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The elution curve approaches & straight line in this semilog plot at
elution volumes greater than 4 column volumes. The slope of this
line, k, is given by Equation (15):

~10g(Cp/Cy)  _ -108(0.0017/0.0056) _ 0.6
np-n] 7-5

The average concentration of cesium left on the bed after 7 column
volumes of eluate are collected is given by Equation (16):

= Ce = O'OOlT - 0.0028 mole CS
g3k  (2.37(0.26) of bed

< H

The initial cesium loading was about 0.07 mole/ 3 thus the cesium left
on the bed after 7 column volumes represents 4 percent of the cesium
loaded.

The column volumes required to lower the cesium content to 1 percent of
that loaded can be estimated by letting Y/v = (0.01)}(0.07) = 0.0007.
From Bquation (16}, C = 2.3k(Y/v) = 0.000419. From Equation (15),

n-n, = % log(C/Cn)

1 1og 0.000419
0.26 0.0017

= 9.3 column volumes,

3.3 Pressure Drop

Pressure-drop data on the flow of fluids through beds of greaular
solids are not readily correlated because of the variety of granular
materisls and of their packing arrangement. For laminar flow of a
single incompressible fluid through a given bed of granular solids, the
pressure drop can be expressed empirically in terms of solution viscosity
and superficial flow rate by the equation

AP < keuv (18)
L
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vhere AP = pressure drop, psi
L = bed depth, ft
p = solution viscosity, centipoise

V = superficial flow rate, gal/min-ft2 (equivelent to the
linear solution velocity calculated as if the column were
empty; the velocity in inches/min times 0.623 or cm/min
times 0.245 equals V in gal/min-t)

1]

Ke
The constant, ; is a function of particle shape, size, and packed
density and can best be determined in a laboratory column using a bed
similar to the one to be used in the production plant. Some representa-
tive values of X, have been determined, as follows:

an empirical constant, consistent units.

TABLE IV-53
EMPIRICAL CONSTANTS FOR DETERMINING PRESSURE DROPS IN
BEDS OF JON EXCHANGE MATERIAL

Ke) 1b-ft-min

Material Mesh Size cp-gal-~in Reference
Dowex 50 20-50 0.10 (6)
Dowex 50 50-100 1.06 (6)
Permutit SK 20-50 0.10 (17)
Linde AW-500 20-50 0.095 (24)
Decalso 20-50 0.09 (5)
Clinoptilolite 20-40 0.11 (4)
Duolite C-3 20-40 0.013 (10)
Duolite C-3 20-60 0.15 (10}

Equation (18) holds only in the laminar flow region {(up to modified
Reynold's numbers of 10). Anticipated B-Plant flow rates fall well
within this range.

3.4 Fluidization

Upflow through the packed bed will tend to fluidize the particles,
Onset of fluidization occurs when the forces tending to raise the par-
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ticles (buoyancy plus frictional drag) are equal to the total weight of
the particles. The pressure drop where this occurs is

4 =03 (g 0) (1 -6 (19)
where p = particle density¥, g/cem3

p = solution density, g/cm3

€ = fraction void volume in the bed

The flowrate at the onset of fluidization can be determined by equating
Equations {18) and (19) to give

V. o= 0.43 (pg -p) (1 - ¢) (20)

Kfp.
where V . = minimum fluidizing velocity, gal/min-fta.

Increasing the flow rate will expand the bed proportionately to the
velocity until the superficial velocity of the fluld exceeds the free-
settling velocity of the solid particles. At this point the particles
in the bed no longer meintain an "interface" with the fluid but will
move in the direction of the fluid.

Terminal settling rates for spherica% B?rticles are presented in
Perry's Chemical Engineers' Handbook 19} ag a function of particle size.
For 50 mesh perticles of demsity 1.25 g/cm> settling in water, the
terminal velocity is 0.03 ft/sec. The corresponding minimum superficial
fluid velocity which would just prevent settling in an infinitely ex-
panded bed would be 13 gal/min-ft2, The settling rate is directly
proportional to the density difference between the particle and fluid,
80 increasing the particle density in the above example to 1.5 would
approximately double the settling rate.

Fluidization with water wes briefly studied in & L-in. diameter Lucite
column using 20 to 50 mesh clinoptilolite h). The bed was 20 percent
expanded at a flow rate of 7 gpm/ftz. The expansion was linear with

flow rates up to 15.5 gpm/fte, where the bed was completely fluidized.

* The weight contributed by the internal liquid must be considered.
The particle densities given in Tables IV-51 and IV-52 were,
regpectively, for dry zeolites and water-sosked resins.
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L. Recovery of Cesium from Stored Supernates

4.1 Introduction

The high cesium selectivity of certain mineral and organic cation
exchangers will be utilized to remove cesium from stored alkaline super-
nates. Currently, two zeclites - Linde AW-400 and AW-500 - are favored
for Purex supernate (PSN) and an organic exchanger - Duolite C-3 - is
favored for treating Redox supernate (RSN)}. Typical flowsh?et for the
two supernatant wastes are shown in Figures IV-T72 and IV-73 2l), The
procegses are similar and involve the following steps:

1. The supernatant soluticn, clarified and diluted as necessary
for solution stability., is passed through the conditioned
ion exchange bed until g pre-determined cesium breakthrough
level is reached.

2. The column is flushed with water or dilute NaCH to remove
supernatant solution. (This step may be essential only for
Redox supernatant to avoid aluminum precipitation on the
succeeding elution step.)

3. Sodium is selectively eluted with 0.2M (NH),COg - O.1M NH)OH.

b, The cesium is eluted at 55 C with b to 84 NH,* with about 75
percent of the NH4+ added as (NH),),C03 and 25 percent added
as NHAOH.

5. The column is reconditioned by flushing excess ammonia ion
from the column with water or, in the use of Redox waste, by
eluting the ammonium ion with 1M NeOH to prevent aluminum
precipitation in the succeeding losding cycle,

6. The cesium product is concentrated, and the distilled ammonium
carbonate eluant is recovered by condensation and absorption
of the distillate. Ammonia and CO, are added as necessary to
maintain the desired eluant concen%ration.

The jon exchange portions of the flowsheels are cerried ocut at flow rates
of 50 gal/min (sbout 2 column volumes/hr end 2 gal/min-ft°) at ambient
temperatures, except for elution which is more efficient at higher tempera-
tures.

The laborstory and engineering development work that led to the selected
flowsheets are described in the following sections.
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FIGURE IV-72

Cesium Recovery from Purex Alkaline Supernatant by Linde AW-500 Zeolite Ion Exchange
(Source of Data: HW-78061)

THIZTISSVIoNN

612Y

00T=081



«
E
(9
W
=~
|

T

I
et

a

sopium eLuent (3)
coLumn wash  {7) INH,L,CO,  0.ZM e B
BED MAKE-UP NaOH  O.01M N OH [ CoumN wASH(3)
pulile C-3 50t T 0F NaDH bl COZ AND NH3
emp Temp 0F AS REQUIRED
Mesh 20-50 SPG LD PG 10 fTemp  T0F
b A Volume 4500 Gal Velume 12, 000 Gal PG L0 10 AIR
- Flow  50GPM d Volume 4500 Gal
Volume - Flow 50 GPM Fi TURNEL
Flow Bagn ow  S0GPM
3
B
RSH FROM
C-FARM TANK
\Ox
4 RECYCLETO
10N EXCHANGE
CESIUM EXTRACTION FEED TIME CYGLE wabﬁlaggugzikm COLUMN
Siream Kour 3
5X H x5 1 20 3
H 15
NaM0, 2@M 3BM | o7 oa 20 0B : i
3 Ru-105  cfial 008 0.0B3 ¥ ¥ A H
Nah0, 0.36 %9 mgfGal 168 2.8 TON EXCHANGE 5 Ls -+ GESIUM PRODUCT CONCENTRATE
NS0, @ b D—p{  COLUMN Total i RECOVERED PRODUCT ELUENT (4 e ABSORPTION TOHER s 5
NaH oe LA ~ Na,CO) ORM ONM
Al oM e Bed Volun 141,00, LM Gas Flow S » 3
Total Ka 4.9 5.4 1suu“s§| o NH o Lo C5,L0,  a06 0.0
3% ; Buclite C-3 L Hyd fa Cs-137 120 20
1 E  WF 00 b Temp BaF My % SPG @ 1@
" 1 i > spe L& 1) % BuMriGs 41 Q75
! Bed Height BuHrGal ] riar 4
S Lm L et LAl 2 00 Gsl Volume Flow 483 Gal
BiuftriGal 0.M85 0. 006 Flow 1o Col 5ﬂ'GPM Flow Batch
Votume 68, 000 Gal
Flow 50.GPM
CONCENTRATOR
s
EXTRACTION WASH WASTES CESIUM PROOUCT
o CONCENTRATE
. [ E AFTER RECYCLE SERIES
NaCH [T Lam 3
W0y ET TECHNETIAM (ON EXCHANGE FEED (1] :;gf_-% ﬁﬁﬂ
NH, 04 — .
4 % 5 8 Cs-1it 78 Ke
G Loss <0L5% NanG, M LM cel? 1 1 < Erut‘s ; LB
, Lo 104 HaNC. 0% - Ru-16 98 58 Hri6al ]
§ffmrma. b : sé T 9B 9 cesium prooucT [E] Yolume 3 Gal
Volume S0 12,00Ga  45005al NS0, 0B - - S Balch
Flow SOGPM 50 GPM 50 GPM e L% 5%
Al ve  o¥ co, L0184 QOMM
TaiNs AW AW oo, DAt asx”
S 5 W00 L5 L5
:;'“" mear i O 10 L0
PG Lz 1n PG 106 106
- BluMriGal GOB - Buricel  0.16 oE +
Velume 40,000 Gzl volume 12, 000 Gai
l 70 WASTE HANOLING | Flow 5 GPM Flowlo Conc 8.0 GPM TO CES Uit PACKAGING

Cesium Recovery from Redox Alkaline Sup
(Source of Data:

FIGURE IV-73

ernatant by Duolite C-3 Jon Exchange
HW-78061)

TZISSVIONI

,_
Ul

a

0zen

00T=0SI



UNCLASSIFIED L4221 IS0=~100

4.2 Loading Studies

4L.2.1 Equilibrium Data

The equilibrium loading characteristics and exchange capacities
of several natural and synthetic zeoclites have heen determined for
binary systems of fgsiﬁT’ strontium, and other cations found in separa-
tions plant wastes'\™’ . The equilibrium data for three candidste
zeolites, shown in Figures IV-Th, IV-T75 and IV-76, have been correlated
by use of the mass action law quotient, as discussed in Section F 1.
The equilibrium cesium lcading on a zeolite column can be determined
from these figures when the feed composition is known. For a simple
two-component feed, the equilibrium fraction of cesium on the zeolite
is given by

cs (s 'y
B 7Y
Cs_ = . (21}

+
s (cs))
1t (Ce
(B7)
A muiticomponent mixture of moneo-valent ions can be treasted as several
binary systems, using the technique deseribed in Section F 1. Thus,

Cs = - . (22)

i (") . (e R

Kgs (Cs+) KCs (Cs+)

c

The equilibrium data shown in the above figures was obtained at 25

to 27 C with 20 to 50 mesh crushed and sieved zeolites and at total
solution normalities of 0.1 tc 1. Over this range of nomealities, the
total solution normality had little effect on the equilibrium distri-
bution, but extrapolation of the data to higher sclution normslities
may introduce some error, Column loading studies, however, show the
error to be slight for synthetic supermatant solutione up to 5@_Na+‘

Increased temperature had & significant adverse effect on the eguili-
brium cesium loading from scdium solutions. This effect is caused by
partial dehydration of the sodium ions at elevated temperatures which
in turn increases their ability to compete for zecljite exchange sites
with the essentially unhydrsted cesium ions 15).

Most of the cesium-bearing solutions to be processed in B-Plant con-
tain only trace quentities of monovalent ions other than sodjum and
cegium. Where this is true, only the binary cesium-sodium equilibrium
need be considered (see Section F 4.2.2). The Cs-Na data in Figures
IV-7h, IV-75, and IV-76 have been reploited in Figures IV-77 and IV~78
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in & more usable form. Figure IV-T77 represents the+cesium/sodium mole
ratio on the three zeolites as a function of the Cs /Na mole ratio in
the feed. In Figure IV-78, the equilibrium fraction of cesium on the
zeolite has been converted to the equilibrium loading in mocles of
cesium per liter of packed bed, using & packed bed demsity of 0.8 g/ml
and the zeolite capacity presented in Table IV-51. The equilibrium
capacity of Decalso is also indicated in Figure IV-78 for reference

since Decalso has alsc been extensively used to adsorb cesium from
stored supernates(12,27),

4,2.,2 Sample Calculation: Estimation of Cesium Equilibria
in the Presence of Competing Cations

A typical supernate feed is that used by Popovich in cold pilot
plant studies (Table IV-Sk). Masg action quotients for loading the
competing cations Cs+, Rb*, and X from this sodium-based feed onto
Linde AW-500 can be estimated from the data in Figure IV-76.

+
Ce = 0.00076 - 4.0. and KCS = 1.2.
%ﬁﬁ*% 5.00019 > 25 TRo
Cs+ = 0.00076 = 1.3, and KCS = D
3. 00060 i x - 23
+
Cs = 0.00076 - ,00017, and K°° = 190.
2
(Na™) k.37 =

From Equation (22), the equivalent fraction of Cs on the zeolite in
equilibrium with this feed is given by

cs, = 1 = 0.031
0.00019 N 0.00060 N k.37

1+ 76.000765 (1.2) (0.00076) (2. 3) (0.00076) (190)

The equivalent fractions of Rb and K can be estimated from the
respective mass action quotients and Csy,:

(Cs,) (R0™)

(cs™) (kEE)

Rb, = (0.031) (0.00019) - o,0065

and K = (0.031) (0.00060) = 0.011.
(0.00076) (2.3)
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If the effect of trace competing cations on cesium loading is neglected,
Equation (21) or Figure IV-27 may be used to estimate equilibrium cesium
loading.

Thus, Kﬁs cs*
B
cs, = Na© = (190)(0.00017) = 0.031.
1+ C: cs" 1+ (190)(0.00017)
Na

This answer 1s the same ss that determined previously, thus confirming
thaet interferepnce from trace element loading can safely be ignored.
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FIGURE IV-74

Mass Action Quotients for the Exchange of Cesium With Sodium,
Potassium, Rubidium, Ammonium and Hydrogen Form Clinoptilolite
(Source of Data: HW-74609 and HW-78461)
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Mass Action Quotients for the Exchange of Cesium With Sodium,

Potassium, Rubidium, and Ammonium Form Linde AW-400

(Source of Data: HW-74609 and HW-"78461)
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FIGURE IV-76

Mass Action Quotients for the Exchange of Cesium With Sodium,
Potassium, Rubidium, and Ammonium Form Linde AW-500
(Source of Data: HW-74609 and HW-78461)
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Equilibrium Ca/Na Ratios in Zeolite and Solution Phases at 25C
(Source of Data: HW-74609 and HW-78461)
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FIGURE IV-78

Equilibrium Cesium Loading on Zeolites
From Cesium-Sodium Solutions at 25C
{Source of Data: HW-74609, HW-78461, and HW-70874)
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%,2.3 Column Loading Studies

The effects of several operating variables on the shape of the
breakthrough curve have been correlated in terms of the slope "A" of
the breakthrough curves plotted on log-probability paper, as discussed
in Section F 3.1. The data were obtained in laboratory and pilot plant
column runs using the feed compositions shown in Table IV-54.

TABLE IV-5k

SYNTHETIC ALKALINE SUPERNATE WASTE COMPOSITIONS
USED IN COLUMN IOADING STUDIES

Molarity
= RSN: Kngll

Constituent N;%f;gu%;%igser Hwﬁggﬁgi 50) HW-SLIOS(lO)

Nat 4.5 4,37 4.89

K 0 0.00060 0.00028

Rb* 0 0.00019 0.000027

cst 0.005 0.00076 0.000108

A10,” 0 0 0.85

NOB- 1.3 0.58 2.65

o 2.1 2.00 0.35

c1™ 0 0.051 0.08

OH™ 0 0 0.9

03 0.5 0.77 0

50, 0.0k5 0.09 0.03

PohE 0.014 0.051 0

Net/cst 9000 5750 45,000

The following summary illustrates the effects of some of the more
important variables on the slope of the breskthrough curve, A.

Particle Dismeter. The log-probability ?lg?e varied in-
versely with the particle diameter (i.e., AJVﬁ%.) 16), gince the
effective particle diameter is inversely proportionmal to the sieve
mesh size, A is directly proportional to the average mesh size.

Thig effect is illustrated in Figure IV-79 for Linde AW-400 zeolite.
For the data shown here, A % (0.12) (average mesh size). An average
20 to 50 mesh particle size has been chosen for the B-Plant columns
as a compromise dictated by exchange kinetics and flowrate (pressure
drop) considerations.
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Type of Zeolite. The slope varies slightly with different
zeolites, increasing with increaged cesium selectivity. This effect
is i1llustrated in Figure IV—80(1 ). Although Linde AW-400 is slightly
better than Linde AW-500, the latter may be used in B-Plant because of
the limited availability of Linde AW-4CO.

Purex vs. Redox Supernate. Breakthrough curves for Purex(lé)
and Redox \*Y) wastes are shown in Figure IV-81. The zeolite break-
through curves were steeper for Purex supernatant, apparently because
of the lower salt strength and viscosity of the Purex waste relative to
the Redox waste. The Duolite C-3 breakthrough curve, however, was
steeper with the Redox waste than with Purex waste. This may be due to
the higher pH and corresponding greater cesium selectivity of the Redcx
waste.

Temperature. The slope of the breskthrough curve was nearl¥ 6)
upaffected by temperature for Linde AW~-400 zeclite (see Figure IV-82) 107,
Since elevated temperatures lower the breakthrough capacity, low cpera-
ting temperatures are recommended for the Plant columns during loading.

Superficial Velocity. The superficial velocity, V (the flow
rate divided by the cross-sectional area of the column), had a la?ively
minor effect on the breakthrough slope, as shown in Figure IV-83 20},

The slope was approximately proportional to y0.125 up to 2 gal/min-ftg.
An apparent maximum slope was obtained at 2 gal/min-ft~, the design
velocity of the B-Plant column.

Flow Rate. The effect of flow rate, expressed in column
volumes/hour By on cesium breakthrough for Linde AW-500 is shown in
Figure IV-SLL(2 ). The log-probability slopes obtained from this and
comparable data are shown in Figure IV-85 as a fungaigg of flow rate.
From this plot, A is shown to be proportiomal to R ~'““, in good agree-
ment with the relationship presented in Section I 3.1.

The superficial velocity and flow rate correlations may be combined
for a given zeolite bed and feed system. For exesmple, with 20-50 megh
Linde AW-500 and Purex supernatant feed at 25 C,

2
A= 7__1__"0__5 (23)
rU.55

A similar ex?rgfsion can be derived from laboratory column dats for
Linde AW-400(10).

A= Z;gc¥§éfiiﬁ (24)

In both equations, V is expressed gal/min--ft2 and R in column
volumes/hr.
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Zeolite - Linde AW-400
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FIGURE IV-79

(Source of Data: HW-76449)
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Cesium Breakthrough Curves for Several Zeolites
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FIGURE IV-80

(Source of Data: HW-76449)
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I [ I |
Waste - PSN=Purex Alkaline Supernatant((}g; AW-400, RSN
ASN=Redox Alkatine Supernatant
Column - 0,8 cm ID x 20 cm long,
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0.70 -"Temperature - 25C —
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FIGURE 1V-81

Comparison of Cesium Breakthrough from
Purex and Redox Supernatants
(Source of Data: HW-76449 and HW-84105)
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Waste - Synthetic Purex Supernatant
¢, 7o]— Column - G, 8 cm ID x 20 em long o
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FIGURE IV-82

Effect of Loading Temperature on Cesium Breakthrough

{Source of Data; HW-76449)
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Effect of Column Volumes per Hour on Cesium Breakthrough

(Source of Data: HW-83461)
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10
- Zeolite - Linde AW-500 (20)
- Waste - Synthetic Purex Supernatant
Column - 2,0 in. ID

Particle Size - 20-50 mesh
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FIGURE IV-85

Effect of Column Volumes per Hour on the Constant A
(Source of Data; HW-83461)

Cesium Concentration. Varying the cesium concentration in
the feed from 10-2 to 2 x 10~3M had little effect on the breakthrough
curve slopes (shown in Figure IV-96) when processing Purex acid waste
solution through clinoptilolite(15). This appeared to be true also of
Purex supernatant over the limited range of concentrations studied.

L.3 Wash and Scrub Studies

Following loading, the ion exchange beds are washed with several
column volumes of water or dilute NaQH to remcve the supernatant solu-
tion. This wash is essential for the Redox exchanger bed to prevent
aluminum hydroxide precipitation in subsequent ammonia-ammonium carbo-
nate elution steps; however, Purex supernatant does not contain alumi-
num, snd the water wash prior tc the ensuing sodium scrubbing step is
optional.

Virtually all of the ion exchange sites are occupied by sodium ions
after the loading step. The sodium can selectively be removed without
displacing cesium by passing dilute sclutions of smmonium salts or wesk
acids through the bed.

For alkaline supernetant waste flowsheets, nonacidic solutions are
advantegeous for sodium removal. Two of these have ?eg? tried; dilute
solutions of ammonium carbonate and ammonium oxalate{l®), Data on
sodiun removal from clinoptilclite by these chemicals and oxalic acid
are shown in Figure IV-86, and data on sodium removal from AW-400
exchanger, including a higher concentration of ammonium carbonate, are
shown in Figure IV-87.
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Removal of Sodium from Clinoptilolite with Various "Scrub' Solutions
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Removal of Sodium from Linde AW-400
with Various "Scrub' Solutions
(Source of Data: HW-76449)
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Over 95 percent of the sodium was readily removed by the dilute smmon-
ium solutions, but the final 2 to 5 percent eluted much more slowly.
Thus, little practicel benefit is gained by eluting with more than 5
column volumes of 0.2M (NH )200 or 8 column volumes of O.1M (mﬂh)eco
unless very high purity cesilm Is desired. Sodium removal from
Duolite C-3 was similar; over 98 percen’E 0')6‘ the sodium was eluted
with 6 column volumes of 0.2M (e, ) 50 5. 13

3

Dilute ammonium carbonate would be the least costly solution for a flow
sheet employing aged alkaline waste. However, zirconium-niobium re-
moval is improved by using ammonium oxalate. Oxalic acid sclutions can
be effectively used in ascid waste flowsheets (see Secetion F 5) where a
high degree of zirconium-niobium removal is necessary; however, a subse-
quent ammonium hydroxide wash is required in this case to prevent
gassing vhen ammonium carbonate is added to the acid mineral.

Cesium losses during sodium removal are dependent on the degree of
cesium loading as shown in Figure IV-88(16). 1osses are not greatly
different usiné the dilute alkaline scrub solutions than with nitric or
oxalic acids't ). In & practical operation, loading would be stopped
at less than cne percent breakthrough so that cesium loss would be low
in the scrubbing step.

l I l I I | l I

Scrub - 0. 2M NHY

Columns - 0,8 c¢m ID x 20 cm long
Particle size - 20-50 mesh
Temperature - 25C

Flow rate - 2 col, vol. /hr,

8— Superficial velocity - 0,16 gpm/ft®

{NH,},C,Q, Scrub
Column loaded to
6% Cs breakthrough .|

Percc it Cesium Loss
Y

(NH, },CO, Scrub e
Column loaded to
2% Csbreakthrough

8 10 12 14 16 1
Column Volumes

FIGURE IV-88

Cesium Loss from Clinoptilolite During Scrubbing
for Two Cesium Breakthrough Levels
(Source of Data: HW-76449)
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L Cesium Elution

Cesium can best be removed from zeclites by cations that are
gimilar in size and charge to cesium. Potassium and rubidium ions are
good eluting egents, but the subsequent separation from cesium is
difficult. Ammonium ion is not as efficient an eluting agent as potas-
sium and rubidium but is much easier tc separate from cesium. Elution
curves for several ammonium compounds are shown in Figure IvV-89(15),
The differences can be explained on the basis of dissociation and thus
availability of ammonium ions in sclution. (The elution curves in this
and subsequent figures were obtained with eluant upflow, i.e., counter
to the loading flow, unless otherwise noted.)

100 g —— ~
h \ NH 4on/ 7
(NH4)2C03 n
Column - 0. & em ID x 40 cm long -
Particle size - 0.4 to 0,7 mm
Temperature - 40C ]
Flow rate - 1,2 col, vol, /hr,
Superficial velocity - 0. 30 gpm [ft?
NH4C2H302
. (NH,) 80,
&
: /
o NH ,NO,
8
=
g 10 7
g -
B
o
8 —
k] *
g -
7]
[
[
i ]
u ¢
-
1 1 ! LR L

0 10 20 30

Column Volumes

FIGURE IV-89

Elution of Cesium-137 from Clinoptilolite
by Various 2N Ammonium Salts
{(Source of Data: Reference 15)
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Ammonium scetate and ammonium carbonate have the advantage of being
volatile. If a scluticon of ammonium acetate and cesium acetate is
evaporated to dryness, all of the ammonium acetate is volatilized,
leaving only solid cesjum salts. The boiling point gradually in-

creases from e little more than 100 to about 160 C. However, ammon-

ium carbonate begins to volatilize rapidly at about 70 C, and the
volatilization is complete before 10C C. Thus, with ammonium carbonate,
it is possible to stop the evaporation at a point where a relatively pure
aqueous sclution of cesium carbonzte is obtained.

Experimental work with ammonium carbeomate elutions indicated that elution
efficiency could be greatly improved by incressed temperatures for sev-
eral reasons: relative bonding strength of cesium is lower at higher
temperatures, ammonium carbonate disscociation increases with increased
temperatures, ionic mobilities snd diffusion rates are improved, and
solution viscosity is lowered. With soluticns of other ammonium com-
pounds, elution has been accomplished at 80 ¢, but the temperature of
ammcnium carbonate solutions is limited by gassing. Gassing is also
influenced by the ammonia content.

Ammonium carbonate solutions are actually equilibrium solutione of
ammonium bicarbonate-ammonium carbonate-ammonium carbamate and are
displaced towerd the carbamate at high pH and high ammonia content.
Table IV-55 shows he relationshi? of temperature and ammonia content
with gas evolution during elution 15),

TABLE IV-55

EFFECT CF TEMPERATURE AND AMMONTIA CONCENTRATIONS
ON GASSING OF (NH,DECO3 SOLUTIONS

(Source of Data: Reference 15)

Column: 75 ml of 20 x 50 mesh clincptilolite
Flow Rate: 7% ml/min

< NH
FiX
Soluticn Composition Added as Temp., Gas Evolution,
M COp M NHy NH, OH o M1/Min
1.9 3.8 0 50 0.00GL
55 0.038
&0 2.8
1.9 L,z 12 50 Trace
55 0.0023
60 0.066
1.9 5.8 35 50 Trace
55 Trace
60 0.0023
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b Cesium Eluticn

Cesium can best be removed from zeolites by caticns that are
similar in size snd charge to cesium. Potassium and rubidium ions are
good eluting esgents, but the subsequent separation from cesium is
difficult, Ammonium jon is not as efficient an eluting agent as potas-
sium and rubidium but is much easier to separate from cesium. Elution
curves for several ammonium compounds are shown in Figure IV-89(15).
The differences can be explained on the basis of dissociation and thus
availability of ammonium ioms in solution. (The elution curves in this
and subsequent figures were obtained with eluant upflow, i.e., counter
to the loading flow, unless otherwise noted.)

100

™ S NH, OH™" —+ >

(NH‘I)ZCOS

Column - 0.8 ¢m ID x 40 cm long -
Particle size - 0.4 to 0.7 mm
Temperature - 40C

Flow rate - 1,2 col. vol. fhr,
Superficial velocity - 0, 30 gpm fft?

NH4C2H302

(NH4) 2504

Percent of Cesium Remaining

L | L ]

0 19 20 30
Columh Volurnes

FIGURE IV-89

Elution of Cesium-137 from Clinoptilolite
by Various 2N Ammonium Salts
(Source of Data: Reference 15}
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Ammonium acetate and ammonium carbonate have the advantage of being
volatile. If a sclution of ammonium acetate and cesium acetate is
evapcrated to dryness, all of the ammonium acetate is volatilized,
leaving only sclid cesium salts., The boiling point gradually in-

creases from a little more thean 100 to sbout 160 C. However, ammon-

ium carbonate begins to volatilize rapidly at about 70 C, and the
volatilization is complete before 100 C. Thus, with ammonium carbonate,
1t is possible to stop the evaporation at a point where a relatively pure
aqueous solution of cesium carbonate is obtained.

Experimental work with ammonium carbonate elutions indicated that elution
efficiency could be greatly improved by increased temperatures for sev-
eral reasons: relative bonding strength of cesium is lower at higher
temperatures, ammonium carbonate disscciation increases with increased
temperatures, lonic mobilities and diffusion rates are improved, and
solution viscogity is lowered. With solutions of other smmonium com-
pounds, elution has been accomplished at 80 C, but the temperature of
emmonium carbonate sclutions is limited by gassing. Gassing is also
influenced by the ammonia content.

Ammonium carbonate solutions are actually equilibrium solutions of
ammonium bicarbonate-ammonium carbonate-smmonium carbamste and are
displaced toward the carbamate at high pH and high ammonia content.
Table IV-55 shows he relationshi? of temperature and ammonia content
with gas evolution during elution 15},

TABLE IV-55

EFFECT OF TRMPERATURE AND AMMONIA CONCENTRATIONS
ON GASSING OF (NH),)pC0, SOLUTIONS

(Source of Data: Reference 15)

Column: 75 ml cf 20 x 50 mesh clinoptilolite
Flow Rate: 75 ml/min

% NH
P2
Sclution Composition Added as Temp., Gas Evelution,
M COp M NHy NH, OH oC M1/Min
1.9 3.6 0 50 0.00%4
55 0.038
60 2.8
1.9 h.3 12 50 Trace
55 0.0023
60 0.066
1.9 5.8 35 50 Trace
55 Trace
60 0.0023
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Elution efficiency per mole of total ammonia is slightly improved by
moderate additions of smmonium hydroxide to the emmonium carbonate.
From the available information, 55 C has been chosen as a practical
elution temperathlre with about 25 percent of the smmonium being added
as the hydroxide 155.

Cesium elution curves for cesium removal from clinoptilclite by three
concentrations of elution solution are shown in Figure IV-90. Az would

be expected, the dilute solutions elute cesium more effectively per mole
of emmonium; however, the advantage of lower volumes outweighs the los?

in efficiency, and thus the 8@_ solution is the choice eluting sclution 16) .

100

Column - 0,8 cm ID % 20 cm long
Particle size - 20-50 mesh -
Temperature - 55C

Flow rate - 2 col. vol, /hr,
Superficial velocity - 0,16 gpm fft®
(25% of the NH, iona are supplied

as ammonium hydroxide)

50 —

b
(=]
i

Percent of Cesium Remaining
-
o

Colurnn Volumes

FIGURE IV-90

Elution of Cesium from Clinoptileolite by Three Concentrations of
Ammonium Carbonate - Ammonium Hydroxide Solutions
{Source of Data: HW-76449)
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Compafisof6?f cesium elution from several exchangers is shown in Figure
IvV-91 2 . There appears to be a significant difference in the elution
performance depending on the solution used tc load the exchangers. For
example, cesium was eluted much more readily from a clinoptilolite column
loaded from PSN than from a similar column lcaded from RSN. On the other
hand, cesium loeded on Duclite C-3 was more readily eluted from a RSN-
loaded column that from a PSN-loaded column. A slight fraction of the
cesium does not elute from Linde AW-400 and AW-500 and is probably re-
tained by the b%ng r. This amocunted to 4 to 8 percent of the cesium (10)
loaded from PSN(1C) ang 3 to 17 percent of the cesium loaded from RSN .
This fraction does not appear to lower the capacity on subsequent losding
cycles nor does it build up any further; therefore, for practical pur-
poses il can be ignored. This fraction was not included in the calcula-
ticng for the AW-400 and AW-500 curves.

Column - 0,8 cm ID x 20 em long

Particle size - 20-50 mesh

Temperature - 55C

Flow rate - 2 col. vol, /hr.

Superficial velocity - 0. 16 gpm [ft2
100

Columns loaded from
RSN (10); eluted with
2M(NH,),COs, 2M
NH, OH

Columns loaded 1
from PSN (18);

eluted with 2M
{(NH,)}_,CO; ~

111

|

Linde AW-400 Linde AW-500 ]

Percent of Cesium Remaining

10 |—
— Duolite ¢-3
- . N
Clinoptilolite Clinoptilolite
i -~ e q
o
1 ] ] 1 ] 1 1 ! J ] ] i ]
0 2 4 6 8 10 12 0 2 4 6 8 10 12 14

Column Volumes

I'IGURE 1IV-91

Elution of Cesium from Several Ion Exchangers with
Ammonium Carbonate - Ammonium Hydroxide Solutions
(Source of Data: HW-76449 and HW- 84105)
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The effect of particle size and flow rate on cesium elution from

Duolite C-3 is shown in Figure IV~92. It can be seen that the elution
igs limited by kinetics and is considerably improved by decreased par-
ticle sizes and flow rates. The effect of flow rate on cesium elution
from clinoptilolite was less pronounced, as shown in Figure IV-93. All
of the elution studies were made in 0.8 cm columns, 20 em long; and the
effect of the superficiel velocity on elution efficiency was not investi-
gated independently.

k.5 Ion Exchanger Reconditioning

The ion exchange beds used for Purex supernatants require only a
a simple water flush following elution tc remcve the ammonium carbonate
eluant prior to the next loading cycle. For Redox wastes, however, the
ammonium ion must be eluted from the bed with sodium hydroxide to keep
aluminum in the RSN from precipitation with emmonium hydroxide generated
during loading. The flowsheet for Redox supernatant (Figure IV-73 indi-
cates the us of 3 column volumes of IM NeOH. The standard laboratory
procedure( also included recyeling & column volumes of 8M NaOE to
assure elimination of ammonia.

4,6 Ammonis -Ammonium Carbonate Recovery

Carbon dioxide evolution from smmonium cerbonate eluant solutions
begins when the solution is heated to about 55 C. Further hesting will
result in the rapid evolution of both COo and ammonia at 70-80 C. The
concentrations of NHz and CO, in the product solution eventually reach an
equilibriumn value, depending on the vapor pressure of the o ium and
carbonate salts in solution. In one pilot plant experiment , residual
concentrations of 0.076M NH; and O.40M COo{CO, ), were found after boil-
ing 8 simulated ion exchangé column eluant cohteining O. th Nat for 1 hour.
The final pH was 9.8. In continuocus operation, the solution composition
in the evaporator will alweys be at an equilibrium value similar to this.

A semi-continuous process based on the volatility of ammonium carbonate
will be used for recovering and reconstituting the cesium eluant. The
flowsheet is included in Figures IV-72 and IV-T73 and discussed below:

1. The concentrator must be brought to boiling with water or
concentrated product from & preceding run. (Startup with
ammonium carbonste svlution can pressurize the system and
overload the absorber.)

2. The concentrator will operate at the boiling point of the
cesiun product solution; snd water, CO», and NH, will be
continuocusly evolved at essentially the mole retic in the
eluant solution. The boil-up rate is set equal to the
feed rate to maintain a constant level In the evaporator.
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3.

For most efficient ammonium carbonate recovery, the off-
gases from the concentrator are passed through a down-
draft condenser. Up to 95 percent of the NH3 an%ec?g
were absorbed in this step in a pilot plant tnit 517
The heat transfer surface must be continuously wetted
with unsaturated solution to prevent deposition of
crystallized (NHu)QCO ; however, surfaces warmer than
60 ¢ will not allow dgposits to form. 'The heat
generated by absorption of NH, and CO. must be remocved
by the condenser. The combingd heat of formation and
solution for (NH,),CO, is 118.4 kcal/g-mol, and the heat
of soclution for 3 i8 8.8 kecal/g-mol.

The volume of vapor leaving the condenser is essentially
that of the non-condensible off-gases (purge asir, ete.);
consequently, the absorber unit can be quite smmsll. ZEven
when a pre-condenser is not provided, low gas flows through
the absorber are observed because condensation and absorp-
tion of most of the condensible gases cccurs in the bottom
few inches of the absorber tower.

Make-up NH; and CO» are added to the bottom of the tower and
meke-up water is added to the top.

Absorption is accomplished by recycling a portion of the
recovered eluant to the top of the abscrber tower. Mass
transfer coefficients in the pilot plant absorber packed
with 1/2 in. Intalox saddles were unaffected by flow rate
over the renge of 50 to 300 gph/ft2.

Ammonia and CC, lcsses are dependent on the partial pres-
sure of the (Nﬁh)QCO recycle soclution in the absorber off-
gas. Typical partiai pressures in the off-gases from the
pilot plant sbsorber ranged from 14 to 94 mm Hg for NH3 end
12 to 35 mm Hg for CO2 with 7C fo 90 F recycle solutions
containing about 8 to 10M Ny and LM COo.

LAbout 90 percent cof the residual NH. and COp can be re-
covered by passing the coff-gas throégh a small scrubber,
using elusnt makeup water as the scrub stream. A sug-
gested flow diagram using this modificaticn is shown in
Reference (2%).

L.7 Cegium Product Purification and Packaging

The purity of the cesium product after one cycle of ion exchange
is determined primarily by the sodium remaining on the bed after the
sodium scrubbing step, as discussed in Section F 4.3. Typical Na/Cs
mole ratios should be sbout 5 to 10 with Purex supernatants and 10 tc
50 with Redox supernatants.

UNCLASSIFIED




UNCLASSIFIED

104 g

of Cesium Remaining

Percent

50

e
=

o
<

-

50
Q.
Q.

SN
L

Colurmit = 0, & can 1D % 20 cm long
Temperatyre - 55C

20-50 mesh
vol, fhr

2 col. vol, |

50-100 mesh
2 col. vol, fhr,
0,16 gpm {1

-100 mesh
5 col, vol, /hri
04 gpm/fe

wp—

T . Y

i Ll 1 l_

Column Velumes

FIGURE IV-92

ISO=100
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(Source of Data: HW-76449)

Column - 4,8 cm ID x 20 ¢m long
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Temperature - 55C
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FIGURE IV-93

Effect of Flow Rate on Elution of Cesium from Clinoptilolite

with 4N Ammonium Carbonate Solution

(Source of Data; HW-76449)
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Most of the remaining sodium can be removed by a second cycle cf ion
exchenge using the same zeolite (Linde AW~500). Steep breakthrough
curves are obtained, as shown in Figure IV-G4 along with equilibrium
loadings in excess of 0.8 mole of Cs/liter of zeolite Th . Scrubbing
with dilute ammonium carbonate should remove over $5 percent cf the
sodium as before, and ultimate product Na/Cs mole ratios as low as
0.05 should be cbtained on elution with concentrated smmonium carbo-
nate. Contamination from other alkali metals (Rb and X) would be
about the same as for sodium.

Cesium in excess caf Tarket demand for C&-137 will be loaded on Linde
AW-5C0 and stored 2l The proposed flowsheet is shown in Figure IV-
95. It differs from the sbove purification flowsheet in that the
ceslum in the effluent approaches 1CO percent breakthrough and in
having no scrub or elution steps.

Most of the cesium stored on zeclite can he recovered by eluling with

ammonium or nitric acid solutions. In two experiments, 86 and 90 per-

cent of the cesium were eluted from Linde AW-500 with 2M NH3NO and

1M HNO 5, (ﬁ?spectively, after the loaded zeclite was held at 608 ¢ for
s

2k hou . The 1M nitric acid solution alsc leached aluminum from
the zeolite lattice.
1.0
Feed - 0, 32MNa, CO,, 0.04MCs,CO,
0.9 Column - 1.9 cm ID x 21 cm long {50 g Zeolite)
: Particle size - 25-30 mesh 7
Temperature - 25C
o.gl Flow rate - 4 col. vol. /hr. N
) Superficial velocity ~ 0. 34 gpm /ft®
0.7 -
0.6} .
o 0.5} , ~
2 Linde AW-500 Linde AW-400
8,
0.4} ]
0.3} -
0.2 -
0,1 -
0 | i L | | |
0 2 4 6 8 10 12 14 16 18 20 22

Column Volumes
FIGURE IV-94

Cesium Breakthrough Curves for Cesium Product Concentrate
(Source of Data: HW-78461)
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7 TG CONTAINER WELDING, TO WASTE HANDLING RECYCLE 70
0 Y DECONTAMINATION, AND CONCENTRATOR
- INSPECTION
Total 13.5
Flowsheet for Cesium Waste Packaging
(Source of Data: HW-78061)
. . \
5. Reccovery of Cesium from Purex Acid Wastes

A flowsheet for removing cesium from Purex Acid W?ste (PAW) with
clinoptilolite ion exchange is presented in Figure IV-96{15). mMhe basic
procedure is similar to that used for alkaline supernatant wastes, with
the exception of the scrubbing and acid elution steps.

An oxalic acid scrub is required to elute sorbed zirconium and nicbium,

in addition to scdium. The hydrogen ion on the bed is then removed with
ammonia to prevent gassing during the following ammonium carbonate elution
step. Because ammonium hydroxide is only slightly ionized, it effectiv-
ely replaces hydrogen ions without displacing the cesium.

Typical loading curves showing the effect of flow rate and cesgium con-
centr%ti?n on the cesium breskthrough are shosn in Figure IV-97 and
IV-98i12) ; equilibrium data for clinoptilolite was previously presented
in Figure IV-T6, IV~T7, and IV-78. Generally, the effects of tempera-
ture, particle size, and flow rate were similar to those found with
supernatant feeds.

The effectiveness of Yig}ous scrub solutions in removing ZrNb-95, is
shown in Figure IV-99 . Oxalic acid, the preferred scrub, removes
the small amount of sorbed zirconium in the first one or two column
volumes, while the nicbium is removed at & slightly slower rate than
sodium.
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A small continuous decrease in cesium capacity, averaging 2 percent per
cyele was found on re-using the cjdg?ptilolite for several complete
cycles of the preceding flowsheet . This lose in capacity appears

to be due to a very slow dissolution of the mineral in the acid influent.
Other zeolites, such as Linde AW-400 and AW-500, are considersbly less
acid stable apd cannct be used for PAW processing.

Sodium Elution Water Wash Acid Elution
Oxalic Acid 0.5 M Ha0 NHOH 1M
Temp. 200C Temp 20°c Temp. 206¢C
Flow 8cv. Flow dcv Flow dcv.

! ! ¢
|

Clarified FTW Cs Eluate
A J v
. To
HN 0.3 M *| (NHghCO3  2ZM [ packaging
HyS0O4 0.1 +>99% of Cs
Na 0.3
Fe 0.1
Al 0.05 Clinoptilolite
cr 0.02 Column
Ni 0.01
Temp. 200¢
Flow Bev. Cs Elution
* (NHp)2CO3  2M
Temp. 550¢
Column Effluent Flow 8c.v.
Composition same [
L‘:lg'é Ee' as FTW except > 99% v
Removal Step of Cs Removed Waste

Sodium, Oxalic Acid,
Hy0 and NH4q OH

FIGURE IV-96

Extraction of Cesium from Purex Acid Waste
{(Source of Data: Reference 15)
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FIGURE IV-97 FIGURE IV-98

Effect of Flow Rate on Cesium
Breakthrough with Purex Acid Waste
(Source of Data: Reference 15)

Effect of Cesium Concentration on Cesium
Breakthrough With Purex Acid Waste
(Source of Data: Reference 15)
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o
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FIGURE IV-99

Removal of ZrNb-95 from Clinoptilolite by Four Solutions
{(Source of Data: HW-76449)
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6. Strontium Packaging

6.1 Introduction

The recovered strontium product in excess of Sr-90 narket demsnd
will also be loaded on a suitable zeolite for storage. The major con-
teminant will be sodium ion, with lesser amounts of calcium and magnes-
ium. Three of the zeolites in Table JV-51 are strontium selective under
these conditions: Linde 4A, 44 XW, and 13 X. The 44 and 4A XW zeolites
have the seme crystalling structure, differing only in the amount of
binder, and cen be used interchangesbly.

A flowsheet using Linde 4A zeolite is shown in Figure IV-100, The zeo-
lite is loaded to ca. 100 percent capacity with the strontium collected
for recycling after breakthrough is observed.

Water Wash .
Drying Gas
HZO Air
Volume=3 Temp, BOOF
l Dewpoint -100F
4AXW
Strontium Zeolite
Packaging
Feed
Acidic Sr{NO,} 0, 035M
Strontium 3’2 -
Feed NEI.NOS 0.2
Ca(N03)2 0.0
Mg(NO,), 0.01
Acetate 0,04
] Volume=1
Citrate 0. 005 Drying Gas
) pH 4.8
Acetic Acid
Citric Acid —"l Temp, 132F
NaOH Flow Rate 12 c.v, /hr
Volume 30

r ¥

Recycled Effluent

and Wash Waste
Sr(N03)2 0.007M Sr(N03)2 <0, 0004M
NaNO3 0.2 NaNO3 0.3
Ca(N03)2 0.008 . Ca(N03)2 0,005
Mg(N03)2 0. 008 Mg(NOS)2 0,008
Acetate 0,03 Acetate 0, 04
Citrate 0,004 Citrate 0. 005
Volume 13 Volume 20

FIGURE IV-100

Strontium Waste Packaging Flowsheet
(Source of Data: Reference 13)
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6.2 Equilibrium Data

Equilibrium data fOflﬁinde LA XW and 13 X are presented in Figures
Iv-101, Iv-102, and IV-103 . The mass action quotients presented in
these figures were cbtained at 25 (; however, the Sr-Cs and Sr-Na equili-
brium are only slightly affected by temperature, and the data may be used
to predict loadings (by the method described in Section F 1) at tempera-
tures as high as 70 C. The mass action quotients are defined by the
equations:

KSr = (Srz) (Na+)2 (25)
Ne
(Na,)2(sr "
++
KS; _ (sr)) (ca™) (26)
(Caz) (sr™
Je (Nag)? (cat™) 27)
. (27

(Cap) (Na')®

where concentrations in the zeolite phase - Sr_, Ca_, Na, - are expressed
as equivalent fractions and concentrations in Sclution are normalities
(equivalents/liter).

100

T Tt TTY

| ,”::;;ll

T rl‘r'v—rn T t—

DL'IIJI

T } T
/—l-.'-i-)-( ]
10 ,/’// ,,/”f‘
/

#w

L]
\'
|1|||

IlIIIII

0.1 1 Ll Al I |J|\I\| ! L L1l 1 |1|||||
6,01 0.1 1,0 1 100
M xah?

o sr
FIGURE IV-101

Variation of Mass Action Quotients with Solution Normality Ratios for
the Exchange Reaction 2Na + 2N

zeolite + Srsolution B Sr'zeolite asolution

(Source of Data: HW-78461)
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FIGURE IV-102

Variation of Mass Action Quotients with Solution Normality Ratios for
the Exchange Reaction Ca

., t Sr . = Sr .. + Ca .
zeolite solution zeolite solution
(Source of Data: HW-78461)
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FIGURE IV-103

Variation of Mass Action Quotients with Solution Normality Ratios for

the Exchange Reaction Cazeolite * 2Na"solution ) 2Nazeolii;e T Casolu’tion

{Source of Data: HW-78461)
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6.3 Loading Studies

The effects of operating varisbles on strontium breakthrough for
loading a synehetic, concentrated 1BP (solvent extraction pfoﬁyct) on
Linde L4 zeolite are shown in Figures IV-104 through IV-106'1%), 1n
genersl, increasing the temperature and decregsing the particle size
will reduce the loading cycle time and the amcunt of recycle effluent.
Decreasing the flow rate will reduce the amount cof recycle effluent but
will increase the loading time., Column length had no significant
effect on the slope of the breakthrough curve with the cclumn volumes/
hour (or holdup time) held constant.

The zddition of citrate ion to feed soluticns containing Sr-90 and rare
earths is recommended to complex Y-90 and Ce-1k4, I not complexed,
these iscotopes mey absorb in a narrow band at the influent end of the
column and cause heating problems at this point. A concentration of
C.005M citrate was(iﬂfficient to prevent significant absorption of
yttrium and cerium .

1.2
O 1/16 in. Pellets
B 8 x 12 Mesh Beads
1.0 —— & 16 x 18 Mesh Crushed Pellets
® 30 x 35 Mesh Crushed Pellets
0.8 F—
c/c, 0.6
0.4 —
Zeolite: Linde 4A {50g)
Feed: 0, 20M NaNQ,,
0. 035M Sr{NO, ),
0,01 M Ca{NQ; ),
Colurn: 1.9¢cm I.D, x
0,2 21 cm long
Temp. : 25C
Flow Rate: 3 c,v, /hr,
Velocity: 0, 26 gpm/ft®
0 | |

0 10 20 30 40 50

Column Volumes
FIGURE IV-104

Effect of Particle Size on the Strontium Breakthrough Curves at 25C
(Source of Data: HW-78461)
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1.0 1 | I 1 T T T T 1
Zeolite Linde 4A {50g)

0.9} Feed 0. 20MNalNQ,, 4

' 0. 035M 81{NOQ,), ,

0. 010M Ca{NQ,),

o.sk Column 1. %cm ID x 21cm long i

* Particle size 30-35 mesh

Temperature 25C
0,7F -
0,6 -
0.5} -
CICo
0.4} -
0.3 -
A 3 col. vol. fhr
0,2 0.26 gpm/ft? .
B 12 col. vol. /hr
.03 ft?

0.1} 1.03 gpm/ .

0 1 1 ] 1 1

0 10 20 30 40 50

Column Volumes

FIGURE IV-105

Effect of Flow Rate on Strontium Breakthrough Curve
(Source of Data: HW-78461)

1. T 1] 1 ) ¥ i ) T 1
Zeolite Linde 4A {50g)
0.5} Feed 0, 20M NaNQ,,
0. 035M 51{ND, ),
0. 010M Ca(NO, ),
0. gl Column i.9cm ID x 21 cm long i
. Flow Rate 12 col. wvol. /hr,
Superficial Velocity 1,03 gpm/ft?
0.7} 4
0. Sﬁ. -
(-]
L o5+ -
&)

0.4+ _
0, 3 N

® 25C

& 40C
0,2} | s5C -

A soC
0, 1F -

0 | L 1 1 1 1

0 5 10 15 20 25 30 35 40 45 50

Column Volumes

FIGURE IV-106

Effect of Temperature on Strontium Breakthrough Curves
(Source of Data; HW-T78461)
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6.4 Recovery of Strontium from Zeolites

Strontium can be reccvered from the stored zeolite by nitric acid
elution. In cne test, 99 percent of the strontium was eluted from Linde
ha wi’fh 1M HNO, after the loaded zeolite had been heated at 600 C for 24
hours 2) . 3

T Recovery of Techanetium from Stored Supernates

T.1 Introduction

Technetium-99 exists as the scluble pertechnetate ion in Purex
and Redox alkaline supernate wastes. The pertechnetate ion readily loads
on strong-base anion exchange resins from the waste supernatant solutions
end can be conveniently recovered by passing the effluent from the cesium
ion exchange colummns through an anion(gisin bed. A flowsheet for this
purpose is presented in Figure IV-107 .

RESIN BED WASHES
(D) 1.0M NaoH
6000 Gal y
D watr @ L () RESIN BED WASH
4500 Gal 3 WATER
@ Temp Ambient FLOW 50 GPM
0,25 M HNO Flow 50 GPM
5000Gal - 9000 Gal 4500 Gal
Temp Ambient @ Q3 ® I
Flow 50 GPM
O® TECHNETIUM WASTE
TECHNETI UM 10N l
EXCHANGE FEED 3 l 0 ﬁ: _ ﬁ 35M MAKEUP ACLD
Na LIM — - o * 12.2 4 HNO,
N0y~ 058 o 0.57
NOZ 2.3 1X i 0.07 %0 Gal
(S:Of g ;E Column T 1%
04_ 5
Tc 0. 00029 IRA-401 TEMP AMBIENT
1500 Gal
Cs 0.03 Cifk g:*ow ;[1] -
R LB Ci
T” ”]ic'm @ @@ 81, 000 Gal
emp: Ambient — »
B 1 @@
Flow 50 Calimin ®
60, 000 Gal CONC Tc PRODUCT
‘ 1 0.33M
Tc PRODUCT HN% 12.2M
T 00BM Na 0544
HNOy 6.0 e ——f, | (5 <0.0LcilL
e EVAPORATOR o 090t
s <0.001 Gilk, 90 Gal
Ry 0.005
Flow 50 GPM
9000 Gai

FIGURE IV-107

Technetium Recovery from Purex Alkaline Supernatant Waste
(Source of Data: HW-83348)
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The process consists of passing sbout 40 column volumes of alksline
supernate through the column. After the column is loaded, the bed is
washed first with dilute sodium hydroxide to remove contaminating fis-
sion product, nitrite, and carbonate ions. The resin is then con-
verted to the nitrate form with dilute nitric acid. (The nitric acid-
hydroxide rea?tg?n is excthermic and is more easily controlled with
dilute acid.) 2 The technetium is eluted with 6M.HND , and the bed
is prepared for re-loading by displacing the acid with water.

The technetium product is concentrated, and the distilled nitric acid
is condensed and reused in the next elution. A small amount of tech-
netium is volatilized during concentration but is recovered and re-
turned to the process in the recycled acid.,

7.2 Equilibrium Data

The equilibrium distribution of technetium between synthetic
Purex waste supernate sclutions and various orgenic gnion resins is
shown in Table IV-56 as a function of waste dilution(22), The distri-
bution ratio, Kg:, is defined as

K. = Amount of Tc in Resin x _ ml solution
d = Amount of Tec in Solution Grams dry resin

The strong-base resins had the highest distribution coefficients, and
two of these, Dowex 1 and Amberlite IRA-LO1, were examined more ex-
tensively.

TABLE IV-56

TECHNETIUM DISTRIBUTION FROM SIMULATED
PUREX WASTE SUPERNATES AT VARIQUS DILUTIONS
(Source of Data: HW-73121)

(a)of Strength:

Technetium [Sd in Supernates

Strong-Base Resins 100% 75% 67% 50% 25%
Amberlite IRA-400 414 318 -- 27 440
Amberlite IRA-401 -- - 325 - --
Dowex 1 340 299 290 271 448
Dowex 2 220 226 -- 218 320
Dowex 21K 186 202 -- 1586 202
Duolite A-101 373 335 -- 3890 529
Duolite A-102 194 213 -- 209 294
Permutit $-2 226 193 - 201 297
Permutit SK 118 92 88 B85 116
Intermediate- Base Resin

Duolite A-30B 23 25 - 22 27
Weak-Base Resins

Amberlite IR-45 139 138 -- 147 178
Dowex 3 50 81 - 78 112

(a} Synthetic Purex Waste Supernatant Composition:

M
NaNO, 4.2
NaNQO, 2,6
Na, CO, 1.0
Nags PO, 0.02
Na_ SO, 0.07_,
Tec=-99 ~2 x10
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Effect of Anion Composition. Neutralized Purex waste supernate
is composed chiefly of sodium nitrate, nitrite, and carbonate salis.
The effect of each of these seperately snd in combination is shown in
Table IV-57, using Dowex 1 resin.

TABLE IV-57
E¥FECT OF ANION COMPOSITION ON TECHNETIUM Ky AT pH 10

(Source of Data: HW~73121)

Concentration of Anions, Moles/l

- -

My Ml 03 Ko
0 O 1 1026
0 3 1 410
0 3 0 240
3 3 1 220
3 Q 1 165
3 3 0 144
3 0 C 9%

These data show that carbonate enhances the absorption and nitrate
reduces it.

Effect of Hydrogen Ton Concentration. The effect of hydrogen
ion concentra?io? on the technetium distribution ratio 1s shown in
Figure IV-108 22), The total nitrate composition wes held constant
at 7.5M by varying the ratio of HNO, and NaNO,. The data show a
sharp increase in Kg as the hydrogeé ilon concéntration falls below
0.5M.

The distribution ratios were unaffected by pH over the range pH 1 to
PH 11. Average Ky values for IRA-40) resin were 30? + 50 at 1M NaN03,
138 + 12 at UM NaNO3, and 133 £ 12 at 7.5M NaNo3(22). -

The effect of nitric acid concentration on the. technetium in the
absence of Nal0, 1s shown in Figure IV-109 22). The data show that
technetium~Joad&d resin can be washed with dilute nitric scid without
excessive loss and that technetium elution will be rapid at concentra-
tions above LM HI\]03.
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7.3 Column Studies

Breakthrough curves cbtained in pilot plant runs with actual
Purex waste supernate (Tank 1034) are shown in Figure TV-110(22), mhe
feed composition corresponded spproximeately to a 50 percent dilution of
the synthetic feed composition shown in Table IV-56 (with the exception
of Run 3 which had 2M added NaDH). The technetium concentrstion was
0.0112 g/1. -

The data show that the slower flow rate used in Runs 2 and 3 greatly
sharpened the breakthrough curve and that the added caustic was not
beneficial. Approximately 90 column volumes of supernate were passed
through the column to reach 50 percent breakthrough, corresponding to
an equilibrium resin loading of about 1 g Tc/l of resin and a volumetric
distribution rstic of 90.

The loaded pilct plant columns were washed with about 6 column volumes
of either water or O.25@_HNO3, and the technetium was elyted with &g
HO,;. The elution curves are presented in Figure IV-111 22), Essen-
tia?ly 21l of the technetium was eluted by 4 column volumes of eluant.
The products from Runs 2 and 3 were decontaminated by factors of about
20,000 from Cs-137; 200 from Ru-106; ca. 200 from Ce-144; and 300 to
500 from Zr¥Nb-95.
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Technetium Distribution on IRA 401 Resin as a
Function of Hydrogen Ion at Constant 7. 5M Nitrate
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~ FIGURE IV-109

Technetium Distribution on Dowex 1x8 from Nitric Acid Solutions
{Source of Data: HW-73121) ‘
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FIGURE IV-110

Technetium Breakthrough Curves
(Source of Data: HW-73121)
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Elution of Technetium from IRA 401 with 8M Nitric Acid

(Source of Data: HW-73121)
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G. CESIUM PRECTPITATION PROCESSES

Two precipitation processes have been investigated at Hanford
for possible use in removing cesium from fission product wastes. One
used phogphotungstic acid to precipitate the dicesium salt from acidic
vaste solutions; the cther used nickel ferrocyanide to precipitate
cesium nickel ferrocyanide from zlkaline wastes. Although both pro-
cegses provided excellent cesium recovery in full-level Purex Plant
tests, they have been relegated to back-up processes because of un-
favorable econcmics.

1. Cesium Phosphotungatate Frocess

1.1 Introduction

The cesium salts of meny of the heteropoly acids are highly in-
soluble; and in recent years cesium hag been separated as the silico-
molybdate, the silicotungstate, the phosphomolybdate, and the phospho-
tungstate. The latter two compou?ds ar? the most insoluble and have
been the most extensively studied!>

Two cesium salts of phosphotungstic ecid have been isolated(5’6). The
tricesium salt (Cs3PW10L0.2H,0) is preferentielly precipitated whenever
the mole ratio of cesium to pﬁosphotungstic acid (PTA) exceeds 3. The
less soluble dicesium salt (CspHPW12040.2Hp0) 1is formed exclusively when
the cesium to PTA ratio 1s 2 or less. Similarly, the neutral and ecid
salts of rubidium, ammonium, and, to a lesser extent, potassium are pre-
cipitated because of their low solubility, although cesium is preferen-
tially precipitaeted in a mixlure of those ions. The cesium precipitate
is very heavy but settles slowly. Colloidal suspensions have been pre-
pared in the absence of electrolytes, but the presence of 0.3 to 0.5M
concentrations of most electrolytes prevents peptization.

1.2 Effect of Variables on Cesium Precipitation

The sclubilities of the alksali phosphotungstates are essentlally
unaffected by nitric acid ccncentrations over the range of 2 to 10M
HNO<. The solubllities are decreased two- to three-fold by lowering
the acid concentration from 2M to zero. Solubilities of the acid phos-
photungstate salts of cesium, rubidium, and ammonium in 2M HNO; are 0.20,
0.25, and C.78 g/liter, respectively, at 20 C. An excess “of 58 PTA/
liter (O. 0016M) lowered the cesium solubllity by a factor of 13 under
the conditions shown sbove; the cesium solubilities in 1, 4, 8 and 12M

wfre 0.00084, 0.00125, and 0.0017 g/ Cs/liter, respectively, at
20 é( Tngerature hed no effect on cesium solubility over the range
20 to 80 C

The soluble phosphotungstates do not interfere in the precipitation of
the cesium salt, and traceg can be removed by washing with dilute nitric
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acid, The inscluble phosphotungstates are those of Rb, K, NH,, Th, Ag,
and Hg(II), and these do interf. r§ unless sufficient PTA is present tc
precipitate them quantitatively >). The chief interfering ion in Purex
acid waste would be Rb at about 20 mole percent of the cesium concentra-
ticn.

1.3 Dissolution cof Precipitate

The phosphotungstate salts are not stable in basic so%u}ion,
breaking down intc the constituent pheosphates and tungstates o, Thus,
the precipitate can be dissolved in either smmonia or sodium hydroxide
sclutions and further purified by ion exchange, as in Section F. The
phosphotungstate ion cannot be regenerated, and its loss represents
over 95 percent of the chemical cost ¢f the process.

1.4 Chemical Flowsheet snd Process Demonstration

The phosphotungstate process was demonstrated in the Purex Plant
with full-level acid waste (IWW), using the flowsheet shown in Figure
1v-112(3), The process involved 5 steps:

1) Precentrifugation to remove sclid impurities.

2) Precipitation of the cesium by adding dilute PTA to
a final concentration of 0.00EHQ_(approximately
0.0016M in excess of that required for the dicesium
s2lt) and digesting at 25 C for one hour.

3) Centrifugation to separate the cesium precipitate
from the supernatant liguor (using a2 bowl holdup
time of 9 minutes at 1500 C).

4) Ceke washing with four separate portions of M HNO
{introduced to the centrifuge bowl via high pressufe
sprays) .

5} Cake dissolution with IM NeOH, using six separate
porticne introduced via the high pressure spray.
(The dilution water shown in the figure would
ordinarily not be added.)

The material balance showed 1.5 percent of the cesium in the combined
wastes and 92 percent in the product. The cesium loss was slightly
{2 to 3-fold) higher than predicted from the above sclubility data.
Decontamination factors could not be cbtained because of cross-
contamination of the product with the feed.
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Precipitatnt Cske Wash Cake Dissolvent Dilution Water
Phosphotung- - : H,O
stic Acid  0,017M Nitric,Acid 1M NeOH 1 2 650 Gat
M al.
200 Gal, 160 Gal. 240 Gal-
Precipitator Rinse
HNO, 1M
300 Gal. {1, .Centriluge % '
{ise0@) "1 l
L sipo s Cesium Product
Centrifuged INW Precipitated Feed Precipitation Waste MC . Py
+ Ccs* 100% Cgt 1. 5% s o
CS_ 100% — SO = 0. 38M s0° 0.27TM NaCQH 0. ZBM
FOC YRR Sl L Fettt 0,19~ Fett* 0,13~ 922 Gal.
HNO. 1' HNO, Q. 86 HNOg 0.68
2 PTA 0,0024 PTA* 0,0017
1220 Gal. 1420 Gal. 2019 Gal,

#*Neglects the phosphotungstate ion associated with the cesium in the product tank.

FIGURE IV-112

Cesium Phosphotungstate Flowsheet
(Source of Data: HW-81092)

2. Cesium Nickel Ferrocyanide Process

2.1 Introduction

Nickel ferrocyanide scavenging has been extensively H ed at
Hanford to remcve cesium from Uranium Recovery Plant waste( . The
process has since been ex?g ded to the removal of cesium from Purex
alkaline waste s%g?rnates and demonstrated in the Purex Plant with
full-level waste . The process is based on the formation of the in-
soluble double salt of cesium nickel ferrocyanide [CspNiFe(CN)gl in
slightly alkaline solutions (pH 7 to 10). Several other metal ferro-
and ferricyanides alsc form inscluble cesium salts { notably those of
zinc anpd iron(III)] but nickel ferrocyanide was selected because it is
effective over a wider pH range and to a higher pH (10.6) than the
other candidates. Since the pH of Purex tank farm supernates is
generally less than 10.5, no pretreatment of the waste appeers neces-
sary. Silver ion will displace cesium and nickel from the compound
and the cesium can be recovered relatively pure by metathesizing the
precipitate with an inscluble silver compound such as Ag2003.

2.2 Effect of Variables on Cesium Precipitation

The following discussion was abstracted from Reference 8, and
is based on laborﬁ;:lory studies with synthetic Purex tank farm super-
nate (ca. 8 x 10°"M Cs).
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2,2,1 Effect of pH

Cesium losses were insensitive to the pH of the alkaline waste
solution up to and ineluding pH 10.6. Iosses increased sharply to
greater than 50 percent at pH 11. The normael tank farm supernste pH,
however, is less than 10.5 and no pH adjustment should be required.

2.2.2 Effect of Excess Reagents

Cesium losses of 2 percent or less were cbtained whenever the
mole ratio of nickel to cesium was =21.25 and the mole ratio of ferro-
cyanide to cesium was 26.25. (For comparison, the stoichiometric mole
ratios of nickel and ferrocyanide to cesium would be 0.5.) The cesium
loss was more sensitive to the ferrocyanide concentration than to the
nickel as the stoichiometric limit was approached; reversing the above
mole ratio limits increased the cesium loss from 1.4 percent to 4.9
percent. Thus it sppears that sufficient ferrocyanide must be present
1o provide an excess in sclution after stoichiometric precipitation of
both the cesium-nickel and nickel ferrocyanides. The precipitate vol-
ume in all cases was less than 2 ml/1 of feed (with up to 2.5 milli-
moles of nickel added).

2.2.3 Effect of Temperature

The waste solution was normally digested at room temprature for
30 min after addition of nickel nitrate and for an additional hour after
adding potassium ferrocyanide. The losses increased 2 to 3-fold when
the digestion temperature was increased toc 50 C.

2.3 Metathesis and Dissolution

Silver carbonate, oxide, asnd nitrate were satisfac?8§ily used
to metathesize the cesium nickel ferrocyanide precipitate . Cegium
recoveries ranged from 87 to 97 percent when & water slurry of ferro-
cyanide precipitate was digested for one hour at 80 C with at least a
two~fold excess of silver cover the theoretical requirement to meta-
thesize a mixture of CspNiFe(CN)g and NipFe(CN)g to AgyFe(CN)g. The
digestion temperature must be high; cesium recovery from a zinc ferro-
cyanide precipitate was only 3% percent when digested at 40 C, compared
with 99 percent recovery at 80 C.

The use of an insoluble silver salt, such as the carbonate, in the meta-
thesls provides the cleanest cesium product. With silver nitrate, the
excess reagent and the metathesized nickel will remain in solution with

the cesium. The silver and nickel can, of course be precipitated later
as the carbonates.
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2.4 Chemical Flowsheet and Process Demonstration

The nickel ferrocyanide process was demonstrated in a full-scale
plant test using aged high-level waste supernatant solution as feed and
the Purex Plant head-end precipitation equipment 2). 'The cesium re-
covery was 99 percent with a sodium decontamination factor of 900 using
the flowsheet shown in Figure IV-113. The following procedure was
employed:

1) The supernatent solution was adjusted with nickel nitrate
and sodium ferrocyanide to 0.001 and 0.005M, respectively.
The resulting solutions contained 4 and 20 times the
respective theoretilcal nickel and ferrccyanide requirement.

2) The treated solution was digested for one hour at 25 C and
centrifuged at 1500 G's at a bowl holdup of 10 4o 20 min,

3) The precipitate was washed in the centrifuge with 0.1M
Nall0- and slurried from the centrifuge with O.O5M_Agmo3
meta%hesis solution (3.8 times the theoretical amount
required).

L) The slurry was digested at 90 C for one hour and settled
at 25 C for one hour before decanting the cesium product
through the centrifuge.

5) The remaining solids were metathesized a second time under
similar conditions.

6) The waste silver cake was slurried from the centrifuge with
2M NeOH.

The following material balance and decontamination factors were obtained:

Process Solution Cs, ¢ of Input
Waste Supernate 0.4
Silver Waste Cake 0.4
Cesium Product (1st Metathesis)(e) 90.5
Cesium Product (2nd Metathesis) 12.0
Total 103.3

{a) The first product solution was decontaminated by a factor
of 910 from sodium end by factors of 20 to 220 from ZrNb,
Ru, and Ce. Less than b percent of the added silver and
less than 12 percent of the nickel were found in the pro-
duct.
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I. Cesium Precipitation

Precipitation Butt Precipitation Butt Cake Wash Cake Removal
Ni(NO3)2' BH,O 0.10M Na4Fe(CN)6 0.10M NaNOS 0.10M AgNO3 0. 05M
Volume 40 Volume 180 Volume 160 Volume 750
R Centrifuger 1
H]
Tank Farm Supernatants Precipitation Feed H 1500 G
y
NaNO am NaNO, 1L.1M
NaNo(;) é 7 ﬁaNé’(z) (3;' 35 Denuded Supernatant Cesium Silver Slurry
Na, CO, 0.8 850 :
c -l N 0. 001 NaNO 1.1M
8 6. 0005 Fe(CN},  0.005 NaNG P AgNO, 0,05M
pH 9.8 Cs 0. 00047 Na, CO, e Cs,NiFe(CN), Slurry
SpGr .24 Temp. 25C Ni Nil Ni_FelCN), Slurry
i i Fel(C 0.004
Volume 3800 Digest 60 Minutes C:( Ng 0. 4%, Volume 750
Pump to centrifuge
5 to 10 gallons/min, pH 9,8
Volume 4030 Volume 4190

Wasie Btorage l ‘ Precipiiator 1

[I. Silver Metathesis

Second Metathesis Waste Cake Wash Cake Removal
AgNOs 0. 05M AgNO, 0,05M NaOH  2,0M
Volume 500 Volume 80 Volume 320
1
Cesium-5i
esium E‘?leer Slurry r Centrifuge
bommmmem- o 1500G°s
AgNO, 0.05M{ ¢ [|tZtmoemmmeemee- -
Cs;NiFe(CN)g  Slurry | w_.._.._._,
Ni, Fe{CN), Slurry :
Digest 90C for 60 min. 3 Qc First Cesi
Settle 25C for 60 min, econ esium irs esium .
) Product Fraction Product Fraction Sitver Waste Cake
Pump to centrifuge
5 to 10 gallons/min,
gations /min Co  agmod Ag <0.002M NaOH  2.0M
Volume 750 - Sx1 M ﬁ; <gggga— Ap Sluﬁ'y_5
Volume 500 Cs 0. 0021 Cs 2. 4x10
oH 8.8 Volume 320
Volume 830
¥ Y
Waste Storage Cask
Loadout
Note: Under production conditions é
Second Product Fraction would

be combined with the First.

FIGURE IV-113

Nickel Ferrocyanide Process - Purex Plant Test
(Source of Data; HW-75051)
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No attempt was made in this test to minimize silver consumption or to
obtain high cesium concentrations in the product solution. An optimized
flowsheet based on the minimum chemical requirements determined in labors-
tory studies is shown in Figure IV-11L. Improved cesium recovery should
be obtained by metathesizing the silver waste cake @ second time, reserving
the supernate sclution for addition to the first metathesis solution of a
succeeding run.

NiNO3l;  0.06M [K‘,rencm,, 03N

Votume « 1 Volume = | Cake Removai
. LCakeWash Aga0 ™ 0,012 M Cake Wash | Céke Removal
NaNQ3 0.1 M - Ho0 WaoH 2m
- Volume = 70 ? Volume « 4
Yalume = 3 ¥ofume = 3 olume

-

| Precipitation Feeg i L Cesium-Silver Slurry | — 1 L Silver Waste Cake
cs' 43x109p Centrifuge ce G0z M 7 Centrifuge
+ -
Alkaline o M aem Ny 0003 M € <
Supernate Kt 0.01zm Ni 0,005 M NaOH M
e -4 o i 015
Wi . 610 M g Qo p i 0.005 M
FelCHBE  0.003 @ FCNl, DB M Ag 01z m
waste L felChig Q0I5 M
<% Cs ) i | ¢s Proguct
pH 10 . M)lgest 1 Hour at 90 € S oo
Digest ) Hour at 25 € Volume - 100 ] £ e

Volume = 100

(Na+K) 0.003 M e 4
Volume = 20 _.f;i valufie -4
Yolume = 23
* Silver can be Added as AghOg and Later Precipilated as the Carbonate or Hydroxide,
FIGURE IV-114

Optimized Cesium Nickel Ferrocyanide Process
(Derived from data in HW-70874)
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H. PRCPERTIES OF PRCCESS MATERIALS

Physical and chemical properties ¢f many of the chemicals used
in B-Plant processes are discussed in this section; however, properties
of simple and well-known chemicals such as HNOz, NaOH, etc. are not
discussed; and, for convenience, properties of ion exchange materials
are discussed in Section F. :

1. D2EHPA Extractant Components

1.1 D2EHPA

1.1.1 Introduction

Di-(2-ethylhexyl)phosphoric acid, (CsHl O)EPOOH, (D2EHPA) is a
vigecous, yellow to amber liquid svailable from several commercisl
sources, Presumably, D2EHPA is made by the reaction of 2-ethylhexanocl
with POCl3 with subsequent treatment with NaQH,but the exact details
of manufacture are proprietary. It is a versatile caticn exchanger,
which, by proper adjustment of conditions, can be used to extract
rractically all of the actinide and fission product elements of inter-
est in the Waste Management Program.

Commercially-avallable D2EHPA, as used at Hanford, generally contains
only 95 percent to 98 percent D2EHPA. Impurities present include monoc-
(2-ethylhexyl)phosphoric acid, 2-ethylhexanol, pyro esters, and iron.
The latter, if present in sufficient quantity, imparts & red color to
the DZEHPA.

1.1.2 3pecifications

Purchease specifications(l) for D2EHPA sre given in the following

table:
D2EHPA Content 95 - 100 Weight percent
Specific Gravity 0.970 -~ 0.984 20/20 ¢
Refractive Index n%o = 1.443
Sclubility
1) In water 0.01 weight percent at 20 C
2) Water in 2.4 weight percent at 20 C

Flash Point
Cleveland Open Cup 8s F
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1.1.3 Physical Properties

Selected physical properties of D2EHPA are presented in Table
v-58. MThe properties listed are those considered to be ¢f fundsmental
interest to the Waste Management Program.
TABLE IV-58

SELECTED PHYSICAL PROPERTIES OF D2EHPA

{Source of Data: Technical Bulletine Union Carbide Co.
and Mobil Chemical Co.)

Property Value
Formula (08H170)2P00H
Meolecular Weight 3224

Color Colorless(®)

Density, g/ml. 0.977 (20 C)

Melting Point, °C <60
Flash Point, °F 385(b) (196 ¢)
Viscosity, millipoises at 20 C 350

Solubility in water
Solubility of water in

Refractive Index

0.01 Wt.% at 20 C

2.% Wwt.% at 20 C

1.443 (n%?)

(a) When pure. Impure material is frequently yellow

to amber.

(v) Cleveland Open Cup.

3.1.4 Rediation Stability

Effect? gf rediclysis on D2EHPA were first studied by Wagner and
Towle in 1958(2), 1In a single experiment they irradiated {1 MEV
electrons) 100 grams of as-received D2EHPA to a total dose of 2055 watt
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hrs/liter and determined the amounts and composition of the resulting
gaseous and liquid phases. Their results are summarized in Table IV-59
along with results, for comparison, of a similar experiment with TEP.
These results demonstrate that D2EHPA is more susceptible to radiation
damage then TBP. Thus, the -G, (target) value for D2EHPA was 50 percent
higher than the value for TBP.

TABLE IV-59
G VALUES AND IRRADIATION PARAMETERS FOR D2EHFPA STUDY
{Source of Data: AECU-4053)

Parameters D2EHPA TBP
Dose (watt hour/liter) 2055 1900
Dose (100 eV) 4,860x10%% 4,26x102°°
Dose Rate (100 eV /hr) 3.38x10%°2 2.84x10%22
G (Gas){a,b) 2, 66 2,07
G (Total Acid}c) 3,62 1,41
G (Monobasic Acid) -- 1. 37
G {(Dibasic Acid) 1.16 0,03
G (Phospheric Acid) 2,46 <0, 01
-Gm (Target) (c, d) 3,42 2.15
G {(Nonacidic Liquid Components)(f) 4, 32 {e)
G H, 2.35 (e)
G H_O 0. 84 (e)
G CO 0, 06 {e)
G Ethane 0, 07 {e)
G Butane 0.03 {e)
G Heptane 0. 01 (e)
G Branched Octane 0,54 (e)
G QOctanes + Octenes 2,82 (e)

(a) G represents number of molecules produced per 100 electron
volts absorbed.

{b) Determined by mass spectrometry.

(¢) Determined by electrotitrimetry.

(d) -G represents number of molecules of target material
destroyed per 100 electron volts absorbed.

(e} Not determined,

(f) Determined by gas chromatography.

Studies cof the effects of radiati?n on DZEHPA-TEP -hydrocarbon diluent

sclvents have been mede by Schulz 3) under batch conditions simuleting
the B-Plant mainline (Section C 3) D2EHPA extraction process for PAW.

In these studies solvents of the approximete composition 0.21M D2EHPA~
0.0 NaDPEHP-0.2M TBP-diluted with either Scltrol-1T70 or NPH (Section
H 1.3) were irradiated to a total exposure of 393 watt hrs/liter. This
irradiation was accumulated in 20 increments (cycles) in each of which

UNCLASSTIFTED




UNCLASSTIFIED 11269 I50=100

the dose obtained was 19.6 watt hrs/liter. [This dose per cycle corre-
sponds epproximetely with that expected for one pass of the D2LHPA
extractant through the mainiine 1A, 15, 1B, 1C and cerium strip opera-
tions (Figure IV-48) and solvent wash operations (Figure IV-58)]. 1In
each cycle the solvent was irradiated (Co-60) at about 4O C while in
emulsion contact (at flowsheet volume ratios) successively with

agqueous solutions of the epproximate composition of the 1AF, 135, 1BX,
cerlum strip, 105 and 100 Butt streams. Contect times were adjusted

g0 that the radiation dose in the various contacts were 1.6, 2.6, 2.1,
11.9, and 1.4 watt-hrs/liter in the extraction, scrub, partition, cerium
strip, and solvent wash steps. Various physicel and chemical properties
of both solvents were determined at the end of selected cycles. Data
obtained in this study are presented in Table IV-60. The strontium 1A
Column and Ce(IV) distribution ratio data listed in Table IV-60 are alsc
plotted in Figure IV-115.

1000

[

500

100

Q

a
[
=]

Ce(}wiih NPH

Distribution Ratio, E

Ce(IV} with Seltrol-170

10

Sr with NPH

Sr with Soltrol-170

P S O (N N N N

2 4 § 8 10 12 14 16 18 20 22 24 26
Number of Irradiation Cycles

FIGURE IV-115

Effect of Solvent Irradiation on Strontium and Cerium (IV) Extraction
(Source of Data: W, W, Schulz, BNW, unpublished data)
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TABLE IV-60

PROPERTIES OF IRRADIATED D2EHPA-TBP-DILUENT SOLVENTS

(Source of Data:

W, W, Schulz, BNL, unpublished data}

ISSVIOND

11

T
L.

a

Cumulative Disengagin ine,
Cycle Exposure  MD2EHPA'® MoOrganic Acidity'®  Density Viscosity, cP'¢) S%aconc%sil&fn
No. watt-hrs/liter ~ NPH Soltrol-170 NPH Soltrol-170 NPH Solirel-170 NPH Soitrol-170 NPH
0 0 0.317 0.320 0. 321 0, 8078 0.7868 3.462 i.820 -- 69
i 187 0. 306 0, 308 0,312 0. 8090 0, 7861 3.453 1.803 100 85
3 59.0 0, 298 0. 307 0. 307 0. 8094 0,78%72 3. 648 1.832 113 91
5 08,3 0. 386 0, 303 0, 362 0.8101 0.7881 3.667 1. 863 125 100
10 187 0,298 -- 0, 315 0.8121 0.7916 3. 807 1.969 138 97
15 295 0. 208 -- 0,302 0, 8140 0.79221 4,001 2.013 153 124
20 393 0,238 0.236 0, 235 0. 8158 0.79186 4.135 2.001 167 --
. : o
Cumulative S{tg)gntlum EQ - Cerium (III) 1;35‘) )
Cycle Exposure 1A Column 1B Column 1A Column'8® Cerium (IV) E§
No. watt-hr/liter Soltrol-170 NPH Sclirol-170 NPH Soltrol-170 NPH Soltrol-170 NPH
0 0 -- 11.6 -- 0,0038 29,1 28,5 910 935
1 19,7 1.7 12,5 0, 0075 0,0043 31,2 31.5 263 477
3 59,0 10,3 10,9 0.0033 0.0021 31.6 33.6 119 135
5} 98,3 8.562 9, 37 0, 0022 0.0020 28.5 28.7 76,6 68, 3
10 197 6.07 7.17 0,00088 0,0011 28,9 30,9 24,2 21. 6
15 295 4,50 5, 43 0, 00041 0,0006 - 20.5 14,4 28.3
20 393 3.10 4,74 0.00034 0,0012 19.7 21.9 5,67 19.3

(a)
{b)
{c)
(d)

{e)
{f)

-
©

(h)

Preliminary data obtained by gas chromatagraphic procedure outlined in RL-5A-32,
Titrated with sodium hydroxide after washing with 6Mnitric acid and water,

Capillary tube viscometer,

Ten ml solvent contacted with 10 ml of synthetic 1AF of composition listed in Table IV-10 (PAW-DB),

Disengaging time measured with standard apparatus discribed in HW-27807,

Ten ml contacted at 25C with an equal volume of synthetic 1AF as in (d} above except 1AF was 0.18M
The pH of the final aqueous was 4,7, -
The organic phase from (e) was scrubbed twice with 1/5 portions of 0, 5Mformic acid and then contacted
for 10 minutes at 25C with 1/5 volume of 0, 028M nitric acid.
Ten minute contact at 50C with equal volume of 1AF of composition indicated in (d).
Sixty minute contact at 25C with equal volume of 2, 0OMHENGO,, 0,2M(NH,},3,0s, 0,02MAgNO,, 0,0071M
Ce(NO; )5, 0.0144M La(NO3); solution. - - - -

citrate and 0, 20M acetate,

T4ISSVIDNI

yous
Lt

a
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The outstanding effects cobserved in these experimenis was the decreased
strontium extraction capacity of the irradiated solvents. Fall-cff in
strontium extraction capacity in these experiments was uniform (Figure
IV-115) with irrediation dose and was greatest for the solvent contain-
ing Soltrel-170 as diluent. The decreased strontium extraction capacity
is most easily accounted for ip terms of radiolytic destruction of
D2EHPA as expected from the results of Wegner and Towle cited earlier.
D2EHPA concentrations of the final (20-cycle) sclvents as determined by
both titrimetry and gas chromatography indicate irradiation to 393 watt
hrs/liter destroyed about 25 percent of the DREHPA.

Irradiated solvents obtained in these experiments also extracted Ce(III)
(Table IV-60) and Ce(IV) (Figure IV-115) less efficiently than unirradi-
ated extractants. The decrease in Ce(III) extraction capacity probably
also reflects destruction of D2EHPA. Most of the decrease in Ce(IV)
extraction capacity, however, is due tc generstion of reducing impuri-
ties in the organic phase since treatment of the 20-cycle solvents with

-KMnOy, accordlng to the procedure described in Section C 6.3.3
res%ored Ce(IV) Ef's to values typical of unirradiated sclvent. Data
in Figure IV-115 also offer additional proof (Section C 3.5.3) of the
advantages of NPH over Soltrol-170 as the hydrocarbon diluent for B-
Plant extractant.

Specific gravity and viscosity of both the NPH and Soltrcl-lT70 solvents
(Table IV-60) increased upon ixradiation. Associated with these changes
were increaged disengaging times under 1A Column conditions.

Consequences of solvent radiolysis with respect to economic and operat-
ing characteristics of B-Plant solvent extracticn processes had not been
evaluated fully at the time this part of the manual was written., Fur-
ther laborstory studies to aid in defining these consequences were also
in progress as this manual was written.

1.2 Tributyl Phosphate

1.2.1 TIntroduction

Tri-n-butyl phosphate (TEP), (ChHBO)gPO’ is a viscous, color-
less liquid which is produced by the reactiZn of n-butyl alechel with
either phospheorous oxychloride (POClg) or phosphorous pentoxide (P50:)
with subsequent csustic treatment and distillation, It is used as the
extractant in the Purex soivent-extraction process because of the
gpecificity of the strong complexes it forms with ursnium and plutonium.
In the B-Plant it is added to D2EHPA-kerosene solutions to increase the
solubility of salt forms of DREHPA in hydrocarbon diluents.
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1.2.2 Jpecifications

The purchase specifications(l) for TEP are glven in the following
table;

Butanol Content Max. 0.05 weight percent

Acidity Less than 0.02N

Water Content Ho turbidity when one

volume TEP is mixed with

19 volumes of 60° Be'

gasoline at 20 C.
Suspended Solids Max. 0,01 weight percent
Specific Gravity _ 0.973 to 0.983 at 20/20 ¢

1.2.3 Physical Properties

Selected physical properties of TBP are presented in Table
IV-61. The properties listed are those considered to be of fundamental
interest to the Waste Management Program. A more complete listing and
discussion of the physical properties of TBP, particulerly in connection
with its use in the Purex plant. is given in Reference k4.

1.2.4% Chemical Properties

The chemical properties of TBP were investigated in detail in
connection with the development of the Purex process and are discussed
in detall in Reference 4. Only highlights of this chemistry are dis-
cussed here since in the B-Plant the functions of TEP are primarily
those of a diluent and not an extractant.

In general, the chemical properties of TBP are those typical of esters
derived from inorgenic acids. The formstion by TBP of coordination
complexes with uranium and plutonium nitrates is, of course, the basis
of the Purex process. Alsc of grest importance to the Purex process
is hydrolysis of dealkylation of TBP which can occur in both acid and
alkaline systems. The acid hydrolysis occurs through cleavage of
carbon-oxygen congs to form butanol, dibutyl phosphate (DEP), mono-
butyl phosphate (MBP); and eventually orthophosphoric scid. Alkaline
hydrolysis involves cleavage of phosPhoro%g-8x¥§en bonds and stops with
the formetion of the alkaline salt of DEP‘'~<*~!/, The acid hydrolysis
rate increases with HNO., concentration and temperature and decreases
with dilution of the TBE Hydrolysis rates for DEP and MBP are not
accurately known except th?g TBP hydrolyzes faster then DEP and DEP
hydrclyzes faster than MBP ). Recent stud%e have shown that factors
such a s chemical composition of the diluent J , and the presence of
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21r(10), ag well as the acidity(11) and radistion influemce the rate
of hydrolysis of TBP. In the Purex plant the presence of MEP and/or
DBF in the solvent gives rise to several process prcblems including

higher waste losses and poorer Tission product decontamination.

ISC-100

Because the B-Plant extracticn processes cperate at acidities below
M HNO3 1t is expected that zcid hydrolysis of TEP will not occur to
the same extent as it does in the Purex process. Also, since D2EHPA
is itself an alkyl phosphoric acid, the consequences of formetion of
other alkyl phosphoric acids (i.e., DEP and MBP) are far less in the
B~Plant than in the Purex plent. In all of the Strontium Semiworks
experience there has heen no indication whatscever of any operational
difficulties directly attributable to acid or base hydrolysis of TEP.

TABLE TV-61

SELECTED PHYSICAL PROPERTIES OF TEP
(Source of Data: HW-31000)

Property Value

Formula (n-CuH90)3PO

Moleculsr Weight

Cclor

Density, g/ml

Melting Point, °C

Flash Point, °F

Viscosity, millipoises at 20 C
Solubility in water
Solubility of water in
Refractive Index

Boiling Point, °C at 760 mm
Hg pressure

266.3
Colorless

0.9730 (&5 ¢)

-80

295(8) (2146 c)
37.4

0.6 vol. %

7.0 vol. %

1.14226 (n§5)

289

Surface Tension, dynes/cm at 25 C 25

(a) Teg Closed Cup.
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1.2,5 Radiation 3Stability

Studies of the radiolysis 0{13356 d TBP-diluent systems have
been made by several investigators‘ =~ The most recent ?nd mgft
coumprehensive studies have been made by Wagner and coworkers 15,16),
All workers agree the principal products of redioclysis are hydrogen,
DEP MEP, and, at high doses, a polymeric solid of unknown composition.
The data presented in Table IV-62 are typical of those obtained in
irradiation ofTEP.

Evidence presently available (Section H 1.1.4) indicates D2EHPA is more
susceptible to radiation damege than is TBP. Hence the most important
effects of radioclysis of B-Plant sclvent (i.e., lower E§ values) are
associated primarily with destruction of D2EHPA molecules and only
8lightly with destruction of TEBP.

There is no evidence to indicaste any of the radioclytic products of THP
will seriously interfere with B-Plant D2FHPA extraction processes.
Rether, it is estimated the principal consequences of THEP rediolysis
will be associated with the disappearance of THEP itself.

TABLE IV-62
MATERIAL BALANCE DATA AND G VALUES FOR TBP IRRADIATION

1900 watt hours/liter
(Source of Data: AECU-4052)

Wt (gms)  (MW)  Moles ¢t g ™
TXRP (Initial) 103. 8 266 -- - -
TBP (Recovered) 63, 37 266 -- - --
TBP (Destroyed) 40, 43 266 0.152 - 2,15
Gas 2, 64 18 0,147 2,07 -
DBP 20,35 210 0,007 1.37 --
MBP 0,33 154 0.0021 0.03 -
H, PO, 0.03 98  0.0003 0.01 --
Polymer 17,08 266 0.0642 -- --

(a} G represents number of molecules produced per 100 electron
volts absorbed.
(b) -G__ represents number of molecules of target material
destroyed per 100 electron volts absorbed,

1.3 Dilvents

1.3.1 TIntroduction

The diluent for D2EHPA and TEP in B-Plant solvent extraction pro-
cesses is a highly refined hydrocarbon mixture, boiling in the kerosene
range {190 to 270 C). Two commercially available solvents meeting
specifications for the diluent are Soltrol-1T7C (Phillips Chemicsl Co.)
and NPH*. NPH is the Hanford designation for a mixture of normal paraffin

* Tentatively selected for the B-Plant at the time of writing.
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hydrocaxrbons, principally C. . through C__, sold by the South Hampton Co.,
Houston, Texas. Other di1udBts which h&@e been used at Hanford in lsbora-
tory studies of B-Plant processes are Shell E-2342 and Shell Decdorized
Spray Base. Amsco 125-82 has been used at ORNL.

1.3.2 Physical Properties

The physical properties of some of the commercially aveilable
diluents that have been used or considered during the development of
D2EHPA solvent extraction processes for use in the B-Plant are shown in
Table IV-63.

TABLE IV-63

PROPERTIES OF DILUENTS(2)

Property (2% so1tro1-170(®)  sortrop-170(8- 1)
Density at 25 C, g/ml 0.7728 0.776k
Index of Refraction, n%5 1.4315 1.4289
Viscosity at 25 C

millipoises 1h - 22.9
Flash Point, °F 161 192 183

Tag Closed Cup
Aromatic Content, Vol.% Nil Nil -

Boiling Range and
Midpoint, ©C 208-239 (225) 214-235 (225)

(a) The properties of commercial diluents are subject to slight
variations from batch to batch.

(v} Properties as determined on one sample at Hanford.

(¢) Data from memc by H. C. Rathvon, Isochem Inc., Feb., 1966.
(d) Properties as cited by manufacturer.

(e) Data supplied by Phillips Petroleium Co.

(£f) Properties determined by L. Burger, Battelle-Northwest
Laboratory.

The solubility of diluent in water is very slight. For example, the

sclubility of Shell E-2342 ?iluent in vater is less than 0.00% gram
per liter at 25 and 50 C 11,
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1.3.3 Chemical Properties

Chemical inertness toward precess chemicels cf of major concern
in the selection of a diluent for use in the B-Plant. Under normal
operating conditions the diluents preferred (NPH or Soltrol-170) for
use in the B-Plant are chemically unreactive in contzct with process
solutions at ambient temperatures.

With the aim of finding an optimum diluent for use in the Purex pro-
cegs a considerable veolume of laboratory work at varicus USAEC sites
has been devoted to determination of the properties and reactions of
various hydrocarbon diluents. One of the most gignificant reactions
which such dilutes can undergo is nitration. Nitrogen oxides are
known to nitrate arcmatics and clefins and also to oxidize caerbon
side chains of aromatic nuclel to carboxylic acids at room tempera-
ture. although the reactions are exceedingly slow. The resctions of
nitrogen oxides with naphthenes or peraffins occur in th? gﬁpor phase
and very slowly in the liquid phase at room temperatures L

Investigations of the stability of diluents to HNO; and HNOo, have shown
that naphthenic-type diluents (such as Shell E-23h§) are less stable to
nitr?tion feaction than paraffinic diluent (e.g. NPH and Soltrol-

170) Witration of diluents produces glkyl nitrites gnd ?itfa-
tes, aliphatic nitrc and nitrosc compounds, and carboxylic acids

In the Purex process the presence of some of these nitration products
in the process sclvent increases fission product extraction and thus
affects decontamination adversely.

The extent to which diluent nitration will occur, if at all, in B-Flant
operation and the consequences thereof, if any, ere unknown at the time
this manual is written.

1.3.4 Radiation Stability

The effects of jrradiation of D2EHPA-TEP ~-diluent scluticns on
B-Pl ant extraction processes are discussed in Section H 1.1.4k. As
pointed out there, the adverse effects of solvent radiolysis, except
for decreased Ce(IV) extraction capacity, appear to be largely attribu-
table to destruction of D2EHPA and/or TRP and not to radistion induced
decomposition of diluents or of products produced thereby. Decreased
Ce(IV) extraction capacity of irradiated B-P:ant solvent appears, how-
ever, to be definitely related to the rediolytic producticn cf reducing
impurities from the hydrocarbon diluent as shown by the data in Figures
IV-115 and IV-46., As stated before, NPH is more stable than Soitrol-170
to production of such impurities.
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2. Complexants and Buffering Agents

2.1 Intrcduction

Various organic acids are used in B-Plant solvent extraction pro-
cesses to suppress extracticn of unwanted metal ions and to provide
necessary pH control in extraction, scrub, and partition column operation.
These reagents include carboxylic. polycarboxylic, and pclyaminccarboxylic
acids. BSelected physical and chemicel properties of these reagents are
tabulated in this section of the menusl.

2.2 Physical Properties

For convenience in B-Plant cperations the complexants (section
¢ 2.4) EDTA, DTPA, and HEDTA are purchased and used as aqueous solu-
tions of the sodium salts NayEDTA, Na-DTPA, and Na HEDTA, respectively.
Selected physical properties%el) of these aquecus golutions are listed
in Table IV-6k. Certain other complexants and/or buffering agents -
acetic, hydroxyacetic, citric, tartaric, and oxalic acids - zre most
conveniently purchased and used in the acid form. Selected Physical
properties(22,23) of this latter group of reagents are listed in Table
V-65,

2.3 Chemical Properties

2.3.1 Tabulated Acid Dissociztion Constants

Tabulated in Table IV-6G are acid disscciation constants for
complexing agents of interest to B-Plant separation processes. These
constants were used to calculate the amount of hydrogen ion complexed
by the various ligands as a function of pH (Figure IV-116).

2.3.2 Tebulated Metal Complex Formation Constants

Formation constants for the formation of complexes between
certain of the complexants and metal ions of interest tc B-Plant pro-
cesses are listed in Table IV-67. The significance of these Formation
constants is discussed in Section ¢ 2.h.

Except for complexes with DTPA data listed in Table IV-67 were taken
from the critical compilation of Bjierrum, %cﬁ arzenbach, and Sillen
from publication earlier then Jan. 1, 1956(2 Geps in Table IV-67
ordinarily signify that the particular formation constant has not been
measured. In some cases, however, the missing formation constant has
been measured but not, in the opinion of Bjerrum et.al. with sufficient
accuracy to warrant inclusion in their compilation. Formation constants
for DTPA complexes ?ave been measured since 1956 principally by Chaberek
and coworkers(25,26) ,
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TABLE TV-64

PHYSICAL PROPERTIES OF COMPLEXANTS
{Sourcc of Data: Technical Data Sheet 104, Fisher Scientific Co,}

Properties shown refer to as-purchased aqueous selutions of indicated complexants,

¥a,EDTA Na,HEDTA Na,DTPA
Structural Fermula NaQOCCH CH,,COONa -

o NCH.CH N/ |3 HOCHZCH2 CHZCOONH NaOOCCH2 CHZCOONa

HAGOCCH 9ty E. o0 /NCHZCHZN NCHZCHZII\TCHZCHzN
a Na

2 2 NaOQCCH CH,COON.

Voleowar Weight 502 2 et o a NaOOCCH2 CHZCOONa CHZCOONa
. . 513.1

pH (1% solution} 11, 350, 5 11, 3to.s 350
Bulk Density (lbs/gal} 10, 8 10.8 o :
Specific Gravity {25/25C) 1.29-1,32 1.27-1,30 ?]:.1'0
Percent by Weight in ‘ R
Aqueous Solution 48 48 40.2
Freezing Point of 2
Aqueous Solution (F) =27 -0 Below-20
Calcium Chelation Valuel® 100 120 8o
Complexant Concentration, M 1. 30 1.57 1,05

(a) Milligrams CaCQO, per gram of chelating agent at pH 11,

TETAISSVIONIL

TABLE IV-63
PHYSICAL PROPERTIES OF COMPLEXANTS
(Source of Data: Encyclopedia of Chemical Technology)

Hydroxyacetic Acid'® Acetic Acid
dextro o AQ. 80% Aq.
Citric Acid Tartaric Acid Oxalic Acid Dihydrate Solid Solution Glacial Selution
Empirical Formula CGHSO'T l’_‘,‘*HGO4 CoH 0y ZH 0 CyH 04 C HO,
Structural Formula $H2COOH leOOH HOOC-COOH HOCH2C00H CHBCOOH
HO-C-COOH H-(ll‘OH
CHZCOOH HO—CI-H
COOoH
Appearance Celorless, Colorless Colorless, Coloriess, Colorless ColoTless Colorless
translucent Crystals Odorless OQdorless liquid liquid liquid
crystals Crystals Crystals
Melting Peint (C} 1583 169 - 178 == 79-80 25 9.5 . 16.6 20 -
Specific Gravity 1. 542 (a5 1.76 (d50) 1.653 (d30) Las(al® el roseza) 1070 (20,
Refractive Index (ng, ) -- 1.4855 1.475 -- -- 1.3718 -
Boiling Point (C) -- -- - 100 {(decomp)  112.5 118.1 --
Solubility in Water Temp., Wt % Temp. g/100gH, O %H(COOH),= SVe!‘y _ Miscible in all proportions
10C 52D 115 . + 2 oluble
20 59 2 20 138 3.42+0.168t 02. 0045t° {0to6OC)
50 Te. 9 50 195 0. 333t+0, 003t“ (50 1o 90C)
100 84. 0 100 343

(a) Also known as Glycolic Acid.

gLemn
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TABLE IV-66
SELECTED ACID DISSOCIATION CONSTANTS
(Source of Data: J. Bjerrum et.al. Stability Constants Part 1)

{(Log Dissociation Constants (pK = -LoglOK), 20 - SOC)(a)

Ligand PK, PK PK 4 PK, pK
Acetate 4,861 - - - -
Hydroxyacetate 3.88 - - -- -
Tartrate 2.88 3.94 - -- -
Citrate 3.06 4,76 6. 40 -- -
HEDTA 2,64 5.33 9,73 - -
EDTA 1.99 2,67 6.16 10,26 --
DTPA 1.79 2,56 4,42 8.76 10,42
{a) For reactions;

HL=H ,L+H; K = (R, LI ]

[ jnl:]
H_L=H_,L+H;K,= Tn-ld (]
[Hn—lL]
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TABLE IV-67
SELECTED FORMATION CONSTANTS

(Source of Data; DTPA - Chabarek and co-workers,
Others - J, Bjerrum et.al. Stability Constants, Part I}

Log Formation Constants, 20-30C, See Discussion Section C 2.4

Metal Acetic Acid Hydrdacetic citrie Acid ML) prpa EbTa (H"L)M HEDTA NTA Oxalic Acid Tartaric Acid (r;im
Ion Log K1 Log K1 Log KMHL Log K1 Log Kl Log KMHL Log K1 1.og Kl Log K1 Log Kl Log KMHL
Bat2 0. 39 1.02 2,84 8. 63 7.76 2,07 -- 6.41 ca. 2.3 1.62 a. 88
Ca*? 0.53 1.59 4,84 10.74  10.7 3.51 8.0 8.17 ca. 3 1. 80 1.11
Pb*e 2,52 - 6, 50 - 18.04  10.61 -- 11.8 -- - -
Mg"2 0.51 1.33 -- 9.34 8. 69 2,28 - 7.0 2.55 1.36 0. 92
Mn*® -- -- -- 15.1 14,04 6.9 10.7 7.44 3. 89 - -
Ni*e 0. 74 -- - 20,2 18.62  11.56 17.0  11.26 5.3 9.9 -
Sr*e 0, 43 1.31 2. 85 9.68  8.63 2.30 -- 6.73 2,54 1. 65 0. 91
Uo,? 2,38 -- -- - -- -- -- -- - - -
ATS - -- -- -- 16.13 8.4 - -- -- - -
Ce*o 1. 68 -- - 21.0 16,0 -- 14.08 10,71 6. 52 - —
Eu*? -- - -- 22.81 17,35 -- 15,21 -- - - -
Fe's - 4.7 11. 85 28,6  25.1 16.2 - 15.87 9.4 18.1 -
La*3 -- -- - 19,96  15.5 - 13.22 10,37 -- -- —
2 -- -- - 22.4 18,00 - 14,49 11,41 - - —
Cr*s - -- -- -- 24,0 -- - - - - -

TITATSSVIOND
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3. Other Process Materials

3.1 Sodium Persulfate (peroxy disulfate)

3.1.12 DPhysical Properties(ET)

Formula Na S 08
Formula Weight 238.11
Appearance White crystals

Solubility in water:

Temperature, Grams Ne,5.0g per
°C 100 ml_ﬁg
15 53.3
20 Sh.T
25 56.2
30 57.6
35 59.0
40 60.5
L5 61.9
plY 63.3

In contrast, the solubllity of KéS 08 in water at 20 C is only 5.3
grams per 100 ml of water{28); primarily on this basis Na 55-08 is pre-
ferred over K,3,0g for oxidlzlng Ce(IIT) to Ce(IV) (Section £ 3.5.3).

The solubility of Na S Og in 24 HNO at 25 C is about 1.7M whetreas the
solubility of 1, 2 an hﬂ;HND3 at 25 ¢ is 0,22, 0.26,
0.28, and 0.374, respectively( 29) .

3.1.2 Stability

Temperatures up to about 100 ¢ applied to the SOll% N?E 8~0g for
short pericds of time cause only negligible decomposition Notlce-
aole decomposition occurs upon further increasse in temperature, and it
becomes quite rapid in the 150 to 200 C range. The presence of moisture
tends to incresse the rate of decomposition by heet, but no tendency
towards explosive decomposition bas been observed,

Catalytic decomposition of solid Na25208 mey take place in contact with
various agents, notably platinum black and certain metals. Many metals
such as lead, silver, copper, magnesium, zinc, c¢edmium, manganese, iron,
nickel, and cobalt react eassily with Na25208, as will organic oxidizable
matter.
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"Aqueous solutions of Nazs 0, are reported to be guite stable at ordinary
tempef%tyres and may be kép@ for a few hours even at elevated tempera-
tures\©7), It is estimated a 5 percent solution of NapSpOg in distilled
water at 25 ¢ would lose only 2 percent of its original active oxygen
after one week. The same system, however after one week at 50 C would
be expected to lose about 80 percent of the original active oxygen. ot
course, contamination of the solution with catalytically active impuri
ties such as traces of heavy metals, easily oxidizable organic matter,
etc., will tend to decrease stability.

In pilot plant studies the decomposition of persulfate ion in 2M HNO3
(silver free) followed a first-crder rate law with a half-life of 11
to 12 days when stored at room temperature in either glass bottles or
stainless steel tanks. The results, plotted in Figure IV-11T7, indicate
that the decomposition rate is independent cof the cation assocciated
with the persulfate ion. The rate constant calculated from these data
is 4 x 1072 min~l, a yalue in agreement with published results for
similar condi'tions(3o) .

Finally, an aqueous solution of Na,S.0g, saturated at room tempera-
ture, has an initial pH of sbout 3.5. Hydrolysis according tc the
reaction

2NapS:0g + 2Ho0 = 2Nap80) + 2Hp80), + O

occurs with formation of acid and a drop in pH.

10G
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FIGURE IV-117

Persulfate Stability in Silver-Free 1CX
{Source of Data: BNWL-173)
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3.2 Silver Nitrate

3.2.1 Physical Prope rties(3l)

Formula AgNO3

Formula Weight 169.89

Appearance Colorless rhombic crystals
Specific Gravity 4,352 (19 C)
Melting Point 212 C

Solubility in water:

Temperature, Gramg AgRO, per
¢ 100 grams™HpQ
0 122
20 222
40 376
60 525
80 669
100 952
120 1900

3.2.2 Chemical Properties

Silver nitrate prepared by crystallization from agueous solution
has a neutral reaction. The salt and its solutions appear not to be
sensitive to light in the absence of organic matter. When heated above
its melting point, it decomposes, giving first AgN0» and oxygen, and
finally silver and oxides of nitrogen.

The role of silver ion as a catalyet in oxidation of Ce(III) to Ce(IV)
with NapB8o08 has been referred to in Section C 3.5.3.

3.3 Hydrogen Peroxide

3.3.1 PFPhysical Properties(32)

Since 100 percent H,0, is not usually available or readily pre-
pared, physical constants of aqueous soclutions are of greater practical
value than those of pure HpOp. Selected properties for O tc 50 percent

O2 solutions are tabu%at?d in Teble IV-68; a more extensive listing is
given by Schumb et. al. 33),
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TABLE IV-68
SELECTED PHYSICAL PROPERTIES OF AQUEQUS HYDROGEN PEROXIDE SOLUTIONS
{3ource of Data: Schumb, et,al, Hydrogen Peroxide}

Density at Refractive  Viscosity at  Beiling Point  Surface Tension Heat of Decomposition
20C Index 20C 760 mm at 26C at 25C and 1 atm,

M Wit wt% 20 wi% W% wt% wt% Kcal

H202 H202 Density 1'1202 np HZO‘Z cP H202 C H202 dynes/em HZOZ gm-mole H202
0,0 0.0 0,998 0,0 1,333 0,0 1,005 ¢,0 100,0 0,0 72.75 0.0 -22,62
3.04 10. 1,033 10,1 1,339 8.68 1.011 - -- -- -- 10, -22,63
6.31 20. 1,0M 20, 1,346 19,06 1.045 17.3 103.0 17.05 73.41 20. -22,65
9,75 30. 1.111 30,1 1.353 387,33 1,120 32,0 106.9 26,31 74,12 30, -22, 68
12,3 40, 1,153 40,0 1,360 42,72 1,140 44,7 111.5 37.33 74,67 40, ~22,73
17.6 50, 1.1896 50.1 1.367 49,05 1.170 55.7 116.7 49,76 75,68 50, -22.80

3.3.2 Chemical Properties

Hydrogen peroxide acts both as an oxldizing and as a reducing
agent. In general, substances with lower oxidation potential than HpOp

are readily oxidized, and substances with higher oxidation potential
are readily reduced.

Hydrogen peroxide is %Efd as an oxidizing agent with a large number
of organic compounds( . For example, amines are oxidized to amine
oxidee, certain alcohols to aldehydes, and, under proper conditions,
carboxylic acids to carbon dioxide and water. It is this last re-
action with oxalic and citric acids that is of most importance to B-
Plant operations (Sections E 8 and C L4.3.5).

3.3.3 Stability

The stability of HpO0p, depends upon the degree to which it has
been purified. Schumb reports the decomposition of highly purified,
unstabilized, co?ce?trated HoOp to be as low &s 0.0008 to 0.00002%
per hour at 50 C{33), geveral factors seem to influence the de-
composition of HpOp, the most important of which are: 1) temperature,
2} trace catalysis of certain cations, 3) certain active surfaces,

4) suspended matter, such as dust particles, 5) pH, and 6) radiation.

The heterogenous decomposition of H,0, by a large number of surfaces

is well known. Finely divided metals, such as silver, all the platinum
group metals and their oxides, mercury, manganese, and its oxides, as
well as activated charcoal decompose Hy0p very rapidly and completely.
The most effective catalyst in this group is colloidal osmium, which
catalyzes the decomposition in concentrations as low as 9 x 1011 grams
per cu. cm,

Hydroxide ions cause rapid decomposition of HpO,. e fffect of pH on
the decomposition of Hy0p has been studied by Schumb 33),
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3.k Ferrous Sulfamate

3.k.1 Physical Properties(h)

Formula Fe(SO3NH2)2

Formula Weight 248,03

Appearance 2.5M solution is blue-green(35)

Melting Point 135 ¢(36)

Solubility The saturation concentration in
water is approximstely 3.6 to
3.81 at 25 C,

The anhydrous salt is highly de iayescent and is believed to gbsorb 5
molecules of water of hydration 37).

3.4.2 Reactions and Stability

Ferrous sulfamate is employed in the D2EHPA extraction recovery
of neptunium from PAS solution and is used to reduce Np(V) to the
extractable Np(IV) state (see Section E 3).

High pH contributes to the stability of sulfamate ion towards hydroly-
sis, while low pH is necessary for the stability of Fe(II) towards air
oxidation and consequently preciplitation. The stability of a ferrous
sulfamate solution toward precipitation of Fe(III) is satisfactory upon
maintaining the pH of t?e §olution at 2 or slightly less with & 2 to 3%
excess of sulfamic acid\3?). The over-all stability of e ferrous sulfa-
mate sclution maintained at a pH of 2 in a vessel containing an inert-
gas blanket is limited by the rate of hydrolysis of sulfamate ion. This
rate is approximately 0.1% per day at 25 C and increases to over 4% per
hour at 80 C.

Fe(II) is autocatalytically oxidized to Fe(III) by HNO3. The oxidation
mechanism involves HNO,, the destruction of which prevents the auto-
catalytic reaction. BSulfamate lon rea?tg rapidly end completely with
nitrite ion according to the reaction 3 ):
- + =
HND2 + NHQSO3 - N +HO + H + SOLL

Hydrazine (Section H 3.5) is also used in the D2EHPA neptunium extrac-
tion process to destroy nitrite.
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3.5 Hydrazine
3.5.1 Physical Properties

Tor use in Henfocrd separation plants hydrazine is purchased‘as
a 35 percent aqueocus solufio?. Selected physical properties of this
solution are listed below 391,

Formula HENNHQ.HQO

Hydrazine Molarity in SBolution 11.1

Appearance Colorless liquid
Boiling Point 109.7 ¢ (755.5 mm)
Melting Point 63 C

Specific Gravity 1.02 (30 C)
Viscosity at 30 C 1.0149 centipoises
Solubility in water Infinite

Freezing Point -63.5 C

Flash Point None

Fire Polint None

High concentrations of hydrazine can be ignited but agueous solutions
containing 40 percent NoH) or less have no flash point.

3.5.2 Chemical Properties

Hydrazine is derived from ammonia by the substitution of an NiHo
group for a hydrogen. It forms two series of salts that mey be repre-
sented by the formulas: NpH),.HA and NoH) .2HA. Its monoacid salts,

characterized by the ion (N2H5+), are correctly designated as hydra-
zonium (hydrazinium) salts.

Hydrazine is a bhasic substance vwhich exhibits marked ability tc act as
an electron-palr donor to form ccordination compounds. . In ague ES solu-
tion NEHQ acts primerily as a monoacid base; Ky = 107 at 25 C O).

Hydrazine is slsc & strong reducing reagent as indicated by a potential
(51§
of 0.23 volt for the couple :

Mg = Np + SH o+ he
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Hydrazine is thus capable of reducing metallic ions such as copper,
silver, gold, and platinum to the elemental state. The standerd oxi-
daticn potential for the Np(IV) - Np(V) couple,

1\‘p+1‘L

+ 2H20 = Np02+ + 4 o+ e”

is B = -0.739 vo1t(41) Thus, thermcdynamically N;H), is capsble of
reducing Np(V) to Np(IV). The rate of N.H reductlon fof e (V) to Np(Iv)
appears tc be considerably slower than the rate with ferrous sulfamate,
however (Sectior} H 3.3 and Reference 42). 1In the D2EHPA neptunium re-
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PART ITI: PROCESS, Cont.

CHAPTIR V

PROCEDURES AND FLOW DIAGRAMS

In this chapter, flow diagrams &nd outlines of the operating procedures
for the following B-Plant processing operations are presented:

l. Stored waste feed preparation
2. Current acid weste feed preparation

3. Solvent extraction battery operations for
gstrontium-rare earth separation, strontium
purification, and cerium-promethium separa-
tion

k., TIon exchange recovery of cesium from stored
supernstes

The main emphasis is on the normal procedures for steady-state operstion,
startups, and shutdowns. COff-stapnderd conditions and methods of their
detection and remedy are presented. The reader should refer to the
Standard Operating Procedures for detailed protessing procedures.

A. FIOW DIAGRAMS

The Weste Management Fractionization Plant (B-Plant) is capable of
processing current Purex Acid Waste (PAW and ZAW), stored Purex supernatant
liquid waste (PSN and PSS), stored Purex sludge waste (PAS), and stored
Redox supernatant liquid waste (RSN, RSXN and RSS). Sources of feed are
discussed in detail in Chapter III of this manusl.

The equipment is sized to permit simultaneous processing of the stored
high-level and current waste so as to work off the stored waste inventory
within five to seven yesrs. Instantaneous processing rates which formed
the original basis for design are based on the Waste M?n?gement Program
Process Flowsheets(l:a) and are presented in Table V-& 3). current
capacities based on the B-Plant Phase III Flowsheets( ) which will be
used at startup are presented in Table V-2,
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TABLE V-1
WAFRAX DESIGN CAPACITY
Instantaneous Rate
Stream Process Gallons/Day*
PAW CSREX 3, 000
PAW D2EHPA 3, 300
PAS Head End 4,000
PAS CSREX 12,000
PAS - D2EHPA 13, 200
PSN Ion Exchange 46, 450
RSXN*3* Ion Exchange 46, 450
RSN #x%* Ion Exchange 46, 450
*Based on as-received volumes before head-
end treatment
**Aged supernatant from 241-5X Farm
*3kAged supernatant from 241-S Farm
- TABLE V-2
B-PLANT PROCESSING CAPACITIES
Process Stream Basis Gallons /Day*
PAW Solids Treatment PAW 4, 600
PAW Solvent Extraction PAW 4,600
(1AF) (6, 900)
ZAW Solids Treatment ZAW 3, 900
ZAW Solvent Extraction ZAW 3,900
(1AF) 9, 200
PAS Sludge Preparation PAS 4, 200
(TU) (88 TU)
PAS Metallic Ion Removal PAS 3, 600
PAS Solvent Extraction PAS 19,000
(1AF) (4, 800)
PSN Ion Exchange PSN 30,000
PSS Ion Exchange PSS 35,000

*Based on full operating capacity at 100% over-all
operating efficiency
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A basic flow sketch of the operations performed within the B-Plant is
presented in Figure V-1. Flow diagreams of various segments of the
operation schematically showing the process streams and equipment are
presented as folllows:

Figure Function

V-2 Feed Preparation - Current Acid Waste

V-3 Feed Preparstion - Acid Sluige Waste

V-l Extraction ~ 1A and 1S Colummns

V-5 Partition and Strip - 1B and 1C Columns
V-6  Strontium Product Concentration and Storage
V-7 Organic Treatment

v-8 Cesium Ton Exchange

V-9 Cesium Product Concentration and Storage

Tank volumes as shown are the approximate volumes to overflow; conse-
quently, the maximum working volumes are about 80% of the volumes given.
The reader should refer to Part V, Chapters IX through XII (Plant and
Equipment) and Chapter XIIT {Instrumentatior) for the mechanical and
physical details of the facilities.

B. NORMAL PROCEDURES

1. Feed Preparation Procedures

Prior to solvent extraction processing, both current acid waste
and sludge waste are given a feed preparation "head-end" treatment.
For current acid waste the feed preparation process removes sclids
present in the waste and recovers greater than 95 percent of the stron-
tium and rare earths associated with the solids. For sludge waste the
feed preparation process removes 8 large portion of the iron, aluminum
and magnesium present while concentrating the strontium and rare earths
by means of s sulfate precipitation step. The procedures for feed
preparation are discussed below.

1.1 Current Acid Wastes (PAW, ZAW)

The PAW and ZAW sclutions recejved from the Purex plant via lag
storage in the 2L4-AR Vault, are the concentrated and denitrated high
level wastes from solvent extraction processing of irradiated saluminum-
cled, (PAW) and zircaloy-clad, (ZAW) reactor fuels. The solutions con-

tain a large amount of fission-product decay heat and inert salts. The

solutions as received also contain 1-10 percent solids by volume (primar-
ily phosphates, sulfates and silicates). Roughly 55 percent of the stron-
tium apd 70 percent of the rare earths are asscociated with these solids.

A carbonate metathesis process 1s used to recover greater than 95 percent
of the strontium end rare earths from these solids.
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1.1.1 Carbonate Metathesis of PAW and ZAW

The carbonate metsthesis process consists basically of the follow-

ing steps.

1.

(Refer to Figure v-2).

PAW (or ZAW) is pumped from TK-001 in the 244-AR Vault
to TK-11-2 in B-Plant. TK-11-2 is & precipitation tank
with 3400 gallons working volume which has been specially
modified by the addition of a large, low-level coil and
extra temperature elements for this service. The PAW
801ide are allowed to settle in TK-11-2 for a period of
approximately two hours.

After the golids have settled, the supernatant liquid is
decanted from TK-11-2 (using a special jet to minimize
solids trensfer) through centrifuge G-12-2 to receiver
tank TK-12-1 and then stored in TK-9-2.

Metathesis solution (0.5M NaOH-IM NeoCO,) from scale tank
TK-12-2B is used to slurry any solids ffom G-12-2 back to
TK-11-2 via TK-11-1l. Concurrently, hot metathesis solu-
tion is added to TK-11-2 from scale tank TK-11-2C. The
solids and solution in TK-11-2 are digested at 75 ¢ for
one hour which converts the fission products asscciated
with the solids (primarily sulfates) tc a carbonate-
hydroxide precipitate. The precipitate is then allowved
to settle for two hours.

At the completion of the metathesis settling step, the
waste metathesis solution 1s decanted through the centri-
fuge to TK-12-l end sempled. This weste solution is then
discarded to high-level waste tenk TK-25-2 via TK-11-1
after centrifuge clean-out, Step 5, is completed.

Carbonate cake wash solution (0.1M Na Na,,CO ) is used to
slurry any solids from G-12-2 back to“TK=11-2 via TK-11-1l.
Additional cake wash solution is concurrently added to
TK-11-2 and the soluticn agitated to remove resfdual sul-
fates. The solids are then alliowed to settle for approxi-
mately one~balf hour. The supernate is then decanted
through G-12-2 to TK-12-1, sampled, and discarded to

weste via TK-11-1 as in Step L.

A pitric acid soclution (1.5M) is used to remove the solids
from G-12-2 back to TK-11-2 vie TK-11-1 and is concurrently
added to TK-11-2 to dissclve the carbonate-hydroxide cake
remaining in TK-11-2. When TK-12-1 and TK-31-2 are avail-
able, this solution is slurried (using e minimum heel jet)
to TX-12~1 via G-12-2 and immediately transferred to TK-31-
2 for storage since the TK-12-1 cooling coil is inadequate
for this small volume.
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7. Any undissolved solids (primarily siliceous in pature)
remaining in TK-11-2 and G-12-2 are slurried to TK-1l-1,
sampled and discarded to high-level waste.

The over-all time cycle for this process is approximately 15.5 hours,
however it should be possible to trim to 13.5 to 1k.5 hours as experience
is geined during operation.

The process is baslcally quite simple, but the high-heating solids present
major problems. The solids cake, if allowed to dry out in a vegsel, would
quickly reach temperatures high enough to partially volatilize some of the
fission products such as ruthenium and cesium and also create a severe
corrosion problem in the vessel. The same problems would erise in the
centrifuge if large quantities of the cake were present or if the cake is
not quickly removed. The centrifuge is susceptible to mechenical failure
much more quickly with large quantities of high-heating cake. Therefore,
the operating procedures are designed to minimize the cake volume trans-
ferred to the centrifuge and to minimize the periods during which the
golids cake camnot be sdequately cooled. Special equipment and instru-
mentation, such as the two Jets and additional temperature elements on
TK-11-2, have been provided to help control these problems. The radia-
tion detection elements in the cells are also used to indicate the

volumes of solids present in, and transferred between vessels. A special
safety circuit is provided on scele tank TK-11-1lE to automatically dump
the TK-11-1E contents (approximately 70 gallons of water) to TK-11-2 if
excessive cake temperatures are encountered. If for some reason pro-
cessing is interrupted, it may be necessary to add water or process solu-
tion to the vessels via the chemical add scale tanks to maintain adequate
cooling capebility.

1l.1.2 PAW, ZAW Sclids Jeaching

The original process planned for PAW, ZAW solids treatment in
Cells 11 and 12 wvas a2 leach process. This process used the same equip-
ment and the same general type of operations. The PAVW was settled,
decanted through the centrifuge and the centrifuge washed back to the
settling tank (TK-11-2). Successive leaches of 5M HNO; and 2M NeOH -
0.1M sodium tartrate were then performed on the solids”in much the same
manner as the carbonate metathesls of 1.1.1 above,

Strontium recovery from solids with the leaching process was low, approxi-
mately 25 percent, with the added disadvantage that excessive amounts of
ZrNb~-95 were recovered which produced problems in solvent extraction. The
poor performance of the leaching process led to the development of the
carbonate metathesis process.
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.1.1.3 Weste Hendling

The three waste streams from the PAW and ZAW solids treatmeat pro-
cess, the metathesis waste, carbonate cake wash and the final solids slurry
vaste are all high-level waste. Therefore, these wastes are jetted directly
to the high-level waste tank, TK-25-2, after sampling without waiting for
results, Initially the solutions may be held for sample results to confim
thet stroniium waste losses are low. If peceasary, the solutions can be
routed back to TK-11-2 from TK-11-1 for rework.

1.2  Purex Acid Sludge (PAS)

The PAS feed received in B-Plant for feed preparation is quite
different from the current acld waste feeds. The solution is not nearly
a3 radicactive as PAW or ZAW since cesium is not present and the short-
lived fission products have decayed to low levels., However, the PAS
containg high concentrations of metallic ions, primerily iron and alumj-
num, which would make solvent extraction more expensive if & feed pre-
treatment step were not used. Therefore, the objective of the PAS feed
treatment process is to remove these undesirable metallic ions while
still maximizing the recovery of strontium and long-lived rare earths.

A sulfate precipitation-carbonate metathesis process is used to obtain
this objective, and in addition, a concentration factor of approximately
10 is obtajined. The over-all strontium and rare earth losses for the
combined process are estimated to be 7.5 and 5 percent, respectively.

1.2.1 Sulfate Precipitation of PAS

The sulfate precipitation for metallic ion removal consists of
the following steps (refer to Figure V-3).

1. The PAS batches (approximately 1400 gallons) are
transferred from the CR-Vault lag storage tank
TK-003 to the B-Flant sulfate precipitation tank
TK-31-3. Sufficient 6M NeHSO), is added to make
the final solution 1M in sulfate ion. A solution
of 1.8M Na,CO; is used to neutralize the solution
to & pH of approximately 1.0 (both the bisulfate
and carbonate solutions are added through scale
tank TK-31-3A). The solution pH is critical, so
a pH cell is installed in the TK-31-3 sampler with
a readout in the operating gellery. The solution
is heated to & temperature of 80 C after neutrali-
zation.

2. After an initial digestion of one hour, 1M Pb(NO3)s
solution is added from scale tank TK-31-3E to maae
a final lead concentration of 0.02M. This provides
a PbSOh carrier precipitate for the strontium sul-
fate. Digestion is continued for an additional hour.
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3-

The digested slurry is allowed to settle and then the
‘supernatant, using a special high temperature jet, is
decanted through centrifuge G-32-2 to waste receiver
tank, TK-32-1, The waste is sampled in TK-32-1 and
traneferred to TK-24-1 for concentration in the Cell
23 Concentrator and ultimate disposal to an In-Tank
Solidification facility.

This procedure is repeated twice more for a total of
three sulfate strikes. The Pb(NO3), addition may be
reduced on the second and third s%rikes eince FPbS0OL is
already present in the solutlon. The sulfate cake in
TK-31-3 18 washed with a small volume of water from
TK~31-3A, which 1s decanted through the centrifuge and
combined with the weste in TK-32-1.

The cake in TK-31-3 and centrifuge G-32-2 is slurried
directly to the metathesis tank TK-31-1 with water.
Tank 31-3 is then ready to begin a new serles of sul-
fate gtrikes.

The estimated time cycle for each sulfate strike is approximately 8 hours;
the over-all time cycle for a three-strike process is 28 hours.

l.2.2 Carbonate Metathesis of PAS

The PAS carbonate metathesis process is similar to the one used for
metathesis of the PAW solids. (See section B. 1.1.1)

1.

The water slurried sulfate cake in TK-31-1 is butted
with an approximately equal volume of metathesis solu-
tion (5M NaOH - 0.5M Na,CO,)} from scale tank TK-31-1F.
The solution is heated o 80 C and digested for one-
half hour. The sulfate precipitate is converted dur-
ing the digestion to a carbonate-hydroxide precipitate.

The slurry is then allowed to settle and cocl and the
metathesis supernatant is decanted to TK-32-1 via
centrifuge G-32-2,

The cake 1s washed twice with 0.1§_Na2C0 solutions

to remove residusl sulfate. The cake washes are de-
canted through G-32-2 and combined with the metathesis
wvaste in TK-32-1. Tank 32-1 is then sampled and routed
to the Cell 23 Concentrator.

The cake in TK-31-1 is dissclved with a 1.2M nitric acid
solution. The acid sclution is added to TK-31-1 via
TK-32-2C and centrifuge G-32-2 thereby recovering any
carbonate cake in the centrifuge.
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5. The dissolved carbonate cake product is decanted to the
‘PAS feed storage tank, TK-33-1. A small water flush is
added to TK-31-1 via G-32-2 and likewise decanted to
TK-33~1. Batches of treated PAS are jetted from TK-33-1
to TK-29-2 for feed make-up during PAS solvent extraction
campaigns.

'The metathesis time cycle is approximately 10 hours. It should be pos-
sible to carry on the metathesis process concurrently with the sulfate
precipitation strikes with a minimum emount of conflict for centrifuge
time. -

1.2.3 Waste Handling

The wastes from the sulfate precipitation and carbonate metathesis
of PAS are relatively low-level wastes. Therefore, after sampling in TK-
32-1, the wastes are routed to the Cell 23 Concentrator via TK-24-1. If
necessary, the sulfate strike waste solutions will be neutralized in
TK-32-1 before transfer to TK-24-1. The Cell 23 Concentrator effluent is
routed to an ITS unit in the tenk farm for ultimate disposal. Routes are
available from TX-32-1 for rework if sample results show this to be neces-

sary.

2. Solvent Extraction Procedures

Upon completion of appropriete head-end treatments, PAW, ZAW,
and PAS squeous wastes are processed by solvent extraction toc separate
the strontium and rare earths from the balance of metallic and fission
product impurities.

The crude head-end product is chemically adjusted to make suitable feed
for the solvent extraction battery. Complexant is added to aid in
obtaining the desired metallic ion distribution ratios in the 1A Column.
A ten to twenty percent excess of complexant is generally added to the
feed to ensure adequate complexing and provide contingency for feed
composition variations. A buffering agent is added to provide pH con-
trol since the metallic ion distribution ratios are sensitive to pH
fluctuations. A small amount of tartaric acid is also added to the feed
tc improve the extraction kinetics ip the 1A Column. The pH is adjusted
with sodium hydroxide or nitric acid as necessary.

The separation is effected in a battery of four piston-pulsed columns -
1A, 1S, 1B, end 1C. The strontium and rare earths are extracted into the
organic phase [di(2-ethylhexyl)phosphoric acid with tributyl phosphate
modifier and normal paraffin hydrocarbon diluent] in the 1A Column. Cesium,
other fission products, end the majority of the metallic impurities remain

in the aqueous phase and are removed as waste. Additional decontamination
of impurities, particularly sodium, is obtained in the 13 scrub column.
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Strontium and the rare earths are partitioned in the 1B Column with the
strontium being stripped intc the agquecus stream and the rare earths
and emericium remaining in the organic stream. The rare earths and
americium are stripped from the organic in the 1C Column. Strict pH
control is essential throughout the extraction battery to emnsure the
proper separation of metallic ion and fission product impurities from
the strontium end rare earth product stresms.

Operating conditions are similar for processing PAW, ZAW, and PAW with
the main difference being in the complexant used and the flow rates of
the aqueous and orgenic streams.

Modifications of the flowsheet for specific product recovery and purifi-
cation are discussed in Section C of this chapter.

2.1 Feed Makeup
2.1.1 Current Acid Waste (PAW and ZAW)

Feed for the solvent extraction system is made up in the 1AF Make-
up Tank (TK-29-2). Current acid waste supernatant from the feed prepara-
tion step is jetted from the storsge tank, TK-9-2, to TK-29-2. For PAW
makeup, the premixed crude feed butt consisting of metsllic ion complexant,
buffering agent, and tartaric acid is gravity fed to TK-29-2 from the
operating gallery scale tank, TK-29-2A. Becauge of the large volume of
chemicals required for ZAW makeup, the complexant is added to 'I‘K-29-2 prior
to the balance of the premixed butt.

The pH of the butted feed is initially adjusted to approximately 6.0 with
sodium hydroxide from TK-29-2B. Dissolved carbonate cske solution from
the feed preparation step is then jetted from TK-31-2 to TK-29-2 causing
the pH to drop. Alternmating additions of sodium hydroxide and dissolved
cake solution ere made in such & manner as to maintain the pH in the range
of 3.0 to 6.0 which prevents precipitation of iron hydroxide at high pH
or cerium, strontium, end rare earth sulfates at low pH. Final adjustment
of the pH to flowsheet conditions is mede with sodium hydroxide or nitric
acid., When the feed has been adjusted to the desired pH, it is jetted to
the 1AF Feed Tank (TK-29-3).

2.1.2 Acid Sludge Waste (PAS)

Feed for the solvent extraction system 1s made up in the 1AF Make-
up Tank (TX-29-2). Treated acid sludge waste is jetted from the storage
tank, TK-33-1, to TK-29-2. The premixed feed butt consisting of metallic
ion complexant, buffering agent, and tartaric acid is gravity fed to
TK-29-2 from TK-29-2A. Dilution water required to esteblish satisfactory
aqueous to organic flow rates in the columne and to extend the run time to
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reduce fission product losses during startup and shutdown of the solvent
extraction battery is ndded to TK-29-2 from TK-29-2A. The pH of the butted
feed ig initially adjusted with sodium hydroxide from TK-29-2B. Final
adjustment is mede with sodium hydroxide or nitric ecid. When the feed
hes been adjusted to the desired pH, it is jetted to the 1AF Pump Tank

(TK-29-3) .

2.2 1A and 15 Columns

2.2.1 Current Acid Waste (PAW)

The 1A (T-30-1) apnd 1S (T-29-1) columns form an extraction and
gerub system. The feed (1AF) to the 1A Column is pumped from TK-29-3
to the top of the column where it joins with the sodium scrub stream
(1SR) from the 1S Column. The aqueous streams form the dispersed
phase and flow down through the organic extractant (1AX) to the bottom
disengagement section, where the aqueous-organic interface is located
and separation of the phases is effected.

The organic extractant (1AX) is pumped from the 1AX Pump Tank (TK-30-3)
to the bottom of the 1A Column. The organic flowing up the column forms
the continuous phase. When the column is operated at flowsheet con-
ditions, essentially all of the strontium, rare earthe, calcium, mange-
nese, magnesium, uranium and yttrium are extracted. Small amounts of
the iron, sluminum, and zirconium-niobium are also extracted. The
organic phase (lAPs, now the product-bearing streem, overflows from the
upper disengagement section and is gravity fed to the bottom of the 1S
Column vwhere it forms the continuous phase.

The aqueous stream {1AW) leaving the 1A Column, bearing the bulk of the
Cs-134, Cs-137, Sb-125, ZrNb-95, Ru-106, other fission products, radio-
actively inert salts, and approximately 1% of the Sr and RE, flows by
gravity from the lower disengagement section to the 1AW Receiver Tank
(TK-30-2) . (See Section B. 2.7.1 for further routing.)

In the 1S Column, the organic is contacted with an aqueous scrub stream
(188) for reduction of the sodium concentration to approximately 0.00IM.
The scrub solution is composed of buffering agent for pH control and a
small concentration of complexing agent to remove trace amounts of un-
desired metallic impurities cerried over from the 1A Column. The 1SS
butt is pumped from TK-29-1F to an in-line blending tee for mixing with
water to provide the desired concentration and flow rate as the 135S
stream to the top of 1S Column. After passing through the organic con-
tinuous 18 Column the agueous stresm enters the bottom disengagement
gsection where the aqueous-organic interface 1s located and separation
of the phases is effected. 'The agueous waste scrub stream (1SR) is then
jetted to the upper pert of 1A Column. The organic (1SP) overflows from
the top of the column to the 1BF Feed Pump Tank (TK-28-4).
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2.2.2 Current Acid Waste (ZAW)

The 1A apd 1S Column operation is similar to that for PAW (Sec-
tion 2.2.1). Recoveries of Sr and rare earths (RE) are slightly less
than for PAW processing. Approximately 2% of the Sr and 10% of the RE
are not extracted and remain in the aqueous waste stream (1AW) leaving
the 1A Column. It is expected that RE recovery can be significantly
improved with minor flowsheet development.

2.2.3 Acid Sludge Waste (PAS)

The 1A and 15 Cclumn operation is similar to that for PAW
(Section 2.2.1), although the various stream flowrates are different
in order to provide pH control and an acceptable solvent loading.
When the columns are operated at flowsheet conditions, essentially
all of the strontium, rare earths, caleium, magnesium, manganese,
uranium, and yttrium are extracted along with small amounte of iron,
eluminum, and lead. Since many of the short-lived fission products
present in PAW and ZAW are not present in PAS, the radicactivity
level of the 1AW 18 significantly lower than for current acid wastes.
The 1AW stream contains small amounts of Sr-90, Ce-1lhli, Pm-147, and
Sm-151.

2.3 18 Column

2.3.1 Current Acid Waste {PAW)

The 1BF Feed Pump Tank (TK-28-4) continucusly receives the 1SP
(organic overflow from the 1S Column) and pumps it to the bottom feed
point of the 1B partition column (T—28-l) wvhere it becomes the con-
tinuous phase. Strontium is stripped from the organic phase with di-
lute nitric acid (1BX). The 1BX nitric scid butt is pumped from
TK-28-1F to an in-line blending tee for mixing with water to provide
the desired concentration and flow rate to the top of the 1B Column.
The interface in the organic-continuous column is located in the bottom
disengagement section. The exiting aqueous phase (1BP), bearing about
98 percent of the strontium entering the column, 0.3 percent of the
rare earths, the sodium not removed in the 1S Column, some calcium and
trace smounts of other metallic impurities such as aluminum, iron, and
zirconium-nicbium flows by gravity to the 1BP Product Receiver (TX-28-2).
The orgenic stream containing the rare eartha overflows from the top of
the column to the 1CF Pump Tank (TK-27-4).

2.3.2 Current Acid Waste (ZAW)

The 1B Column operation is similar to that for PAW (Section
2.3.1). Strontium recovery (~ 97%) is expected to be slightly less
than that accomplished during PAW proceseing.
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2.3.3 Acid Sludge Waste (PAS)

The 1B Column operation is similar to that for PAW (Section
2.3.1), slthough the various stresm flow rates are different in order
to provide pH control.

2.4 1C Column (PAW, ZAW, PAS)

- The ICF Pump Tank (TK-27-4) continuously receives the organic
overflow from the 1B Column and pumps it to the bottom feed point of
the 1C Column (T-27-1) where it becomes the dispersed phase since the
1C Column is operated aquecus continuous with a top interface. Rare
earths, the balance of the calcium, and trace amounts of other metal-
lic impurities and fission products are removed by stripping with
strong nitric acid (1CX). The 1CX butt {concentrated nitric acid) is
gravity fed from the 2718 HDR to an in-line blending tee for mixing
with demineralized water to the desired acid concentration and flow
rate ag the 1CX stream to the top of the 1C Column where it becomes
the continuous phase. The aqueous stream leaving the 1C Column (1CP),
bearing 90-99 percent of the rare earths entering the column, flows by
gravity from the lower disengagement section to the 1CP Receiver Tenk
(TK-27-2) . The stripped organic stream (1CW) overflows from the top
of the column to the 1CW Receiver (TK-26-3).

2.5 Solvent Treatment (PAW, ZAW, PAS)

The solvent received in TK-26-3 from the 1C Column 1s pumped
batchwise to TK-27-3 where it is contacted with a sodium hydroxide -
sodium tartrate wesh solution (105) for removal of yttrium, cerium,
zirconium-niobium, ruthenium, uranium, nitric ecid, iron, and small
amounts of other metallic impurities. The primary D2EHPA degradation
product mono(2-ethylhexyl)phosphoric acid is also removed. The wash
solution is gravity fed to TK-27-3 from AMU TK H-321 (via the 2707
HDR). After each contact of organic end wash solution, an appropriate
settling time is allowed for separation of the phases. The organic is
then decanted to TK-26-1. The present flowsheet does not specify that
any organic washing be done in TK-26-1 but the tank can be used for
that purpose if necessary. After an appropriate settling time to allow
:eparati§n of the phases, the organic is pumped to the 1AX Mskeup Tank
(TK-28-3) .

In TK-28-3 the washed organic is butted with 12.2M nitric acid (100

butt) gravity fed from TK-28-3C to obtain the desired =scid to selt ratio
of the D2EAPA for pH control in the 1A Column. TK-28-3C is flushed with
& small volume of water to reduce the residual acid holdup and minimize
tank corrosion. The flush water is also added to TK-28-3. Periodically,
the aqueous heel in TK-28-3 is jetted to the Low-level Waste Receiver
(TK-24-1). The butted organic is pumped to the 1AX Pump Tank (TK-30-3)
for reuse in the columns.
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The agueous wash solution from TK-27-3 is jetted to a Waste Receiver for
disposal after each contect. Any aqueous heel in TK-26-1 is periodically
jetted to a Waste Receiver. (See Section B.2.7 for further routing of
both solutions.)

2.6 Strontium Product Concentration and Storage

The strontium product solution (1EP) is pumped on a semi-continuous
basis from the 1HP Product Receiver (TK-28-2) to the Cell 5 Concentrator
(E-5-2) where it is concentrated. The degree of concentration is limited
by the heat removal capacities of the strontium product storage tanks.

The concentrator is operated on either a batch basis or an intermittent
overflow basis due to the large concentration factor and small concentra-
ted product flow. When the desired concentration is attained during batch
cperation, the concentrator is shut down and the concentrated solution is
cooled before being Jetted to the Concentrate Receiver (TK-5-1) for
sampling. When the desired concentration is attained during intermittent
overflow operation, the diaphragm-operated valve between E-5-2 and TK-5-1
is opened to permit a small batech gravity transfer of solution to TX-5-1
vhere ccoling takes place. This mode of operation reduces thermal shock
on the E-5-2 tube bundle due to less frequent cooling. Concentrated
strontium product is jetted from TK-5-1 to TK-6-2 or TK-8-1 for segrega-
tion into two systems as desired. One system is composed of TK's 6-2,
6-1, 7-1, and 7-2; and the other is composed of TK's 8-1 and 8-2. Trans-
fers are made between the two systems by a jet from TK-7-2 to TK-8-1.
Qut-of-specification strontium product requiring rework is jetted from
TK-5-1 to TK-29-2.

2.7 Waste Handling_

2.7.1 Current Acid Waste (PAW and ZAW)

Aqueous wastes generated from PAW and ZAW processing operations
are considered to be high-level wastes. These streams are the 1A (ol-
umn wastes (1AW), 1C Column squeous rere-earth fraction, and the organic
wash wastes from TK-27-3 end TK-26-1 (if necessary).

The 1AW is collected batchwise in the 1AW Receiver Tank (TK-30-2) and
Jetted to the Waste Receiver (TK-9-1) for interim storage and sampling,
if necessary. It is then jetted to the High-level Waste Receiver
(TK-25-2) for neutralization and disposal or to the FAW Supernatant
Receiver (TK~-9-2) for rework through the 14 Column via TK-29-2 and
TK-2G-3.

The 1C Column aqueous stream is collected batchwise in TK-27-2 end
Jetted to TK-26-2 for sampling to confirm that it meets disposal
specifications. The contents of TK-26-2 are then jetted to the High-
level Waste Receiver (TK-25-1) for neutralization or for eventusl
rewvork through the 1A Column via TK-29-2,
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The orgenic wash wastes from TK-27-3 are jetted to TK-25-1 for disposal.
Wastes from TK-26-1 are jetted to TK-25-2 for disposal.

Degraded organic which is unsuiteble for further processing activities
is disposed of by burning. Facilities for this operation are in the
conceptual stage at the time this section of the manual is being written.
Further handling of waste solutions is discussed in Chapter VIII.

2.7.2 Acid Sludge Waste (PAS)

Aqueous wastes genersted from PAS processing operations are low-
heating; high-level wastes. These streams are the 1A Column wastes
(1AW), 1C Column aqueous rare-earth fraction, and the organic wash
wvaste from TK-27-3. These wastes are all transferred to the low-level
Waste Receiver (TK-24-1) or reworked via appropriate routings.

3, Ion Exchange Procedures

An lon exchange process is used in B-Plant to remove the heat gen-
erating radioactive cesium from stored alkaline wastes. The majority of
the radioactive cesium 1s assoclated with the supernatant liquid waste.
The supernatant is passed downflow through & bed of jon exchange material
which selectively adsorbs the cesium. Cesium can be removed from both
Purex and Redox wastes by an ion exchange process. Technology has been
developed for the long term storage of radioactive cesium and radicactive
strontium adsorbed on synthetic zeolites in high integrity containers.
However, at the time this section of the manual was written, an ion ex-
change process was used only to remove cesium from stored Purex alkaline
supernatant liquid waste. The procedures used to remove the cesium from
the waste are discussed below.

3.1 Loading Cycle

Feed for the ion exchange column is pumped to the Cesium Superna-
tant Receiver (TK-17-2) in the B-Plant from Tank-105-C, & 500,000 gallon
Waste Storage Tank in C-Farm used for lag storage. Feed samples are
taken from the lag storage tank periodically and analyzed for sodium,
cesium, aluminum, and pH. Adjustments are made to the sodium/cesium ratio
a8 required by blending in out-of-specification product material. From
TK-17-2, the feed is pumped to the 1XF Pump Tank (TK-18-3) and from there
to the top of the 1X Column (T-18-2) for downflow operation. The column
will initially contain 1550 gallons (about 8,970 pounds) of & synthetic
zeolite ion exchanger, AW-500% which adsorbs cesium and sodium during the
loading cycle. The ion exchange bed is loaded to an instantaneous break-
through of 7 percent maximum &s observed by the radiation monitor in the
effluent waste line. Following the loading cycle, demineralized water
1s added to TK-18-3 and pumped through T-18-2 to remove the residual feed
solution from the bed. Both the waste effluent and the wash stream are
routed to the 1XW Receiver (TK-18-1).

* Trademark of the Linde Division, Union Carbide Corporation.
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3.2 Sodium Removal Cycle

The sodium ion is removed from the zeolite ion exchanger by a 0.2
molar ammonium carbonate scrub solution which is added to TK-18-3 from
the 173 header. Seven colurn volumes of scrub remove greater than 99 per-
cent of the adsorbed sodium. Demineralized water is used to flush the ion
exchange bed following the sodium removal cycle. The waste effluent and
the wash stream are both routed to TK-18-1.

3.3 Cesium Elution Cycle

The cesium ion is removed by pumping & 3M (NH4)pCO3 ~2M NH,OH
solution downflow. through the bed from TK-18~3., Twelve column volumes
of eluent remove greater than 99 percent of the cesium loaded on the bed.
During this process, the zeolite exchanger is converted to the ammonium
form, readying it for the next loading cycle. From T-18-2, the eluent
flows to the 1XP Receiver (TK-19-1).

3.h Cesium Product Concentration and Eluent Regeneration

The 1XP Recelver (TK-19-1) is also the feed tank for 1XP Concentrator
(E-20-2). The dilute cesium product is concentrated to a maximum of 5000
curies of cesium=137 per gallon in the concentrator. The concentrated pro-
duct is jetted to the 1XP Concentrate Receiver (TK-20-1) from when it is
jetted to one of the Cesium Storage Tanks, TK-1k-2 or TK-17-1. The over-
heads from E-20-2 are condensed in the E-20-3 condenser and collected in
the Cesium Eluent Storage Tank TK-21-1. The non-condensables from E-20-3
are vented to an ammonium carbonate absorber T-21-2 which is positioned on
top of TK-21-1l. A small recycle stream 1s asdmitted to the top of the ad-
sorber from TK-21-1 to recover additional NH3 and CO, before they are vented
to the NH, scrubber (T-22-2) situated on top of the condensate Receilver
Tank TK-22-1. According to laboratory data, approximately 2 percent of the
ammonia and 7.5 percent of the carbon dioxide are lost in this process. To
make up for these losses, ammonia and carbon dioxide are sparged into the
solution in TK-21-1 from thelr respective headers. The regenerated eluent
18 then recycled to TK-18-3 during the cesium elution cycle.

3.5 Recyele of Product

The concentrated ceslum product 1s sampled in TK-20-1 and, 1f the
product does not meet specifications, it can be blended with incoming feed
in TK-17-2. The concentrated product can be recycled from TK-17-1 and
TK-14-2 to TK-17-2 if the need arises,

3.6 Waste Handling

All waste streamswhich originate within the ion exchange system are
collected in TK-18-1. These streams include the loading cycle waste efflu-
ent, columwashes, and the sodium scrudb waste. From TK-18~1 the wastes
are pumped to the Low-Level Waste Receiver (TK-24-1) and concentrated in
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the Low-Level Waste Concentrator (E-23-3). The wastes can also be pumped
directly to an ITS unit in the event the low-level waste evaporator is shut
down or if TK-2h-1 cannot accept additlional waste volumes.

3.7 Bed Makeup and Removal

The zeolite ion exchange is hydrated on the third floor AMU area in
Tank H-317 and slurried into TK-18-2 by gravity. Due to the exothermic
reaction which results when water is added to the zeolite, it is necessary
to £11] H-317 with water and slowly add the zeolite. In this manner the
volume of water is large compared to the volume of zeolite being added
and the heat produced is quickly dissipated preventing degradation of the
zeolite. The zeolite is removed from TK-18-2 by installing an alternate
Jumper on the ion exchange column which allowe fluidization of the bed
when pumping demineralized water from TK-18-3 upflow through the column.
Fluidizing the bed facilitates jetting the zeolite to TK-18-1. From
TK-18-1 the zeolite water slurry is pumped to an ITS unit via diversion
box 241-BX-154.

C. SPECTAL PROCEDURES

1. 3olvent Extraction Purification cof Strontium

The concentrated strontium product resulting from normal operation
of the solvent extraction system may contain amounts of calcium, sodium,
rare earths, and Ce-lhl in excess of those desired by some future customer.
Purification of the product solutions stored in Cells 6, 7 and 8 is accom-
plished in the solvent extraction system on a campaign basis in conjunction
with current acid waste and scid sludge waste processing. The complexant
and buffering agent used are different than for the initial separation
operations.

1.1 Feed Makeug

Feed for the solvent extraction system is made up in the 1AF Makeup
Tank {TK-29-2). Crude strontium solution is jetted from the storage tanks
TK-6-1, TK-6-2, TK-T-1, TK-7-2, TK-8-1 and TK-8-2 via appropriate routing
to TK-9-2 and then to TK-29-2. The premixed feed butt consisting of ihe
complexing agent [ pentesodium diethylenetriaminepentaacetate (NagDTIPA))
and the buffering agent {acetic acid] is gravity fed to TK~29-~2 Trom TK-29-
24. The pH of the butted feed is initially adjusted with sodium hydroxide
from TK-29-2B. Final adjustment is made with sodium hydroxlde or nitric
acid. When the feed has been adjusted to the desired pH, it is Jetted to
the 1AF Pump Tank (TK-29-3) .

1. 14 and 18 Columns

The 1A (T-30-1) and 1S (T-29-1) Cclumns form an extraction and scrub
system. The feed (1AF) to the 1A Column is pumped from TK-29-3 to the top
of the column where it jolns with the sodium scrub stream (1SR) from the 13
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Column. The aqueous streams form the dispersed phase and flow down through
the organic extractant (1AX) to the bottom disengagement section, vhere the
aquecug~organic interface is located and separation of the phases is effected.

The organic extractant (1AX) is pumped from the 1AX Pump Tank (TK-30-3) to
the bottom of the 1A Column. The organic flowing up the column forms the
continuous phase. When the column is operated at flowsheet conditions,
essentially all of the strontium and calcium are extracted. The organic
phase (lAP), nov the product-bearing stream, overflows from the upper dis-
engagement section and is gravity fed to the bottom of the 15 Column where
1t forms the continuous phase,

The aqueous stream (1AW) leaving the 1A Column, bearing the bulk of the
cerium, rare earths, and sodium, flows by gravity from the lover disengage-
ment section to the 1AW Receiver Tank (TK-30-2). (See Section C. 1.6 for
further routing.}

In the 1S Column, the organic is contacted with an aqueous scrub stream (1SS)
for reduction of the sodium concentration. The scrub solution ls composed
of eitric acid for pH control and a small concentration of DIPA complexing
agent to remove trace amounts of undesired metallic impurities carried over
from the 1A Column. The 1SS butt is pumped from TK-29-1F to an in-line blend-
ing tee for mixing with water to provide the desired concentration and flow
rate as the 155 stream to the top of the 1S Column. After passing through
the organic-continuous 1S Column the aqueous stream enters the bottom dis-
engagement section where the a&aqueous-organic interface is located and
separation of the phases is effected. The aqueous waste gcrub stream (1SR)
is then jetted to the upper part of the 1A Column. The organic (1SP) over-
flows from the top of the column to the 1BF Pump Tank (TK-28-L).

1.3 1B Column

The 1BF Pump Tank (TK-28-4} continuously receives the 1SP (organic
overflovw from the 1S Column) and pumps it to the bottom feed point of the
1B Column (T-28-1) where it becomes the continuous phase. Strontium is
stripped from the organic phase with dilute citric acid (1BX). The 1BX
citric acid butt is pumped from TK-28-1F to an in-line blending tee for mix-
ing with water to provide the desired concentration and flow rate to the top
of the 1B Column. The interface in the organic-continuous column is located
in the bottom disengagement section. The exiting aqueous phase (1BP), bear-
ing about 99 percent of the strontium entering the column, the sodium not
removed in the 15 Column, the citrate strip solution, and a trace amount of
calcium, flows by gravity to the 1BP Receiver (TK-28-2). The organic stream
containing amall amounts of calcium and strontium overflows from the top of
the column to the 1CF Pump Tank (TK-27-4).

1.4 Solvent Treatment

The 1CF Pump Tank (TK-27-4) continuously receives the organic over-
flow from the 1B Column and pumps it to the bottom feed point of the 1C
Column (TK-27-1) where it becomes the dispersed phase since the 1€ Column
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is operated aqueous continuous with a top interface. The calcium, strontium,
and any rare earths which may be left in the organic are removed by a sodium
hydroxide-sodium tartrate wash solution (10X). The 10X butt is gravity fed
from an AMU tank to an in-line blending tee for mixing with demineralized
water to the desired concentration and flow rate as the 10X stream to the
top of the 1C Column where it becomes the continuous phase. The aqueous
stream leaving the 1C Column (1CP) flows by gravity from the lower disen-
gagement section to the 1CP Receiver (TK-27-2). The washed organic stream
(1CW) overflows from the top of the column to the 1CW Receiver (TK-26-3).

It is then transferred via TK-27-3 and TK-26-1 to the 1AX Makeup Tank
(TK-20-3) where it is butted with 12.2 M.nitric acid (10B}, gravity fed
from TK-23-3C to obtajn the desired acid to salt retio of the D2EHPA for

pH control in the 1A Column. TK-28-3C is flushed with a small volume of
water to reduce the residual acid holdup and minimize tank corrosion. The
flush water 1s also added to TK-28-3. Periodically, the agueous heel in
TK-20-3 18 jetted to the Low-Level Waste Recelver (TK;Eh-l). The butted
organic is pumped to the 1AX Pump Tank (TK—30-3) for reuse in the columns.

1.5 Strontium Produet Concentration

The strontium product (1BP) is pumped on a semi-continuous basis
from the 1BP Receiver (TK-28-2) to the Cell 5 concentrator (E-5-2) where it
is concentrated. Nitric acid and hydrogen peroxide are added to E-5-2 during
concentration to decompose the residual citrate. The peroxide is added to
the hottom of the concentrator through the discharge line from the TK-5-2F
scale tank. 'The nitric acid is pumped from the TK-5-2A scale tank. The
degree of concentration is limited by the heat removal capacities of the
purified strontium product storage tanks. The concentrator is operated on
either a batch basis or an intermittent overflow basis depending on condi-
tions existing at the time. When the desired concentration is attained
during batch operation, the coacentrator is shut down, and the concentrated
solution 1s cooled hefore being jetted to the Concentrate Receiver (TK-5-1)
for sampling. When the desired concentration is attained during intermit-
tent overflow operation, the diaphragm-operated valve between E-5-2 and
TK-5-1 is opened to permit a small batch gravity transfer of solution to
TK-5-1 where cooling takes place. This mode of operation reduces thermal
shock on the E-5-2 tube bundle due to less frequent cooling. Concentrated
purified strontium product is Jjetted from TK-5-1 to a storage tank.

1.6 Waste Handling

The 1A Column agueous vaste stream (1AW) is collected batchwise in
the 1AW Receiver (TK-30-2) and jetted to the Waste Receiver (TK-9-1) for
interim storage and sampling if necessary. It is then jetted to the High-
lLevel Waste Receiver (TK-25-2) for neutralization and disposal or to the
PAW Supernatant Receilver (TK-9-2) for rework through the 1A Column via
TK-29-2 and TK-29-3.

The 1C Column agueous waste stream (1CP) 1s collected batchwise in the
1CP Receiver (TK-27-2) and jetted to the 1CP Contactor (TK-26-2) for
sampling to confirm that it meets disposal specifications. The contents
of TK-26-2 are then jetted to the High-level Waste Receiver (TK-25-1) for
disposal.
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2. Solvent Extraction Purification of Promethium

During normal waste management processing operations no attempt is
made to separate promethium from cerium in the 1C Column. Eseentially all
of the cerium, promethium and other rare earths are stripped into the 1CP
agqueous waste stream and discarded to the High~Level Waste Receiver (TK-25-1).
Occasions may arise, however, when it will be necessary to recover a puri-
fied promethium product during processing of the Purex acid waste. When a
purified promethium product is desired, the separation from cerium is made
in the 1C Column. This is accomplished by oxidizing the Ce(IIl) to Ce(IV)
so that cerium-14L is retained in the organic phase while americium and the
trivalent lanthanides, including promethium-147, are stripped into the
aqueous phase. The agueous phase is a nitric acid solution containing the
strong oxidant, persulfate, plus silver ion as a catalyst. Jumper changes
are necessary in Cells 27 and 30 to provide the proper routing for the 1CF
stream and to provide an organic scrub stream to the bottom of the 1C Column.

2.1 Promethium=-Cerium Separation

The 1CF Pump Tank (TK-27-4) continuously receives the organic over-
flow from the 1B Column and pumps it to the intermediate feed distributor
of the 1C Column where it becomes the dispersed phase since the 1C Column
1s operated aqueous continuous with a top interface. The aquecus strip
streams, nitric acid-persulfate (1CX-1) and nitric acid-silver nitrate {1CX-2)
are gravity fed from separate AMU tanks to an in-line blending tee for mixing
to the desired concentration and flow rate as the 1CX stream to the top of
the 1C Column where it becomes the continuous phase. An organic scrub stream
(1c8) is pumped from the 1AX Pump Tank (TK-30-3) to the bottom feed point of
the 1C Column to extract cerium from the aquecus phase below the intermediate
feed distributor and thus reduce cerium contamination of the promethium pro-
duct. The aqueous stream leaving the 1C Column (1CP) bearing ~ 98% of the
promethium and ~3% of the cerium entering the column, flows by gravity from
the lower disengagement section to the 1CP Receiver (TK-27-2). The cerium-
bearing organic stream (1CW) overflows from the top of the column to the
1CW Receiver (TK-26-3).

2.2 Solvent Treatment

The solvent received in TK-26-3 from the 1C Column is pumped batch-
wise to TK-27-3 where it is contacted with a nitric acid-sodium nitrite
strip solution. The sodium nitrite accelerates the reduction of Ce(IV)
to Ce(III) and the subsequent transfer of cerium to the aqueous phase.

The strip solution is gravity fed to TK-27-3 from AMU TK-H-321 (via the

2707 EDR). After each contact of organic and strip solution, an appropriate
settling time is allowed for separation of the phases. The organic is then
decanted to TK-26-1 where it is contacted with a sodium hydroxide-sodium
tartrate wash solution (108) for removal of yttrium and traces of rare earths.
The D2EHPA degradation product mono(a-ethylhexyl)phosphoric acid is also
removed. After an appropriate settling time to allow separation of the
phases, the organic is pumped to the 1AX Makeup Tank (TK-28-3).
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In TK-28-3 the washed organic is butted with 12.2M nitric acid (100 butt)
gravity fed from PK-28-3C to obtain  the desired acid to salt ratio of the

D2EHPA for pH control in the 1A Column. TK-28-3C is flushed with a small
volume of water to reduce the residual acid holdup and minimize tank cor-
rosion. The flush water is also added to TK-28-3., Periodicelly, the aqueous
heel in TK-28-3 is jetted to the Low-Level Waste Receiver (TK-24-1). The
butted organic is pumped to the 1AX Pump Tank (TK-30-3) for reuse in the
columns.

The cerium product contained in the TK-27-3 aqueous phase is jetted to the
High-level Waste Recelver (TK-25-1) for neutralization and disposal. The
aqueous wash solution in TK-26-1 is jetted to the High-Level Waste Recelver
(TK-25-2) for disposal.

2.3 Promethium Product Purification and Concentration

The promethium-bearing aqueous stream (1CP) collected in TK-27-2
is transferred batchwise to the 1CP Contactor (TK-26-2) for removal of the
sulfate, silver, and sodium ions resulting from the silver-catalyzed per-
sulfate oxidation of Ce(III} to Ce(IV). Removal of the sulfate is necessary
to prevent precipitation of double rare-earth sulfates and to allow concen-~
tration of the promethium fraction to volumes small enough for storage.
The aqueous solution 18 butted with sodium hydroxide and sodium tartrate
for pH adjustment. The tartrate prevents precipitation of rare earth sulfates
when the sodium hydroxide is added. The butted solution is contacted with
fresh DPEHPA pumped from TK-MO15h via the 1545 header. After an appropriate
settling time for separation of the phases, the aqueous waste 1s jetted to
the High-Level Waste Receiver (TK-25-1) for dispoeal.

The organic is then stripped with strong nitric acid for recovery of the
promethium. After an appropriate settling time for gseparation of the phases,
the stripped organie is pumped to the 1AX Makeup Tank (TK-28-3). The mqueous
promethium product stream is transferred to an intermediate storage tank
prior to concentration. Storage tank (TK-36-2) was originally scoped for
this service as part of a separate project but was not installed as part

of Phase III.

A concentrator and concentrated promethium storage tanks in Cells 36 and

37 were also scoped for ancther project but were not installed for Fhase IIT
of the Waste Management Progrem. Until facilities are provided, concentra-
tion of promethium is performed in the Cell 5 concentrator on a campaign
basis in conjunction with strontium concentration. The concentration opera-
tion is similar to that outlined in Sections B 2.6 and C 1.5 of this manual.
The main difference in operation is the addition of sucrose from TK-5-2F

to the bottom of E-5-2 during concentration to decompose the nitric acid

in the dilute promethium product stream. The concentrated promethium pro-
duet is collected in the Concentrate Recelver (TK-5-1) for sampling and
then jetted to storage (none exists at the time of manual preparation).
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D. SOLVENT EXTRACTION STARTUP AND SHUTDOWN PROCEDURES

The preceding sections (B. 2.0 and C.) deal with steady-state opera-
tion of the solvent extraction system. This section outlines the solvent
extraction system startup and shutdown procedures. Since the process status
preceding startup or shutdown may vary widely, the choice of specific proce-
dures 1s made at the time of startup or shutdown. These procedures are
based largely on several years of successful solvent extraction column
operating experience &t the Strontium Semiworks.

1 Startup Procedures

In order to avold unnecessary waste losses or an off-standard stron-
tium product stream in establishing steady-state operation, the following
gsequence is usually followed in startup of the solvent extraction system:

(a) Make up "cold" feed, organic extractant, and aqueous chemical
streams.

(0) Establish aqueous seal in each column.

(c) Introduce organie to all columns.

(4} Initiate flow of aqueous chemical streams.
(e) Establish interfaces.

(f) Initiate "cold" feed flow to the columns.
(g) Establish steady-state conditions.

If the columns have not been completely shutdown, all of the above opera-
tions may not be necessary to establish column operation.

1.1 Cold Feed Makeup

A synthetic feed having a composition and specific gravity roughly
resembling that of the 1AF stream to be processed is prepared in TK-29-2.
The synthetic feed which contains sodium nitrate, complexant, buffering
agent and tartaric acid is adjusted to the approximate "hot" feed pH.
Sufficient synthetic feed is prepared to provide approximately 8 hours of
column operation. Proceesing of the synthetic feed prior to introduction
of normal 1AF to the columns assists in establishment of steady-state con-
ditions, evaluation of equipment performance, and minimization of waste
losses.

The cold ochemical solutions, 1SS Butt, 1BX Butt, and 1CX Butt are also
prepared prior to column startup.
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1.2 Filling Columng and Establishing Interfaces

The first condition that is established in the columns is the forma-
tion of an mgueous seal by adding the appropriate aqueous stream to each
column to & predetermined interface level. The purpose of the seal is
to prevent trapping of any organic phase (subsequently introduced) in the
bottom effluent lines which normally handle the aguecus phase on all columns.
Dilute nitric acid or water is added from scale tank TK-30-1-C to establish
the interface position on the 1A Column.  Water can also be added via the
pulser purge line.

Once the seals have been established, the 1AX extractant flow to the 1A
Colurmn is started. The organiec fills and overflows each cclumn - 1A, 185,

1B, and 1C - in turn. .The desired liquid levels in the intermediate pump
tanks, TK-28-4 and TK-27-4, are established and maintained. As each of the
1A, 1S, and 1B Columns is filled with organic extractant and the pulsers

are started, the aquecus stream flows are established to move the dispersed
phase through the plate perforations and obtain intimate contact between the
phases. The 1C Column pulser is started before the organic enters the column.
Pulsers are not started until the pulse legs are completely purged of air
either by process solution or by water addition to the pulse leg. As the
"cold" agueous streams are started and the rates manually adjusted to the
desired initial flow rate, the interfaces are established at the desired
location and placed on sutomatic control. Flow rates of the cold agueous
streams are also put on automatic control. During this initiel startup period
transfer of the 18R stream by jet from the 18 Column to the 1A Column is
started.

After establishing the organic and cold aqueous stream flows, synthetic feed
is introducted to the 1A Column at the desired initial rate, thenn put on
automatic control. Operation with the synthetic feed and cold streams is
normally continued for several hours until the columns are operating smoothly
and the flowsheet pH conditions are essentimlly established, especially in
the 1A Column.

1.3 Establishment of Flow Rates

The strontium, rare earth and other fission product-bearing 1AF stream
is started after all columns &re operating smoothly on "cold" streams. The
"hot” 1AF stream is gradually blended with the synthetic feed and started to
the column. While the columuns are reaching steady-state operating conditions,
read justments of the interface controllers are necessary since the specific
gravity of the solutions change due to the introduction of the "hot" 1AF.

Ad justments to pulser freguency are made at this time also.

Until the 1A, 1S and 1B Columns reach steady-state flowsheet pH conditions,

strontium losses to the 1AW or 1CP streams or rare earth and other fission
product contamination in the strontium product stream may be excessive. The
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use of synthetic feed at startup is designed to minimize off-standard condi-
tions. Provision has been made for reworking off-standard 1AW or strontium
product material as indicated in Section F of this chapter. A direct routing
for rework of 1CP has not been established at the time of manual preparation.

When steady-state conditions have been established and appropriate flow rate
checks have been made, the process stream flow rates are gradually increased
to flowsheet levels under automatic contrel. Pulser frequencies are also
increased to the desired values at this time.

1.4 Startup from Equilibrium Shutdown

When the columns are started from an equilibrium shutdown (see Section
2.0), air pressure is removed from the column pulse legs. After a waiting
period to allovw leakage of air past the pulser pistons, the pulsers are
started. This time period was established during functional testing. The
1AX, 1SS, 1BX and 1CX stream flows are then started to establish operating
conditions and for establishment of interfaces. The 1AF flow is then started
and the rate increased as outlined in Section D. 1.3.

1.5 Startup from Stripping Shutdown

When the columns are started from a stripping shutdown (see Section
2.0), alr pressure is removed from the column pulse legs. After & walting
period to allow leakage of air past the pulser piston, the pulsers are
started. This time period was established during cold testing. The 1AX,
18S, 1BX and 1CX stream flows are then started and the column interfaces
are established. Synthetic feed 1s then introducted to the 1A Column at
the desired initial rate and put on automatic control. Operation with the
synthetic feed and cold streams is normally continued for several hours
until the columns are operating smoothly and the flowsheet pH conditions
are essentially established, especially in the 1A Column. Introduction of
the "hot" 1AF &nd establishment of flow ratees is them completed as outlined
in Section D. 1.3.

2 Shutdown Procedures

Column shutdowns are of three types: 1)} Equilibrium; 2) Stripping;
and 3) Complete. An equilibrium shutdown is made if the downtime is to
be of short (16 to 24 hours) duration and the cause of the downtime is
not directly assoclated with any of the columns. Maximum length of down-
time of this type is dependent on potential loss of complexant due to
decomposition by radiation. A stripping shutdown is made {if the downtime
1s to be of ilntermediate or long duration due to major repair work or to
segregate certain feed campaigns. A complete shutdown 1s made if the down-
time 18 to be of long dquration, 1f the cause of the downtime is directly
assocliated with any of the columns, or if feed campaigns must be segregated.
Process status &t the time of shutdown dictates the degree of column strip-
ping and tank cleaning required. Rework of shutdown product and waste
atreams 18 covered in Section F of this chapter.
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2.1 Equilibrium Shutdown

When the B-Plant columns are placed in an "equilibrium" shutdown
condition, all aqueous and organic stream flows, both "hot" and "cold", are
stopped. The pulsers also are stopped to maintain as nearly as possible a
"status quo" condition within the columns. When the pulsers are stopped,
alr is introduced to the pulser legs to prevent leakage of process solutions
past the pulser piston. Air is not to be introduced while the pulser is
operating. It may be necessary to add dilution water through the pulser
leg of the 1C Colum to maintain the temperature below 65°C in the bottom
disengaging section since self-heating of the mqueous phase may be excessive.

2.2 Stripping Shutdown

When the B-Plant columns are given a "stripping” shutdown, the columns
are stripped and left full of the continuous phase. The 1AF, 1BF and 1CF
Pump Tanks and the waste and product tanks are emptled. The sequence of
events 1s essentlally as follows: BSynthetic feed is prepared and added to
the 1AF Makeup Tank a few hours prior to shutdown to flush "hot" 1AF from
the feed system and the columns. At the completion of synthetie feed
processing, the 1A%, 185, 1SR, 1BX and 1CX streams are continued for 30
to 60 minutes to complete stripping of the columns. During this time, the
1A column interface is gradually lowered and the interface solids and a small
amount of organic are jetted to the 1AW Receiver (TK-30-2). On completing
the interface solids removal, the interface level is established. At the
completion of the 3060 minute stripping period, the 18X, 1SS and 1SR flovs
are discontinued. The 1BX and 1CX flows are continued until the 1BF and 1CF
Pump Tanks {TK-28-4 and TK-27-4) contain minimum pump heels and are then
stopped. Pulsing is continued for a period of time to complete phase sepa-
ration in the columns. When pulsing is discontined, air is introduced to
the pulser legs to prevent leakage of process solutions past the pulser pis-
ton. Air is not introduced while a pulser is operating. Final interface
ad justments are rmade and the column letdown valves are closed.

At the completion of synthetic feed processing, the aquecus heels in the 1AF
Mekeup and Pump Tanks (TK-29-2 and TK-29-3) are jetted to waste. The two
tanks are then flushed with dilute sodium hydroxide and the flushes are jet-
ted to weste. Heels in the various waste and product tanks are disposed of
as necessary to accomplish the purpose of the shutdown.

2.3 Complete Shutdovwn

When the B-Plant columns are completely shut down, the columns are
gtripped and emptied together with the intermediate pump tanks. The
sequence of events is essentially a reversal of the startup procedure out-
lined in Section D. 1.0. Sufficient synthetic feed solution is prepared
and added to the 1AF Makeup Tenk & few hours prior to shutdown teo flush
"hot" 1AF from the feed system and the columns. .
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At the completion of synthetic feed processing, the aqueous heels in the 1AF
Mskeup and Pump Tanks (Tk-29-2 and Tk-29-3) are jetted to waste. The two
tanks sre then flushed with dilute sodlum hydroxide to remove any complex-
ant-rich heels. The flushes are also jetted to waste. When the tanks are
empty, dilute nitric acid to be used for displacement of the column organic
inventories is added to Tk-29-2 and transferred to Tk-20-3.

Meanwhile, the 1AX, 18S, 1SR, 1BX and 1CX flows are continued to complete
stripping of the columns. At the completion of a 30 - 60 minute stripping
period, the 1AX, 1SS and 1SR flows are stopped while the 1BX and 1CX flows
are continued. The 1A Column interface is then gradually lowered and the
, interface solids and a small amount of organic are Jetted to the 1AW Recelver
(TK-30-2). On completion of the interface solids removal, the interface
level is reestablished with dilute nitric acid from TK-29-3 and flow is
continued from TK-29-3 to T-30-1 to TK-30-2 for a short period of time to
strip the organic in the column. The dilute nitric acid flow is then stop-
ped and the interface 1s again jetted to TK-30-2 as above.

At the completion of the second interface removal, the 1A Column letdown
valve 18 c¢losed and dilute nitric acid is pumped from TK-29-3 to the 1A
Column to - displace the organic in the 1A &and 18 Ceolumns. When the organic
is completely displaced from the 1A and 1S5 Columns, the aqueous flow is con-
tinued to displace the organie from the 1B and 1C Columns. The 1BF and 1CF
pumps are operated during this part of the process. The 1BP and 1CP letdown
valves are closed during this phase of the operation. The 1BX flow is dis-
continued when the aqueous overflow to TK-27-4 starts. The 1CX flow is dis-
continued when aqueous overflow to TK-26-3 starts. When the organic is
purged from &ll of the columns, dilute nitric acid flow is discontinued.

Disposal of the solutions in the columns depends on the status of equipment
at the time of shutdown. If the columns a&are to be emptied, pulser operation
is stopped and the columns are emptied to waste tanks. If the columns are
to be left full, ailr pressure is applied to the pulser legs to prevent leak-
age past the piston. The alr pressure required for each column was calcu-
lated and checked during functional testing.

E. DETECTION AND REMEDY OF OFF-STANDARD CONDITIONS

- Off-standard conditions which may develop during the operation of
the solvent extraction system are those processing circumstences which re-
sult in excessive strontium waste losses, inadequate decontamination of the
gtrontium product, and inadequate decontamination of the promethium product.
The overall plant yield of the strontium and promethium, as defined by the
chemical flowsheet, iz expected to be better than 95 percent on a sustained
operating basis. Tentative specifications for rare earth, other fission
product, and impurity content in the strontium and promethium product streams
are pre;ented in Chapter I, and more recent specifications are given in Ref=-
erence 5.
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The purpose of this section is to discuss generally the detection and remedy

of off-standard conditions occuring in the solvent extraction equipment with
particular emphasis being placed on the value of certain instruments es an

ai1d in interpreting abnormal column operation. More meaningful interpreta-
tion of the data can be made as experience is gained in operating the processes.
Many of the statements made in this section are based on anticipsted or theo-
retical resulte as determined by the best knowledge at the time of writing.

A detalled tabulation of off-standard conditions, their common symptoms, and
possible remedies 18 presented in Tables V-3 and V=i,

1. Methods of Deteeting Off-Standard Conditlons

1.1 Instruments

Controlled operation of the solvent extraction columns is accomplished
by means of six general types of instruments, as follows:

(a) The recording - controlling electronic rotameters which
establish the flow rates of the various feed streams to
all colunns.

(b) The air-purge instruments which record the specific
gravity of the solution in the upper disengaging section
of the column and the differentiel pressure across the
upper part of the column, including the upper disengaging
section and the entire cartridge assembly on the 14, 18,
1B, and 1C Columns. On the 1C Column there is an additional
purge. instrument which records the differential pressure
across the lower part of the cartridge assembly.

(¢) The gamma energy monitoring instruments which are of two
types: 1) gamma spectrometers which incorporate pulse
helght analyzers for specific energy level detection; and
2) ion chambers which measure gross gamma activity. Probe
wells are available to permit continuous monitoring of
the lines containing the 1AP, 1AW, 1BP, 1BW, 1CW, and 1CP
streams. The gamma spectrometers monitor an individual
energy level or scan the energy spectrum between preset
levels within the overall range of 0.05 to 2.0 MEV. This
flexibility permits the detection of various fission pro-
duets including rare earths and other emitters of gamma
energy within this range.

(d) The electronic float .type controllers which establish the
interface position on all columns by controlling the effluent
agueous stream flow rates.
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(e} The temperature sensing and recording instruments which
indicate the temperature in both the top and bottom dis-
engaging sections of all columns.

(f) The pH monitors which measure and record the pH of the 1AF,
1AW, 1BP, and 1CP streams when the samplers at the individual
locations are operated.

Under normal operating conditions at a given processing rate, the instrumen-
tation will indicete that almost constant physical and chemical conditions
exist in the procesa. While a single instrument may indicate a trend toward
abnormality, it usually takes proper interpretation of the data gathered

from several related sources to determine the gpecific off-standard condition
that has developed.

1.2 Salees

Samples obtained at several tank and in-line locations permit analysis
of the process solutions by the control laboratory or by the pH monitors
noted in Section E 1.1. Analytical data thus obtained provide a valuable
means for determination of off-standard conditions. 1In particular, adequate
pH control is essentisl to efficlent operation of the solvent extraction
system.

2. Excessive Product Losses

The main product resulting from operation of the solvent extraction
system is strontium-90. Promethium-147 can be recovered from the rare
earth fraction if the demand arises. Excessive strontium and promethium
losaes are generally detected by routine sampling, gamma energy monitoring
of process streams, or both. Specifie gravity and differential pressure
instruments do not give positive indications of excesssive losses. ({See
Section E 3.0 if flooding is involved.)

Process stream gamme monitoring should prove to he & very useful method of
determining excessive product losses. However, due to the complex mixtures
of nuclides present in many of the solvent extraction system streams, inter-
pretation of the gamma spectrometer data obtained is difficult. Detection
of excessive strontium losses is possible only if large amounts of stron-
tium-89 are associated with the beta-emitting strontium-30 by detecting
gspecific gamma energy peaks of the metastable yttrium-89 daughter. Yttrium-
89 i1s present in the 1AW and 1BW streams. Detection of excessive promethium
losses in the 1AW, 1BP, and 1CW streams is possible only if large amounts

of promethium-148 present in PAW and ZAW are associated with the beta-emitting
promethium-147. Detection of eurcplum-154 may be used in estimating pro-
methium losses since the nuclides behave similarly. As experience is gained
from the correlation of B-Plant in-line analyses, sophisticated laboratory
multichannel gamme analyses techniques, and other laboratory a&nalytical
methods, confidence in the in-~line monitor deta will increase.
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. Once a loas is confirmed, a check of the controlled flows and operating
conditions is usually sufficient to locate the off-standard condition.
The most likely cause for excessive losses of strontium is loss of pH
control in the 1A and 1B columns. The most likely cause for excessive
losses of promethium is loss of pH control in the 1A Column. Pulsing
conditions, improper flow ratics, and non-flowsheet stream compositions
are also potential causes.

3. Column Flooding

Whenever the holdup of the dispersed phase in & solvent extraction
column plate section increases to & value which interferes with free counter-
current phase flow, the conditions for a flood have been established. If
the approach to a flooding condition is made gradually, the dispersed phase
buildup is localized and, depending on flow conditions, may tend to dis-
perse and reform as a cyclic local flood. Complete flooding caused by
aggravation and growth of a local flood 1s characterized by either the ague-
ous or the organic phase leaving the column at the end where it entered.
Development of & flooding condition within a solvent extraction column,
depending on degree, lowers the column's efficlency. As a consequence,
increased losses of strontium or promethium, or an increase in impurity
content of the respective product streams is apt to result.

In those columns whieh operate with the orgenic pha&se continuous by means
of a bottom interface, the differential pressure increases as the aqueous
holdup within the column increases. An increased holdup of agueous phase
also tends to lower the interface position which is indicated on the inter-
face recorder-controller. Since the interface instrument controls the rate
of agueous effluent from the column, an increase in aqueous holdup also
becomes apparent through & reduction in the flow of the 1AW, 1SR, or 1BF
stream.

For the 1C Column, which has & top interface and & continuous aqueous phase,
the reverse of the above instrument behavior is generally true. An increase
in the organic holdup in the column is reflected by a decrease in differen-

tial pressure, rising interface, and increased agueous 1CF flow.

Generally, a flooded column 1s returned to normal operation by reducing
influent stream rates, the pulse frequency, or both.

k. Emulsion

Excessive emulsification in the plate section of a pulse column may
result from the presence of excessive concentrations of emulsion-stabilizing
solid impurities such as ferric hydroxide, silica, or zirconiwn phosphate
(from TBP decomposition). Emulsions may also form when the organic phase
is contacted with an agueous phase of low ionic concentration. The 18
Column is particularly susceptible to this latter cause. Emulsification
in the plate section is often accompanied by foaming and improper phase
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disengagement 1n the column disengaging section, particularly at the inter-
face end.

Severe erulsification in the column plate section results in partial co-
alescence of the dispersed phase and may impair decontamination and cause
inereased and fluctuating strontium losses. The instrument indications

and consequences of a severely emulsified condition in & column plate
gsection are similar to those of local flooding. Distinguishing between a
flooded and an emulsifled condition may require observation and interpretsa-
tion of equipment performance over a period of several hours, including the
taking of special samples. Severe emulgification in a column plate section
is usually remedied in the same manner as & flooding condition; that is,

by reducing flow rates and/or the pulse frequency. If emulsification occurs
in the 1S Column due to third phase formation, the 1AF and 1AX flow rates
are reduced vhile the 138 stream is continued at full rate to scrub out the
third phase. Rates are then gradually increased to the proper ratios. Addi-
tion of Mistron to the 1AF was found to be effective in pilot plant studies
when the emulsification was caused by solids.

A foaming or emulsified condition in a disengaging section is usually de-
tected by erratic behavior of the interface control system and in the 1C
Column by fluctuation of the apparent specific gravity in the top disengag-
ing section. An emulsion in & column disengaging section often has its
counterpart in the plate section and is thus often accompanied by column
operating instability and malperformance. If the emulsifled condition is
not alleviated by the remedies mentioned above, or by increasing the TBP
concentration of the solvent, a shutdown and flush of the system may be
necessary in order to overcome the difficulty. A general consequence of
disengaging section emulsification 1s excessive entrainment of the wrong
phase, which may have deleterious effects on the process Bs discussed below.

5. Excessive Entrainment

During normal column operation some entrainment of agueous in the
organic and vice versa is always occurring. Entrainment of the order of
0.1 to 0.5 percent by volume of the opposite phase may be considered as
normal. Phase emulsification in a disengaging section always leads to in-
creased entrainment and, depending on the type of column involved, may pro-
duce any of several undesirable results. In the 1A and 15 Columns, en-
trainment of aqueous in the overflowing organic phase generally is detected
by & decline in the decontamination performance of the columns since the
agueous particles are usually associated with metallic impurities. Organic
entrainment in the aqueous phase, such as that which could occur in the
bottom section of the 1A and 1B Columns, results in sclvent loss. In addi-
tion, introduction of excessive quantities of solvent to the 1BP concentra-
+tor causes & buildup of TBP hydrolysis products in the concentrated solution.
Also, prevention of organic-phase entry into the concentrator provides a
desirable added safety factor egainst a possible "red oil" reaction.
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6. Poor Product Quality

Poor product quality is defined as inadequate removal of metallic
impurities, rare earths, and other fission products from the strontium pro-
duct stream, and inadequate separation of cerium, strontium, and metallic
impurities from the promethium product stream. All of these off-standard
conditions can be detected by routine laboratory analyses of process seamples.
In addition, it should be possible to detect excessive amounte of gamma
emitting rare earths and other fission products in the 1BP and 1CP streams
by the stream gamma monitors.

Poor decontamination from metallic impurities without coineident column
flooding or emulsion may be due to low complexant concentrations in the

1A and 1S Columns. Poor separation of the rare earths and other fission
products from strontium in the 1A, 1S, and 1B Columns may be due to
improper pH control. Poor separation of cerium from promethium in the 1C
Column may be due to inadequate oxidation of the cerium or to an inadequate
1CS flow rate.

F. REWORK OF OFF-STANDARD PROCESS STREAMS

Any required rework of off-standard process streams in B-Plant will
normally involve one of the following streams:

(a) The strontium product stream (1BP) - to decontaminate the
strontium from excessive metalliec impurity, rare earth and
other fission product activity.

(b) The 14 Column aqueous waste stream (1AW) - to recover
excessive strontium losses.

(e) The 1C Column aqueous stream (lCP) - to recover excessive
strontium losses.

(d) The promethium product stream (1CP) when making a cerium-
promethium separation - to decontaminate the promethium from
excessive cerium and/or strontium activity.

(e) The cesium product stream - to remove excess sodium.
(f) Ion exchange wastes - to recover excessive cesium losses.

Methods available for reworking these off-standard streams are discussed in
this section. The decision to rework is arrived at in each individual case
on the basis of a number of factors. The effect of off-standard gtrontium,
promethium, or cesium product compositions upon subsequent processing (in

the case of product streams) or the value of the strontium, promethium, or
cesium recovered by rework (in the case of waste stresms ), is weighed against
the cost of reprocessing in each instance.
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1, Off-Standard Strontium Product

Off-standard strontium product can be routed from the 1BP Receiver
(TK-28-2) to the 1AF Makeup Tank (TK-29-2) via the Cell 5 Concentrator
(E-5-2) and the concentrate Receiver (TX-5-1) for rework through the 1A
Column. Stored concentrated strontium product can be transferred to TK-29-2
via TK-9-2 ,

2. Off-Standard Promethium Prodgct

Off-standard promethium product can be routed from the 1CP Contactor
(TK-26-2) to the 1AF Makeup Tank (TK-29-2) via the High-Level Waste Receiver
(TK-25-1). A rework route not initially existing which would eliminate
grogs contemination of the promethium produet would involve transfer of the
organic phase from the extraction operation in the 1CP Contactor (TK-26-2)

-to the 1BF Pump Tank (TK-28-k).

3, Off-Standard Cesium Product

Off-standard cesium product can be routed from the 1XP Concentrate
Receiver (TK-20-1) to the Cesium Supernatant Receiver {TK-17-2) via TK-17-1
to be blended with incoming feed for rework. When TK-14-2 and TK-17-1 both
contain concentrated cesium product, & jumper change is required to Jet the
contents of TK-20-1 to TK-17-2.

b, Ton Exchange Wastes

Ion exchange wastes collected in TK-18-1 can be jetted back to TK-17-2
for rework if necessary.

5. Solvent Extraction Wastes

1A Column aqueous vastes (1AW) collected in the Waste Receiver (TK-9-1)
can be routed to TK-9-2 for rework through the 1A Column via TK-29-2 and
TK-29-3. 1C Column aqueous wastes (1CP) collected in the 1CP Receiver (TK-27-2)
and the 1CP Contactor (TK-26-2) can be routed from TK-26-2 to the 1AF Makeup
Tank (TK-29-2) via the High-Level Waste Receiver (TK-25-1).
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Off-Standard
Conditions

High Strontium (1)
loss to the 1AW,

(2)

(3)

High rare earth (1)
loss to the 1AW,
(Cerium contam-

: . . (2)
ination of cesium
bearing waste)

High promethium (1)
loss to 1CW dur- (2)
ing separation of
cerium and pro-
methium.

TABLE V-3

DETECTION AND REMEDY OF OFF-STANDARD CONDITIONS

HIGH SOLVENT EXTRACTION WASTE LOSSES

How Detected

By analysis of the aqueous waste
in TK-8-1.

By analysis of the 1AW Receiver
Tank (TK-30-2) sample,

By analysis of the 1AW in-line
sample.

By analysis of the aqueous
waste in TK-9-1.

By analysis of the 1AW
Receiver Tank (TK-30-2)
sample.

By analysis of the 1CW sample.

By‘ in-line gamma energy anal-
ysis of the 1ICW stream during
PAW or ZAW processing,

(1}

(2)

(3)

(4)
(5)

(1)
{2)

(3)
(4)
(5)

(6

Likely Cause

Flow rates:

a) High 1AF (high ag/org flow
ratio},

b) Low 1AX (high ag/org flow
ratio).

Stream compositions:

a) Low D2EHPA concentration in
1AX.

b) Low TBP concentration in 1AX,

c} Low complexant concentration
in 1AF,

d} High strontium concentration in
1AF

Low pH:

a) Low extraction in 1A column,

b) High strontium reflux from 18
column due to low 1S5S pH.

Flooding:

Pulse frequency or amplitude off
optimum conditions.

a) Frequency.

b) Air in pulse leg.

See (1) above.

Stream compositions:

a} Low or high complexant con-
centration in 1AF,

b) High cerium concentration in
1AF.

High pH:
Flooding:

Pulse frequency or amplitude
off optimum conditions:

a) Frequency,

b} Air in pulse leg,

Low temperature

{1} Low 1CX nitric acid cohcentration.

(

(1)

(2)

(3}

(4)

(5)

(1)
(2)

(3)

(4)

(5)

{6)

Detection of Cause

Rates: i
a) Flow recorder on 1AF !
b) Flow recorder on 1AX.

Stream compositions: -

a) Instrument specific gravity
readings. '

b) Analysis of samples.

Low pH:
a} 1AW in-line pH monitor,
b) Analysis of samples,

Flooding:

a) Increase in column differ-
ential pressure readings,

b) Interface and-or 1AW flow
variations.

Pulse frequency or amplitude:

a) Frequency count.

b) Decrease in column differ-
ential pressure due to de-
creased amplitude-fre-
quency product.

See (1) above.

Stream compositions: |

a) Instrument specific gravity
readings. ‘

b) Analysis of samples.

High pH:
a) 1AW in-line pH monitor.
b} Analysis of samples,

Flooding:

a) Increase in column differ-
ential pressure readings.

b) Interface and-or 1AW flow
variations,

Pulse frequency or amplitude:

a) Frequency count,

b) Decrease in column differ-
ential pressure due to de-
creased amplitude-frequen-
cy product,

Low temperature:
a) Temperature recorders for

1AF feed tank and 1A column.

1) Analysis of 1CX and i1CW

samples,
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(1)

(2)

(3)
(4)

(5)

(1)
(2)

(3)
(4)

(5)

(6)

IS0-100

Remedy

Rates:
Adjust flows to proper ratios.

Stream compositions:

a) Butt to specifications; or

b} Adjust flow rates to compen-
sate.

1) If low D2ZEHPA or TBP con-
cenirations exist, raise 1AX
rate,

2) If high strontium concen-
tration exists in 1AF, lower
1AF rate or increase 1AX
rate,

Low PH:
a) Butt 1AF or 188 with sodium
hydroxide or buffer,

Flooding: {see text)
a) Decrease flow rates.
b} Adjust frequency.

Pulse: ‘

a) Adjust frequency.

b} Shut down for maintenance of
pulser,

See (1) above,

Stream compositions:

a) Butt to specifications; or

b) Reduce 1AF rate or increase
1AX rate if high cerium con-
centration exists in 1AF.

High pH:
a) Butt 1AF or 1SS with nitric
acid.

Flooding: (see text)
a) Decrease flow rates.
b) Adjust pulse frequency,

Pulse:

a) Adjust frequency.

b} Shut down for maintenance of
pulser.

Low temperature;
a) Increase temperature of 1AF,

(1} Increase nitric acid concen-

(2)

tration of 1CX,

Increase 1CX flow rate,
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Off-Standard
Conditions

High fission pro-
duct {Zr-Nb-95,
Ru-106, Cs-13T)
concentration in
1EBP,

High metallic im-
purity concentra-
tion in 1BP

High rare earth
concentration in
1BP.

High strontium
loss to the 1BW
and high strontium
contamination of

TABLE V-4

DETECTION AND REMEDY OF OFF-STANDARD CONDITIONS

POOR STRONTIUM AND PROMETHIUM PRODUCT QUALITY

How Detected

(1) By analysis of the 1BP in-line sample,

(2) By in-line gamma energy analysis of
1AP and 1BP streams.

{3) By analysis of the 1BP stream,

(1) By analysis of the 1BP in-line sample.

(1) By analysis of the 1BP in-line sample.

(2) By in-line gamma energy analysis
of the 1BP stream.

{1) By analysis of the 1CP in-line sample.

(2) By in-line gamma energy analysis of
the 1BW and 1CP streams.

promethium product

(1CP).

High cerium con-
centration in pro-
methium product
during separation
of cerium and pro-
methium,

High metallic im-
purity concentra-
tion in promethium
product, {Ca, Fe,
Al}

(1) By analysis of the 1CP sample from
TK-26-2.

{2) By in-line gamma energy analysis of
the 1CP stream,

(1) By analysis of the 1CP in-line sample.

(2} By analysis of the 1CP sample from
TK-26-2,

Likely Cause

(1) Flow rates:
a) High 1AF /1AX flow ratio.
b) Low total flow through 1A column.

(2) Flooding.
(3) High temperature in 1A column,

(1} Low complexant concentration in 1AF or
155,

{2} For high sodium:
a) High sodium in 1AF or 1AX,
b) High pH in 1A or 15 column.
¢) Low buffer concentration in 135.
d) High 153 pH.
e) Low 1585 flow.

{3) Fow high calcium:
a) Low pH in 1B column.

(4) Flooding and entrainment from 1A and 15
columns.

(1) Low pH in 1B column.

(2) High 1BX flow rate,

(3) Flooding.

{1}High pH in 1B column,

(2)High sodium in 1B column caused by low
buffer concentration in 1838, low 1SS flow,
or high sodium in 1AF or 1AX,

(3) Low acid content in 1B column when high
sodium content exists.

(4)Low acid content of 1BX,

(5)Low 1BX acid flow.

{6)High 1AF strontium concentration,
{7)High 1AF /1AX flow ratio,

{l)Inadequate oxidation of Ce(IIl} to Ce(IV):
a) Low persulfate concentration,
b) High silver concentration.

(2)Low 1CS flow rate.

(3)High 1CX flow rate.

(4}Low 1CF flow rate,

{(5)Improper 1CS/1CF flow ratio.

(1} High iron, aluminum, or calcium in 1AF,
(2) Low complexant in 1AF or 185,

(3)High 1CX nitric acid concentration,

(4) High 1CX flow rate,

(1)
(2)

(3

(1)
(2)

(3)

(4)

{1}

(2)

(3)

(1)

2

(3)
(4)
{5)

(1)

(2)
(3}
(4)

(1
(2)
(3}

Detection of Cause

Rates:;
a) Flow recorder on 1AF.
b} Flow recorder on 1AX,

Flocding: ‘
a} Instrument specific gravity readings,
b) Interface or 1AW flow variations.

High temperature:

a} Temperature recorder for 1AF pump
tank and 1A column.

Analysis of 1AF or 1S5 samples.

For high sodium:

a) Analysis of 1AF, 1AX, or 188
samples,

b} 188 flow recorders.

For high calcium:

a} 1BP in-line pH monitor.

b) Analysis of samples,

Flooding:

a) Increase in column differential
pressure readings,

b} Interface or 1AW flow variations.

Low pH;
a) 1BP in-line pH monitor.
b) Analysis of samples.

Flow recorders on 1BX chemical
and water addition,

¥looding:

a) Increase in column differential
pressure readings,

b} Interface and-or 1BP {flow variations.

High pH:
a) 1BP in-line pH monitor.
b} Analysis of 1BP samples.

Analysis of 1AF, 1AX, 188, or 1BP
samples,

Analysis of 1BX samples.
Fiow recorder on 1BX chemical addition.

Rates:
a) Flow recorder on 1AF.
b) Flow recorder on 1AX,

Analysis of persulfate and silver nitrate
solutions.

1CS flow recorder.
1CX flow recorder.

1CF flow recorder.

Analysis of 1AF and 1SS samples.
Analysis of 1CX samples,

1CX flow recorder,
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(1)

(2)

(3)

(1)
(2)
(3)
(4)

(1)

(2)
(3)

0
(2)

(3)
{4)

(1)

{2)
{(3)
(4)

(1)

(2).

(3
(4)

IS0-100

Remed

Rates:
Adjust flows to proper ratios.

Flooding: {see text)
a) Decrease flow rates.
b) Adjust pulse frequency,

High temperature:
a) Decrease temperature of 1AF,

Butt 1AF or 185 to specifications,
Adjust 1AF, 1AX, or 1SS flow rates,
Adjust pH of 1BX stream.

Ilooding: (see text)
a) Decrease flow rates.
b} Adjust pulse frequency.

Low pH:
a} Butt 1BX with scdivm hydroxide.

Reduce 1BX flow rate,

Flooding: (see text)
a) Decrease flor rates,
b} Adjust pulse frequency,

Butt 158 with buffer,

Increase nitric acid concentration in
1BX,

Increase 1BX flow,

Reduce 1AF flow or adjust 1AF and 1AX
flows to the proper ratio,

Butt 1CX solution with persulfate or
silver nitrate,

Increase 1CS flow rate.
Adjust 1CX flor rate,

Adjust 1CF flow rate.

Decrease 1AF flow rate.

Butt 1AF or 1SS streams with com-
plexant,

Adjust 1CX nitric acid content,
Adjust 1CX flow rate.
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PAW or ZAW from 244-AR.
PAW or ZAW Supernatant.
Centrifuge Flush (DW).

Metathesis Solution.
(0.51_\_IINaOH, 1;\_/[Na2C03)

Metathesis Supernatant
(Waste)

Carbonate Cake Wash
(0. 11_\£IN3.2C03)

Cake Wash Supernatant
(Waste)

Cake Dissolvent
(1. 51\_/[ HNOg)

Dissolved Cake Slurry
Dissolved Cake Supernatant
Centrifuge Flush {DW)
Dilution Water

Final Centrifuge Clean-
out {DW)
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Feed Preparation - Current Acid Waste
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FIGURE V-3

Feed Preparation - Acid Sludge Waste
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SULFATE PRECIPITATION

1) PAS from 244-CR

2) Bisulfate Butt (6MNaHSO,)

3) pH Adjustment (1. 8MNa, CO;)}
4) Lead Nitrate Add (1MPb(NOg),)

5) Precipitation Supernatant
(The following steps are per-
formed after every third
sulfate strike)

Cake Wash (DW)
Slurry Water (DW)
Cake Slurry

6)
7
8)
CARBONATE METATHESIS

(Performed after every third
sulfate strike)

9) Metathesis Solution Add
(5MNaOH, 0.5M Na,COs)

10) Metathesis Supernatant
(Waste)

11)
12)

13) Cake Dissolvent (1. 2M HNO, )
14) Dissolved Cake
15) Water Flush {(DW)

Cake Washes (0.1 MNa,CQO,)
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TABLE V-5
LEGEND AND NOTES USED IN FIGURES
A - Agitator
BLI - Bed Level Indicator
CV - Condenser Vent
DPR - Differential Pressure Recorder C——' - Remotable Pump
DA - Dilution Air
DW - Demineralized Water (®) —€) - Centrifugal Pump
FIQ - Flow Indicator Integrator
FRC - Flow Recorder Controller H - Rotometer
FRQ - Flow Recorder Integrator
IFRC - Interface Recorder Controller I?G—— Transfer Jet
LLI - Liquid Level Indicator
M - Electric Motor [; - Control Valve
P - Pump
PA - Pressure Alarm —3— - Contact Shut Off Valve
PI - Pressure Indicator
pHI - pH Indicator GE - Scale Tank
RC - Ratio Controller
RR - Radiation Recorder (&) - Pump Agitator
RW - Raw Water ’
SGR - Specific Gravity Recorder @ - Gamrma Monitor
SGRC - Specific Gravity Recorder Controller —
SI - Speed Indicator
SPL - Sampler
SPR - Static Pressure Recorder Notes:
1. Normal maximum
STM - Steam working volume is
T - Trap approximately 80%
TI - Temperature Indicator of the listed volume.
TIC - Temperature Indicator Controller
TR - Temperature Recorder
TRC - Temperature Recorder Controller
VI - Vibration Indicator
WFI - Weight Factor Indicator

WFR - Weight Factor Recorder
WFRC - Weight Factor Recorder Controller
WFRCA - Weight Factor Recorder Controller Alarm
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PART III, Continued

PROCESS

CHAPTER VI

AQUEOQOUS AND ORGANIC MAKE-UP

By

J. S. Buckingham
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CHAPTER VI

AQUEQUS AND ORGANIC MAKE-UP

A. INTRODUCTION

The concurrent processing of Purex Acid Waste (PAW and ZAW),
acidified sludge waste (PAS and RAS), and stored supernatant liquid
wastes (PSN, RSN, PSS, and RSS) in the Waste Fractionization Plant
utilizes precipitation, solvent extraction and ion exchange processes.
Current wastes and sludge wastes are processed through solvent extrac-
tion equipment on a campaign basis., Twice as much time is allowed for
processing current waste as is allowed for processing sludge waste.
Once or twice a year the solvent extraction equipment may be used to
further purify the strontium inventory as feed material for the fission
product program. Based on a T2 per cent operating efficiency, the
solvent extraction equipment is used approximately 155 days a year for
current waste (30 days for Zirflex waste and 125 days for normal and
enriched uranium waste), 78 days a year for sludge waste, and 15 days
& year for strontium purification.

The precipitation process is used to prepare feed material for
the solvent extraction process by removing a large portion of the iron,
aluminum, and magnesium from sludge waste. Crude feed material prepared
from sludge waste for the solvent extraction process is accumulated and
stored in a 12,000 galleon tank located in Cell 33. The precipitation
process operates independently of the solvent extraction process;
therefore, based on a T2 per cent operating efficiency, it is operated
approximately 260 days a year.

The ion exchange process is used to recover cesium from stored
supernatant waste. The ion exchange process operates independently of
the precipitation and the solvent extraction processes, and if operated
260 days a year, could accomplish 200 ion exchange cycles.

Depending on which type of feed is being processed, between
40,000 and 80,000 gallons of aqueous chemical solution and between
10,000 and 15,000 gallons of organic chemical sclutions per dsy will be
required. The make-up of these chemical soluticons will invelve using
23 different chemicals, including process water and inorganic ion ex-
changers in 36 different solutions.

In order to meet potentially usable fission product isotopie
specification, impurity limits are placed on the essential materials
used in chemical processing and on the uranium metal used for reactor
fuel. Limits on alkaline earth elements are needed because these
elements are common contaminates in the essential materials and adversely
affect strontium product quality. Cesium and cerium are uncommon con-
taminants; however, the amounts of these elements added with the essential
materials must be limited to prevent isotopie dilution of recovered
fission products.

UNCLASSIFIED
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The volume and composition of the "cold" process streams needed
for processing the waste solutions in the Waste Fractionization Plant are
discussed in Part B of this chapter. The essential materials required
to make up the cold process streams are discussed in Part C. Part D
discusses 'the source and storage of process chemicals, while the make-up
and distribution of the various process streams are discussed in Part E.

B. VOLUME AND COMPOSITION OF AQUEQUS AND ORGANIC STREAMS
1. Current Acid Waste
1.1 PAW

Based on processing 3200 gallons of PAW a day (7000 gallons of
IAF), operation of the Waste Fractionization Plant (B-Plant) requires
the input of 22 process streams exclusive of the feed material. These
"cold" process streams consist of 19 different compositions requiring
13 different chemicals. The total volume of the solutions comes to
over 22,000 gallons a dey. Approximately 98 per cent of the organic
extractant is recycled. Freshly prepared solvent is added periocdically
to maintain the desired in-plant solvent inventory. The composition and
the daily volume requirements for the process streams used for processing
PAW are shown in Table VI-1l, The volumes and compositions are based on
the conceptual flowsheets presented in Chapter IV, Figures IV-1, IV-L8,
IV-55, and IV-58.

1.2 ZAW

Waste generated by procesging zirconium-jacketed fuel elements
(zirflex Processing) are processed in B Plant in a manner similar to
that used for processing PAW. The major processing differences between
the two types of waste are in the.solvent extraction flowsheet as shown. .
in Figure IV-49., Based on processing 2900 gallons of ZAW a day (7800
gallons of IAF), operation of B Plant requires the input of 22 "cold"
process streams. As with PAW, the cold process streams consist of 19
different compositions requiring 13 different chemicals, but in propor-
tions different from that required for PAW processing. The total volume
of solutions comes to over 26,000 gallons; however, 98 per cent of the
organic extractant is recycled. The composition and daily requirements
for the cold process streams used for processing ZAW are shown in }
Table VI-2, These compositions and volumes are based on the conceptual |
flowsheets presented in Chapter IV. - S :

2.  Acidified Sludge Waste

Based on the processing of 4800 gallons of acidified sludge
waste (PAS) per dey through the sulfate precipitation step to remove
iron and aluminum and the processing of L4000 gallons per day of solvent
extraction feed (IAF) prepared from sludge waste, operation of the Waste
Fractionization Plant requires the input of 20 "ecold" process streams.
These process streams are of 19 different compositions requiring 14 dif-
ferent chemicals. Approximately 8000 gallons of solution per day are
required for the iron and aluminum removal step (sulfate precipitation

P DECLASSIFED [ -



TABLE VI-1
AQUEOUS AND QRGANIC PROCESS STREAMS FOR PROCESSING CURRENT WASTE

Basis: 1600 gal. PAW/hatch
3200 gal, PAW/day (2 batches/day)
7000 gal. 1AF/day

Stream Stream Gal., Gal. sol'n.
Function Designation Composition Batch per day SpGr
Solids Leaching Water leach H20 435 870 1.00
Acid leach 4M HNO3 320 640 1.13
QT leach 1.5MNaOH, 0. 1M tartrate 480 960 1.06
Cake removal 6M NaOH 150 300 1,22
Feed Butt Buffer butt 11.5M HAcOH 60 120 1.23
{hydroxyacetic acid)
Chelate butt 1.57M Na ;HEDTA 550 1100 1,32
Tartrate butt 4M tartaric acid 10 20 1.26
pH adjust 15M NaOH 5 10 1,53
Extractant 1AX 0.3MD2EHPA, 0.2M TBP, 7000 0. 80
nydrocarbon diluent (140)*
Scrub 188 butt 2.5MHACcOH, 0.1MNaOH,
0.0ZM Na HEDTA pH 1.8 340 1.02
1SS dilution water HZO 1100 1.00
Strontium Strip 1BX butt 1M I-]NO3 30 1.03
1BX dilution water HZO 1400 1.00
Cerium- 1CX-1 2M HNOS, 0,54 MN&ZSZOB 530 1,09
Rare Earth
Separation 1CX-2 ZI\_IIHNOS, 0.021\_/IAgN03 200 1.07
1CS 0.3MD2EHPA, 0.2M TBP, 1400 0, 80
hydrocarpon diluent {30)*
Cerium Ce strip(a) 2,1ILIIHN03 1224 1400 1.07
Strip
Ce strip(b) 3.0MNaNO, 20 80 1.12
Organic Wash 108 2,5MNaCH, 0.1Mcitrate 428 1700 1.10
Organic Butt 100 butt 12, 21\_/1 I‘INO3 37 150 1. 35
Sulfate Removal pH adjust 3.86MNaOH, 0. 12M HAcOH 243 460 1.15
Extractant 0.3M D2EHPA, 0.2M TBP, 850 1600 0, 80
hydrocarbon diluent (17)% (32)*
RE strip 1M HN03 600 1100 1.03
Acid kill 1.4M sugar 22 40 i,18

* Approximately 98 percent of the organic extractant is recycled. The number in paren-
thesis represents the 2 percent of new extractant needed to replace that lost during
processing,
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‘ AQUEOUS AND ORGANIC PROCESS STREAMS FOR PROC ESSING ZIRFLEX AC}ZD WASTE

Basis: 1200 gal. ZAW/batch
2900 gal, ZAW/day ‘ : : .
7800 gal. 1AF /day T

: Stream Stream Gal. Gal. soln,
Function Designation Composition . Batch  per day SpGr
Solids Leaching Water leach H,0 325 790 1.00
Acid leach 4MHNO, . 320 770 1.13
QT leach . 1.5MNaOH, 0.1M tartrate 360 870 1.06
Cake removal 6M NaOH - 7110 270 1,22
Feed Butt Buffer butt 11. 5M HAcOH 56 140 1.23
(hydroxyacetic acid) ' '
Chelate butt 1.57MNa HEDTA 1032 2500 1.32
Tartrate butt 4M tartaric acid ] 11 27 1.2 6:
pH adjust 12. 2M HNO, 16 39 " 1.35
Extractant 1AX 0.3M D2EHPA, 0, 2M TBP, ' 7800 0. 80
hydrocarbon d11uent (160)* '
Scrub 1SS butt 2,5M HAcOH, 0.1MNaOH -
0.0ZM Na ,HEDTA; pH 1.8 380 1.02
185 dilution water H20 : 1200 1.00
Strontium Strip 1BX butt 1M HNO, 30 1.03
1BX dilution water HZO 1500 1.00
Cerium- .~ 1CX-1 ZMHNO,, 0.53MNa,8,0, 590 1.09
Rare Earth : i
Separation 1CX-2 2M HNO,4, 0.02MAgNO, 200 © 1,07
1CS 0.3M D2EHPA, 0, 2M TBP, 1600 0.80
hydTfocarbon diluent {32
Cerium Ce strip{a} 2.1M HNO3 1224 1800 1.07
Strip .
Ce strip(b) 3.0MNaNO, 20 X 1.12
Organic Wash  10S 2,5MNaOH, 0.1Mcitrate . 428 1900 1,10
Organic Butt 100 butt 12. 2M HNO, 37 160 ©1.35
Sulfate Removal pH adjust 3.6MNaOH, 0.12M HAcOH 243 530 1,15
Extractant 0.3M D2EHPA, 0, 2M TBP, 850 1900 0. 80
o hydrocarbon diluent ™ (17)* {38)* . .
RE strip 1M HNO, 600 1300 1.03

Acid kill 1,4Msugar 22 50 1.18

* Approximately 98 percent of the organic extractant is recycled The number in paren~
thesis represents the 2 percent of new extractant needed to replace that lost during
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and carbonate-hydroxide metathesis) and 34,000 gallons of solution per
day are required for the solvent extraction process. As mentioned
earlier, the iron and aluminum removal step operates independently of
the solvent extraction process for approximately 260 days a year. The
solvent extraction process operstes approximately 80 days a year proces-—
sing sludge waste. As is the case with current acid waste, approximately
98 per cent of the organic solvent is recycled. Compositions and daily
volume requirements for the "cold" process streams used for processing
sludge waste are shown in Table VI-3. These compositions and volumes
are based on the conceptual flowsheets presented in Chaepter IV, Fig-
ures IV-3, IV-50, and IV-58.

3. Strontium Purification

Once or twice a year, crude strontium recovered from current and
sludge waste may be purified by a solvent extraction process to prepare
feed material for the fission product program. The same solvent ex-
traction equipment that is used to recover strontium and rare earths
from current and sludge waste is used to purify the crude strontium.
Flowsheets for the purification of strontium are based on the amount of
impurities, particularly calecium, present in the crude strontium. Flow
ratios, and consequently the required volumes of process streams, vary
somevhat for different batches of crude strontium. The volumes and
compositions of the process streams needed to purify crude strontium
recovered from current and sludge waste are shown in Table VI-4., The
flowsheets are based on strontium to calcium ratiocs of 4.8 for crude
strontium recovered from current waste, and 1.0 for crude strontium
recovered from sludge waste. As in other soclvent extraction processes,
approximately 98 per cent of the organic solvent is recycled.

L, Stored Supernatant Waste

Because stored supernatant waste is processed batchwise in an
ion exchange process, the chemiecal requirements stated in Table VI-35
are on a per cycle or per batch basis. The per day requirements can
be determined by multiplying the per cycle requirements by 24/31
(assuming 31 hours per cycle). Operation of the cesium recovery ion
exchange process will require the input of five process streams
ineluding process water and ion exchange medium for bed make-up. How-
ever, ion exchange medium will be added only when the performance of
the ion exchange column indicates the needs to be replenished. The
four aqueous process streams will constitute a volume of 33,000 gallons
per cycle and will use three chemicals including water. Approximately
90 per cent of the cesium eluting agent (ammonium carbonate-ammonium
hydroxide) is recovered from the cesium product and recycled. Fresh
eluting agent is prepared by sbsorbing ammonia and carbon dioxide
gases in water. Composition and the per cycle requirements for the
process streams used for processing stored supernatant waste are shown
in Table VI-5.

c. ESSENTIAL, MATERIALS: REQUIREMENRTS AND SPECIFICATIONS

To prevent isotopic dilution of strontium, cerium, and cesium
products, the essential materials used in the Waste Fractionization
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TABLE VI-3

1S0-100

AQUEOUS AND ORGANIC PROCESS STREAMS FOR PROCESSING ACIDIFIED SLUDGE WASTE

Basis: 4800 gal. PAS/batch for Fe-Al Removal*
4000 gal. 1AF/day for solvent extraction

Function Dg;year{x‘ Streai:n. Gal. Gal, soi'n.
ignation Composition Batch per day SpGr
Iron-Aluminum BS add 6M NaHSO4 1410* 1.44
Removal
pH adjust 1. 8MNE.2C03 2256% 1.21
Sulfate -
Precipitation Pb carrier 1_M_Pb(N03)2 174% 1.28
Sul. cake wash HZO 1200% 1,00
Slurry water H20 480% 1.00
Metathasis Met, sol'n, 4.3MNaOH, 0. 43M Na2003 800 1.20
Car, cake wash 0.11\__1'_1Na2C03 1200% 1.00
CC dissolve 2. 21\_/IHN03 480 1.07
Feed Butt Dil., water HZO 479 600 1.00
{for 3200 gal,
1AF) Buffer buit 11. 5M HAcOH 139 170 1.23
{hydroxyacetic acid)
Chelate butt 1.571\_/IN33HEDTA 510 640 1.32
Tartrate butt 4M tartaric acid 20 25 1.26
pH adjust 19M NaOH 102 130 1,53
Extractant 1AX 0.3M D2EHPA, 0, 2M TBP, 12, 000 0. 80
hydrocarbon diluent (240) %
Scrub 185 butt 2, 5MHAcOH, 0.15MNaOH. 480 1.19
pH1.8 -
155 dilution water H2O 1900 1,00
Strontium Strip 1BX butt 1_I\_’[I-‘[NO3 180 1.03
1BX dilution water H20 5800 1,00
Calcium Strip 1CX 0.‘21_\_’3[HNO3 2400 1.01
1CS 0.3M D2EHPA, 0. 25_& TBP, 2400 0. 80
hydrocarbon diluent (48)x%
Rare Earth RE strip 2M HNO3 1440 3800 1,07
Strip
Acid kill 1.4Msugar 63 170 1.18
Organic Wash 1038 2,5MNaOH, 0.1M citrate 360 2500 1.10
Organic Butt 100 butt 12, 2M HNO3 31 250 1.15

* TUsed in three equal portions

** Approximately 98 percent of the organic extractant is recycled, The number in

parenthesis represents the 2 percent of new extractant needed to replace that lost

during processing.
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TABLE VI-4
AQUEQUS AND ORGANIC PROCESS STREAMS FOR PURIF YING CRUDE STRONTIUM

Basis: Crude Sr from PAW-ZAW 6000 gal, 1AT /day

Crude Sr from PAS 3000 gal, 1AF/day
PAW-Sr PAS-Sr
Stream Stream gal.sol'n, gal.sol'n.
Function Designation Composition day day SpGr
Feed Butt Buffer butt 10M acetic acid 1400 140G 1,66
Chelate butt 1.05M NaSDTPA 490 270 1,32
pH adjust 19M NaOH 410 420 1.52
Extractant 1A% 0.3M DZEHPA, 0,2M TBP, 11000 11000 0.80
hydrocarbon diluent™ {220)* (220)*
Scrub 155 butt 2.1 M citric acid, 340 300 1.14
0. BMNa5DTPA
1588 dilution water H20 3000 2700 1.00
Strontium Strip 1BX butt 3M citric acid 920 700 1.23
1BX dilution water HZO 1800 1400 1.00
Citrate Kill 1BP peroxide 3.™ HZOZ 3000 2300 1.04
1BP acid butt 12, 2M I-INO3 450 360 1.35
Organic Wash 1CX 2M HNO3 &000 3000 1.07
105-1 2M NaOH 21000 11000 1.08
105-2 M I-INO3 6000 3000 1. 07

* Approximately 98 percent of the organic extractant is recycled, The number in
parenthesis represents the 2 percent of new extractant needed to replace that lost
during processing.

TABLE VI-5
AQUEQUS PROCESS STREAMS FOR PROCESSING STORED SUPERNATANT WASTES

Basgis: 46, 450 gal. P3N/day (60,000 gal, cycle)

Stream Stream Amount
Funiction Designation Composition " Cycle SpGr
Inorganic %
Ion Exchanger Bed make-up Zeoplite AW-500 200 1bs, 0.8
Addition
Column Wash Column wash HZO 4500 gal. 1.0
Sodium Removal Sodium eluent 0. 21![(1\TH4)2C03 12, 000 gal, 1.0
0.1M NH4OH
Column Wash Column wash HQO 4500 gal. 1.0
Cesium Eluent Eluent 3M (NH4) ZCOS’ 12, 000 gal.** 1,11
2M NH40H {120)

* Inorganic ion exchanger will be added only when needed.
% Approximately 80 percent of the eluent is recycled, The number in parenthesis
is the amount of solution which must be added to make-up for that lost during
processing.
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Plant recovery operations should be as free from these elements as
reasonably possible. There is no concern about the isotopic dilution
of promethium &s it does not exist in nature; however, it is desirable
to minimize the amounts of other rare earths added with the process
chemicals. Other elements, such as the alkaline earths, behave like
strontium in D2EHPA solvent extraction and can constitute a product
purity problem if they are not limited in the essential materisls.

The alkaline earths, including strontium, are commonly present
as contaminates in some essential materials; therefore, alkaline earth
limits are required on those essential materials used in strontium
processing. Table VI-6 shows the amount of impurities which could be
added to the strontium product by way of the essential materials during
the processing of one ton of irradiated uranium metal through the Purex
Plant, the Waste Fractionization Plant, and the strontium vurification
cycle, assuming impurity limits listed in the Essential Materials
Manual are reached.

TABLE VI-6
POTENTIAL SOURCES OF ALKALINE EARTH IMPURITIES IN
STRONTIUM PRODUCT FROM PROCESSING ONE TON OF URANIUM

Impurity Limit Amount added / Ton Uranium
1b. used (ppm) Sr Ca ™
Madterial Ton U Sr Ca Mg gms T gms % gms
Uranium 2000 1 5 10 .907 51.8 4,53 38.5 9.07 88.8
Purex Processing
Nitric Acid 330 0,2 2 1 .030 1.7 .30 2.5 .15 1.5
Ferrous Sulfamate 27 10 80 1 .123 7.0 .98 8.3 .01 0.1
Hydrazine 1 1 20 1 nil - .01 0.1 nil -
Sulfamic Acid 5 10 40 1 L011 0.6 .02 0.2 .09 0,9
Sodium Nitrite 13 2 20 2 .012 0,7 .12 1.0 .01 0,1
Sugar 49 3 16 1 .066 3.8 .36 3.1 .02 0.2
Process Water 100, 000 .005 0,1 ,003 .227 13.0 4,54 38.8 .14 1.4
Total Purex Processing .469 26,8 6,33 53.8 .42 4,1
Total in PAW (Uranium+Purex) 1.376 178.6 10.86 92,3 9.49 92.9
B-Plant Mainline
Process Water 510 .005 0.1 ,003 . 001 0.1 .02 0.2 nil -
Nitric Acid 17 0,2 2 1 001 0,1 .02 0.2 .01 0.1
Sodium Hydroxide 7 20 40 10 .064 3,7 .13 1.1 .03 0.3
Tartaric Acid 3 2 20 10 .003 0,2 .03 0,3 .01 0.1
Hydroxyacetic acid 18 1 10 2 .008 0.5 .08 0.7 .02 0.2
HEDTA 62 2 10 10 L.056 3.2 .28 2.4 .28 2,7
Total B-Plant Mainline .133 7.8 .56 4.8 .35 3.4
Strontium Purification
Process Water 13 ,005 0.1 .003 nil - nil - nil -
DTPA 1 100 300 400 .045 2,6 .14 1.2 .18 1.8
Acetic Acid 2 100 100 100 .001 5.2 .09 0.8 .08 0.9
Sodium Hydroxide 1 20 40 10 . 009 0.3 .02 0,2 nil -
Citric Acid 2 100 100 100 .001 5,2 .09 0,8 .09 0.9
Hydrogen Peroxide 1 e 10 10 .005 0,3 .01 0,1 .01 0.1
Nitric Acid 1 0.2 2 1 nil - nil - nil -
Total Strontium Purification .241 13.8 .35 3.0 .37 3,6
Total Added 1.750 100 11.77 100 10.21 100
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TABLE VI-7
ESSENTIAL MATERIALS FOR WASTE FRACTIONIZATION
Formula Moles per
Materiats that are normally liquid Formula Weight wt. % Liter SpGr
Chemical Name
i i 60 100 17.4 1.05
Acetic Acid CH,COO0H a0 14,25 1,07
57 10 1.06
DTPA
pentasodiumdiethylenetriaminepentaacetate CH.COONa 503 41 1,06 1,32
Chel DTPA-41 (1) NaQOCCH,. CH.N 2
DTPA NA 5-80 (2) /NCHZCHzltICI'Iz 2N
Versenex (3) NaOOCCH, CH,COONa CH,COONa
D2EHPA o u
Di{ 2« ethylhexyl)phosphoric acid ‘Fz 5 322 97 2.82 0,973
¥
Bis{2-ethylhexylihydrogen phosphate CH,CH,CH,CH, CHCH O
32 2772 2 POOH
.
CHECHZCHZCHZCIIHCHZO
Coflg
HEDTA o
trisodiumhydroxyethylethylenediaminetriacetate
Chel DM-41 (0 HOCH,CH,, ,CH,COONa 344 41 1,57 1.285
HEDTA NA-3-120 (2) /NCH2C 2N\
Versenol-120 (3) NaQOCCH, CH,COONa
Hydrogen Peroxide HZOZ 34 12.2 3.7 1,01
Hydroxyacetic Acid HOCH,COOH 76 74 11,5 1. 25
Glycolic Acid 2
Nitric Acid I-INO3 63 57 12,2 1.35
NTA NaOQOCCH,, .CH,COONa
trisodiumnitrilotriacetate N 2 L. 8O 1. 32
Chel NTA-35 (1} I 287 35 . :
NTANaS-l 58 (2} CI-I2
éOONa
n-Paraffin Hydrocarkon
NPH CroMzz 0 Cratlag 0.75
Sodium flydroxide NaOH a0 50 18 1.53
TrlTbgtgphosphate (CSHQO)SPO 266 100 3,58 0,978
Materials that are normally crystalline or powder Formula
Chemical Name Weight WL, % g,’l lbs, fEal. M SpGr
Citric Acid Hz-(lj_cOOH 192 18 192 1.8 1 1,08
33 384 3,2 2 1.15
HO-fIJ-COOH 47 576 4.8 3 1.23
HZ-C-COOH 54 768 6.4 4 1,30
Lead Nitrate Pb(NOS) P 331 26 331 2,8 1 1.28
Lead Monoxide
litharge RO 223 8.0
Silver Nitrate AgNO3 170 1 10 0,08 C.06 1,01
10 100 0.8 0.6 1,09
Sodium RBisulfate Na.HSO4- H20 138 37 828 6,9 6 1,44
Sodium Carbonate NaZCOS 106 18 212 1,8 2 1,21
Sodium Nitrite NaNO2 69 18 207 1.7 3 1.12
Sodium Persulfate Nazszoa 238 11 118 1,0 8,5 1,11
20 238 2,0 1,0 1.21
37 476 4,0 2,0 1.30
Sugar Cl 2H22011 324 38 454 3.8 1.4 1.18
Sulfamic Acid N'stoaﬁ 97 13 159 1.3 1.54 1.15
iy
Tartaric Acid HO-C-COOH 150 48 803 6.1 4 1. 26
HO—?-COOH
Material that is received as a liquidified gas H
Ammonia NH, 17
Carbon Dioxide CO2 44

(1} Trade name of Geigy Chemical Corp,
(2} Trade Name of Pfizer Chemicals
(3} Trade name of Dow Chemical Co.
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Cesium, cerium, manganese and the rare earths are uncommon con-

taminates in the essential materials used in the Waste Management Plant;
therefore, limits for these elements are not included in essentisal
materials specifications. Periodically, the essential materials are
monitored for the presence of cesium, cerium, manganese, and rare earths,
and any unfavorable trends in the quantities of these elements entering
the process can be corrected by the Production Section.

IS0=100

Purchase specifications for the essential materials required by
the Waste Fractionization Flant are included as Appendix A to this
chapter. The chemical name, the common or trade names, the chemical
formula, and the formula weight of the essentisl materiasls used or
proposed for future use in the Waste Fractionization Plant are given in
Table VI-T. In addition, the expected concentration, specific gravity,
and moles per liter of the liquid essential materials are given. With
the crystalline essential material chemicals is a table showing the
weight percent, grams per liter, pounds per gallon, molarity, and
specific gravity of selected aquecus stock solutions made from these
chemicals.

1. Current Acid Waste

The essential materials required for processing 3200 gallons of
ZAW per day are shown in the table below. The impurity limits for the
alkaline earths and the percent of impurities the essential materials
could contribute to the strontium product should the impurity limit be
reached are shown in Table VI-6 in detail as well as in the table below.
As mentioned earlier in this section, the rare earths are uncommon con-
taminates; therefore, no impurity limits are set on those essentiasl
materials which affect only rare earth recovery.

TABLE VI-8
ESSENTIAL MATERIALS REQUIRED FOR PROCESSING CURRENT ACID WASTE

lbs/day Impurity Limit (ppm) % Contributed (PAW)

Material PAW ZAW Sr Ca Mg Sr Ca_ Mg
Hydroxyacetic Acid 1500 1700 1 10 2 0.5 0.7 0,2
NayHEDTA 5000 11, 000 2 10 10 3.2 2.4 2,7
Nitric Acid 5200 6400 0,2 2 1 0,1 0.2 0.1
Sodium Hydroxide 3100 3200 20 40 10 3.7 1.1 0.3
Tartaric Acid 220 240 2 20 10 0.2 0,3 0.1
Process Water 80, 000 90, 000 0.005 0,1 0,003 0.1 0,2 ni
Sodium Persulfate 560 820 Used for promethium recovery
Silver Nitrate 6 6 Used for promethium recovery
Sodium Nitrite 140 150 Used for promethium recovery
Sugar 150 190 Used for promethium recovery
DZEHPA 160 190 Impurities removed by solvent treatment
TBP 90 100 Impurities removed by solvent treatment
Hydrocarbon Diluent 1300 1400 Impurities removed by solvent treatment
Citric Acid 270 300 Impurities removed by solvent treatment

As can be seen by the above table, the amount of essential
materials required to process ZAW is somewhat higher than the amount of
essential materials required for PAW. The percent of impurities con~
tributed to the strontium product by the essential materials would,
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therefore, be proportionslly higher than the percentages listed in
the table which is based on PAW. The amount of impurities added by
B-Plant processing to the product are small compared to the impurities
present in the uranium metal and those added during Purex processing.

2. Acidified Sludge Waste

Iron, aluminum, and manganese are removed from acidified sludge
waste by means of a precipitation process operated independently of the
solvent extraction process. Because the precipitation process is
independent of the solvent extraction process, it can operate essen-
tially continucusly as needed. The solvent extraction feed material
prepared by the precipitation process is accumulated over a period of
time, and processed through the solvent extraction equipment on a cam-
paign basis.

TABLE VI-9
ESSENTIAL MATERIALS REQUIRED FOR PROCESSING STORED SLUDGE WASTE

Impurity Limit {(ppm) % Contributed
Material lbs/day Sr Ca Mg Sr Ca Mg
Precipitation Process for Removal of Iron and Aluminum
Lead nitrate 400 50 50 10 6.4 4,3 1.4
Sodium bisulfate 7100 2 10 10 6.6 15.3 25,3
Sodium carbonate 3300 10 30 20 15.3 21.2 23,5
Sodium hydroxide 960 20 40 10 9.0 8.3 3.4
Process water 54, 000 0.005 0.1 0.003 0.1 1.2 0.1
Solvent Extracfion Process
Hydroxyacetic acid 2000 1 10 2 0.3 1.4 0.5
Na, HEDTA 2900 2 10 10 0.9 2,1 3,4
Nitric acid 6400 6.2 2 1 0.1 0.6 0.5
Sodium hydroxide 3300 20 40 10 30.0 27,7 11.5
Process water 140, 000 0.005 0.1 0.003 0.1 0.5 nil
Tartaric acid 130 2 20 10 nil 0,2 0,2
Sugar 640 Used for promethium recovery
DZEHPA 230 Impurities removed by solvent treatment
TBP 130 Impurities removed by solvent treatment
Hydrocarbon diluent 1800 Impurities removed by solvent treatment
Citric acid 460 Impurities removed by solvent treaiment

The essential materials required for processing LOOO galions of
Purex Acid Sludge (PAS) a day through the precipitation process is
shown in the Table (VI-9) below. The table also shows the essential
materials required for processing 4000 gallons per day of solvent ex-—
traction feed prepared from sludge waste. Because the alkaline earth
impurity content varies widely with various feeds, it is not practical
to show the effect of essential materials impurities on the total
impurities found in the strontium product. However, the table below
does show the impurity limits for the alkaline earths and the per cent
of impurities the essential materials used in waste fractionization and
strontium purification could contribute to the strontium product should
the impurity limit be reached.
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3. Stored Supernatant Waste

Cesium is recovered from stored supernatant waste by an ion
exchange process. The time cycle for each ion exchange cycle (loading,
washing, and eluting the column) is between 30 and 35 hours. Periodi-
cally fresh inorganic ion exchanger is added to the ion exchange column
to replace the amount lost during each cycle by attrition. The amount
of inorganic ion exchanger lost each cycle is estimated to be arcund
200 pounds. The sodium eluent or sodium wash, which is a dilute ammonium
carbonate and ammonium hydroxide mixture, is made by absorbing carbon
dioxide gas and liquified ammonia gas in water. Cesium product eluent,
which is a more concentrated ammonium carbconate and ammonium hydroxide
mixture, is recovered by distillation from the cesium product. About
2.5 per cent of the ammonia and 7 per cent of the carbon dioxide present
in the cesium eluent are lost each cycle and must be replaced. In addi-
tion to the ammonia and carbon dioxide lost each cycle, up to 10 per cent
of the total ammonia and carbon dioxide required is lost through physical
process losses and has to be replaced.

The essential materials required for processing a 60,000 gallon
batch of supernatant waste are shown in the table below.

TABLE VI-10
ESSENTIAL MATERIAL REQUIRED FOR PROCESSING SUPERNATANT WASTE

Material Function Amt. fcycle
Zeolite inorganic ion exchanger Bed Make-up 200 1bs, (1)
Ammonia Seodium Eluent 850 lbs,
Carbon Dioxide Sedium Eluent 880 1bs,
Process water Sodium Eluent 98, 000 lbs,
Amrmonia Cesium Eluent Make-up 340 lbs.
Carbon Dioxide Cesium Eluent Make-up 930 1bs,

(1) Ion exchange medium is added only when operating characteristics of the
column indicates it needs additional medium,

L, Strontium Purification

As mentioned in Section A, once or twice a year crude strontium
recovered from current and sludge waste is purified by a solvent ex-
traction process to prepare feed material for the fission product program.
The impurities in the crude strontium fractions recovered from current
waste differ widely from the impurities in crude strontium recovered
from sludge, particularly in the amount of calcium present. The flow-
sheet used is dependent on the impurities present; therefore, the
amount of material required to process crude strontium from current
and stored waste are different.

.1 Purification of Strontium Recovered From Current Waste

The essential materials required for processing 6000 gallons a
day of solvent extraction feed prepared from the crude strontium
recovered from current waste are given below. The impurity limits for
the alkaline earths and the percent of impurities the essential
materials could contribute to the strontium product should the impurity
limit be reached are shown in Table VI-6 in detail as well as in the
Table VI-11 below.
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TABLE VI-11
ESSENTIAL MATERIALS REQUIRED FOR PURIFYING
STRONTIUM RECOVERED FROM CURRENT WASTE

Impurity Limit {ppm) % Contributed

Material 1bs/day Sr Ca Mg Sr Ca Mg
Acetic acid 7000 100 100 100 5,2 0.8 0.9
Na;DTPA 3000 100 300 400 2.6 1,2 1.8
Citric acid 5600 100 100 100 5,2 .8 0.9
Hydrogen peroxide 3200 10 10 10 0.3 0.1 0.1
Nitric acid 17,000 0,2 2 1 nil nil nil
Sodium hydroxide 16,000 20 40 10 0.5 0,2 nil
Process water 300, 000 0,005 0.1 0,003 nil nil nil
D2EHPA 200 Impurities removed by sclvent treatment
TBP 100 Impurities removed by solvent treatment
Hydrocarbon diluent 1300 Impurities removed by solvent treatment

It should be pointed out that a portion of the nitric acid, scodium hydroxide, and
process water is used to treat the solvent and therefore will not contribute im-
purities to the strontium product. The percent contributed above takes this into

consideration,

4,2 Purification of Strontium Recovered From Acidified Sludge Waste

The essential materials required for processing 3000 galions per
day of solvent extraction feed prepared from the crude strontium recovered
from stored sludge are given in the table below. The impurity limits for
the alkaline earths and the percent of impurities the essential materials
used in waste fractionization and strontium purification could contribute
to the strontium product should the impurity limit be reached are also
shown in the table below.

TABLE VI-12
ESSENTIAL MATERIALS REQUIRED FOR PURIFYING
STRONTIUM RECOVERED FROM STORED WASTE

Impurity Limit {ppm) % Contributed
Material lbs/day Sr Ca Mg Sr Ca Mg
Acetic acid 7000 100 100 100 14 6.5 10,8
Citric acid 5500 100 100 100 2.0 0.9 1.5
Nag DTPA 1900 100 300 400 3.9 5.4 11,9
Hydrogen peroxide 2400 10 10 10 0.5 0.2 0.4
Nitric acid 9000 0,2 2 1 nil nil nil
Scdium hydroxide 10,000 20 40 10 1.1 1.0 0,4
Process water 170, 000 0.005 0,1 0.003 nil nil nil
D2EHPA 200 Impurities removed by solvent treatment
TBP 100 Impurities removed by solvent treatment
Hydrocarbon diluent 1300 Impurities removed by solvent treaiment
D. SQURCE AND STORAGE OF PROCESS CHEMICALS

1. Acetic Acid

Acetic acid is received in railway tank cars as an 80 weight per
cent aqueous solution. The acetic acid is stored in three 8000-gallon
vertical stainless steel tanks ST-131, ST-132, and ST-133 located in
the 211-B chemical tank farm. Because of the potential fire hazard of
acetic acid, the three storage tanks are surrounded by a 3-foot concrete
dike. The storage tanks also nave an inert gas blanket system, and
carbon dioxide purged weight factor instruments. The acetic acid storage
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tanks are lagged and heated, and the piping system is steam-traced to
prevent the acid from freezing. From the Chemical Tank Farm the acetic
acid is pumped to weigh tank WT-503 on the third floor mezzanine of the
271-B Building.

2. Ammonia

Anhydrous ammonia is received in tank trucks and stored in a
12,200 gallon pressure vessel SN-1T72 which is located in the 211-B
Chemical Tank Farm.

3. Carbon Dioxide

Liquified carbon dioxide is received in the 211-B tank farm in
tank trucks and is stored in a 24-ton refrigerated storage tank SB-191
located in the 211-B chemical tank farm.

l, Citric Acid

Citric aclid is received as a bulk crystalline dry chemicel and
is stored on the third floor of the 2T1-B Building.

5. DTPA

The sodium salt of diethylenetriaminepentaacetic acid is received
in tank cars as a 40 weight percent aqueous solution. The material is
stored in an 11,500-gallon horizontal tank SK-161, located in 211-B
chemical tank farm.

6. D2EHPA

The orgenic solvent di({2-ethylhexyl)phosphoric acid is received
in 55-gallon drums. The drums are stored on the loading platform of
the 276-~B Building (organic make-up building) until they are needed.

T. HEDTA

The sodium salt of the chelating agent hydroxyethylethylenedi-
aminetriacetic acid is received in tank cars &s & L0 weight per cent
aqueous solution. The material is stored in four 8000-gailon vertical &
stainless steel tanks, SE-125, SE-126, SE-12T7, and SE-128, located in
the 211-B chemical tank farm. Tanks SE-125, SE-126, and SE-127 are lagged
and equipped with steam coils to keep the material from freezing. Tank
SE-128 can be used for emergency chelate storage, but is neither lagged
nor equipped with a steam coil.

8. Hydrogen Peroxide

Hydrogen peroxide is received in 30-gallon drums as a 12 weight
percent aqueous solution. The drums are both stored and used on the
third floor of the 2T1-B Building.
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9. Hydroxyacetic Acid

Hydroxyacetic {glycolie) acid is received in railway tank cars as
a T0 welght percent aqueous solution. The scolution is stored in three
8000-gallon vertical stainless steel tanks, SF-120, SF-121, and SF-122,
located in the 211-B chemical tank farm.

10. Lead Nitrate

Lead nitrate is received as a bulk crystalline dry chemical in
bags, and is stored on the third floor of the 2T71-B Building. At the
time this chapter was written litharge, PbC, dissclved in nitric acid
was being considered as a substitute for lead nitrate. Litharge would
also be received as a bulk dry powder in bags and stored on the third
floor of the 271-B Building.

11. Nitric Acid

Nitric acid is received in tank trucks as a 57 weight percent
agqueous solution. The ascid is stored in three 8000-gallon stainless
steel storage tanks, SA-101, SA-102, and SA-103, located in the 211-B
chemical tenk farm.

12. N~-Paraffin Hydrocarhbon

The organic diluent n-paraffin hydrocarbon (NPH) is received
in reilway tank cars and stored in two mild steel storage tanks buried
underground adjacent to the 276-B (organic make-up) building. Tank
S0-151 has a capacity of 20,000 gallons and tank S0-152 has a capacity
of 11,500 gallons.

13. Process Water

Demineralized process water is prepared from the 200 East Area
Sanitary water supply by means of a two-stage ion exchange unit. The
ion exchange unit is a commercial water demineralizer built by the Graver
Water Conditioning Company of New York. The unit was originally pur-
.chased in 1953 as part of the Purex prototype equipment and installed in
the 321 Building. Later the equipment was moved to the Semiworks in the
200 East Area. Finally the demineralizer was moved to its present loca-
tion in the 211-B chemical tank farm along with the enclosing steel and
transite building 217-B. The first stage of the demineralizer is a
hydrogen unit or cation exchanger filled with a strongly acidic ion
exchange medium Nalcite HCR-W (Dowex 50W). The second stage of the unit
was originally a mixed bed unit containing both anion and cation ex-
change medium; however, the unit was converted to an anion unit contain-
ing a weakly basic ion exchange medium such as Amberlite IRA-93. Con-
verting the mixed bed unit to an anion unit had the advantage of having
the same ion exchange medias in the B-Plant unit as are in the Purex
units. The water demineralizer is capable of supplying 240,000 gallons
of water at a rate of 50 gpm between regeneration periods. The treated
water has the following specifications:
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Total hardness (as CaCOB) less than 2 ppm
Calcium " " 0.2 ppm
Magnesium " " 0.0l ppm
Strontium " " 0.0l ppm
Sodium " " 0.1 ppm
Chloride (as NaCl) " " 0.6 ppm
Sulfates (as Nazsob) " " 1.5 ppm
Dissolved solid§ . " " L,5 ppm
Silica (as 5102) " " 7.5 oppm
pH 5%t 8

An engineering flow diagram of the water demineralizer and the
operating sequence for regenersating the demineralizer are included at
the end of this chapter as Appendix B.

1h. Silver Nitrate

Silver nitrate is received as a dry solid crystalline chemical
in five-pound cartons. The chemical is stored on the third floor of
the 271-B Building.

15. Sodium Bisulfate

Sodium bisulfate is received as & bulk dry chemical and is
stored on the first floor of the 2T71-B Building.

16. Sodium Carbonate

Sodium carbonate is received as a bulk dry chemical and is
stored on the first floor of the 271-B Building.

iT. Sodium Hydroxide

Caustic solution is received in railway tank cars as a 50 per
cent aqueous solution. The caustic solution is stored in three 16,000-
gallon mild steel horizontal tanks, 5Q-1U4l, SQ-1L2, and SQ-143, located
in the 211-B chemical tank farm. The caustic storasge tanks are lagged
and steam-heated. All exterlor caustic lines are also lagged and steam-
traced.

18. Scdium Nitrite

Sodium nitrite is received as & bulk dry chemical and is stored
on the third floor of the 271-B Building.

19, Scdium Persulfate

Sodium persulfate is received as a bulk dry chemical and is
stored on the third floor of the 271-B Building.

20. Sugar

Sugar used for denitrating product streams is received as a
bulk dry crystalline chemical and is stored on the third floor of the
271-B Building.
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21. Tartaric Acid

Tartaric Acid is received as a bulk dry crystalline chemical
and is stored on the third floor of the 271-B Building.

22.  TBP

Tributyl phosphate used in solvent meke-up is received in 55-
gallon drums and is stored on the loading platform of the 276-B
Building. Care must be taken not to confuse TBP and D2EHPA drums which
are stored in the same location.

23. Zeolite

The ion exchange medium zeolite AW-500 is received as bulk dry
material and is stored on the third floor of the 271-B Building.

E. Make-up and Distribution of Cold Process Streams

The fractionization of wastes in the Waste Management Plant
involves a number of independent but interrelated unit operations and
processes. As many of the process solutions are common to the processing
of different types of waste, the make-up and distribution of the process
streams are discussed for each of the different functions or operations
performed in the Waste Management Plant.

1. Stock chemicals and solutions

1.1 Process Water

Process or demineralized water is pumped from the Demineralized
Water storage tank SD-111 and is delivered through the 1lll Process
Water Header throughout the operating gallery in the 211-B Building,
and the Aqueous Make-up (AMU) areas located on the first and third
floors of the 271-B Building.

l.2 Nitrie Acid

Nitric acid, nominally 60 per cent nitric acid, is pumped from
the nitric acid storage tanks, SA-101, SA~102, and SA-103, through the
1037 Nitric Acid Header to the third floor of the 271-B Building. The
1037 Nitric Acid Header supplies nitric acid to 27-3-A, cerium strip
make-up tenk, H-305 Utility tank, Scale Tank WT-501, and nitric acid
storege teank H-309. Nitric acid is distributed to the opereting gallery
from the H-309 tank by way of the 309 Header.

1.3 Sodium Hydroxide (Caustic)

Fifty per cent sodium hydroxide is pumped from the caustic
storage tanks $Q-1bl, SQ-142, and 5Q-143 to AMU tanks H-301-1, H-303,
H-~304, H-305, H-LO2-1, H-310, and H-311, all located on the third
floor of the 271~B Building and to tank 102 on the first floor of the
271-B Building. Sodium hydroxide is distributed throughout the opera-
ting gaellery by way of the 310-311 Header which comes from the caustic
storage tanks H-310 and H-311,
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1.4 Chelates or Complexants

1.4.1 HEDTA

The chelating or complexing agent HEDTA is pumped from the
chelate storage tanks SE-125, SE~136, SE-127, and SE-128, directly to
the Feed Butt Make-up Tanks H-315 and H-316 on the third floor of the
27T1-B Building.

1.4.2 DTPA
The chelating agent DTPA, used only for strontium purification,
is pumped from DTPA storage tank SK~161 to AMU tank H~301, ISS Butt

Make-up, and scale tank 29-2-B, 1AF make-up scale tank located in the
operating gallery.

1.5 Buffering Agents

1.5.1 Hydroxyacetic Acid

Hydroxyacetic acid buffering agent is pumped from storage tanks
SF-120, SF-121, and SF-122 to scale tank WT-502 which is located on
the third floor mezzanine of the 271-B Building.

1.5.2 Acetic Acid
Acetic acid buffering agent is pumped from storage tanks ST-131,
8T-132, and ST-133 to scale tank WI-503 which is located on the third

floor mezzanine of the 271-B Building.

1.6 3 M Citric Acid

A 3 M stock citric acid soclution is made up in tank H-302
located on the third flcor of the 271-B Building using water from the
111 Header and solid citric acid.

1.7 Sugar Solution

A 1.4 M sugar solution is made up in tank H-L03 located on the
third floor of the 2T1-B Building using water from the 11] Header and
crystalline sugar.

1.8 Hydrocarbon Diluent

Bydrocarbon diluent is pumped from the underground diluent
storage tanks S0-151 and S50-152 to the solvent make-up tank MO~15k
located in the 276-B Building.

1.9 D2EHPA
Solvent D2EHPA is pumped from the drums in which it is received
with an air-powered drum unloading pump to tank 0-201 in the 276~B

organic make-up building. From tank 0-201 D2EHPA is pumped to the
solvent make-up tank MO-154 as needed.
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1.10 TBP

TBP is pumped from the drums in which it is received with an
air-powered drum unloading pump to Tank 0-202 located in the 276-B
Building. From 0-202 the TBP is pumped to the solvent make-up Tank
MO-154 as needed.

1.11 Lead Nitrate Solution

A 1Y lead nitrate solution is made up in Tank H-401 which is
on the third flcor mezzanine of the 271-B Building. The lead nitrate
solution is made by dissolving crystalline lead nitrate in water. An
alternate method dissolving litharse (PbO) in nitric acid has been
proposed.

1.12 Sodium Bisulfate Solution

AG ¥ sodium bisulfate solution is made up in Tank 101, which
is located on the first floor of the 271-B Building. The solution is
made by dissolving solid sodium bisulfate in water.

1.13 Sodium Carbonate Sclution

A1.8 M sodium carbonate solution is made up in Tank 102 by
dissolving soda ash in water. The 102 tank is located on the first
floor of the 2T1-B Building.

2. Leaching of Solids in Current Acid Wastes

The sugar denitrated acid waste from the Purex Plant contains
an appreciable amount of solid material. OCver 50 per cent of the
strontium and 70 per cent of the promethium present in the waste may
be associated with these solids. The solids are centrifuged from the
waste solution and strontium and rarc earths are leached from sclids
with water, a nitric acid scluticn, and a caustic-tartrate solution
according to the flowsheet shown in Figure IV-1l. A flow diagram for
the process sclutions required for leaching Purex Acid Waste is shown
in Figure VI-1 and the composition of the process streams are shown
in the following table.

TABLE VI-13
PROCESS SOLUTIONS REQUIRED FOR LEACHING CURRENT ACID WASTES

Process Stream Make-up Tank Cormposition

Water leach 12-2-B I—IZO

Acid leach 12-2-C 4M HNO3

Caustic-tartrate leach H303-H304 1.5MNaQH, 0,1MTartaric acid
Cake removal 12-2-C 6M NaOH

Water from the 111 Header I1s added to the centrifuge from
scale tank 12-2-B which is located in the operating gallery.
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The acid leach is made up in scele tenk 12-2-C with water
from the 111 Header and nitric acid from the 300 Header.

The caustic-tartrate leach is made up in AMU tanks H303 and
H30Lk with water from the 111 Header, sodium hydroxide either directly
from the caustic header or from the caustic head tank, HE301-1, and
solid tartaric acid. After teing made up, the caustic-tartrate leach

is dropped to scale tank 12-2-B, which is located in the operating
gallery, via the 303-304 Header.

The solution used to remove the leached solids from the centri-
fume is made up in scale tank 12-2-C witii water from the 111 leader,
and scdium hydroxide from the 310-211 Header.

Caustic Header
) ] HNG, Header 1037
A
3rd Floor H30L-}
M-8 NaH vari
U Head Tarteric Tartaric
M Tank Acid Acid
L I
111 Process
Water Header J
A y
H303 H304 H309
Caustic- | | caustic- N, &‘L L
TaLrtraI:e Ta{tra:]e Storage Storage Storage
gac 84C 600 Gal,
800 Gal, 600 Gal. 600 Gal. 00 Gal.
111 Process 303-304 HOR
Wter hetey | SBIOHR T 05 ppp | | |
¥
Oge:almg Tank Tank
Salery 12-2-C 1228
400 Gal 400 GaL
Ta Centnfuge
G-12-2
Tank Car
I I Na! H l!nrage |
R Tank Truck
Chemical
Tank Farm
m-8 SA SA A
a1 162 103
HNO, l Storage ]
o |
b=y

FIGURE VI-1

Flow Diagram for Process Solutions
Required for Leaching Purex Acid Waste
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3. Iron and Aluminum Removal Precipitation Process

A sulfate precipitation preecess is used to remove the Tbulk of
the iron, manganese, and aluminum present in acicified sludee waste.
In the flowsheet shown in Figure IV-3, the alkaline earths and the rare
earths along with the lead carrier ion are precipitaied as sulfates,
metathesized to carbonate, then dissolved with nitric acid. A flow
diagram for the process solutions is shown in Figure VI-2 and the
composition of the process streams is shown in the following table,

TABLE VI-14
PROCESS SOLUTIONS REQUIRED FQR THE PRECIPITATION PROCESS

Process Stream Make-up Tank Composition
Bisulfate Add Tank 101 6M NaHSO4
pH Adjust Tank 102 1. 8M NazCO3
l.ead Addition H401 1M Pb(NOS) 9
Water Wash and 31-3-A and H.O
Cake Slurry 32-3-C 2
Metathasis Solution 31-3-F 4, SM NaOH, 0,43M Na.chl)3
Carbonate Cake Wash 31-3-F 0.1M N5L2CO3
Cake Dissolvent 32-2-C 5.5M HNO3

Sodium bisulfate is made up in the 101 tank using process
water and sclid sodium bisulfate. The sodium bisulfate solution is
pumped to scale tank 31~-3-A which is located in the operating gallery.
From 31-3-A the bisulfate solution is dropped to the precipitetor tank
31-3. Sodium carbonate is made up in Tank 102 using preocess water
and solid sodium carbonate (soda ash). The sodium carbonate solution
is pumped to scale tank 31-3-F which is located in the operating
gallery, and from there dropped to Tank 31-3.

Lead nitrate solution is made up in tank H-L40l which is
located on the mezzanine of the AMU area on the third floor of the
271-B Building. Process water and crystalline lead nitrate are
used for making up the lead nitrate solution. An alternate method
of making lead nitrate solution by dissolving litharge (PO} in
nitric acid has been proposed. The game make-up tank will be used
if dissolved litharge is adopted. The lead nitrate solution is
dropped to scale tank 31-3-E via the 401 header. From tank 31-3-E
the solution is added to process tank 31-3.

Wash water for the sulfate precipitate is obtained from the
111 Header and is added to the precipitator wvia the 31-3-A scale
tank. Water to slurry the precipitate from the centrifuge is added
via the 32-2-C scale tank,

The metathesis solution is made up in scale tank 31-3-F using
50 per cent NaCH from the 310-311 Header, sodium carbonate from the
102 Header, and water from the 111 Header.

The metathesis cake wash is also made up in scale tank 31-3-F
using weter from the 1]l1 Header and sodium carbonate from the 102
Header.
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The carbonate cake is dissolved with nitriec acid soclution
made up in scale tank 32-2-C using water from the 111 Header and

nitric acid from the 309 Header.
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L, Solvent Extraction Feed Make-Up

Feed materials for the solvent extraction process are made
up by adding s buffering agent and s chelating agent to a crude
feed solution and edjusting the pH of the solutions to the desired
values with sodium hydroxide or nitric acid. Hydroxyacetic acid
is used as the buffering asgent when processing PAW, ZAW, and PAS
as it has high buffering capacity st pH 4. Because acetic acid has
a high buffering capacity at the required pH of 4.9, it is used as
the buffering agent during the purification of the crude strontium
fraction. The choice of chelating agent or agents is somewhat un-
certain and subject to change through optimization of flowsheets by
plant tests. At the time this chapter was written, HEDTA, with =
small amount of tartaric acid, was the chelating agent being con-
sidered for processing PAW, ZAW, and PAS. DTPA was the chelating
agent being considered for purifying the crude strontium fraction.
The basis for choosing chelating sgents and buffering sgents is
discussed in detail in Chapter IV,

In making up solvent extraction feed solutions the feed
butts may be added as separate chemical additions or the butts may
be combined in the feed butt meke-up tank and added as s mixture.
In the table below, the feed butts are expressed as geparate solu-
tions; however, the solutions are combined ag a mixture before being
added to the 1AF make-up tank. A flow diagram for the Process solu-~
tions is shown in Figure VI-3,

TABLE VI-15
PROCESS SOLUTIONS REQUIRED FOR SOLVENT EXTRACTION FEED MAKE-UP

Process Siream Make-up Tank Composition

Feed butts for PAW, ZAW and PAS

Chelate butt H315 and H316 1.57M NaSHEDTA

Buffer butt H315 and H316 11, SMHydroxyacetic acid
Tartrate butt H315 and H316 4M Tartaric acid

pH adjust 29-2-B 19M NaOH for PAW and PAS

12, 2M fINO, for ZAW

Feed butts for strentium purification

Chelate butt 29-2-B 1.05M NaSDTPA
Buffer butt H315% and H3186 10M Acetic acid
pH adjust 26-2-B 19M NaOH

When processing PAW, ZAW, and PAS, liquid chelating agent is
pumped from the 211-B chemiecal tank farm to tanks H-315 and H-316,
the feed butt make-up tanks. Hydroxyacetic acid buffer is added to
H~-315 and H-316 from weigh tank WI-502., The tartaric acgid butt is
made up in H-316 and H-315 from solid tartaric acid and process
water from the 111 Header. The feed butts are dropped from the
make-up tanks to scale tank 29-2-A located in the operating gallery
via the 315-316 Header. The pH of the feed solution is adjusted
with sodium hydroxide or nitric acid added from scale tank 29-2-B
which is also located in the operating gallery. Sodium hydroxide for
29-2-B is obtained from the 310-311 Header, and nitric acid is ob~
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tained from the 309 Header. Process water is alsc available to
gcale tanks 29-2-A and 29-2-B from the 111 Header. Additional
adjustment of the feed solution can be made in the IAF feed tank 29-3
by additions from H-315 and H-316 through scale tank 29-3-E.

When purifying the crude strontium fraction, the chelate butt
is pumped from the 211-B tank farm to scele tank 29-2-B which is
located in the operating gallery. The acetic acid buffer is sgdded
to H-315 and H-316 from weigh tank WT-503. TFrom H-315 and H-316
the buffer btutt is dropped to scale tank 29-2-A, The pH is ad-
justed with caustic or acid from the 29-2-B tank.

Solid Solid ]
Tartari¢ Tartaric WT502 WT503
Acid  Acid HACOH HAc
DTPA HDR|
WICH W8 |CH
_'_ 1 L 1L1Hf* vr**ﬁ
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3 ] r y |
9 HOR W AQ
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29-2-A 29-2-8 293
A0 400 1 75
? T Tank Car
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SK-161
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()
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FIGURE IV-3

Flow Diagram for Process Solutions Required for
Solvent Extraction Feed Make-Up
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5. Solvent Extraction Processes

5.1 Purex Acid Waste, Zirflex Acid Waste, and Purex Acid Sludge
Waste

In the solvent extraction process for PAW, ZAW, and PAS,
strontium and the rare earths are extracted into the organic phase
in the IA column and impurities are scrutbed from the organic phase
in the IS column. Strontium is selectively stripped from the organic
phase in the IB column.

When processing PAW and ZAW the IC column is used to separate
cerium and the rare earths. The rare earths are purified further by a
batch extraction and strip in process tank 26-2, while cerium is
stripped from the organic phase in process tank 27-3.

When PAS is being processed it is not necessary to separate
cerium from the rare earths as the cerium has decayed to low levels.
Therefore, the IC column is used to get additional decontamination
from calcium by selectively stripping caleium from the organic phase.
The rare earths are stripped from the organic phase by batch contact
in process tank 27-3.

A flow diagram for the process solutions required for the sol-
vent extraction processing of PAW, ZAW, snd PAS is shown in Figure
IV-k. The composition of the process streams and the tanks in which
they are mede up is shown in Table VI-16 on page 628,

The organic IAX-Butt 1s made up in the organic make-up tank
MO-154 located in the organic building, 276-B. The hydrocarbon
diluent is pumped from underground storasge tanks S0-151 and S0-152,
and D2FHPA and TBP are pumped from storage tanks ©-201 and 0-202
as needed. The TAY Butt may vary somewhat depending on vwhat is
needed to adjust the solvent to the required composition. From MO-
154, the IAX Butt is pumped to process tanks 28-3, the IAX make-up
tank, or 26-2, the promethium batch contactor tank as needed.

The ISS-Butt is made up in tanks H-301 and H-402 with hydroxy-
acetic acid from weigh tank H-502, sodium hydroxide from head tank
H-301-1 or H-L02-1 and chelating agent, if required, from the chelate
header (HEDTA Header). From the make-up tanks, the ISS-Butt is
dropped to scale tank 29-1-F located in the operating gallery. From
29-1-F the ISS5-Butt is pumped to a blend tee where it is diluted
to ISS composition with process water from the 111 Header and is
delivered directly to the IS column.

IBX-Butt is slso mede up more concentrated than 1BX compo~
sition. It is made up in tank H~312 with water from the 111 Header,
and nitric acid from weigh tank H-501. From H-312 the IBX-Butt is
dropped to secale tank 28-1-F located in the operating gallery and
from there it is pumped to a blend tee where it is diluted to IBX
composition with water from the 11] Header and is delivered directly
to the IB column.
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TABLE VI-16
PROCESS SOQLUTIONS REQUIRED FOR SOLVENT EXTRACTION PROCESSES

150«100

Process Stream

Make~-up Tank

PAW-ZAW

1AX butt MO-154
1CS butt
158 butt H301 and H302
1BX butt H312
1CX-1 H313 and H314
{(27-1-A and 27-1—;8)
1CX-2 11318 and H319
(27-1-C and 27-1-D}
Cerium Strip(a) H321
(27-3-A)
Cerium Strip(t» H320
(27-3-B)
Rare Earth Purification
pH adjust 26-2-A
Extractant MO-154
RE Strip 26-2-A
PAS
1AX butt MO-154
1S5S butt H301 and H302
1BX buftt H312
1CX H313, H314, H318,
and H319
RE Strip H321

Composition

0. 3M D2EHPA, 0,2M
hydrocarbon diluent®

2. 5MHACOH, 0.1MN
0. 2M Na ,HEDTA, pH

1. OM HNO,

TBP,

a0,
1.8

2, OMHNOS, 0.53MNa 58,0

2. OM HNO,,

2. 1MHNO,

SI_\_/I NaNO2

27278

0.02M AgNO,

3. 6M NaOH, 0.12ZM HAcOH

0.3M DZEHPA, 0.2M
hydrocarbon diluent *

1. OM HNO,

0. 3M D2EHPA, 0,2M
hydrocarbon diluent®

TBP,

TBP,

2, 5M HAcOH, 0.15M NaOH,

pH 1.8
1. OM HNO,

0. 2M HNO,
2M HNO

* Nominal composition; may vary depending on requirements.,

Two ICX solutions are made up when either PAW or ZAW is being

processed.

111 Hesder, nitric acid from weigh tank 501, and sclid sodium per-

sulfate.

ICX-2 is made up in HE-318 and H-319 with water from the

111 Header, nitric acid from weigh tank H-501, and solid silver

nitrate.
and delivered to the IC

column.

ICX-1 and ICX~2 are blended together at a blending tee
When sludge waste is being processed,

the ICX stream is 0.2 M HNO, and contains no silver or persulfate.
The dilute scid used as ICX when sludge weste is being processed is
made up in the same make-up tanks that the silver and persulfate ICS
sclutions are made up in and delivered to the IC column through the

same routing.

ICX-1 is made up in H-313 and H-31L with water from the
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When current acid waste is being processed cerium is stripped
from the organic phase by e batch process. The strip solution,
Ce-8trip (a), is made up in H-321 with nitric acid either from weiph
tank H-501 or directly from the nitric acid header and water from the
111 Header. A second strip, Ce-Strip (b), is made up in tank E-320
with water from 111 Header and solid sodium nitrite. DBoth cerium
strip solutions are dropped by gravity directly to process tank 27-3.
When sludge waste is being processed, the rare earth strip is made
up in H-321 with acid from weigh tank H-501 or from the nitric acid
header, and water from the 111 Header. The rare earth strip is also
dropped by gravity directly to process tank 27-3.

Aqueous solutions for the rare earth purification (sulfate
removal) step, which is a batch process, are made up in scale tank
26-2-A located in the operating gallery. For pH adjust, the hydroxy-
acetic acid is obtained from the 301 header which contains ISS-Butt
solution, additional caustic is obtained from the 310-311 Header, and
water is obtained from the 111 Header. The rare earth strip solution
is also made up in scale tank 26-2-A with nitric acid from the 309
Header and water from the 111 Header,

5.2 Strontium Purification Process

Periodically the crude stropntium fraction is purified in the
solvent extraction equipment to prepare feed material for the fission
product program. The strontium is extracted into the organic phase
in the IA column, certain impurities are scrubbed from the organic
phase in the IS column, and the strontium is stripped from the organic
phase in the IC column. Stripping is done at a pH which provides for a
separation of strontium from calcium. A flow disgram for the process
solutions required for strontium purification is shown in Figure VI-5,
and the composition of the process streams is shown in the following
table,

TABLE V1-17
PROCESS SOLUTIONS REQUIRED FOR THE

SOLVENT EXTRACTION PURIFICATION OF STRONTIUM

Process Stream  Make-up Tank Composition

1AX Butt MO154 0,3M DZEHPA, 0, 2M TBP,
hydrocarbon diluent™

158 Butt H301 2,1M Citric acid, 0.6M NasDTPA

1BX Butt H312 3M Citric acid

Citrate Kill H305 a. '(I![HZO2

Acid Butt H305 12, 2M HNO,

* Nominal composition; may vary depending on requirement,

The TAX-Butt for strontium purification is made up in the same
way as it is for the other solvent extraction processes. (See Section
E 5.1 above.)

The ISS~Butt is made up in Tank H-301 with water from the 111
Header, solid citric acid, and DTPA pumped in from the DTPA storage
tank in the 211-B tank farm. The ISS5-Butt is dropped to scale tank
29-1-F located in the operating gallery from where it is pumped to =a
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blending tee where it is blended with prover proportion of water to
IS5 concentration, and delivered to the IS column.

The IBX Butt iz made up in tank H-312 with water from the 111
Header, and solid citric acid. The IBX-Butt is dropped to sceale tank
28-1-F in the operating gallery from where it is pumped to & blend tee,
mixed with the proper proportion of water, and delivered to the IB
column.

The hydrogen peroxide used to destroy the citric acid in the
strontium product concentrator, and the nitric acid needed to maintain

the acidity of the strontium product are added from Utility Make-Up
tank H-305, through scale tank 5-2-F to strontium concentrator E-5-2.
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H301 H305 BlBé
158 600 Ga), it
guit- Hp 02 500 Gal.
55) Gal. Drum
Y 3 \
- 111 H,0 HDR —
2 1
I} 1545 Qrg. S01F
155
i a0 Tamcu
28-3 (E lr
Tols
Col. )
1
(2 MD154
Salvent
Make-up
NaOH Storage
Tank Car
Tank Truck, SK-161
Diluent DTPA
Storage

U

SA( 1SA| [SA
W1) ey 1

HNO3 Storage

FIGURE VI-5

Flow Diagram for Process Solutions Required for
the Solvent Extraction Processing for Purifying Strontium
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6. Soclvent Trestment

The organic solvent used in the solvent extraction processes,
both celumn and batch, must be treated to remove metal contaminetes
and solvent degradation products. An effective method of treating
the solvent is to wash the solvent with a sodium hydroxide solution
containing & complexing agent such as citrate. A flow disgram for
the process solutions required for treating solvent is shown in
Figure VI-6 and the composition of the solutions is shown in the
Tollowing table:

TABLE VI-18

PROCESS SOLUTIONS REQUIRED FOR SOLVENT TREATMENT

Process Stream = Make-up Tank Composition
108 26-1-A 2, 5MNaOH, 0. 1MNa Citrate

1CX (alternate H313 and H314 2.5MNaOH, 0. 1MNaBCitrate
during Sr Purification) - -

1AX acid buft 28-3-C 12, 21&[ HNO

3

The solvent wash solution, I0S, is made up in scale tank 26-1-A
located in the operating gallery. Citric acid is available from the
302 Header, water from the 111 Header, and sodium hydroxide from the
310-311 Header. During strontium purification the IC column can be
used to wash the solvent. If this mode of operation is used the
solvent wash is made up in H-313 and H-31h with solid citric aciad,
sodium hydroxide from the caustic header, and water from the 111
Header.

After washing with caustic the solvent is transferred to
process tank 38-3 where it is converted to the acid form by butting
with nitric acid. The nitric acid butt is added from scale tank
28-3~-C located in the operating gallery.

7. Ion Exchange Process for the Recovery of Cesium

Cesium present in the stored alkeline supernatant sclutions is
absorbed on a synthetic ion exchange medium. Scdium is washed from
the ion exchange medium with a dilute solution of ammonium carbonate
and ammonium hydroxide. The cesium is subseauently eluted from the
ion exchange medium with a concentrated solution of ammonium carbon-
ate and ammonium hydroxide. TFlowsheets for the recovery of cesium
are shown in Figures IV-T2 and IV-T3, Chapter IV. Ammonium carbon-
ste-ammenium hydroxide solutions are made by absorbing anhydrous
ammonia gas and carbon dioxide gas in water. Approximately 90 per
cent of the ammonium carbonate-ammonium hydroxide eluent is recovered
and recycled, A flow diagram for the process chemicals required for
ion exchange processing for the recovery of cesium is shown in Figure
VI-T and the composition of the streams is shown in Table VI-19 on
page 633,

UECTASSTIFIED




UNCLASSIFIED

1 HNO3 Storage J

FIGURE VI-6&

Flow Diagram for Process Solutions

Required for Solvent Treatment

632 130=100
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NaOH Header
R o e ey
111 H,0 Lo 1 ol
Solid H3Cit. ! . I H3Cit.
1 chlt. [} )
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TABLE VI-19

IS0-100

PROCESS SOLUTIONS REQUIRED FOR THE ION EXCHANGE PROCESS

Process Stream

Make-up Tank

Composition

Bed Make-up
Na Eluent
Cesium Eluent
Column Wash #2

H317
MNB173
TK-21-1
18-3-8

(S and SX supernates only)

Zeolite AW-500 and water

0.2M(NH,),CO,, 0.1M NH,OH

2M (NH,),CO,, 2M NH, OH
19M NaOH

lon Exchange Medium
H3LT H310 H311
Resin NaOH NaOH
Add 400 Gal. 600 Gal.
I J 191 HOR CO,
11 HZO HOR
172 HOR
1w ¢ "
¥
18-3-C
400 Gal.
b
folx To iX Ta Tank 21-1
Cal. Feed Tank
T-18-2 183
O Tank Truck Tank Truck
SB-191
Coz
Storage
o NaOH Storage

FIGURE VI-7

Flow Diagram for Process Solutions Required for
The Ion Exchange Process for Recovering Cesium
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The ion exchange medium for the bed make-up is slurried
directly into the ion exchange column from Tank H-317. The ion
exchange medium is & solid material, and water is obtained from the
111 Header.

The sodium eluent is made up in Tank MNBE-173, which is located
in the 211-B Chemical tank farm, by absorbing ammonis gas and carbon
dioxide gas in water. Demineralized water from the 111 Header is
used. The ammonia comes from the anhydrous ammonia storage tank SH-
172, and the carbon dioxide comes from the CO, storage SB-1%1. From
make-up tenk MNB-1T3 the sodium eluent solution is pumped to the ion
exchange feed tank 18-3.

Cesium eluent is recovered in process tank 21-1. Additional
eluent is made up in tank 21-1 by absorbing ammonia gas from the 172
Header, and carbon dioxide gas from the 191 header in water in tank
21-1. Alternately, additicnal cesium eluent could be made up in tank
MNB-173 by absorbing ammonia and carbon dioxide in water, and pumping
the resulting sclution to tank 21-1.

When S and SX supernates are processed, the ion exchange column
is washed with 1 M NaOH following cesium elution step to remove any
aluminum which may have precipitated in the ion exchange bed. The
sodium hydroxide solution is made by pumping 19 M NaOH from scale tank
18-3-C to a blernding tee where it is diluted with process water from
the 111 Header and delivered to the IX column. The 19 M NaCH is
obtained from the 310-311 Header.

8. Waste Treatment

High level wastes are collected in process tanks 25-1 and 25-2
where they are neutralized with sodium hydroxide. Low level wastes
are collected in tank 24-1, the feed tank for the low level waste
concentrator, where sodium hydroxide can be added if needed to
neutralize the waste before it is concentrated. A flow diagram for
the sodium hydroxide additions to the waste handling facilities is
shown in Figure VI-8.

H318 H3ll
NaOH NaOH
500 Gal. 600 Gal

25-1-A
24-1-8 2524

400 Gal. i 400 Gal

NaOh Storage

OO

FIGURE VI-8

Flow Diagram for Caustic Addition to
Waste Handling Facilities
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APPENDIX A

IS0-100

PURCHASE SPECIFICATIONS FOR B-PLANT ESSENTIAL MATERIALS

Material and Numbe r‘
Test

Acetic Acid, 064
Assay
Residue
Chloride

Ammonia, anhydrous, technical
liquefied

Carbon dioxide, compressed gas,
commercial grade, 0270

Citric Acid, 285
Acidity as citric acid
Residue
Chloride
Phosphate

DTPA (sodium salt), 705

SpGr 25/25

pH

CaCQO, Value

3

Sr

Ca

Mg

D2EHPA, 384
Acidity as D2EHPA
SpGr 20/20
Refractive Index
Solubility in water
Water Content
Flash Point

HEDTA (sodium salt), 668
SpGr 25/25
pH

CaCQ,, Value

S 3

r
Ca
Mg

Hydrogen Peroxide, 526
Asgsay
Fe
Residue
Sr
Ca
Mg

Specification

min 80 Wt. %
max 0,01 Wt,

max 0.01 Wt, %

%o

min 99, 5 vol.

%

min 99, 5 vol.

min 99,5 Wt., %
max 0,01 Wt, %
max 0,01 Wt. %
max 0,001 Wt, %

min 40 Wt. %
min 1, 30

11 to 14

80t 2

max 100 ppm
max 300 ppm
max 400 ppm

min 95 - max 100 %
0.970 to 0,984
N*°D 1. 443

max 0,01 Wt, % 20C
max 2.4 Wt, % 20C
385 C

min 40 Wt, %
min 1,28

11 to 14
120%5

max 2 ppm
max 10 ppm
max 10 ppm

12 to 15 Wt. %
max 0.5 ppm
max 0.01 Wt. %
max 10 ppm
max 10 ppm
max 10 ppm

Sample
Freguencz

each shipment
each shipment
each shipment

on request
on request

each shipment
each shipment
each shipment
each shipment

each shipment
each shipment
each shipment
on request
on request
on request

each shipment
each shipment

each shipment
each shipment
each shipment
on request
on request
on request

each shipment
each shipment
each shipment
on request
on request
on request
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Hydroxyacetic Acid, 524
Acidity as glycolic acid
Chloride
Residue
Sr
Ca
Mg

Lead Nitrate, 576
Pb
~Chloride
Sr
Ca
Mg
Mn

Nitric Acid, 0670
Acidity as HNO
Chloride
Residue
Sr
Ca
Mg
Phosphate

3

n-paraffin hydrocarbon, 669
Source
B. P.

Flash Point
SpGr 60/60 F
Viscosity
Aromatics
Olefins

Silver Nitrate, 775
Assay
Chloride

Sodium Bisulfate, Hydrated
Acidity as H2304
Chloride
Sr
Ca
Mg

Sodium Carbonate, 785
Na,O
Water Insoluble
Sr
Ca
Mg

638

min 70 Wt. %
max 0,2 Wt, %
max 0.1 Wt, %
max 1 ppm
max 10 ppm
max 2 ppm

min 62 Wt, %
max 0.01 Wt, %
max 50 ppm
max 50 ppm
max 10 ppm
max 50 ppm

min 57 Wt, %
max 0,05 Wt, %
max 0.01 Wt, %
max 0,2 ppm
max 2 ppm

max 1 ppm

max 0,003 Wt, %

min 97 Wt. %

South Hampton Co.

min 99 Wt, % in the
C-10 to C-14 range
155 to 160 F

0.74 to 0,76

max 2,5 n/100 25 C
max 0.2 Wt. %

max 0.5 Bromine No.

min 99, 8 Wt, %
max 0,002 Wt, %

34.5 to 36.5 Wt. %
max 0.1 Wt, %
max 2 ppm

max 10 ppm

max 10 ppm

min 57.3 Wt, %
max 0.1 Wt, %
max 10 ppm
max 30 ppm
max 20 ppm

* Composite of samples from 10 truck loads.

I50-100

each shipment
each shipment
each shipment
each shipment
on request
on request

on request
on request
each shipment
each shipment
each shipment
each shipment

each compositex*
each composite*
each composite*

one per month
one per month
one per month
one per month

on request

each shipment
each shipment
each shipment
each shipment

on request
on request

each shipment
each shipment
each shipment
each shipment
each shipment

on request

each shipment
each shipment
each shipment
each shipment
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Sodium Hydroxide, 0800
Na_O
Chloride
Sr
Ca
Mg

Sodium Nitrite, 810
Assay
Water Insoluble

Sodium Persulfate, 752
Assay
Chloride
Water Insoluble

Sugar, 842
Sugar Content
Residue
Water Insoluble

Tartaric Acid, 0910
Acidity as Tartaric Acid
Chloride
Residue

Tributyl Phosphate, 0920
Butanol o
Acidity
Suspended Solids
SpGr 20/20
Turbidity

Zeolite Ion Exchanger

639

38.9%1 Wt. %

max 0.9 Wt, %
max 20 ppm
max 40 ppm .
max 10 ppm

min 99 Wt.- %
max 0.05 Wt, %

min 97 Wt, %

‘max 0,01 Wt. %
" max 0,01 Wt. %

min 99.5 Wt. %
max 0,01 Wt, %
Max 0,01 Wt, %

min 99,4 Wt, %

max 0,01 Wt. %

max 0,02 Wt, % -

max 0,05 Wt, %

max 0, 02N ‘
max 0,01 Wt, %
0.973 to 0. 983
to pass test

AW-500, Linde

ISO=100

each shipment
each shipment
each shipment
each shipment
each shipment

each shipment
each shipment

each shipment
each shipment
each shipment

on request
on request
each shipment

each shipment
each shipment
‘each shipment

each shipment
each shipment
each shipment
each shipment
each shipment

Division of Union Carbide
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APPENDIX B

WATER DEMINERALIZER REGENERATION PROCEDURE

Cation (Hydrogen) Unit

1. Backwash at 55 gpm for 22 minutes.

2. Treat ion exchange bed with 2 percent H soh for 27 minutes by
adjusting flows to give 5.5 gpm 20% H,S6, &nd 55.5 gpm water.

3. Treat bed for 9 minutes with 5 percent H SOh by adjusting flows
to give 16 gpn 20% H,80, and 56 gpm vatef,

L, Displace acid with 56 gpm water for 1l minutes.

5. Rinse bed with 70 gpm water for TO minutes.

Anion Unit

1. Backwash at 20 gpm for 10 minutes.

2. Treat ion exchange bed with 2 percent NaOH by adjusting flows
to give 7 gpm 10% NaOH and 24 gpm water for 30 minutes.

3. Displace caustic with 24 gpm water for 8 minutes.

4., Rinse bed with 60 gpm water for 60 minutes.
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CEAPTER VII

ISCTOPE STORAGE

A. INTRODUCTION

When the wastes are first released from the Purex Plant as PAW
(Purex Acid Waste), the majority of the thermal head released during
radicactive decay is asscciated with the short half-life isotopes.

The total amount of heat released decreases rapidly as the quantities
of these short half-life isctopes decrease; hence, the percentage of
heat released by specific isotopes changes over a period of time due to
differences in their half-lives. As an illustration, the isotopes of
strontium snd cesium contribute less than 20 percent of the total heat
liberated by beta decay when the waste is released from the Purex
plant; but after ten years these two isctopes contribute 95 percent

of the heat associated with betas decay. Likewise, the gamma watts
liberated by cesium when the waste is released from the Purex plant

is approximately one percent; however, after ten years' time, practi-
cally all of the thermal watts associated with gamma decay 1s from
cesium. The continuous release of heat over an extended period from
these isotopes requires their separation from the rest of the waste
before solidification can be effected. The separation of strontium
and cesium (assuming 1O-year decay) will allow the remainder of the
wastes to be safely solidified.

If the heat liberated from strontium 89 is considered with the
other short half-life isotopes, strontium 90 and cesium 137 contribute
less than 2 percent of the total beta watts present in Purex Acild
Waste.

B. STRONTIUM

Two isotopes of strontium have to be removed from current wastes
because of the amount of thermal energy released. Strontium-50 has
a half-1ife of twenty-eight years. It 1s a pure beta emitter; its
daughter yttrium-90 emits a 0.2 and 1.7 Mev Gemma. OSee Reference 1.
Since the half-life of the daughter is 64.2 hours, the emission of
these gemmas reaches & maximum and is then in equilibrium with the
parent. Together, strontium-90 and yttrium~-90 produce 6.8 thermal
watts of energy per kilocurie of strontium-90 which is 23.2 BTU/hr
per kilocurie. Strontium-89 has a half-1ife of 50.4 days and produces
3.4 thermal watts or 12 BIU/hr per kilocurie. Since the ratio of
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B. STRONTIUM (Continued)

strontium-89 to strontium-90 is about ten to one in fresh Purex acid
waste, most of the heat liberated from these isotopes is from strontium-89.

After a year of storage, the strontium-89 has decayed to an
insignificant amount with respect to strontium-90; consequently, the
amount of heat liberated by the strontium isctopes is reduced by a
factor of spproximately five. Storage of strontium isotopes 1s
limited by the heat-removing capabilities of the tank cooling system.

Tanks for storage of strontium-89 and -390 mixture separated from
fresh PAW must have coils of sufficient cooling capacity to absorb the
total heat released from both isotopes.

During a campaign to separate a mixture of strontium-89 and -90 from
PAW with the concentrate being stored in Tank 6-1 or 6~2, each day of
processing adds a given guantity of concentrate to the storage tank
resulting in continuously changing amounts of heat liberated from the
mixture. The strontium-90 isotope, with a long half-llfe, continuously
produces a constent amount of heat per unit volume and this rate of
heat release is a function of the quantity of sr90 present. The
heat produced by a unit volume of strontium-89, with a half-life of
50.4 days, varies with time in storage. To calculate the curies or
heat released from strontium-89 solutions sccumulated in the storage
tanks versus time, the following is presented.

The constant A is known as the decay constant. Since the half-1ife
of 8199 is known to be 50.4 days, the value of A can be derived from
the exponentlal law A = Aoe'l in terms of tl/g. See Reference 1.

1n 3= Moy
or
_ 1n2 _ 0.69315 _
A= o - 50k 0.0138
T

Assuming & constant amount of PAW is being processed for strontium

each day, the exponentlal law can be expanded to
(1) A = ae 4 1RR (sr® only)
n+l n

where An is the number of curies in the tank at the beginning of the nth
day, Ape-~ Ah ig the curies remaining from A, due to radioactive decay,
IRLh is the curies added during the nth day, and h is & one~day step in
time. Since there are no curies in the tank at the start of the first
day, Ag = Q.
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Since h = 1, equation (1) can be written as:

_ -
() A,  =hAe” +IR
When the decay of the Sr89 ber day equals the amount added, the system
will be in equilibrium and

Ap = Ap 4+ 1
and
A= Ae "} + IR
or -
A(l-e™") = IR
thus (3) a . IR - IR _ 1R
equilibrium ~ |_,=* l_e-gégzglé -0.013B
. l-e

For the desired tabular results on any day, the number of curies in
the tank for n = l, 2, 3, vesse 1B

Oe”A + IR = IR

Ay =
-A
Ay, = Aje + IR
Az = Aze"A + IR
A . =Ae + IR
n+l n

Equation (3) is a linear, first order difference equation with
constant coefficients, and therefore solved

W a2 [ ]

IR

let Ag = A equilibrium = -—==— then the following can be deduced
€ 1-e”™
~0Ay _
(a) A9 =4, (1-e"") =0
1n2
- 25
(b) Apg = Ag (l-—e [Sﬁ.h] )z Ae (l— _.‘/_';Z) = (.293 Ae
1n2,o
(c) Asg = Ae ( l—e'[50-‘J'50 )= A ((1-.5 )= 1/2 A

(In 50 days one half the equilibrium curies are contained in
the storage tank)
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B. STRONTTUM (Continued)

(d} Ajpg = Ae ( 1-7 ‘508" = a, (1= ) = 3/b Ay

(e) Aysp = 7/8 Be
- 15
(d) Aspg = IE-AE s, ete.

Tables VII-1 through VII-5 and Figures VII-1l through VII-5 are
based on Input rates of strontium-89 between 2x10% and 1x10® curies per
day, the associated amount of strontium~90 being one-tenth the quantity
of the lighter isctope. The calculations are based on a 100-day process
cycle with the isctoplc mixture assumed to bhe constant during the
separation from the other fission products.

The total heat introduced in the storage tank during the first
day of processing is approximately 83 percent from strontium-89 and
about 17 percent from strontium-90. However, at the end of the
processing cycle (the 100th day), strontium-89 contributes approxi-
mately 72 percent of the heat, and 28 percent by strontium-90. This
is apparent by observing Figures VII-1 through VII-5 because the curve
for the BIU/hr liberated by strontium-90 is nearly linear; but
the curve for strontium-89 (half-life of 50.4 days) slowly approaches
equilibrium, i.e., the maximum heat is liberated at a given input
rate.

In actual processing, PAW is accumulated in the 244 AR Vault,
and the strontium-89 concentration is not constant as assumed in
the calculations. In addition, a one-hundred-day processing campaign
may not be attained.. However, this length of time was selected to
show graphically that, over a period of time, the heat ocutput of
the strontium-90 gradually increases while heat from strontium-~89
begins to level off.

Figure VII-6 is a comparison of the total heat evolved versus
time from Figures VII-1 through VII-5.

Figure VII-7 depicts the resultant heat versus time curves after
a campaign is completed and no additional curies of either isotcpe
are added to the tank. The values used in Figure VII-7 were the
maximum BTU/hr obtained at the 100th day from Table VII-5 and Figure
VII-5. However, regardless of mctual velues, the shape of the curve
for the total heat evolved from both isotopes will be the same
provided the ratio of isctopes remains constant.
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Curies
Days sro9
5 9.73x102
10 1.88x100
15 2.73
20 3.52
25 4,26
30 L.95
35 5.59
Lo 6.20
45 6.76
50 7.28
55 TTT
60 8,23
65 8.65
70 9.05
75 9.42
80 9.77
85 1.01x10T
o) 1.04
95 1.07
100 1.09

Input Rate Sr89
Sr0

705

TABLS VII-1

BTU/hr
or

1.07x10%
2.07
3.00
3.87
L, 68
5.45
6.15
6.82
T 43
8.01
8.55
3.05
9.52
9.96
1.04x105
1.07
1.11
1.14
1.17
1.20

L.

2.

;. 10%

IS0-100
ETU/hr BTU/hr
g0 TOTAL
2, 32x103 1. 30x10%
L, 6L 2.53
7.C0 3.70
3.30 L,80
1.16x10% 5.85
1.39 £.85
1.62 T.78
1.86 8.67
2.09 9.52

2,32 1,03x10°
2.55 1.11
2.78 1.18
3,02 1.25
3.25 1.32
3.48 1.38
3.71 1.h44
3.94 1.50
4,18 1.56
L, k1 1.61
Y. 7h 1.67

2.0 x 107 curies/day
0 x curies/day

Calculated Equilibrium Heat Generation Rate

5189 = 1,61 x 107BTU/hr
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TABLE VII-2
Curjes BIU/hr BTU/hr BTU/hr
Days sro? Sro9 Sr TQTAL
5 1.95x10% 2, 1hx104 4, 64x103 2. 60x10™
10 3,76 4,14 9.28 5.07
15 5,46 €.00 1.39x10% 7.39
20 7.04 T.75 1.86 9.60
25 8,52 9.37 2,32 1.17x10°
30 9.90 1.09 2.78 1.36
35 1.12x107 1.23 3.25 1.55
Lo 1.24 1.36 3.71 1.73
45 1.35 1.49 4,18 1.90
50 1.46 1.60 4,65 2.06
55 1.55 1.71 5.00 2,20
60 1.65 1.81 5.46 2.35
65 1.73 1.90 5.93 _ 2.48
TO 1.81 1.99 6.49 2,64
75 1.88 2.07 6.96 2.7T
80 1.95 2,15 7.42 2.89
85 2.02 2.22 7.88 3.01
90 2,08 2.29 8.35 3.12
95 2.14 2.35 8.81 3.23
100 2.19 2.4 9,28 3. 34

Input Rate Sr89 4, 0x10? curies/day
= 4.0x10% curies/day

Calculated Equilibrium Heat CGeneration Rate

sr89 = 3.22 x 105 BTU/hr
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Days

10
15
20
25
30
35
Lo
Ls
50
55
60
65
70
75
80
85
90
95
100

Curées

2.92x106
5.64
8.19
1.06x107
1.28
1.48
1.68
1.86
2,03
2,18
2.33
2.47
2,60
2,72
2.83
2.93
3.03
3.12
3,20
3.28

707

TABLE VII-3

éhr BTU/hr

Sr90

3.21x10% 6. 96x107
6.21 1.39x10
9.01 2.09
1.16x10° 2.78
1.4 347
1.63 L,17
1.85 4,86
2.0k 5.56
2.23 £.25
2.40 6.9k
2.56 T.64
2.71 8.34
2,86 3.03
2.99 9.72
3.11 1.0Ux10?
3,22 1.11
3.33 1,18
3.43 1.25
3.52 1.32
3.61 1.39

Input Rate Sr89 =6 x
=6 x

105 curies/day
curles/day

Calculated Eguilibrium Heat Generatiory Rate

I50-100

BIU/hr
TOTAL

3.91x10
7.61
1.11x107
1.44
1.75
2.05
2.33
2,60
2.85
3.10
3.33
3455
375
3. 96
.11
L.33
h.51
. 68
4,84
5.00

559 = 4,83 x 107 BTU/ar
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TABLE VII-L4
Curies BTU/hr BTU/hr
Days Sre? sro? Sr
5 3.89x106 4. 28x104 9.28x103
10 7.53 8.28 1.86x10%
15 1.09x107T 1.20x107 2.78
20 1.h1 1.55 3.71
25 1.70 1.87 an
30 1.98 2.18 5.57
35 2.24 2.46 6.49
4o 2.48 2.73 T U2
L5 2.70 2.97 8.35
50 2.91 3.20 9.28
55 3.11 3.42 1.02x105
60 3.29 3.62 1.11
65 3.46 3.81 1.21
T0 3.62 3.98 1.30
75 3.77 L.15 1.39
80 3.91 4.30 1.48
85 L, oL L, 4k 1.58
90 4.16 4.sT 1.67
95 4.27 4,70 1.76
100 4.38 4,81 1.85
Input Rate ar89 - 8 x 107 curies/day
sr0 = 8 x 10% curies/day

Calculated Equilibrium Heat Generation Rate

I50=-100

VOOV I R EFWWW DO
1=
=

Sr89 = 6.4k x 10° BTU/hr
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Curjes
BSr 9

k. 87106
9.41
1.36x10T
1.76
2,13
2.48
2.80
3.10
3.38
3,64
3.89
h.o11
4.33
h.53
k.71
4,88
5.05
5.20
5.34
507

Input Rate Sr89
5190

709 I50-100
TABLE VIT-5
BTU/hr BTU/hr BTU/hr
sre9 gr 20 TOTAL
5. 35x10% 1.16x10k 6.51x104
1.03%107 2,30 1.26x10°
1.50 3.50 1.85
1,94 4. 60 2,40
2. 34 5.80 2.92
2.72 7.00 3.42
3.08 8.10 3.89
3.41 9.20 4,33
3,72 1.0hkx102 4.76
L, 00 1.16 5.16
h.27 1.28 5.55
L,52 1.40 5.92
4,76 1.51 6.37
4,98 1.62 6. 60
5.18 1.73 6,91
5.37 1.84 7.21
5.55 1.96 T.51
5.72 2.08 7.80
5.87 2.20 8.07
6.02 2.32 8.33
X 106 curies/day

=1
=1x 107 curies/day

Calculated Bgquilibrium Heat Generation Rate

sr89 - 8.05 x 105 BIU/hr
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C. CESIUM

The only isotope of cesium that is impcrtant to long-term waste
storage is cesium-137. This isotope decays by releasing both beta
particles and gamma rays and has & half-life of 30 years. Cesium-

137 and its short half-life daughter (barium-137 with a half-life
of 2.6 minutes) produce 4.8 thermal watts or 16.4 BTU/hr per kiloecurie.

Cesium salts, being soluble in neutralized high-level wastes,
can be stored in the underground storage tanks during the time when
the waste is boiling because the thermal watts contributed are small
compared to the total heat being released. When the short half-l1ife
isotopes have decayed and cesium becomes the predominant heat
producer in the supernatant, the liquid can be pumped to the 221-B
building and the cesium separated. A water leach will recover most
of the cesium in the sludge. Flowsheets exist for the recovery of
cesium from current wastes and will be used if the demand for cesium
exceeds the supply available from stored wastes.

Cesium-134 must be considered as a thermal heat source if current
wastes are processed for cesium. The half-life is 2.1 years; however,
the quantity of the lighter isotope in current wastes is approximately
5 percent of the amount of cesium~137. Cesium-134 releases a total
of 10.3 thermal watts of energy or 35 BTU/hr per kilocurie during
its decay to the stable barium-134 isotope. In stored wastes, the
heat evolved from cesium-134 decreases to an insignificant amount
after ten years.

D. STORAGE OF STRONTIUM AND CESIUM

Storage of strontium and cesium in the 221-B Canyon tanks in
an aqueous soluticn is considered to be interim storage. Final
storage, permanent storage or semi-permanent storage will be in high-
integrity containers probably designed to allow the isotope to be
removed 1f commercial application can be developed. The encapsulation
of isotopes may be completed within the B-Plant complex or in a separate
building. A prototype packaging system is being developed to demonstirate
loeding of the strontium-90 or cesium-137 on & synthetic alumino-silicate
ion exchanger in a stainless steel container, drying the bed after
500 to 1,000 kilo curies of an isotope have been loaded, and welding
the container. Handling techniques during these operations will comply
with rigid safety requirements. ©Storage of these containers may be in
a water basin for ease of removing the heat liberated. The water
basin technique also provides a means of determining the integrity of
the containers by continuously monltoring the water.

Interim storage of strontium product solutions are in the tanks
listed in Table VII-6. Since the volume of strontium concentrate
added to a storage tanks is small (20 to 40 gallons of concentrate
per 100 flow of IAF), no direct cooling from the coils or tube
bundles can be attained until the solution level is in contact with
the coil or tube bundle. Therefore, tanks which are to receive
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D. STORAGE OF STRONTIUM AND CESIUM (Continued)

strontium concentrate during a processing campaign should contain a
water butt to raise the sclution level so that direct contact is
made with the cooling coil or tube bundle before the strontium
concentrate is added. Depending upon the quantity and concentration
of the solution, the portion of the cooling coll or tube bundle in
contact with the solution must have a greater cooling capacity than
the tcotal heat emitted from the solution.

A typical (hypothetical) solution heating curve and tank cooling
capacity versus tank volume is shown in Figure VII-8. A 250-gallon
water butt in the tank is sufficient to maintain the cooling capacity
of the colls above the heat evolved from the solution. The vertical
drop in the heat output curve is that pericd of time when Purex acid
waste 1s not being processed but is accumulating in tank 001 in the
24l AR Vault. Other campaign cycles for isolation and concentration
of strontium soluticon from PAW will result in curves similar to that
shown. The 1lncrease in heat output of the solution and the length of
each line segment will depend upon the final concentration of the
solution and the length of time of each campalgn cycle.

TABLE VII-6

STRONTIUM CONCENTRATE
STORAGE TANKS

Volume To

Tank Capacity DPesigned Cooling First Coil

Number Gallons Duty BTU/hr Gallons¥*
6-1 5000 1,000,000 250
6-2 5000 1,000,000 250
T=1%% 5000 500,000 350
T2 5000 50G, 000 350
8-1#% 5000 500,000 360
GmoH® 5000 500,000 360

*¥ The volume to the cooling jacket 1s not listed. In scme tanks
the Jjacket is lower than the coil or tube bundle and in some other
tanks is higher.

¥¥ These tanks have cooling Jjackets.

Cesium is removed from stored supernatant waste solutions and
concentrated. Interim storage will be in the tanks listed in Takle
VII-7. Because the half-1life of cesium~-137 is 30 years, the guantity
of the iscotope which can be stored in a given tank will be limited by
the cooling capacity of the tank. The decay of cesium~137 precduces
both beta and gemma radiations totaling 4.8 thermal watts or 16.4 BTU/hr
energy per kilocurie. The cesium produce will be concentrated to 20-30
BIU per hour per gallon before it is transferred to a storage tank.
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D. STORAGE OF STRONTIUM AND CESIUM (Continued)

Requirements for the tank into which the cesium concentrate is
being pumped during a campaign are the same as those for receiving
the etrontium concentrate; that is, a water butt should be provided so
the cooling capacity of the coils (tube bundle) will safely handle
the heat evolved from the stored isotope.

TABLE VII-7
CESIUM CONCENTRATE
STORAGE TANKS
Volume To
Tank Capaclty Designed Cooling First Coll
Number Gallons Duty BIU/hr Gallons¥
1%k 3500 300,000 500
17-1%% 5000 100,000 60

* The volume to the cooling Jacket is not listed. In some tanks
the cooling Jacket is lower than the coil or tube bundle, and in other
tanks it is higher.

** These tanks have cooling Jackets.

E. RADIOLYSIS OF AQUEQUS SOLUTIONS

Agueous solutions undergo numerous changes when radioactive
materials are present in the solutions. Some of the mechenisms
involved are: ionization, transfer of electronic excitation from
one molecule to another, electron capture, dissociation of excited
vibrational states, neutralization, formation of excited electronic
states, and unpredictable reactions.

Hydrogen gas evolution from aquecus solutions has been observed
in Purex process vessels, in the 244 CR vault and in B-Plant process
vessels at rates up to 1.2 cubic centimeters per watt-hour. Sce
Reference 3. Since the lower explosive limit of hydrogen gas in air
is four volume percent, an upper hydrogen gas concentration of two
volume percent is specified for operationsal control purposes. Where
nermal vessel air in-leskage cannot be guaranteed to dilute evolved
hydrogen to less than three volume percent, a minimum air dilution
rate of 2.06 x 10-3 cubic feet per watt~hour should be provided by
direct air dilution. Table VII-8 presents the minimum air dilution
rates required per kilo-curie for the various fissicn products.

Referring to Teble VII-5 and Figure VII-5, the purge air
requirements for a strontium=-89 and -90 mixture will be nine standard
cubic feet per minute (SCFM). The purge alr requirements for cesium
solution in storage (maximum) is ten SCFM.
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E. RADIOLYSIS OF AQUEQCUS SOLUTIONS (Continued)

TABLE VII-8

AIR DILUTION REQUIREMENT FCR VARIOUS FISSION PRODUCTS

Air Dilution Requirement

Fission Product SCF of Air/hr/KCi
589 0.007
sr0 0.013
Zr o b I? 0.010
Rul€3 0.007
Rul106 0.020
celltl 0.003
Celll 0.017

yol 0.007
CS137 0.010
Pul47 0.0008

F. FUTURE ISOTOPE SEPARATION

Table VII-9 lists various isotopes which are or may be separated and
packaged in the future. The separations technology of these isotopes
has been developed except for rhodium, paslladium and antimony. The tech-
nology for those is being developed. The symbols used in Table VII-9 are:

a alpha particle 8+ positron
B- teta particle ¥ gemma ray

Energies listed after a symbol are presented in decreasing order of
abundance. Energies of the radiations are in millions of electron voltis.
The symbols used for the half-lives are 4 = days and y = years.

TABLE VII-9
Symbol and
Isotope Isctopic Weight Half-Life Decay Mode Energies

Strontium 5r89 50.4a B-1.46
Strontium ardC 28 y B~ 0.54
Technetium TeI9 2.1 x 107y  B-0.29
Rhod ium* Rh102 2104 B~1.15;8+1.28; y 0.475
Palladium¥ pq 107 7x100y 8- 0.035
Antimony* spled 2.7y B-0.30, 0.12, 0.62

y 0.035, 0.67, 0.46
Cesium cel3T 30y B-0.51, 1.18
Cerium Celbh 2853 8-0.32, 0.19; vy 0.133
Promethium P17 2.62y B~ 0.225
Neptunium Np237 2.20x106y o L.78, 4.76

Y 0.087, 0.019, 0.030
Americium AmPHL 458y @ 5.58, 5.43; Y 0.060
Plutonium Pu=39 o hlx10™y ¢ 5.15, 5.13, 5.10

Y 0.053, 0.013

*Separations technology being developed.
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G. AFPENDIX

Difference Equations

The fundamental problem in the theory of difference equations
is in many ways similar to the theory of differential equations
with the exception that the mathematical object sought here is a
sequence rather than a function. A seguence 's' is defined by
associating with every member 'n' of a set of integers, a (real)
number 'Sp’.

Two examples are presented to give an intuitive feel for difference
egquations.

Example 1
Consider the differential equation
(1) y'=2x
with the condition that y = 0 when x = 0, Integrating we have
(2) y=fyax = faxax =x2+cC

where C is the constant of integretion. From the condition
the constant C is equal to zerc in eguation 2, the sclution
to the differential equation 1 1is

(3) y = x?

The graph for thls solutlon is

i | | ]
-2 -1 1 2
Figure 1

The sequence
(4) ¥n = n? n=-2,-1,0,1,2,...

corresponds to the function y = x2, and the difference equatlon which
corresponds to y' = 2x is
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G. APPENDIX (Continued)

fl

(5) ¥n - yn-1 = n2 - (n-1)? = 2n-1 n=-2,-1,0,1,2,,

with the condition Yo = O. From the above construction, it is clear
that the sequence (2) is the solution to the difference equation (3).

The usuel problem is to find the sclution sejuence when the difference
eguation is given. The procedure is analogous to solving differential
egquations.

Revwriting equation (5)

(6) Yy - ¥p-1 = 2n-1  yo =0

First the homogenecus equation is solved

(7) ¥n = ¥p-1 =0

Clearly, YE = C (constant) is a solution to equation (7) since C = C = O.

The particular solution is solved by trial and error in which the following
form is tried

(8) yﬁ = an? + bn

substituting equation (8) intc (6)

¥y - ¥p_3 = an® + bn - [a(n-1}? + b(n-1)]

= an? + bn - an? + %2an - a - bn + b = 2n-1

or
2an - a + b = 2n-1

therefore 2an = 2n  which implies a =1

and -a+b=-1 sob =0

thus yP = n?

The genersl scluticn is the sum

h
Yo =V, tE

n

or
C -+ n2

“n
From the condition Y, = O, the constant C is equal to zero.
Thus Y. =n
is the solution to eguation (6).
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Example 2
The difference equation
= -A -
{1} Ah+1 = Ane + IR . Ao =0 , n=o,1,2, ...

describes the curies of material in & waste tank with the assumptions:
(a) The tank is initially empty (Ao = O),
(b} Constant input rate IR (curies/day), and
(c) The isotope half-1ife, expressed in days, is 1n 2/,

Here n denotes the n¥fl_ day of the filling, and A, is the number of
curies in the tank on the ntR day.

Rewriting equation (1)

with the inltial condition &g = O.

The homogenecus equation is solved first

(3) -\ _
An+l - Ane =90

A flrst triel soluticon could be

(L) yﬁ = ge B4 where yh is the homogeneous solution

Substituting (4) into (3)

(5) n b e_l = Ce'(n+1)A -

enkeuk -
yn+l yn

C 0

Thus

y2 is a solution for (3)

For a particular solution (YP) to (3),the following can be tried

(6) o = 8
(1) Yﬁ = g} + &pn , etc.

Trying (6) as a particular solution to (2) results in
P -} 2
yp+1 - Y¥,e = IR

n

a; - aje = IR
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al(l—e*A) = IR
a] = IR
1-e”
Thus
(8) P = LB __
n -\
l-e

which is the particular solution to (2)

Then

h -ni IR
(9) Y=yt yh = Ce 4~
l-e

is a general solution. Using the initial condition of Yo = 0 to
evaluate C

-0
yg =0 = Ce Ay _—£§T_
l-e
or
.
l-e
Thus
IR -ni
(9) y, = ——— ( 1- )
n -X
l-e

is the general solution.

If equation (7) had been substituted as a trial solution, the
value of a would be equal to zero and the substitution would reduce
to equation (6).

The equation A = ——— l—e-nl)

describes the conditions for the total heat evolved by Sr89 during a cam-
paign cycle.

For = more complete presentation, refer to reference L,
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PART V: PLANT AND EQUIPMENT

CHAPTER IX
GENERAL DESCRIPTION OF WASTE MANAGEMENT FACTLITIES

This chaepter presents & geperal architectural and functional descrip-
tion of those facilities associated with the Waste Management Program.
More detailed discussions of equipment, equipment arrangement, flow-
sheets, and procedures are found elsewhere in this manual.

A. GENERAL TAYOUT OF PLANT

1. Layout of Production Areas

As originally designed, the Hanford Reservation production areas
were constructed as essentially independent, self-contaiped units of
the entire production complex. The geographically widely-separated areas
vere selected to ensure continuity of production in other facilities if
cne should underge damage or serious contamination spread. A site plan
of the Hanford Reservation is shown in Figure IX-1.

Production units of the complex are located in three general cperating
areas known as the 100, 200, and 300 Arees. The 300 Area contains a
technical library, laboratories, the Plutonium Recycle Test Reactor
(PRTR), and other facilities administered by Battelle Memorial Institute,
Pacific Northwest laboratory. Also located in the 300 Area are faciii-
ties for the preparation of the uranium fuel elements used in the 100
Area reactors. Douglas United Nuclear operates the fuel preparation
facilities.

The 100 Areas, operated for the AEC by Douglas United Nuclear, contain
the plutonium production reactors and are situated adjacent to the
Columbia River. This location was selected to ensure the availability
of an adequate and continuing supply of c¢ooling water to the reactors.
The 100 Areas also supply water to the 200 Areas.

A total of pine production reactors has been built. These reactors are
called 100-B, 100-C, 100-D, 100-DR, 100-F, 100-H, 100-KE, 100-KW, and
100-N. Technologicel improvements and improved opermating efficiencies
have permitted the deactivation of 100-D, 100-DR, 100-H, and 100-F.

After being irradiated in a reactor the uranium fuel elements or “slugs”
are discharged from the remctor and stored in & cooling basin to sllow
short-lived radicactive isotopes to decay. Following the cooling pericd,
the irradiated fuel elements are transported to the 200 Areas in rail-
road "cask cars” where uranium, plutonium, neptunium, and selected fission
products are isclated and purified.

UNCLASSIFIED




UNCLASSIFIED

/5 MILES TG VANTREE

Y OVERNITR !
ToiL BRIDRE
PRIEST_RAPIDS DAM e -
- - _@_l 53]
8 1
FAKIMA BARRICADE | =
-
L+
s
| RinsoLE
¥ BARRIEADE \
I
o — - 0 3
FRGSSER BARRICALE
o 300 AREA
o R pl ANL ———fe
FARRICADE \ 1 ‘,, .
< |
- AN . L
= NORTH 1H
> RICHL AN H
" L ADE
-
B
1: Hvonr
e WEST RICHLAND
N i .
o jina
N THHE

Nk [Raaannnr ! /

‘ Rive, 1 0
K]M"‘ £ n
A BENTCON L 5o
0 Iy b } I ARPORT
N
BRANDVIEW

PROSSER

-7 Ml

KIONA

906

ELTOPIA

150-100

LESEND
ROAGS
RAILROADS
(B) HANFORD WORKS ROAD NUMBER
@ U.S. HIGHWAY NUMBER
STATE HIGHWAY NUMBER
===x=== GRAVEL ROADS

SCALE IN MILES
1 ] | 2 3 4 5 &

FIGURE IX-1

Map of the Hanford Reservation

UNCLASSIFIED




UNCLASSIFILD 907
2. 200 Aress

IS0=100

The chemical processing plants, waste management facilities, and
various associated support crganizations are located in the 200 Areas.
The three 200 Areas, which are situated on a plateau south of the
reactor sites, are: 200 East, 200 West, and 200 North.

The 20C North Ares, which at present is not being used, contains lag
storage Tfacilities for irradiated fuel elements prior to thelr proces-
sing in the 200 East or 200 West chemicel separations plants. In addi-
tion to the three storage basins located in the 200 North Area, there
are three eribs, 216-N-3, 5, and 7, which are presently inactive but
may be rezctivated if the need should arise.

Facilities loczted in the 200 West Area are shown in Tgble I -1 and
Tacilities located in the 200 East Ares are shown in Teble IX-2,

Pilot plans of the 200 Areas are shown in Figures IX-2 and IX-3.

TABLE IX-1
200 WEST AREA FACILITIES
Bldg, Neo. Name and Purpose
202-8 Redox Plant for solvent extraction processing of uranium and plutonium.
222-8 Analytical, research, and development laboratories,

2211——:}{ Redox tank farms for underground storage of high level liquid waste.
221-T Canyon buiiding used for BiPQOy4 proceas, Presently used for equip-
ment decontamination by Special Services Sub~Section,

27-T Service building for 221-T, and offices used by Facilities Engineering
Section,

224-T Concentration building for BiPQ, process, Unused at present,

222-T Offices for Personnel Protection Qperation.

24j-T

241-TX Tank farms for the underground storage of high level waste.

241-TY

242-T Waste Evaporator.

221-U Canyon building containing soivent exfraction equiprment used for the
Uranium Recovery Program, Presently not being used,

271-U Service building for 221-T, and offices of Document Classification
and Custody Operation and Nuclear Materials Sub-Section,

222.1T Laboratory building being nsed by Battelle-Northwest Lahoratories.

224-U Uranium Oxide conversion plant,

241-UJ Tank farm for the underground storage of high level waste,

23]-W Plutonium laboratory of Batielle-Northwest Laboratories,

234-5 Plant and laboratory for the conversion and fabrication of plutonium.

242-7Z Plutonium Reclamation facility.

282-W Water reservoir.

283-W Water treatment facility.

284-W West area steam plant,

272-W Machine shops.

22:,1_'_1'5‘,{ Mock-up shops .

?;?%";‘_g Office buildings.

2708-W Mail and duplicating offices.

2719-WA First Aid.

THCLASSIFIED
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TABLE IX-2
200 EAST AREA FACILITIES
Bldg. No. Name and Purpose
202-A Purex plant for solvent extraction processing of uranium and plutonium,
241-A Purex tank farms for underground storage of high level liquid waste.
241-AX
244-AR Vault facility for the handling and transfer of current and stored wastes,
221-B B-Plant canyoen building used for fractionization of wastes,
271-B Service and office building for 221-B,
222-B Offices used by plant Accounting operation.
224-B Concentration building for BiPQq4 process, Unused at present,
241-B Tank farms for the underground storage of high level waste and
241-BX In-Tank Solidification units 1 and 2, (ITS-1and ITS-2)
241-BY
200-C Hot semiworks used to purify strontium and rare earth fractions,
and develop flowsheets used in B-Plant,
241-C Tank farm for underground storage of high level liquid waste.
801-C Cesium lead-out facility used to lead cesium into a shipping cask for
off- site shipments.
200-E Critical Mass Laboratory of Battelle-Northwast Laboratories.
275-EA Essential Materials warehouse,
272-E Maintenance shops and offices.
274-F
282-E Water reservoir and treatment facility,
283-E
284-F Steam plant,
2101-M Graphite building houses certain Atlantic Richfield Hanford Company
offices as well as ITT/FS8 Flectrical Utility Section,
2704-F Administrative offices,
2713-E Personnel accounting and security offices,
3718-E First Aid.
3. Waste Management Facilities

3.1 B-Flant Area

The waste fractionizaticn plant, B-Plant, is located in the
northwestern quadrant of the 200 East Area., The name and function of
the various installations within the B-Plant area are given in Table
I¥-3. A more detailed description of B-Plant is given in Section B
of this chapter.

3.2 Waste Tank Farms

The term "waste tank farm" or "tank farm" is used to identify
a cluster of large underground steel-lined concrete tanks. Neutralized
high level radicactive vwastes containing virtually all of the chemical
salts and radioazctive fission products passing through the chemical
separgtions plants are stored in these tanks. If heat from readicactive
decay is sufficiently high, sclutions in the tank will boil and the
tanks must be equipped with vapor handling facilities. These tanks are
called beiling tanks, and the farm in which they are located is called
a boiling tank farm. 3Shielding from radiation in the tanks is provided
by the several feei of earth covering the tanks.
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Plot Plan of 200 West Area
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TABLE IX-3
FACILITIES LOCATED IN B-PLANT AREA
Installation Name Function
221-B Procesasing Building a. Separation, concentration,
(Canyon Bldg.) purification, and storage

of selected FP's,

b, Waste Handling

¢. Solvent Recovery

271-B Service Building a. OQffices

b, Aqueous makenp of process
chemiczls.

¢, Instrument maintenance
shops,

d. Cold side ventilation
equipment,

211-B Chemical Tank Farm Bulk storage of liquid
chemicals,

217-B Demineralizer Demineralizer for process
waler,

276-B Organic Makeup Storage and makeup of fresh
organic,

201-B Fan House, Exhaust Ventilation and vessel vent
filters, filter instrumen- exhaust fans for process
tation building, and exhaust building. Emergency steam
stack, turbine fan.

202-B Stack Sample Building Sampling equipment for
sampling process stack
effinenis,

282-B Emergency Raw Water Emergency raw water well

Pump and pump to supply cooling
water to process equipment,

222-B Accounting Offices Offices for plant accounting
operation,

224-B Concentration Building Process cells unused at
present.

2002-B Elevated Water Tank Emergency supply of sani-
tary water,

241-BX-154 Diversion Box Route waste and other streams

241-ER-151 Diversion Box to and from 221-B,

241-B-154 Diversion Box

216-B-2 Crib Cooling water and chemical
sewer.

216-B-3 Crib Cooling water and chemical
sewer,

216-B-12 Crib 221-B process condensate,

216-B-13 Crib 291-B process stack drain,

216-B-5% Crib 22]1-B steam condensate.

216-B-56 Organic Crib 221-B organic waste.

designated by the number 241 suffixed by the letter
designation of the separaticon plant they are built tc serve. For
example, 241-4 is the tank farm for the Purex or A plant, while 24i.T
is the tank farm bullt to serve the bpismuth phosphste process in 221-T.
When replescement tank farms are required, they are designated with an
X or a ¥ such as 2k1-A¥, 241-TX, or 2b1-TY. Common usage generally
omits the pumerical 241 designation and the tank farms are referred to
as A Farm, AX Farm, TX Farm, etec.

Tank farms are
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There is 2 total of 12 tank farms located in the Chemical Processing
Depertment's 200 East and 200 West areas containing a total of 19
waste storage tanks. Teble IX-k lists the tank farms, their location,
the number of tanks in each farm, and a very general description of
the wastes stored in the fayrm, The tank farms are discussed in more
deteil in Section C of this chapter.

TABLE IX-4
HIGH LEVEIL WASTE TANK FARMS
(See Figures IX-2 and IX-3 for location)

Tank Farm  Location No. of Tanks Description of Waste
241-A 200-E 6 Boiling Purex waste
241-AX 200-E 4 Boiling Purex waste
241-S 200-W 12 Non-boiling Redox waste
24]1-5X 200-W 15 Boiling Redox waste
241-C 200-E 12 Non-boiling coating and

miscellaneous waste
241-B 200-E 12 Non-boiling coating, TBP,
and miscellaneous waste
241 -BX 200-E 12 Non-boiling coating, TBP,
and miscellaneous waste
241 -BY 200-E 12 Non-boiling coating, TBP,
and miscellaneous waste
241 -T 200-W 12 Non-boiling coating and
miscellaneous waste
241 -TX 200-W i8 Non-boiling Redox and
miscellaneous waste
241-TY 200-W 6 Non-boiling miscellaneous
waste
241-U 200-W 12 Non-boiling coating and

Redox waste

3.3 2L4-AR Veult Area

The 2LL-AR Vault Area is located approximately 200 feet due
west of the 2L1-A Tenk Ferm (see Fig. IX-3). The facility will pro-
vide weste acidification and transfer cepebility between the Purex
Flant, 241-A and AX Tank Farms, and 221-B Waste Fractionization Plant.
A more detailed description of the 2LL-AR Vault is given in Section D

of this chapter,.
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B. B-PLANT

—i——

1. Architectural Description

The Waste Fractionization Plant (221-B) is a multi-storied,
predominantly reinforced concrete structure, approximetely 850 feet
in length, 68 feet wide, and 72 feet in height. The building is
divided into two major sections: 1) the processing portion which in~
cludes the canyon craneway; and 2) the service and operating portion
vhich includes the operating, pipe., and electricsl galleries. The
canyon cells contain the vessels and associated equipment in which
all radicactive soluticons entering the plant are processed. The radio-
active or "hot" facilities are separated from the service area by
massive concrete shielding. Operation of the equipment within the
canyon cells Is accomplished remotely from the operating gellery. Re-
placement or maintenance of "hot" equipment requires the use of the
remotely operated canyon crane. Remote opermticon is discussed fur-
ther in Chapter XII. Figures IX-4 and IX-5 illustrate a typical
¢ross section of the building.
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FIGURE IX-4

Cross Section of 221-B and 271 -B Buildings
(Based on H-2-33099)
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FIGURE IX-5
221-B Canyon Building
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2. Canyon
2.1 Process Cells

The canyon consists of 4O equipment cells arranged in a single
row running the length of the building. The standard canyon cell is
17 feet 8 inches long, 13 feet wide, and 22 feet high. Each cell is
separated from its adjacent cell by a seven-foot thick concrete wall.
The cells sre eguipped with specially designed six~foot thick concrete
cover blocks. These cover blocks are designed to prevent the escape
of sirborne radioasctive contaminstion from the cells to the canyon
deck, as well as to provide shielding of the high intensity radiastion
emanating from the process equipment.

All lines which service the cells are buried in concrete and terminate
in 2 row of "connector nozzles" on the cell walls nine feet below can-
yon deck level. The elevation of the canyon deck is 711l feet 6 inches,
the cell nozzles are 702 feet 6 inches; and the pipe trench nozzles are
704 feet 2 inches. Equipment is placed on the cell floor and held in
vosition by guldes built into the cell, thus establishing a standard
relationship between the wall connector nozzles and the vessels. This
arrangement makes possible the prefabrication of replacement vessels,
Sjumpers, end other equipment for eany given loecation in the cell. The
equipment locations and functions carried out in the various cells are
shown elsewhere in this manual.

2.2 Pipe Trench

Also located in the canyon end running parallel to the process
cells is the pipe trench. A large part of the piping through which
inter-cell sclution transfers sre made is located in the pipe trench.
The pipe trench is approximately 8 feet wide, 6 feet deep, and runs
from Cell 5 through Cell 40. Lines from the cells pass through the
concrete and terminate in connector nozzles in the trench. As in the
cells, the piping is in prefabricated sections sttached to the nozzles
with connector heads. Al] pipes in the trench are sloped to permit
proper drainage. The trench is eccessible for remote maintenance via
removable conerete cover blocks. Moisture, which may enter the trench
from the canyon deck or from piping leaks in the trench itself, is
collected in sumps which drain to adjacent process cells. The process
cells in turn drain to Cell 10.

2.3 Air Tunnel

Iocated below the pipe trench 1is the ventilation air tummel.
Both process cell and vessel ventilating air leave the 221-B Building
via this tunnel. The air tunnel measures 10-1/2 feet by 10-1/2 feet
and extends from Cell 40 through Cell 5. From the 221-B Building the
ventilation air is passed through either the high efficiency filter,
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291-B, or the sand filter, 291, then through the exhaust fans. The
exheust fans discharge the ventilaticn asir to the base of the 200-foot
process stack.

3. Galleries

The electrical pipe, operating, and crane cab galleries are
located at progressively higher levels on the north side of the 221-B
Building. The gelleries are approximately 1l feet wide and run the
length of the building. The electrical, pipe, and operating gaeller-
ies are isolated from the processing portion of the building by
concrete shielding and are provided with an independent air supply.
These areas are considered "cold side” zones. The cranc cab gallery
is cpen tc the canyon and is therefore 2 regulated or "hot side” zone.

3.1 Crane Cab Gallery

A TS5-ton electrically operated cverhead rallway crane is used
for remote handling of equipment in the canyon portion cf the building.
This crane is provided with a shielded cab which operates behind a five-
foot thick parapet wall, thus providing shielding sgainst radiation.
The area between the parspet wall and the outer structural wall of the
building is known as the "Crane Cab Gallery"” or "Craneway”. The Crane
Cab Gallery cen be seen in Figures IX-U and IX-5. A description of the
crane is given in Chapter XIT.

3.2 Qperating Gallery

Most of the contrcls, instruments, and data recorders for the
cell equipment are located in the operating gallery. Arranged along the
length of the operating gallery is a series of panel boards from which
control and instrument lines runm to the equipment in the cells. Chemi-
cal addition "Scale Tanks' are provided at points along the operating
gellery with inlet connections to appropriate chemical headers. The
chemical maskeups are weighed in the scale tanks and are either pumped
or gravity-fed to the process vessels located in the canyon.

3.3 Pipe Gallery

The pipe gallery provides space for the non~radiocactive piping
which serves the in-cell equipment. As remote majntenance is not re-~
quired in this area all connections are cof the normal type. Chemical
headers, electrical and steam distribution lines are alsc lacated in
the pipe gallery.

3.4 Electrical Gallery

The electrical gallery 1s located in the lowest level of the
building. The gallery floor is st the same elevation as the process
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cell floor. The main electrical lines and electrical distribution
centers are located in the electrical gallery. The main steam line
entering the building is also located in this gallery.

L, 271~B Service Building

The 271-B Building is & four-story concrete structure spproxi-
mately 160 feet, long and 48 feet wide attached to the north or gallery
side of the 221-B Building. The relationship of 221-B, 271-B, and
other buildings in the B-Plant area is shown in Figure IX-6. A cross
section of the 271~B Building is shown in Figure IX-5.

The basement floor or the building contains the maintenence and instru-
ment shops, foremen offices, alr compressors for building instrument
and process air supply, filters for the building ventilation air supply,
and electrical distribution panels for 271-B.

The second floor contains administrative and supervisory offices,

lunch room facilities, and the dispatcher's office, The communica-
tions facilities, which are used for controlling the movement of
material and personnel in the building, are lccated in the dispatch-
er's office. All magnetically locked doors giving access to the

canyon area are controlled from the dispatcher's office.

The third floor contains the bulk of the chemical makeup head tanks

and is referred to as the Aqueous Makeup area or AMU. Office space
and additional dry chemical storage are also found on this flcor.

5. Building Ventilation

The 271-B and 221-B Bulldings contain five separate and distinct
ventilation systems. One system ventilates the 271-B Service Building;
one system ventiletes the opersting portion of the 221-B Building; a
third system supplies ventilation to the process equipment areas of
221-B, while the final two systems ventilate the process vessels them-
selves. This section describes the building ventilation systems. The
vessel vent system is described in the following section. All systems
are designed to ensure the flow of air eway from the operating and
service areas toward the processing areas.

5.1 271-B Ventilation

The 271-B ventilation system is designed around a 59,000 cim
Buffalc Supply Unit. Fresh air is drawn intoc the buillding through a
vertical duct near the rcof. The sir passes down through a2 dry filter,
then flows successively through & preheater, a wet filter, and a re-
heater. The filtered ailr is fed through supply ducts to the various
offices, shops, and corridors in the building. From 271-B a portion
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of the air is discharged to atmosphere through blower fans on each
level. The remaining flow is into the operating, pipe, znd electrical
galleries in 221-B.

5.2 221-B Operating Area Ventilaticn

Ventilation of the operating areas in 221-B is accomplished by
feeding fresh, dust-free air from 10 air filtering end heating units
distributed along the operating gallery. Each of these units has &
capacity of approximately 4500 ecfm. This air is joined in the opera-
ting gallery by that flowing in from 271-B, and passes through gratlngs
in the floor to the pipe gallery. Air is exhausted to atmosphere from
the pipe gallery through nine exhaust fans distributed along its length.
The discharge from the electrical gallery is by three exhaust fans.

5.3  221-B Processing Area Ventilation

The ventilaticn of the process areas is accomplished by feeding
fresh, dust-free air from 10 separate 4500 cfm filtering and heating
units toc varicus points along the craneway. The air flows cover the
craneway parapet wall and down to the canyon deck. It is then drawn
through calibrated openings around the cover blocks into the pipe trench
and process cells. From the process cells and pipe trench 2ir is pulled
into the air tunnel through openings in each cell and each section of
the pipe trench. As originally constructed, the process cells were
connected to the air tunnel by one 10-inch duct in each cell. To pre-
vent significant escape of airborne contamination from an open cell,

12 new lb-inch ventilation openings were provided from each cell. The

new ventilation openings, totaling 12 square feet cross sectional ares,
provides an air flow rate of 37,500 cfm (160 fpm) through an cpen cell.
Total eir [{low through the canyon is 37,500 c¢fm with all cell blecks in
place and 75.000 cfm with a cell open.

Exheust air from the process zrees passes through the air tumnel to the
201-B exhaust filter. From the filter the eir is discharged via the
exhzust Tans to the 2C00-foot process stzck. A ventilation diagram of
the service, operating, and process zreas is shown in Figure TX-7.

5.4 291-B kxhaust Filter

The 291-B Exhaust filter encleosure is 2z buried concrete structure
approximately 51 feet in length, 32 feet wide, and 22 feet high. The
existing structure contains two filter cells; the one in use and a spare
cell. A cell contains four panels cf 40, two feet by two feet absclute
(CWs) Tilters arranged such that the air must pass through twe banks of
filters before being discharged. In addition to the two banks of absolute
filters., & prefilter is located just upstream from the first filter bank.
The prefilter consists of one hundred five Varicel-90 filters 20 x 25 x 6
fronted by a glass fiber pad called e Renu Filter*. The prefilters are

* Varicel znd Renu are trade names of the American

Air Filter Ccmpany, Louisville, Kentucky. UNCLASSIFTED
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Ventilation Diagram
B-Plant Processing and Service Areas

arrenged in three penels. The lower panel which is 1l units wide and Tfive
units high is stationary. The two upper panels which sre Tive units high
and five units wide may be lowered in front cf the lower penel. similar

to a window saspk, removing the upper prefilters from the air stream. The
prefiiters will be lowered when the pressure drop across it becones ex-
cesgive. The Ixhaust Filter enclosure is designed to permit the isoletion
of cells containing plugged or ruptured Tilters snd the sctivaticn cf the
next cell through the use of water sesls. Additional cells may be con-
styucted ss needed. Ar isometric view of the Exhaust filter is shown in
Figure %€, Lowever, ithe prefiliers have nct been included in the drawing.

5.5 291-B Send Filter

The 2Gi-B Sand Filter was constructed for use in conjunction with
the oceration ¢f the BiPO, process in 221-B. It is designed Tor u
dreft eir Flow through & multi-layered filter media orf greded sand and
gravel. The oburied concrete filter housing has been left intact and in
the event of = sudden cr unexpected failure ol the absoclute filters, the
sand Tilter mey ke reactivated through the use of water seals; however,
air Tlow from 221-B would be reduced %o svproximately 37,500 eim. More
compiete deteils of the sand filter mey be found in Drewings H-2-1377.
H-2-1379 and E-2-1477.
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FIGURE 1X-8
291-B Exhaust Filter

5.6 201-B Exhaust Fans and Process Stack

The ventilation air from the 221-B is exhausted through a buried
duct by fans located in the 291-B area. Two direct drive centrifugsl
fans, each rated at 37,500 scim are used for the exhaust system. Each
fan is equipped with a radial inlet damper which is used to control the
air flcw toc the fan. The fans are driven by 100 HP, 440 V electric
motors and are operated at 1175 rpm. A steam-driven ran, which alsc
has & capacity of 37,500 sefm, serves as an emergency standby in the
event of a power or mechanical fasilure of the electric fans. A vacuum
contrcl on the inlet duct automaticelly starts the steam turbine should
the vacuum within the duct drop below 0.2 inch of water.

The ventilation air is discharged to the atmosphere from the top of &
200-foot reinforced concrete stack located adjacent to the fans. The
stack is lined with a 5-foot ID acid-proof brick liner. Drainage in
the stack is collected in a stainless steel sump pan at the base of
the stack, and routed to a crib.
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6. B-Plant Vessel Vent Systems

The B-Plant vessel vent equipment is locested in Cell 22 and con-
sists of two separaste systems. The first system (Vessel Vent No. 1) is
designed to vent and filter the gases from those process vessels which
do not contain emmonia via Vent Header No. 22. The second sysiem (Ves-
sel Vent No. 2) is designed to vent, scrub, and filter gases Irom pro-
cess vessels in which ammonia is present via Vent Header No. 146, A
schematic of the Vessel Vent Headers is shown in Figure IX-9. Figure
IX-10 is a schematic of the equipment in Cell 22.

6.1 Vesgel Vent System No. 1

The vessel vent equipment for the No. 1 system is composed of
a steam heater (E-22-3), a high efficiency filter assembly (F-22-5), a
steam or air-operated jet (J-22-L), a condemser (E-22-4), a condensate
receiving tank (TK-22-1), and a recycle drain pump (PA-22-1). Vent air
Trom the process vessels enters the heater via Header 22 where it is
heated above its saturation temperature before entering the Tiiter
assembly. In the filter assembly the dry geses are Ffiltered through two
banks of high efficiency - absolute type (CWS) filters, then pass to the
1200 efm jet which discharges to the condenser., Condensible vapors are
removed from the gas stream and the non-condensibles are discharged to
the a2ir tunnel. The condensed vapor drains into the condensate receiving
tank where it is used as recirculating fluid for the Vessel Vent No. 2
ammonia scrubber tower. Excess condensete is pumped to the 216-B-12 crib.

6.2 Vessel Vent System No. 2 (Ammonia present)

The vessel vent equipment for the No. 2 system is composed of
an smmonia scrubber tower (T-22-2), a condensate receiving tank (TK-
22-1), a recirculating-drain pump (PA-22-1), a steam heater (E-22-7),
a prefilter (F-22-6), three high efficiency filter assemblies (F-22-
8-1, F-22-8-2, and F-22-9), and a steam or air operated jet (J-22-9).
The condensate receiving tank and recirculating-drain pump are common
to both vent systems. Contaminated gases from ammonia process vessels
enter the ammonia scrubber tower via Header 146, The ammonium carbonate
absorber tower in Cell 21 is alsc vented to the ammonia scrubber tower.
Ammonia is scrubbed from the vent gases with condensste from the conden-
sate receiver tank. Gases from the armonla scrubber tower pass through
the heater which raises the temperature of the gas above its saturation
temperature and enters the prefilter. The prefilter, a mulii-layered
fiber glass filter, removes ccarse particles from the ges prior to
passage through the high efficiency filters. Two stages of double-
banked high efficiency - absolute type (CWS) filters are used to assure
adequate removal of radionuclide particles from the gas. The first stage
high efficiency filter, located in Cell 22, consists of two double CWS
filters connected in parzllel. The second stage high efficiency filter
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is located in a pit behind the 221-B Building adjacent to Cell 22 and
consists cof one double CWS filter. From the filters the gases pass
through 2 125 cfm jet alse located in the pit behind the 221-B Building.
The jet discharges to the 24-inch sewer going to the retention basins.

T Chemical Tank Farm 211-B

The Chemical Tank Farm 211-B is located north of the 271-B Build-
ing and contains bulk storage facilities for many chemicals used in the
Waste Fractionizaticn processes. Also conteined in this area is the
Demineralizer Facility for process water (217-B). A piot plan of the
chemical storage area is illustrated in Figure IX-1li Teb e IX-5 lists
the chemicsl storage tanks by number, capacity, use, rervic. pump num-
ber, and tanks znd headers served directly by the tanx.

TABLE IX-5
CHEMICAL STORAGE TANKS IN 211-B CHEMICAL TANK FARM

Tank Volume Chemical Pump Headers and Tanks Served
SA-101 8, 000 psa.s 309 Header, Tanks H302, H303,
SA-102 8,000 57% Nitric Acid baa.o  H304, H309, H318, H319, H321,
SA-103 8. 000 and H501
SF-120 8, 000 .

SF-121 8,000 0% Hydroxyacetic  PSE-3  mopy 02

SF-122 8,000 ¢ -

ST-131 8, 000

ST-132 8,000 41% HEDTA ﬁg%ig Tank H503

ST-133 8, 000 -

5Q-141 18,000 217 Bldg., 310-311 Header,
SQ-142 18,000 50% NaOH PSQ-8  Tanks H102, H301, TK301-1,
$Q-143 18,000 H302, H303, H304, H305, H310,

H311, TK402-1

Ammonium Carbonate PSN-7

MNB-173 18,000 173 Header

{Make-up Tank) PSN-~TA
SE-125 8, 000
SE¥-126 8,000 40% NTA PSE-19  Tanks H315 and H316. (SE-128
SE-127 8,000 PCE-10 is unlagged and used only as
SE-128 8, 000 reserve. )
SD-111 18,000 Demineralized Water PSD-18 111 Header
SN-172 12,200 Anhydrous Ammonia -- MNB-173, 172 Header
S5B-191 24 Ton Carbon Dioxide -- MNB-173, 191 Header
S0-151 20,000 n-paraffin hydro-

SO-152 11,500 carbon P30-22  MO-1i54

SK-161 11,500 Spare
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FIGURE IX-9
Vessel Vent Systems
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FIGURE IX-10
Cell 22 Vessel Vent Equipment
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