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INTRODUCTION

The high level alkaline waste generated at SRP is separated and
stored as solid and liquid fractions in underground tanks. In

the proposed flowsheet for the Defense Waste Processing Facility
(DWPF) , the solid fraction (sludge) will be sent to a glass melter
for fixation in a borosilicate glass matrix (DWPF - Stage I). The
liguid fraction (supernate) will be processed through ion exchange
columns where the major radiocactive isotopes (Cs!?®*7 and sSr®’) are
removed (DWPEF - Stage II). This report describes a demonstration
of ion exchange decontamination of defense waste from Tank 19F in
the High Level Caves (HLC).

In the past few years, extensive data'’?’'3’* has been accumulated
on the removal of cesium and strontium from synthetic supernate
solutions via ion exchange processes. In this study actual SRP
liquid supernate solutions were processed to refine and verify
these synthetic solution studies. The main objectives were: (1)
confirm high decontamination factors (DF's) for cesium-137 and
strontium-90 using Duolite CS-~100 and Amberlite IRC-~718 ion ex-
change resins, (2) obtain DF's for other minor radioactive isotopes
such as plutonium, technetium and ruthenium, (3) provide ion




exchange elutriant containing cesium-137, strontium-90 and other
radicactive isotopes for "hot" melter studies, (4) determine the
gquality of the decontaminated salt solution and (5) provide actual
decontaminated salt solution for saltcrete development programs.

SUMMARY

o]

Operation of the DWPF Stage IT (Ion-Exchange) flowsheet was
successfully demonstrated in a HLC facility.

Actual decontaminated salt was prepared to support further
saltcrete development efforts.

Actual ion-exchange elutriants were cobtained for "hot" melter
studies.

Unusually good decontamination of cesium-137 was observed.
About 105 column volumes ({(CV's) of Tank l19F waste was processed
using Duolite CS-100 resin at ~10° DF or higher. (TDS speci-
fications - 40 CV at 10% DF)

The Amberlite IRC-718 resin was able to provide a DF of 10? at
approximately 35 CV. (TDS specifications - 40 CV at 10° DF)

The decontaminated salt solution meets TDS requirements.! The
only major radioactive isotopes remaining were ruthenium-106
and technetium-99.

As expected, the current ion exchange process does not remove
any significant quantity of ruthenium-106 or technetium-99.

The overall DF for Pu is estimated at 10 to 20. Very low Pu
in the feed makes accurate estimation of DF gquestionable.

Sllghtly alkaline water is recommended for lon—exchange column
rinsing to prevent accidental removal of cesium and strontium
bv acidified water due to CO: adsgrgt1gn-

A 20% increase in sand filter capacity was demonstrated by
backwashing with water instead of filtered supernate.

DETAIL EXPERIMENTAL RESULTS

A.

Process Qverview

Removal of cesium and strontium from the synthetic supernate
has been studied extensively.!’2’%'* JIon exchange processes
hayve been identified as the most suitable method for removing
trace amounts of cesium and strontium. Significant improve-
ments have been made in the past few years, and the latest
version of the ion exchange flowsheet was used in this HLC

study. The ion exchange columns were packed with Duolite




CS~100 for cesium-137 adsorption and Amberlite TIRC-718 for
strontium-90 adsorption. The elutriant for both columns was
dilute formic acid. Tne advantages of this latest flowsheet
are summarized below?

(1) Duolite CS-100 has Cs capacity better than the older
Duolite ARC-3I58 regin
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(2) Duolite CS-100 is effective in partially removing strontium
and thus reducing the Sr load to the Amberlite IRC-718
column.

(3} Elution of cesium from the Duolite CS-100 and strontium
from Amberlite IRC-718 using dilute formic acid is
simplier than using ammonium carbonate elution for
Duolite ARC-359 and EDTA elution for Amberlite IRC-718
resin as recommended in older flowsheets.

The Integrated Supernate Processing Fac1llty (ISPF) is a very
flexible facility 1n the HLC for processing actual SRP high
level ligquid waste.® This fac111ty was used to perform the
following process steps on a sample of Tank 19F dissolved salt

solution:
1. BSupernate sample receipt and characterization
2. Agglomeration/gravity settling

er backwash
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4. Cesium ion exchange

5. Strontium ion exchange

6. Ion exchange elution and concentration

7. Decontaminated salt solution recovery and characterization

The As-Received Dissolved Salt Solution

High level liquid waste, according to the TDS', consists of

{1) supernate above salt cake, (2) aluminum dissolver solution,
(3) sludge wash solution concentrate, and (4) dissolved salt
cake solution. Because this was the first run in this facility,
only dissolved salt cake solution from Tank 19F was used. The
composition of the as-received dissolved salt solution is

~given in Table 1A, The total sodium ion and free hydroxide

concentrations were typical but the cesium-137 and strontium~90
radicactivity were almost two orders of magnetude lower than
the TDS values.'

Gravity Settling

The purpose of gravity settling and sand filtration is to
reduce the suspended solids in the ion exchange feed to 1 ppm




or less to avoid pluggage of the ion exchange columns. The
grav1ty settllng and sand filtration were carried out accord-
ing te TDS! conditions.

In gravity settling, a starch solution (8% Flojel-60) coagulant
was used as a settling aid (1 ml of 8% Flojel-60 per 1000 ml

of feed). The agglomeratlon of undissolved solids was carried
out at 60°C with gentle air sparging. The mixture was allowed
to settle overnight at room temperature before sand filtration
was started. A clear solution was obtained until the gravity
settler dip-leg was lowered to within 1 to 2 inches of the tank
bottom, indicating the volume of the settler solids was approxi-
mately 12% of the original liquid volume. The composition of
the clarified solution after gravity settling is given in

Table 1B. As expected, the gravity settling step did not change
the composition of the feed. (A small dilution effect was
caused by residual water left over during the hot checkout
test.)

S8and Filtration

BRackwash

The sand filtration was carried out at 1.2 gpm/ft? using an
anionic polyelectrolyte solution Versa TL 700 (0.07 ppm) as a
filtration aid. The filtration reduced the suspended solids
to less than detection limit (<7 ppm). Forty liters of super-
nate were filtered with no observed pressure drop changes
across the sand filters. The composition of the filtered
solution is given in Table 1C. Comparison of feed composition
before and after filtration indicated that a 20% dilution
occurred because the sand filters were full of water from
previous hot checkout tests.

After filtration, the sand filters were successfully backwashed
with water instead of filtered supernate solution. As expected,
no aluminum hydroxide precipitation was formed. This modific-
ation will give an "20% increase in the overall capacity of

the sand filters. The composition of the filter backwash
solution is given in Table 1D, Comparison of the as-received
feed and the filter backwash solution shows that their compo-
sitions were roughly proportional to each other with no pre-
ferentially absorption by the sand filters.

" Regeneration of Ion Exchange Resin
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The Duolite C(f sir ved in hydrogen ul om
the vendor. Be fore it was used for removing cesium from the
feed, it was converted to sodium form using a 0.5M NaOH
solution at 1.5 CV/hr. The completion of regeneration can be
followed readily by measuring the conductivity of the regener-
ant. Figure 1 gives the conductivity of the regenerant as a
function of regeneration column volumes after it had gone




through the cesium columns. At the start, the conductivity
was low because most of the sodium ions in the regenerant
were removed by the Duolite CS§-100 resin. When most of the
resin was converted to sodium form, the sodium ions passed
through the column and gave a high conductivity reading equal
to the regenerant feed conductivity.

Cs Ion Exchange

The column test of Duolite CS-100 resin in removing cesium-

137 from Tank 19F dissolved salt solution was unusually good.
About 105' CV of salt solution was processed through the columns
before cesium breakthrough occurred and the decontaminated

salt had a DF ~10°%, Figure 2. This better than expected Cs
performance was the result of a low cesium concentration in

the feed. The feed from Tank 19F contained only 2 X 107°M Cs
instead of 2 X 10™"M used in most of the previous synthetic
studies. (Synthetic studies have shown that the Kg for cesium
increases from about 160 to 270 as its concentration is reduced
from 1 X 10™" to 1 X 10 ®M.?) Since the cesium concentration
from the other waste tanks is expected to be in ~10™" range,

a breakthrough value of 105 CV should not be considered as a
typical value, but it does confirm the process sensitivity to
cesium concentration.

Sr Ion Exchange

The DF for strontium-90 before breakthrough occurred at 35

CV was 10°, see Figure 3. The data for strontium-90 in Figure
3 scattered considerably more than the cesium data. This
scattering of strontium-90 data occurred because the strontium-
90 in the feed was low and after ion exchange it was near the
analytical detection limit. In future tests, strontium-85, a

gamma emitter, will be added to the feed to improve the accuracy

of the strontium breakthrough data.

The only radiocactive isotopes found in the decontaminated salt
solution are: cesium-137, strontium-90, ruthenium-106 and
technetium=-99. The radicactivities of the decontaminated salt
solution meets the requirements set forth in the TDS.! Table

2 gives a breakdown of major radiocactivities except strontium-
90. Strontium-9Q is omitted because it broke through well

ahead of cesium-137 in this experiment. Comparison of ruthenium-
106 and technetium-~99 radicactivities in the feed and the
decontaminated solution reveals that both radionuclides are

not retained by Duolite CS-100 or Amberlite IRC-718. Since
ruthenium=-106 and technetium=-99 radicactivities are in the

order of 10" d/m/ml, any attempts to reduce cesium-137 and
strontium-90 to less than 10" d/m/ml is meaningless, unless

other means are developed to remove ruthenium-~106 and technetium~
99,
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A good estimation of DF for plutonium was not possible because
the plutonium in the feed was only ~2 X 10° d/m/ml which is
about the limits of plutonium detection. Examination of the
data accumulateéd so far indicated that DF for Pu was ~1l0 to

The relative radiocactivitiesof cesium-137 in the rinse sclution
after the first and the second cesium column are given in
Figure 4. The relative radiocactivity is defined as the ratio
of radiocactivity in the rinse solution to the radicactivity

at the end of the loading c¢ycle. It can be seen that the
relative cesium-137 radioactivity after the second cesium
column is higher than at the end of supernate loading.
Absorption of CO: may produce enough acidity in water to start
removing the adsorbed cesium-137 from the resin. To avoid
this possibility of contaminating the decontaminated solution,
a slightly causticized water should be used for the first
rinse. This point is particularly important for Duolite CS-
100 because even a very dilute acid such as 0.1M formic acid
is able to remove all cesium from the resin.®

The conductivity of the elutriant during elution as a function
of elutriant column volumes is given in Figure 5. As expected,
the curve is bell-shaped. At the start of elution, the con-
ductivity was low because the conductivity cell was exposed to
deionized water. As formic acid was removing Nat and Cst from
the resin, the conductivity increased. At the end of elution,
the conductivity dropped to that of a 0.4M formic acid.

Figure 6 shows the aluminate ion concentration at the bottom

of first cesium, second cesium, and strontium columns as a
function of the column volume of rinse water used. At the end
of the first rinse about 8 column volumes of rinse water were
used. It can be seen that the residual supernate in the first
and the second cesium columns were completely removed. How-
ever, there was still substantial amounts of supernate remaining
in the strontium column as indicated by aluminum analysis.

The incomplete rinsing of the strontium column was also indicated
by the sodium analysis at the beginning of strontium elution,
see Figure 8. The sodium concentration at the beginning of
strontium elution, unlike cesium elution in Figure 7, cannot

be extrapolated to zero. To avoid this kind of incomplete
rinse, we need to extend the rinse cycle from 8 CV to at least
12 cv.

We were able to elute the second cesium columns to almost
background level with 21 CV of 0.4M formic acid. However,
after the column had set for a few days, the eluate in the
column contained about 8 times the cesium background radio-
activity. The cesium elution as a function of column volumes
is given in Figure 9. The elution required significantly
more column volumes than the single column test because of
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backmixing in the overhead wvoid volume on the top of the
second column. This effect is magnified because Duolite
CS-100 shrinks ~25% during elution by formic acid creating
overhead void volume. Careful column design is reguired to
reduce this backmix effect.

Strontium is more difficult to elute than cesium. Only about
half of strontium is removed after 10 CV of 0.4M formic acid
has passed through the column. About the same amount of
strontium was removed when the strontium column was further
eluted with 10 CV of 2M formic acid.

The elution data for cesium and strontium indicated that a
longer than expected elution time may be required. This long
elution cycle plus the need of a sodium/cesium split will
make the utilization time for ion exchange a smaller portion
of the total cycle time.

LML :1mn
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Table la

DISSOLVED SALT SOLUTION FROM TANK 19F -

BEFORE GRAVITY SETTLING

Major Radiocactive Isctopes

Cs-137 1.0 x 10°
Sr-90 1.3 x 10°
Ru-106 1 x 10°
Tc-99 3.5 x 104
Pu %103 R

Chemical Composition

Na© 5.9M

NOj 3.6M

oH 1.4M

Alo; 0.62M

gt 0.024M

= -3

C,0, 2 X 107 °M
cst 2 X 10°°M

Suspended Solids ~200 ppm

S0

Co

fow ll =l

Cl

N02

Sp. Gr.

d/m/ml
d/m/ml
d/m/ml
d/m/ml
d/m/ml

0.26M
0.10M
6.005M
0.024M
0.14M
1.30

ND
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DISSOLVED SALT SOLUTION FROM TANK 19F ~ AFTER GRAVITY SETTLING

Major Radioactive Isotopes

Cs-137 9.0 X 10 d/m/ml
Sr-99 - d/m/ml
Ru-106 - d/m/ml
Tc-99 - d/m/ml
Pu - d/m/ml

Chemical Composition

Na‘t 5.4M so: -
No_ - NO, -
Al0, - coy -
OH 1.4M F -
gt 0.018M ci” -
C,0, - -




Table 1C

DISSOLVED SALT SOLUTION FROM TANK 19F — AFTER SAND FILTRATION

Major Radioactive Isotopes

Cs-137
Sr-3¢0
Ru-106
Tc-99

Pu

Chemical Compositions
+

Na 4.5M

NOj 2.7M

AlOE 0.4M

OH 1.1M

+
K 0.015M
= -3

C,0, 2 X 10 °M

Suspended Solid Not Detected

7 X 10
1% 10°
1 x 10°
3.2 X 10

~v10

O 2 (4)]
1o 0O ©
Wil o

1y

@
[

(Detection Limit 7 ppm)

d/m/ml
d/m/ml
d/m/ml
d/m/ml
d/m/ml

0.023M

0.005M

. <7Tppm
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Table 1D

SAND FILTER BACKWASH SCOLUTION FROM TANK 19F RUN

Radiocactive Isotopes

Ce-137 9.5 X 10°
8r-90 1.4 x 10°
Chemical Compositions

Na™ 0.045M

OH . <0.001M

x* 2 x 107 %

d/m/mki
d/m/ml




TABLE 2. RADIGCACTIVITIES OF THE DECONTANINATED SALT SOLUTION

Radionuclides nCi/ml T T S d/m/mi_
cs'¥ 0.22 494
Ru'06 T 3.83 8500
e? ' 14.4 32000
sp! %3 0.03 67

Specific Gravhity = 1.24




in Column Volumes

Regeneration

________ ~ S
Sy
RO
.
el
U
=
0
e »
H O
Yy
& o
oh
. 2 i [ l
an ) i R
G D A | “ _, R
¥ i vt ﬁ
o u | | i
% [= I L
i , i i
gmm P !
0G0 _ !
Q e |
Y / ;
0o i | !
o :
4 Ll i i _
. ! { ! ]
> O ; ! i
o i b
4o b
U )
9P o T
L] P
545 3
03 NS i
U M / '
B
I.l..l
I* [
e~ - R
0 .
M1
o)
o
-l ......
F .
o (=
O Ap—
4 T2 m o~ O e U ~ %o o) - 10 W [ o ——ch OO P W W - L o~
s “A1A130npUGYH
‘O HAISS53 ¥ 13IJ4ANIAN ¢
= 3600 6 DimH1avoon s 5o {

0609 9t



SPUMTOA UWNTOD

008 0OLG(POOS 00F OOC 00Z 0ST 00T 0,080.09 0S OF OF 0Z ST 0T6 8L 9 ¢ ¥ 3 4

I -m-.-.-__: PN FRNTEE . A . T00°
,_ | [NERY A0 f . THINE I EEN NN LLNNE LR, 8
U LIT1L1 RN AR T | e T T T Y ; T
m.."“ I KR N B iSTE] SERE: .‘ i *
o —— J e e I Fal S S e 1
Pl S ot + 1T - e I -F H.H - .
. I _ i : A X 1 1T o T0
N PR 11 27 I £ YR R 1 A O
fiilgre 1 NN ENT BEAE e
it 11 . i | T r B P e =l 1 ﬁ el I - _—
a A HEL Y . --- : A A e i .
i REEY P I R EX 1 DUV A N, N 1 S - S0
b 'l Ly i I A | - N Y ) R I A J.UAIIiJ.. N e e i
; riba . e g e ot ki el - ] iy =
i = SESE=S. e aEE T
- _ = H=l= B B 1 s pows et e (nouss e .
DT i 1 T ! _ : 5 * ¢
N = k L NN T _ T i 5
i IERAR g . !
s | I | [N \ .
- : 1 - - : N s
— _ e Y 1 ey el SO N s o T B o ) S

Wi N S s * i [ O B 1 DR
ool : = 1 - T F iy Supmiy S Sttt St Spwe
v i 1 bl [ ! T ¢
Cob ] o ! o | ( il
T I AR PR PRI B v BN 1

e = e el — — — . —4 ! e -
_ ;
R | - - B D - - R s
. e S bt st R Eor S [ I -3
e e o e e =

.r||||.||.- -
e T r Tt s o

I

i

i

:
—

4

i

i
i1

-- — . —_—
T t T
P4 1 —
= :
- p‘.t —_— —_—
3T . O U U S
—y e e e | Illuf..-r_rl - —
N JAnion (U S RS LD DT SOt
N DO SRR -] . A S Y | g
- e T Sl LA
T " ~ M
S vt Ealoull e RENStw: g Sl osov i &
—— e b e g B e e e
D A — i e e R e
r 1 ¥ 1
" (910 BEE= M) » LI
T ! ;I.Hd_ ek B .L— v-AH M QW i ! 1
p e 15037 puwwy ¥ T 1 (117 3 I M |
H+ +—— { T 4 #
S T I L 1 R
B : R Ram i s
]y L i
anl s 3 H ! i — 1 :
I 2 \ 3 1y 3 LI T T O
——ap—-a + = r—ya— 4 I & »
e ae] Pt D Bl SiISE R . : ;
! 1 T ol i —+ -t + : : }
LS e s + HH- =3 + H :
" L i T M B i 1 L minki Al TN . T
(—] - ; ; ) J3-1 ; T = = T . o i T
i § 4 O Y I I8 10°1] A7 17 I ,14.;7._,.,, f 3
S8 SRERE ERNGAUN HAL SN du i §4 &1 i 4 YRS EELON W B 1T i L layincuzal dm. I i
: ] [RASEIURLE B! 1T 1 | L 1 N FEARA R T — I

LET-SD ‘00T-8D Aq uoranyos
: ‘ 2)qed 1TeS PSATOSST(,d6T 3O UOT3IRUTWRIUODSQ g 3xnbtd . _

‘gbnoJyalyeslg ¢

N0T X ©0/0




ﬁ..‘

LA

Decontamination of Sr-90 from the 19F Dissolved’

Salt Cake by Amberlite IRC-718

Figure 3.
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Figure 4. 05137 Radioactivity in the Rinse Solution as a Function of CV
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