tank (TK-104) filled with glass wool, They are then
exhausted to the atmosphere by means of s Buffalo exhaust pump, through
8 b-inch vent line extending 10 feet sbove the 219-8 Building roof level,

G. DRY WASTES

Laboratory dry wastes, such as absorbent tissuea, wood, metal parts,
etc., of low radicactivity are placed (if possible) in quart cardboard
containers which are in turn piaced in larger cardboard cartons, When
the radioactlvity level of the contents of this carton reaches tolerance,
the carton is Bealed and removed to the 200-W Aree Burial Ground,

On an emergency basis, highly contaminated dry wastes are placed in

containers and disposed of in the Dry Waste Disposal Vault (232-8)
adJjacent to Building 222-8,
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Cremtcsl Flow heet HA No, 4 -

(In-tantanesur Capscity Essim: 2-1/2 t.7,Tery 0

- _Mator Conpomanty {20 Froversise
_Yolune, vellogaDay approx, Aotivity Level'®™ Bt isated Fatimated Approx,
lise A, w20, Zu IT, 2w . % } Pu o ANN NaA10. HNO3 KalE Na¥G Hemoos  Danslty Fresaing
Lrglea  Croles _Grelos  Heta asspa Total  Goptept, G, Coptest, Lb, Tl e R fe Tl kb B L M LI 2 - Puint."F,

A, Head-Ind Wartes

1. 3cavenger Solutjonl®) ) %0 50 150 837 780 1 6.0 (18 1t, Mr*" = 1,9 #t,1) 1.24
2, 8w Scrubber Solvtiomi®! 80 80 31 ¥ 68 158 trace trece %.0 220 1.2
3. Coating Removal 500 550 59z - - 5 x 10e2 i 1.7 (414 1b, Naly™ 11,E 560 5.1 285 7.0 92 l.is
Solution 7o WE)
4. Dasolver Flush 650 653 652 - - 1x12>1 3.0 L0 4.0 220 1.02
B. Extraetioe Ccl, Isttoa“,
1. Iaw 2365 2369 57 30 a7 2, 12,5 31,1 8855 Ly 2.3 6% L2 I
. om 2868 —- s.xemd 4omo? 1,omo2 2,5 12,5 .4 3863 L om 26 7 1.2 M3
3, @ — - 6.0010=5 &, 1175 1,ampré - 12,5 1.5 8063 1.2 M 2,2 613 L2
he AR 1329 1329 llxti=2 1702 2,2x19=2 2.5 -— 7.9 5120 2.3 M o1 B 1,2 163
5. N - - 5,008 5. xomd 1L xore . - B9 AP 23 304 1.z 156 3
C. Bexows Recovary Bastes
o Iow 820 517 2qr? 21173 4 x 203 2,6-1,25  3.3-10 1.8 188 ﬂ
2. Dist. Col. Serub 196 33 - — 1zl trace trace 5 3 | e
D. Cond, Evap. Purges 00 40 ' p;)
B. Uncomc, Wastes (D-13) g
(Combinsticn of B,C, and . -“
i. A, Ikulyeles — - 11.5 6 17.% 11,25 47,5 2.6 36821 1.0 N 1. 1992 1.1 150 1.7 .
2., 2PuCroles 982 - 18 R 27,8 . 3,3 25,8 22038 1.7 8% 1.5 1379 1.1 952 L17 m
3. 10, 2Fu Cyelee — 5528 2l 16 b 5.5 15.8 W4 1975 1.1 585 1.2 658 1.0 4% 1.17
F. Concentrated Fastes (D-9)
1. 3, 3Mulyclea Py -3 — - 34,1 17, 52.0 11,25 4.5 65.4 3681 1.2 ™71 4.9 2780 1.41 AN
2, 2, 2Pu Cycles - 2085 —_ 54.8 28,8 83,6 8 1.5 65,2 22833 1,2 420 5.3 185 1.4 &l
3. 10, ZPucCyeles - - 1830 9.4 %7.0 136.4 5.5 15.8 65.1 13975 1,3 287 4.6 980 1.4 41
G, Beut, Uaster (Prom D-8}
1. 3G, 3Pu Cyelee 9300 - - 17.8 9.4 7,2 11,25 AR 7.6 3051 4.6 (T8 2TA 29030 1.38 28
2. 2, 2Pu Cyeles - 5§79 - 28,6 15.1 W7 8 31,5 7.6 479, 46 3710 21,6 18150 1.3 28
3. 1B, 2Pu Groles - - 3590 L6.9 24.7 1.6 2.3 15.9 7.6 30% 4.6 1850 27,6 11030 1.38 24
E, Undergr. Stor, #artas
\Cosbination of A and G
Labarstory Naestes Zxeluded!
1., JuGycles 12500 — - IS 8.2 23.6 17. 57 7.4 4TRY 4od4 5145 25,7 30230 1,33 25
2. 20, Fu Cyoles - 7200 - 22,3 12.1 1.9 L 41 7.3 5654 4ed 3315 4.8 15350 1.3t 2%
3. 1U, 2Pu Gyoles - - 5000 3.7 17.5 57,5 1.5 25 7.1 3716 3 25 231 12230 1,28 23

MOTES: (a] Based on the masumption that 90 per cent of Zr and Nk s recoved b the Mn0; zc-venging, if used, Theps mctivitiss sre included in the TAT (B1' activities also.
(E) Eased on the =smmrticzn that 37 per cent of Ru ls removed from the oxidissr. These activities are included in the IAW (P1} sctivitiss nlso,
{e} Astivity levels for the Extraction Column ¥astes zssume 7c head-end decontamimatine by ¥nC; acavenging or Ru volatilization.
(¢} Weights are reported o the hasis of 3U, 37u rycles uniess otherwiss noted. -
{e)] Zmdiation 1a 400 megawait-deye inegrered expemure for %0 days, followed by 7 “ays “eooling."™
(f) Components present in neutrslized wastes ir low esncen*rations (less than 0.5 wt, 2} are :roducts frow the neutceliz=tiom of Na:Cr s, 25", Fe{NHSC3}z, mnd Mn(NO3),
(e.g., insoluble compounds ~ a0, 320, Pa{0H)3, and Mn{28),),
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TABLE X-2

PIANT GASEQUS WASTES

(Insteantansous Capacity Basis: 3-1/8 t.U/Day)
(400 Megawvatt-Days Integrated Exposure for 350 Days
Followed by 90 Days, "Cooling.")

(1311581030

_Approximete ' " Approximete Total Activ}ty/])ay, "Gounteble"f ies
Iten Volume. Rate . Kr-85 I-131 Xe-133 RuQl Total
CuFt.Min.(STP) Eeta Gemha Teta. Gemms  Bete . Gamma Beba Com te  Gomma
. er Reactor '
£f-Gas 150 trace trace 1l 1 - 201 1
B. Ru Scrubber
Off -Cas 200 - - -- -~ trace trate trace +trace
C. Process Vent Headar 250 -- - - - - .- 1
D. Condenser Vent Header 200 - - _— - - - 10-2
E. Ventilation Air 35,000 - e - —_ - = - less than 10-6
F. Composite (A to E) 35,800 -- - - - -- - - - 202 1
g =
5 &h
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—_ J - JET TRANSFER
G- GRAVITY FLOW

, ) o — FROM 300 AREA’WORKS

I RETENTION 8 NEUTRALIZATION LABORATORY ™ vIA TANK TRAILER
\ BUILDING 219-S 15,000 GAL PER DAY

___SPARE  _ . _ G

. B ; \'\

AMINATION ROOM 2- TK-103 TK-102}
. FROM DECONTAMINATION ROOM 2-8 30 GAL PER DAY _ - e et e J G
: GAL
FROM I-A Ret 45 GAL PER DAY S
FROM ROOM 2-B SLURPING HOOD 60 GAL PER DAY - - c R:’:ORY

BUILDING 216-SL

FROM MULTICURIE CELLS 50 GALPERDAY. . .. | SCPE“RE TEK
LL
!

B L ) e
SPARE -
ANALYTIGAL 8 PLANT FROM DECONTAMINATION ROOM 1-A 1800 GAL PER DAY e {000 GAL PER DAY
ASSISTANCE LABORATORY {_FROM DECONTAMINATION R 2- AL PER DAY ’
BUILDING 222-S '
|_FROM "HOT" TUNNEL _SUMP | GAL PER DAY i, _
.. INNOCUOUS AQUEOUS WASTES_ 44,000 GAL PER DAY -0 : G
AQUEOUS WASTE DISPOSAL ENEPCA o8 o8 TanKE -
SCHEDULE AND COMPOSITION TANK 0] FUNCTIONAL NAME LABORATORY
D& 1 Wast= Neutralizer Tank RETENTIN BAS'N
L ] ) _ ) [K-101 ; Crib Waste Receiving Tank G Q;
DESTINATION SOURCE LYPE voLuME | Rabroacitvicy! COMPOSI ITON TK 102y Ceib Waste Treatment Tank BUILDING 207-5L
! 'K-103 | Waste Storage Receiving Tank i
S : " ' . ‘ rx-mé_r Condensate -Vent Tank
RETENTION ;:t;::m:yu‘n:g ;;::rc:l-':lsle‘:r:‘ce:l 38, 000 gal,  day :,'3;;2“;;':‘3.3"" Gen::a;;—:g.:z?:;on; 1K-201 ° Caustic Storage Iank _—
s | Permscty [ GRS e e
waste
scontamination : : Less than 0. 5 Luss than 10 jai. way cunc.
CRIB Roome LA and 2-B ! Agueous 3,600 al day | [4rOsTA DA WO, and lues pnen ] el J
; ! ‘ of F P, per liter, than {ﬂ‘dlrﬁrun‘{mo B T
A ‘r . ‘ . r O POND
Gloved-Rox ' (he same as Cril wastes,
- Decontamunation Aqueous u0 gal. ;day wlVen above
’ ’ - ' Everihing in General chemical T F! g ure X - 4

i 1
Ml?;;“:ious excess of Crib compusition tu 0.5 M, less

tolerances, than 180 cal,  day conc. .
Slurping Hood includes ok . iven above, HNOj, and | gal. day as I | -
oo 1A {inc 1o gal. , day g HE, i &

diasolved organic

halogena} | Averages Nitrale a1 M
o 160 mg, Pu/da_  Dichromate .o W
B 100 me. o/day Sulfate .00 M
VD ERGROUND 200 me, A/day  Chlorie o |
Oxalate .00l ™ —
Bhosphate oo M
Slurping Hood &0 gal, day > g‘:;::'ﬁ ' gg{ g
e same oW FLOW DIAGRAM

Sp——e : , P . : NOTE: NOT TO SCALE DECLASSIFlED
Multicurie Calls | Aqueous s may total '

Guneral chemical

Roomsl}!;‘E and agi?:ﬂr:r 30 gal. | day a5 much as 20 vomposition to 4.0 M, Losg
e, day, alpha, than 26 . al. day as cuac.
Aqueaus heta and  amma HN(J.i )
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1248 GaL. | 3000 BAL. NaQH | | BasIS: 34 TONS URANIUM.
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(WITH "HEAD-END NEUTRALIZATION .0 oxip : . ’

TREATMENT) CONDENSZATE ! REFERENCES:! ENGR.FLOW

y R . ™ SKETCHES, FIGURES ¥I-1,
<i1x16 ¥ CURIE T-2¥-3& -2
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PIER XI.  GEILRAT DESCRIPTION OF PLANT

A, GENIRAL IAYOUT CF PLANT

1. Layout of Hanford Works Production Areas

The production ereas of Hanford Works, shown in Figure XI-1, were
originally set up as independent, self-contained, parallel units located
in widely separated districts. The wide separation of the individual units
was intended to prevent any accidents in one unit from causing spread of
radicactive contamination to others. The entire plant would not have to
be shbut down if any zingle unit were damaged, since other identical units
could be operated., While for some recent additions to the plant no identi-
cal parallel facilities have been provided, centinued operation of the
plant despite damage to any one unit is still feamsible, because of the
avallability of other facilities with the same function. Thus the Bismuth
Phosphate and Uranium Recovery (TBP) Plants together parallel the function
of the Redox Piant (recovery of vplutonium and uranium) .

Production units of the plant are located in three operating areas
knovn as the 100, 200, and 300 Areas,

The piles for the production of plutonium are located in the 100 Arens.
There are four of these areas, designated 100-B, 100~D, 100-F, and 100-H,
One pile is locaied in each area with the exception of the 100-D Area
which contains both the "D ana "IR" plles. The product of the 100 Areas
is the rav meterial for the 200 Lreas.

Tle 300 Area is located 5 miles uorth of Richlend., The uraniua
metal charged to the 100 Area Iiles is mrepared in the 300 Area.

2. EQO Areas

The 200 Areas are located approximately 6 to 10 miles from the 100
Areas, and comprise the 200 North, 200 East, and 200 West Areas.

The 200 North Area contains facilitiec for the underwater storage of
uranium after itsg discharge from the piles. 1In storage, irradiated slugs
undergo "cooling” {decay of radicactive fission products) prior to pro-
cessing In the serparation plants., Three separate Metal Storage Bagins,
212-N,P, and R, are provided in the 200 North Area.

During the "cooling" period the irraciated glugs are stored in the
2l2 Buildings. The sluge are kept in concrete pools under 16*1/2 to 20
feet of water. The water serves a dual Purpose: it dissipetes the heat
generated In the radicactive metal, and it shields persommel from the
radiation. Slugs are brought into and removed from the building in shield-
ed tanke on a railroad car. The tank carries two casks, each holding a
bucket of slugs. Details of the Metal Storage Basin (212 Building) are
given in HW-10475, Hanford Works Technical Manual, Section C.

The 200 East and West Areas are approximately 2 4o 3 miles from the
RC0 North Area, and are about 4 miles from each other (see Figure XI-1).
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Each of these orcas 1s provided with power ond sorvice faeilities,

Fecilities for the separation and concentration of plutonium dy the
B4iP0), precipitation process are located in both 200 East (Buildings 221
and 224-B) and 200 Weet Aress (Buildings 221 and 22k-T). In eddition, the
200 West Area contains facilities for plutonium isoletion and metal fabrica-
tion (Buildings 231 and 234-5), a uranium recovery plant {Buildings 221 and
224-U) utilizing the TBP process for recovery of uranium in the stored metal
wastes from the BiPO) process, and the new separations plant employing the
Redox process, for the separation of uranium and plutenium from each other
and decontamination of both from radiocactive fisslon products,

3. Redox FPlani Area

The Redox Plant is located in the south portion of the 200 West Area
(see Figure XI-2), and consists of the following buildings, arranged as
showm in Plot Plans, Figures XI-2 end XI-3.

3.0l Processing Building, 202-8

This building conteins all of the equipment for the dissolution, separa-
tion, and deconteminetion of ursnium and plutonium es wvell as eguipment for
waste concentration, waste neutralization, and solvent recovery. Facilitles
are provided for the make-up of aqueous process chemicals. Offices for the
operating and servicing personnel are located in the service portion of the
building. The 202-S Building is shown in Figure XI-4.

3.02 Chemical Tank Farm, 211-5

Bulk storage for the aqueous chemicals used in the Redox process is
provided in the 211-8 Building.

3.03 Solvent Treatment and Storage Building, 276-8

This bullding houses the equipment for chemical treatment of the
solvent, and tenks for the bulk storage of the raw solvent.

3.04 Propane Storage Building, 2726-8

Bulk storage tanks and vaporization equipment for propane are
located in the 2726-5 Building.

3.05 Deconteminated UNH Storage Building, 203-8
_8torage tanks for decontaminated UNE are provided in this facility.

3.06 Redox Mock-Us Shop, 277-8

The Redox Mock-Up Shop 1s located near the entrance to the 200 West
Area, adjacent to the Bismuth-Phosphate Mock-Up Shop (see Figwre XI-2).
Two mock-up cells are provided, one to duplicate the canyon cells and one
to duplicete the silo. It 1s poseible to duplicate any section of the
celle in 202-8 Building in the canyon mock-up cell. The silo mock-up cell
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