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ABSTRACT

The Sucmerjed Jeminerilizer Systam (30S) flowsnees fir secantisinae
tien of tne nigneactivity-lavel satam it ime Three “ila lslang Unict 2
Nuciaar 2ower 3t2%ion was avalgated it lac dze Naticna! Laserazary in
3 stucy that included #41iraticn 2823, ‘an axeninge calumn 3833, and ‘on
2xchange I1sTridution tests. The contaminatad satars, the 305 4T owsnesr,
INC Ite xgeriments mace ire lescrled. The axzerimentil ~esuits wers

45@Q T2 JrecicT Ine I0S cerfirmanca ing 53 ngicata sgtencia’ imgrovements.
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3ased on he jotential 2ifficyities suggestad 3y the sresence of

the seifds ana recalcitrant species, CRNL recommenced tnat filtraticn
and fon axchange 3lumn t2sts Se macde using ictual watar~ samgles caken
frem near the (3 floor for evaluaticn of tne 3OS 2~4c2ss ind “a3r the Zeve-
‘ooment if zeotentiil Jrocess moravements (medtficaziens). I addicion,
the RC recuested that GPU praovide sracess avaluasisn 2ata far use in 2
safaty avalgatien, .

The eaxcerimental :rogram tnat ‘s the sudject of this =ag0rs resylcac
from 2n igresment cetseen 3PU ind JCE. The t2chnical scoce wds cecides
tarcugh consyltation among 32U, CRNL, ind tne TMI.2 Tachnical iavisery
iroug. The regert inclides lescrizticns of the 2oatiminatad watars, che
305 crocess Towsnest, ing the axceriments nat were cer irmed. Tie
excerimental r~esults were Usac %3 sredict 305 2racess zerirmance ing

%3 'ndicata 2otantial ‘mgrovemencs.

2. ANALYSES OF THE CONTAMINATZD #ATZRS

The 2ncentriticns ind t3t2l amounts f the snemical ine - gischeni-
cal zomgonents fn tne 3CS watar Ind tne 3 watar wnfca ire st signifie
cant ~eiative I3 tne perdirmanca of the SO systam ars listed im Tinla
The vailes 'n tne zacla ‘or tne 3CI watar ire camoosites of ara
far tne samoias that were t2ken 2arlier. The valies ‘Ir tne 03 sacar
~ecresant tne inalyses of the l.L sampias N3t wer2 Used far e Flawsnees
2valuation. ATse Tistag ‘n tne tacla ire the 'melatiie agestiin fnazaras”
2f the icminant ~adionuciices. The melitise ‘ngestisn 1azird ‘s iefines
teretn is e ~1t'3 3Ff the concentration 3f 3 ~3cdicnuc!ice i the 23n-

taminatad watar I3 he oncantratisn given in |

“ ama an -
3 P -

*2 20, Aggendix 3, Tidi
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Tidle 1. Composiiion 3f sntaminatad eater

falues are cormectag ‘ar ~2a104active decay 9 July L, 1380.)

<24ctar .3Ntaiment
s2qlant 3yilding
svgtam watar Tara!

1oiume 30,200 3za! ’¢0,300 jai '30,200 zai

joqium 1350 som 1200 2om I60C «3
3aoraen 3870 2om 2000 som 28,300 ¢3
38 *1303)

astum 1.3 som 3.3 som 2.5 ¢§

Stmntium C.3§ som Jei J0M 3.3 k3

alat ve igiative

 Gene. ingestion ane. ‘ngessiaon “acal

Myclide #Ci/m,) Tazard 4Ct/m) razarsd (C1

™ 3.17 3 1.8 100 2,300

. P ® 2,200,300 3.33 200,360 1.3
H0ge €2 0,200,300 2.2 3,350,300 14,300
8y R 13,300 3.302 200 Eh
an 100 9.92 2 N
g 0 1,000,200 25 3,206,300 57,20

Rt 37 3,000,200 150 3,20¢,2¢cc 4i0,%0e

ey 3.8 2,500 3.200% i 0

3

Iaoressed is mltizlas 3f “ne 23ncanteitians 1fsctad i QM A,
Aagoendz 3, Taoie I, Calumm 2.

3
falues vary, :r2%40is jeciusz 3f zrec zicizian.



ii, Column 2, f3r that ragicruclicde. Alshougn she 10 CFR 20 con-
centrations dc not resresant sgecificaticns far 2ischarse of shese sqst-

3cTident watars “eom TMI.2, the relative nazares ire useful “ir sne cesign

-

and evalyation of progesad water treatment sracessas. The reiitive mazard

3f 2 radionuclide ingdicates tne ~umerical value 3y wnich <he 2oncant~iticn

-t h

3f the ~adionuciide musT Se meduced, aither 3y sracassing ar Sy 2iTutien.

The recuction 3y processing s expressad 2s the decantaminaticn facsar
SF), wenich is the =atic 2f tne concantritian 3F 2 wwelide (a sme cracess
feed solution 223 its 2sncentr2ticn in wne sraducs salutian.

-

doth watars 22ntain sodium Sorata ang 3oric 1Ci4: thne =M is 3.2 in

the 3C3 watar 2nc 3.3 ‘n the (3 watar. 0f she ~agicnuc)iies now sresant,
cesium and strantium #1101 =equire the MosT Zecsantaminat.an. in addizion
S3 cesTum ing sTrontium, cne of tRe imgertant ~idicactive 2antaminants
sresant in the waters is tritium (Ralf.}ifa = 12.3 y)., This heivy Tsatige

3T nydragen s Jresant as Ir1Tiatas watar ‘n 2sncantritians that ire

e

ainute Jut 2re sTil] more tnan tne 13 CFR 20 cancantrizicns. The sritiy

w111 20t e ~emgved > s 3)S srocess ind i) arscaciy be nandlag 3y
dilutton with y»: T 138 water aftar the stner ~idicactive matarials
1ave 2een ramCh. ..

The raciucasium Tsotapes ‘0 et 3edies 3f 2antaminatad watar ire

3y far the ire<eminant soursas of jamma Csivity. Jntil she cesium cane

-

sentriticns Nave Seen reducead By saveri! srders of magnictude, %he “2can-
SiMINQTICN JrIcass quisment TusT Je 20th shieldec and Jperitad ~emetaly

<3 Jrevent sxcessive axacsure 33 scerating serscnnel.

The samo’2 inalyses tave ‘mdfzatad tmat tne samcantrizian af 30

-

N

F~in

the 3CS watar ‘ncreasaed feam 3,08 3 T uCi/mL 2uriag tme firgt monta

- . e




.

Sollowing the iccicent ind then ingreased “urther 33 agcus 25 LCi /el
This Jehavicr is in cantrast 23 %he s3ncentratiang 3f casium ind =ritium
wnich tave Zecr2ised n 1 manner Snsistant «1%n coserved Teakige ~itas of
the contaminatad water from tne T (and with 2MTution 3y nakeup watar).
The increised st entium 3nCantritisn Tay Yave 2een e 3 santiaued
leacning of expesad fuel; towever, it is more likaly snat inis increase

has Seen caysed by medissalutisn of

[

-
sreciaitat

"
©

serontium form, such as
strontium sulfate. shatever tnhe causa, the aJrictical molicania is Shat
cditional sIrontium may 20Cedr Iuring the JecIntaminatian sracass.

A significant cancentraticn of strontium "as Seen “sung in an imscle

401

farm 'n samgles of wd%2r tak2an fram tne 30tiam 3f the Cantaiament

b > ]

Juticing. In 2acn .. sampla, :he cancantraticn of solids in tne siurey

(11quiad 31us 507ids) was dooreximataly 3.3 val %, 15 2ecarmined 3y 22ne

.

trifugatism; scwever, S0th Ine imount ind fature 3F the salid mazarial ‘a
the slur~y samgle may "ot e ~2presantative 3F the tatil salias witqin ine
Wwilding si1ce the samole 2syll ze %iken “=2m niy cne lecatien. Thus
axiragelaticn of the 22ty regarding me solids fs very lncartain,

The cay chemical and ~agicchemical 2anstituents ‘n tre saltas are
1isted in Tadle 2, 2i3ng wis: 2ne zalcylataz cerceantage f 2acn el ament
and nuclide n tne otal samole (Tiguid 2lus s3lia) snat was ‘1saliala.
AlZhcugn ine sTrINtium was the sredaminant ~adionucide ‘1 tne scligs, 32%
af the strantium {n the 23%3l sample was ‘a1 the lisuid snasa. sssantially
311 3f he cestum was in the 'iguie snasa. Thus, avan (¥ smasa 3ol i4s are
31ssolveg during the Zecantaminaticn sracass, tne 3%a] amount 3 ~agisace

.-

Sive matarials n ite water wouls Wt ‘acrsass signtficancly.,
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Tasie 2. 3cifds 'n ne-i'tar samcles 3f Zantatnment 3yt 1ing eater

-anc. -anc.
3/ s {H WC I :
lament salfasd) insolusle® ||  Muclide  soltasds®)  insaluoled
|

Zacoer "$30 9 (| Hse 8 3

‘exal %00 38 [l 39 8.7 3
Alumtaym 1480 3 f s2/08 .7 J.34
tean EED) l | 2S5y 1.3 2
$tlican 30 .9 ) by 1.4 1
Zalctum 250 7 | ot 3.32 1.2
ling Ery »a7 | W8y 1.7§ 4
hlarine 6 =0 f “2lsa 3.23 4
“agnes:um 5 0 | 35 3.18 37
Sulty 230 : R 3.377 3
‘anganesa zg 243 ! 3::‘..: 3.373 8
Silver $ 3 H ISun 3.230 3
Zaemiun i3 1 (| 31::;'!9 3.327 1
in ") : 8y 3.329 3
lagtum 0 1 f I 03y 3.8 i
Ingssnorus b/ 2 |
Shromtum 2 2 |
Jrantum 0 2 H
I3tassium 14 i H
2ad i 4 8
resrium 3 1 : {
lircaniym 7 | 1!
3%l 3.5 >3 [
dartum 2,3 >l | i
Strantium 2.8 - i) f
lastum 1.3 3.0¢ | |

f‘!asoc 3n wmliume 3f 59iids after cant=**ygatian,
“Sercentige 3f 2lament ir wciize ‘n 323! samole [Tiguta 3l
'3 insoiunie. Zaleulazion sased an :3ta!l 301143 23ntant 3f
in cantrifuged samoie.,

siancante2%ianm 3n Jyly L, 1380,

NGt measyres ‘1 satar.



3. QJESCRIPTION CF THE SUBMERGED DEMINERALIZER SvSTEM

-

The “lowsneet avaluated terein (Tig. 1) was hat lesignea 3y GNS ‘ar
the SOS. [n this flowsnees, the ::Aiamiﬂa:s water is clarified 3y
filtration (using a 7Seumeritad srefilzer and 2 '10-unm ritad “inal filzer)
ring transfer int3 tne fon axchange f2ed tanks. The :larifiag wazer i3
Sumped Iarcugn 2itner or oth of we uplicita triias f ian axgnange
dlumns.  Zacn triia cansists of 2 sartaes 3f shree 23l mns ssntiining

2e0itte (Lince lcnsiv (.35, “srmerly calle

“

W-3CC, ‘n he Va* f3m).
The affl ent “rom ainer iraon of zeoliza 23'.mns ‘3 sasses rsugh either
3f Two duplicata cslumns 23ntaining i srgantc sasisn xcrange ~esin
Nalgiza 4CR-3, initially in the 4 “3rm). Finally, the affluent sazer
from 30th Cation rasin 23lumns is zamoined ind sassad iwrougn 3 single
Targe 2olishing cslumn 23ncaining lavers of cacisn resia (GRS, ininially
ta the 57 form), anion ~asin (Malciza S3R, inittaily in the CH™ %cem), ane
mized ~esin (Nalciza YR-1, a [:l v2lume wixsurs 3f <4CR-35 inc 38R).

The ‘cn axchange 23'.mns ire 3F moaular Jdesign inc can e moved
22577y, The ecl'i2 ang zaticn mesin 23lumns ire af -

3ltncugn ne valume 3f zatian ~asin %3 te usad s nly sngsnalf 3f 2o

velume 2f zeclita tnas #1111 3e isad ‘m aaen calumn.,

The scerating sracedurs zravices tnat 200 3ec vclumes of ~azer o1 se

745532 TArTUGN 2aCh 2gita 3Tumn enila T 's in tme firss zesitan. A

Shel time, t7e cTumn IItaining tne Toaced z207¢%2 4117 3e ~emovec fram
wNe systam, Ine 2tner 12077%2 s2lumns w1l te wcved “irwar: 3me 08¢t ian

[d3untercurrent I3 tne ~ater TTaw), Ind 1 tew Zaclite 23Tumn #1171 3Je

fastallieg fa the third zosition. In Inis manner, e zs¢lita 22l .mms

- -



1A
L
JANL Jwq 30- C34iAR
e CONTIMINATED f ‘ k
| “aTIR < 0 | | | ! l
‘ o Y ' ' ' L 1
| \ N \ ' {
{  — — . _J _/ !
L ¢ - ! | - l 1
| | | | |
segs _Tia FINAL | . A ! 4 i
LTIA i 4
LT f2€3 “awx3 ———
2.30C a1 faclm I
|
.
| ) OanPJ
: L SmiNG -
| r 9 vem
QT — 3Q Q0 3 2 |
] } jal ial 194 ) -
1 \d - ' o . .
—— i X -.1 [ 1) w3 — ‘—lI
‘ b — etoni —— e
| a8C e1% . ‘ L] | l 2 b 2 S
——— -
L 440 alx LL ) | e m L -~ e |
1 19¢  we(x e s e T S R R S P
com—— [ — — —— I 3
Ty W i
k IESLITE €3 LJaSinG
1
W CCLCT 20 2.5¢Q 13¢0
| “Cf““-‘ 3€0 L ves jal_4aTT e B
| — 19,200 SSA0ING TIME 4C ecums
axgan B sl b £ST "3TaL IETILITE ¢ 43S 3E31 ¢« 1633 se
LRt POV

v+ Submergzed Cemineral!

- .
28r Jyssam TiQwsnheet.



will sers most of

in the secend and
time t¢ allow %he

the solishing

samgie 2nalyses indicasa tnat 3

ssrontium %2

thisd positions will

‘o

e s3orled.

-ed

S — e — - ——

sravice

e

1as

-epq—

-t

T2acad.

FILTRATICN

.. Istimatad imount ind Characser 3f 3olids Yazar-a!
A" & s 3 * - - - - - .
i SUr samgias 3f watar takan frem the wttam f on

3utlding csntaineg “lsezy

cantrifuging ara shown in Tagle 3.

ficant amount

7, e s8i

.
-

‘cn axcnhange <siumns.,

b

ameynt and natyre of

. . - - 1
w#1hin She 3uilding

tne samel2 :race
- . - 1im

sefire sampling,
nree Targe samolaes il

cantrifuging,

incres in

e sgiids

in She 3 watar and
ds csuld restrict or I

The uncertainty

0

onjectural ¢ 2an snly
takan in Aygust cInctaines 1 signiéd

lids, srecadiy secause ‘1) it

.

M Y
ang (3
<ntiined

Thes2 zamo’ag

3 -
<y

.- .ye

in he sampies

TRUS the aimgunt

gcatiagn,

eniy 2

-
-t

imeunts

aftar setel

-
-enta:

1AQ 3

>

I¥ such solids ire sresant in

~#3tar s

re

sresant in the

e ~3ughly

-

=
Ve

e watar
mall

: sclids sn 3f

ettt Lt
el el e e

sontat

cantly
“as che Firss

(slurmy) was

et clarified

is, 2f 23urse, wnether

regresantative

astimatad.

Q7 ime ~4s tikan,

he castum wnile ‘n the firsT zesizicn, ing wnile

-

-

e

”

vkc

3

en

he necassary residenca
cation resin columns and

2lumn #1711 e zhanges when ‘n-ling mnitars ar ceriadic

~-
-

sisnie

e

eCk the flow of wazer arsugn

g -
< LNe

Tirger

same’

a
=

nment
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a~d
“a

Sedimenzation tests

enough 0 settle withia 30 29 30 =ing

e |
- -

the sugernate for 10

'n the Containment 3yilding “Toer cayl

the sclids would net e ancsuntared in the

near'y smcty. <cwever, 3lans ire %3

.

(18«in,-d%2m) uotaks

YAt J.."
R L RR - -

relatively large size, the

“n

in./min) at a2 flow rats of

3 /min

.

S3use@ ransfar of

3 significant fragnt

The %5tail salids cantant ‘n :ne o

ancugn for axtansive fisraticn %asts.

mulatad 3 the same chemicza! comgosici

B

%3 avaluate 2 variaty of filzar media

Siken I3 ensure that che chemically

-

ra
-

that ne synthetic slurmy sas ‘ormulac

charactaristics were similar 3 chcse

Sc3uting 2s5ts et mnace first us
results, summarized n Tasle 4, showed

um sere sizs) did not remgve the solig

e :
s9ateg with 3 filter aid.

-
e medium

id remove the saligs 2yt oniy 2t 1 s!

#3S Jrecsated «ith

3 cfatomacacus 2are
efficiancy ane flow rate were satisfa

3f the Two jrices 3f

indicateg :hat

sumg <8

ine in che Suilding sump.

fil22r 213 znat sere 3xinired

the 3ulk of %3S neivy

Cwever, 2 visizle haze ~emaineq in

20 h. These results ingicate thas, if the water

d e

lecantad from near the surfice,’

b ]

the buflding is
-

#atar tnraugh the d§-camediam

sven thougn shis is 2

n

i%y, aporoximataly 38 em/min (1S

$ gai/atn), will e “ast encugh <3
on 3f any 337743 witain tne 2dise.
en Tasts

aree l.. samolaes #as 1ot large

Thus 2 syntnesic slurry was ‘ar.

cn 2s the actual slurey and was usad

ind flisration mechods. Zars #as

cucaqd 5TaTas were naintained ang
2C 17 SUCT 3 wdy that the settling

2 '
-Sserved or ne 2¢c%ual

slurey,

ing glass #-ic filcers.
e 3arse 4

et

s affigiently uniass

-

A bia ¥
grade filser (18 %3 l3-um z0re size
- .

o TiCw r3ts. NN §ISNer F1iLer

N filcer atd, <me solidseremgval

- e ~3mea A ages et s e

Sary., e ~ingas sartisle stzes
ire sncwn ‘n Tagla 3,



Table 4. Filetraticn scouting tests using synthetic
s

™1 slurey ing jlass “rit ftiters

Jare sii¢ TTow  <eldtive =ura1dily
Filsar tyoe am) rite of f1lcraced

llarsa 0-30 Fast &
Meg*um 10-15 Slow 2.8
ring 3.3 low Suk
lzarsa [precsatec®) - fast 3.3
“eqdiym [precsatead’ -—- Tast 12
TN s e S.Fa1dicy 37 Mted, Synthec < 5.4rTy 3 39U 4nQ .33Gratory cemi-
~eralizeq water » 3..3. AL tyraiQities leicw 00ut 3, she salids :ire-
jent ire ‘ot 2% 1y saen Jy Ne uman 2ve.
Saggroximacaly J.3-ca tnicktess of Calvia 338,
*ipie 3. Jiatamacscus 2ar=h filter 2ids

2areicie Typical analysis

129 we %)

4m) stancars suoer-.e 1B
2 0.3 s
1.4 17.0 3.4
1.5 4.3 3.3
3-3 8.3 §.3
-0 3.3 i
10«20 5. 7.5
20.40 $.5 2§.3
nte 1.3 1.3




The Stancard Super Ca! (with a jarticle-size range sredominantly <10 um)
#as found %3 cause slow flow ra%es and 3 nigh Jressure 3rep, wnila the

Celite 535 (with 2 size range credeminantiy Setween L0 and 30 um) was

found %0 give 3ocd perfarmance.

Quantitative ldading 2ati were cb0tiined ising the synthetice.slurry

and sintered-metal filters (Mot: vetalluyrgical Carsoraticn) Raving 3., 10-,

20-, ang 3C-um ratings. The axcerimenta)! 2aguicment irringement ‘s snCwn
in Fig. 2. The mixed slurry was jumoed 2iher Joflow Zhrough the Filser
nousing (with the filter located ‘n che %30 3f the Nousing) ar ocwnflow
{with the filtar at the 3otiom 2f the Nousing), and the tasts were tar-

nindted <hen the Sressure drop axcaeded 240 «?3 (35 3%i). The ursidity

of the fritrate sclution was ssmoared %3 the turligisy of the ‘eed slurry

S0 gorovide 2 measyre of the filtraticn afficiancy. At the flow ~itas

ised, 130 =3 300 mL/s-m@ (3.22 23 3.74 gal/min.f2d), e aeldup time ‘n

the tast filtar nousing ~as similar %3 2nat in che 305 #ilser nousing.

Results of the filzration ta2sts, summarized in Tagla 3, ‘ngisats snat

(1) cthe use of a.filsar 2id #i'l Se necessary %3 achieve 2 satisfactary
filtracfon afficiency, and (2) the usa of 1 Jownwar: direction 3f flaw,

with the filter iccated at the Sctism of tne Acusing, «i11 e recassary

- -
-

maintain an idequate covering of the filzer surface wizh #ilsar 24, asce-

cially during operitions in which it is necessary %3 $230 ind stars 2he

flow. Use of 3 10-um-ratad #ilsar, 22v

r2d Sy severil inches of Zaliza

335, gave :the Sest rasults.

The grefilcer<final-filter technigue currently slanneg f2r 530S scer2-

- -

sicns nas seen avalyatad ‘n larze-scale tasss as AGNST wnile i$ing 2
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Taole 5. Filter loading 2835 using synthezic slurmyd

rFrizer rliter o
*ating Flow rate lcading® filerace surdigisy” (3}
(n) ‘321 /mine#el (fas) iverige 273

5 3.22 3.39 3.3 9.8

20 .22 L.36 9.3 3.3
Q0 3.22 1.22¢ 7.5 4,

0 2.32 1.0 43.3 7343
9 3.4§ 3.59 §3.3 2.1

.
28 3.74 3.31 9.1 36..
0.12-1n, filsgr 313 <= Jowird *law
3 .22 0.51 3.3 : 9
28 2.22 J.59 2.5 4
Q 0.2 3.3¢ 1.5 2.4

3 .74 3.18 3.3 7.3
20 3.7 3.28 Ll 5.5

9 .74 1.28 2.4 8.2

LiSein, Filoar 3id4 .o dgwnwars ¢ aw

9 3.22 1.58 3.4 + B4

44 3.22 1.50¢ 3.7 3.8

10 7.78 3.83 3.5 3.2
S3yNCNETIC S.urTY 23nC317@Q L..% /Glume 30 a5, 3
3alculatea averige @227 of 30l 2s 3m 4 ltar iune 3f soliazs, 'n.”, mr

Filter ares, "n.%),
Siltrate wratdity 'n % 3f ‘eed slurmy turetaily.
$1a 3f Test.
S -

2ST termindtace tefire \? ~sachec 1% 391,

“w
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The ‘sed resarvair used ‘n tne ion exchange calumn %ests consisted

af a Marrigtsi Scttle, wnich srovided 2 canstant nead sressure ‘or

-

sravity “low of the feed thrcugh TNe ~egin ted. The cslumn affluent

-

#law =172 was contralled with 2 “lowemetering saflon stsocsck =3

within =1% 2f she desired value. [n all of the fcn exchange ¢siumn
s3sts, wne liquid “low rates were set I3 srovice the same ~esin on-
s1c= times is thesa intanced ‘or full.scala lgerations.

€ 11 a»l ‘ P n - » +1T gmmar N

small 3lass fon exchange ssilmms, such 2s that fliustratad °n
fig. &, were usad. The zeciite ec «clume oF 2 AL ~as tne minimum
snas 23uld e used with tne flow sontral metheds avatlasie 33 sravid
3 sed resicenca time similar %3 that intanced fsr 2me 308 seds (12 min).

-

e czlumn iiimetar was 3iIed 5o That e matil sf column diameter T3
seqliza sarticle diametar, #nila using sammer=ially availaole, 20 =2
10-mesn z207i%2, was large angugh 3 Jravent Tow :f'.anne'o‘ng.i The afame-
cars 3f tne zeqlite and zation resin columns were 1.3 7m, those of the

-

-atian and inian Seds of ne selisning csiumn were 22 mm, 2nd TRAT of h

nixad r2s’n ted was '3 mm.

§.2 Sxcer‘mental Srocedure

*ne 3araents and sanditiong usad Zuring 2ach tast Tun ire 3uMe

-

narized in Taale 7. Zeior 3 1AL, 2 2., volume af Cantiainment

-y -

Juilding watar ~as clarifiee Sy neans sf 31 “ligne" centrifygation (22

simulata 3 ~sugning filtraticn). The slarified faec, ~esresanting

1300 sed ¢alumes 3dsecd 3n tne clume ¥ sacn 20011%2 ted, w#as cassac

-
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*he 10-m. samples aken from salaczad zolumn effluent fracticns

during the t2sts were analyzed dy jross tet3 inc jammd sounting, 3amma

ssecsromenry, ind ridicchemical metnads raca) for.3%se 2nd 30gp, Cartain

fractions 3150 were analyzed for cnemical 2lements ¥ gpark source

nass spectrometrTy. veasyurements 3f M (3 noncestructive nalysis)
de 3irsctly 3n selectad 30-n, fractians. 311 of the 'caced

I

~°n 1

xceqt the first realita zeds 3F T2sI3 .. ind (%5, were

sorlents,

analyzed Y jamma-ssecirometry.

.3 Exgerimental asules and 2iscussicn

o

carsain analywical comstrainis wers imposed 3y tne nature of ines?
axseriments. First, the volumes 1¢ e samole 1liquots were limitac.

Jecsnd, tne csunting ratas weres 1t very 10w tavels for many 3f N

~3dionuc! ides, ing ne aresence 3f ~omparatively 13N cancantritions sf

: . 19€ : M
sgreain s3nstiiuents, sssecially 2553, intarferted J1%7 tne Zetacticn O
sther ~agicnuclides. As 3 ~agyls 3f these constr. nts, many 3¥ she naly-

sas ~er2 regcertad w10 large lsgrees +¥ uncer a‘nty (=10 %3 20%) ind wit

relazivaly large 1iMItS sf detacsion. These analynical effects must ce

-ansidared enen TakING Ny ingararetation 3F e ragicnuc! ‘de TN~

sancratiang 31/en ters. camglata s@ts af =ne measured ragignue’l ide and

-nemici! sanceatraticns in tie ,arisus c3lumn affluent streams ind selia

nass2s ire Jiven in ranles Ael through A-Ll sf ne Apcendix.

*he c3nc2ntrations 2f =ne sreccminant ~3disnuc! f2es cresant 0 tne
~anr3inment 3uilding water ang tne ~alizive 1azards, 2asac on 19 PR 20

wwile b

ire 3tven in rasle .. The relative ingegticn hazarss ~azresant ne factid

3y wnich ine ~agtonuc] ide cancentriticns 2xcaec -ag 2amcent itions FTeN
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Dt type

tnstant ancous
st ant ancous
Cumul at bve
Cumulat fve

Lquivalent to accumalated product water,

L

lable 8. txpression of bis obtslned fn fon exchange colwan tests

Represeat ing
concentyat lons in:

Column effluent strcams
Column cffluent styecams
Accum. coluan effluent®

AcCum. Colwan effluent®

Column contatned two zeolite beds In test 1X2

el “gelative to 7 Shown In o
concentratlons lu: flgure nusbers
(8 water % and b
Colum® feed stream Al and A-2
(B water A d oand A-A
Accum. col.P feed stream AS and A-b

if no furthey treatmenl was wade .

and a catton and an anlon bed I test 1X4.
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sreceding catien resin sed nad lowered the o 2§ =ne water entering the

anisn resin %ed and apoarently nad made is affecsive for sorpticn of the
antimony ind ruthenium. Subseguent digemipytion zgefficiant (€q) -2sTs
alsg have shewn this affact [see Sect. 5.3.1); that is, as the oH was
lawered “rom 3.3 %3 7.3 %8 5.4 5y means 3f 2 -rerreitment 1% 2 CatiaN
axchange ~esin, the K4 for 128¢y on the inion resin (borate farm) eas
increasad from 40 3 200 T2 1800. This effect is apcarently due %2 2
megucsion 3f tne 3crita "N santant Y sanversian of the scaium serat2 2
weikly ionized 3eric ycid. This ig, -assantially, 2 s@isnization 3f the
«ater (the seric icid fs not memoved) .

“ne 2lamental cnemizal ~ampesizions 3f ne ~3 sazar ind severil of
sme afflyent fractions éwam tne calumn 22sis wer? sgniined 3y soeark gures
nass soecurometrsy ind are given in Taglas 2-3 23 4-10 a¢ =ne Apgendix. of
=ne 27 2laments Teasured, very ‘aw were 1¥¥acs3d in the 0§ racass. The
actanla 2xcsoticns ineluded moidium, which was <ne anly 2iament remcved
«i%n =ne casium and serantium in tne zeclita Zecs, and %ne zerizcic mamgval
5# sodium ing dcren is they wers axchanged wisn Ine nycregen isng 3f the
~agian rest1 and Ne nydraxide icns sf =ne 3anion resif, ragaecively, in
sme ‘nitfal zeriads 4% =agts (%3, 1%¢, and Ixs.

*hesa zalumn tasts lemonsiratad cnas ~elatively large JFs <an e
sgrained far casium and seeannium 3y neans of seqli%a ‘en exchange, 2nc
<nat sne OFs wer2 nct ‘morcved ignificantly 3y the use af aJrganic saticn
ind anisn axghange ~esias. small fractions of the cesium ard sTrentiun
ing larger fracticns af sne inisially miner ~antiminants ~ere "Ct reanoved
3y the samginatian of sortents slinned f3r usa 'n TNe $0S. As 3 result,

saveri] rigionuelides ire axsecsad 3 te fresant n smg 2aF¥7 ent from 0

-

. . - - : | -' ~ 3
s35 in ssncentrations ~angiag frem 10 2 3 10°% uCi/m.

e 4



5.4 Proplem Areas

The cresance of ccorly sorted rigicnuc!ices ind ~ecalcisrant specias
of radionuclices that are usually sorted Timits the Zecantaminasion =nat

an Je 20tained 3y ‘on exchange. Additional cycles of ien axchange w~ou'd

Se comgletaly ‘neffactive unlass she chemical natyre of shesa materials ‘s

thanged. The 'sreciem’ matariils nat ire encountared ire likelv %o e

-

‘.

3ne of the inree tyces descrited s “2llows.

3.4.1 2z2¢rlv ssreed ~adisnuc!icas

certain radionuclides denave ‘n 2 3Traigntfirward manner (1 tarms of
cemisiry, Sut tNelr jrogerties are such that they ire not readily
removed from Ine watar. In some casas, znemical idiustments san Se nace
T3 cotain 2 more favoritie 2istributicn sehavicr. A radicnuc!ice 3f shis
tyoe, in tne case of me (3 water, is 12355, The memeval of 129€5 uring
the 22arly jart of 2ast muns 1¥8 2nd 143 ‘s an axamcle 3F ;e affses of

chemical agjustment, 2although %he :d:iustment «as ¢t 2cne Jurscsaly in

this case.

3.4.2 Recalcisrant 3zeciag

Most of the cesium and strantium in tne 3 wazer s fsnte 1@ ‘s
reaqily sorsed dy aorrapriata zatien ;changers. =cwever, small *ictisns
(aporoximately 3.37% of tne cesium and 7.1% 3 me szreatium) ire Jrasant
n farms that are not ~eaefly axcnangeasle ind 2o net ~evers srametly %2

(3F are et n aguilisrium with) she acrmal ‘anic fapm.  Tar axamel2,

the casfum ing sTrIAtiym Tnat eers 70t sorted ‘n tne S2si3 Tay nave ceen
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i¢saraed 3n%0 scme Jther mazerial wnicn s ingoluble. [f this is tae
=252, some ~ay Tust e smynd either %o remove tne ingaluple material or T2

remove the cesium and serantium fram T,

5.4, <vdraivied ind inealunle sgecias

Severa' ~agicactive slaments cresant ‘0 small amounts were nCt
removed 27fectively 2y the S0S scrhents. These inclucde Ru, Ce, C3,
\g, ang I, 211 of wnich iggeared <0 le ~alazively ‘nsalutle, 123 snown ‘N
“agle 2. Some of these alaments Might le 4ig3alred inc Tace axghangead’2
+# =me 2M 3Ff the watar 3.3) 1s requcac susssantfally. 14 she insalun’e
alaments ire jresant s sallaids, they nignt Ze ~emgved 3y ssagulatie 84
sne zet2 zotantial 4 =ne watar i3 minimizac. Jemcval of such mazarials
ts acasmplisned n some casas sy somoletaly sgmineralizing the watar anc
sassing it thraughn layers of 4i¢farant ‘on axchange reg‘ng in order 2

r4ise and lcwer the M 3¢ =ne watar ~egeatadly «nile sresanting different

surfice sraocerties T2 “he watar.

5. ION TXCHANGE JISTRIIUTIIN MEASUREMENTS

A few 4distridution exjeriments vere made %3 intercret TN senavisr f
ene ~a¢icnuc!ices hat nad net teen remgved dy ne 30S sorsents and 13
ingicaza s0s3i3’e netioas #ap imoraving tne cerdirmance sf =ne V8. 0N
=nesa 2xzeriments, fracTion awmpers 23-18 2F tne 3F47 jent watar feom 2sT
run LU were used. e 2ssium sgncentriticns A smgga “r3ct7ons Tac teen
reduced ‘7 tne solumn tasts sy 3 facter af about 104 syt the the”
radionuc! ‘de oncentrations, ineluding =hese 3f e gerontium fsotices,

-

nad "0t teen meducEd gignificantiy. “sg ~aging t2572¢ ~ere 1S fallows:
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tlensiv 12-38 [AWe300) zeolite; #CR-S5 and [RC.3Q catien resing; and 38R,
Jowex 2, and lsnac A-320 anicn resins. Resgent-gjrice aieric, deorte,
sxalie, formic, and amincacetic 2cids and sefryctase were ysed for making

oW a4 usthents.

.. Zxperimental Tiyufcment
g5 w1 INts were :Ota:'ed es wfznin 20.01 3 using 2 Sassrius L2C02MP
salines. A 3eckman Ixsandcmatic 35-2 M metar eas usad I3 0Tl oM
nedsurements sn ‘aed and ~1¥¥mata selutions. The atin ecutlisrations
were cireiad 3yt i1 dyrex jlissware, 4130 Indse micing Iroviied
3y 3 erist-acticn shaker. Feed ind sample volumes were measyred <170

a Silsen <3000 automatic micrapizetiea

§.2 GZxserimental 2racadyre

The mesin was conver<ed 32 sne lesired ‘2nic form ang tnen aff Irfad
ind weijned in tared jlassware. Following the lesired sretraament | 2H
1diustment, dcition of omolexing igent, es.) 3f ne “‘eed wate”, tNe
aracer Jclume was ompined wit e mesta, ind tNe Rasas e nixed ‘%2r
24 n, The ~esul:ing sugermate <as ~emoved ‘rom e resin ind Lutmitiad
far jamma scan ing radigstrentium ina’ysas.

Taed M 23 ustments .ere mace ‘1) dy ne wkcdtion af aisrie,
fapmic, 3xalic, 3r amincacetic 2cids; (2] Sy cation axgnange .87 dCR-3
ar 13C.30 resia; ar (3) 3y sne caition 3f J.fmctiose, 1S 2 semoleaxing
agent. [n all czases, aditions ~ere Mace wnilg monitsring tne ‘eed 2¢

ING w@rd 3°333nT Nued wren the 8§ ed X #4235 “Riched. tner “3ed
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nodificacions incluced (1) ffitraticn shraugh @ 2.leum Milligore filter
and (2) additien of 1 and 10 som of lanthanum as La(NC3)3,

some of the anion resing were sonverted %0 the seraza form Iy Suc-
cessive #asnes with 3.7 ¥ 43303 sefare She distriSution measurements
ceres tade. The resin «as easned il she oM of tne ~ash ssluticn
~sacned that of the teric k¢id (ad 3.3). The resins were sashed #1201

watar %3 remove 2xC2W3 seris 3c:4 and then 3°7 dried sricr 3 we'3ning.

5.3 Ixzerimenti! esulss and Cissusiien

5.1.1 2emoval 3f 2958

Streng-dasa nicn resina 38R) in 2cth the mydraxide ind Sorata formns
~amoved 1295, 3ut =ne (43 were indesimasly small [ia tne range 21 %3 43),
1s shown in Tasle 3. wthenium was 1133 ~emovesq, Sut T2 in 2ven smaller
extant. The significance 3f he Taw Kgq 15 nat antimeny wCy’3 3reak
saraugn an 2nicn axchange salumn 2¥%2r 3nly 2 faw zed /ot umes [as cbsarved
in column =ests (3 and IX Y. A lgaging sacacity of saveri! tuncred ted
(a] ines Jriar %3 Sreakihrougn would Je required = o iccentab’e Jrecass.

ingimony sragag’y awists N sne water 3¢ 3 nixture of eutril 3nd
anignis Ixy-sgectas that are in squilisrium with each Jtier. Since ne
g wizh the (3 watar, IS sregant!y sonstitutes, 'S incesirasly small,
netncds far imgraving the (4 eere iavestigated. [0 jeneril, these mennecs
invel /¢4 various eays 3f reducing tae sancent=ition Ir Zhanging the fature
3¥ tme zomeeting anions. *wg competing infen 'n tne %3 watar ‘s 3¢rats,
enica i§ 4T 3 cIegentratien squivalent 33 tnat f tne va*® ion (mest of
sa@ 3cren 1§ gresant 1§ weax'y fonized, 3r agsans al’y "euiril, CrC

jeta). The Sorata zan le ~emcves siazely 3y aniin axenange, Ut SRTS
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would ~equire remgval 3f the Jer'd 1cid 25 well; tnerefsre, 1 very large
amount of resin would e required Jecause +f =he large amount of deric
1cid sresant.

Jerite fons also can le remcved indirecsly, 3y treating the water with
4*.fapm 23ticn exchange ~esin [HCR-I cr 13C-30). The ~esin wculd ~emcve
*ne N3~ ‘ans from the water, replacing hem with & fens, wnich, in turn,

‘ / *: @ - c—ema' 0~ - . ’H ." -
would meacs with Sorite fans [498037) 3 form neutral 3eric i€ 4 (H3803)
o ¢ b - 4da20
lesined » Ya* = #-303" == esin-Na - #3803 .

1 .- ‘ade., [ asdy v
Te crate on sancentritian ‘s =~elatad 2 *heg AC13ity (\3M) Y

» 2 .ﬂ-’.‘j
43303 = A" - 423077 , ¢ = 3.3 2 10 ]

ceam this relationship, the following equaticn can Se lertved:

4980377 ¢ 5.3 x 10=10 443012/ 7+"]

ol o' o

Tn %ne 23 water, the csncentraticns ire, igoraximacaly, 3.
soran, 0.382 ¥ ¥a®, 0.082 ¥ 428077, and 3.122 ¥ neysral 49303 (2.138 -
7.352 » 3.122 ¥ neutral H3803). Thus, the oM snou’2 se pgroximately 3.3,
Wnica ‘3 ‘n igreement «1%h iNe Teisurementi. As %he 3¢rata ‘ons are ISne
jaread 53 toric 1¢id 3y AT-form mesta, eme 30rite ‘cn I3ncantriticon S

jiven 2scroximately 3y the 2quatten

.. Pt o
e T - . Tt e 1A%
* i | 'l *Ae il - s 45
4s80q"3 » 1 x 10°30/04"] L%

il -

- - ad MO Qr‘
™ fen <9 razian Sy 2 facter of 130, 20
us, 23 ~educe tne lerate fon ITAcentratian 3y @ T2 ;

‘. - - - ad 1 ar
auss increasa the tydragen fon concentraticn 3y 3 Tactar &
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Jecreasg he M 3y 2. This, in turm, should increise the g for antie

mony with anton axchange ~esin dy 3 facter of aporaximatelys 10O,
Snvera] %2sts = *e nade in anica th ¥a® ions were removed 3y mneans of

1ther HCR-5 or IRC-2Q resin (H™-form). hen the resulting sclution was
s3ntacted with 3R, Targe (45 “ir antimony ere ichiaved, is snown in
Taole 10, The axtaat of ~emoval of tne Ya” i2ns (and the scrit2 ‘ens) ‘s
Teasured Dy the oM, 2s indicated. Since %he ¢4 “sr intimony should e
‘nversely 2recerticnal I3 the 3orite on zancantraticn, (t should se
itrectly Zragerticmal %2 the 4° z3ncanteatian.  Afcer addictian of suf-
ficrent caticn resin 33 meduce e M feam 3.7 3 the ~3nge 5 %3 7, he

K4 was “zund =3 e

(d - 4‘ :39 :*,Q » :$‘ .‘49\" .:Hj .“-1\; .:H)

- - iI\»- - .

Thus, the Ky ts accreximataly 1290 2t M 5.3 ang 2500 2. W 5.2,

These {43 re ‘n 1 sractical ringe fir 2 s3r3tion sracass ind iagia
23T2 tnat Intimeny 2an e ramoves from tne watar 3y 3 simele moeifizatian
3f the 305 fTiwshest. Issantially, the z2atian axcnange 23lumn fallowing
the Te0 “¢ calumns wou'd de jreatly ‘acressad ‘a1 size w3 3Btiia suf.
figtent cacacity 22 remove Ya® 12as from he eatar ing canvers che sqrise
fons 22 3¢r ' acid. The mesulting water, 1% 1 oW <5, would law %3 an
T30 axcnenge c2lumn (33R) %2 remove ne antimeny. The M wou'd e matne
“ained n the rmange of § 3 3.3 ‘n cne anton csiumn, alincugh 2 Tower 3¢

nigNt Se acsastagle.

e cenalty far this mocificaticn wou'd de the increised 2l ume 3f

-

melatively ToweactivityeTavel sasta [iMe cation axgnange estal. T

example, 2830 = (700,3CC za') of 23 water 1t 1200 som Na® woulsd ~ecuice
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aout 76 @3 (20,000 gal) of HCR-S, or 28 % (10,000 gal) of IRC-50 resin.

A carcoxylate resin [sucn as 12C-30) would 2racadly e used Seciusa of ‘=3
Nigner «clumetric 2a0acity, NG it might e “ollcwed By 2 small ameunt of

4CR-5 in order to 20t3in 2 lcwer :H:'

This medification apcears =3 offer 2 zractical 43y 0 remove i
substantial fracticn of the antimeny (prasasiy >39%). It Zecends 3n ~a-
noval 3f the Ma® fons, 3yt nct the horen, from the water. As 3 resuls,
the oH 13 reduced. 3ince ine ionis 23ncantritian of the watar ‘s reat’y
reduced, tnfs <ould te Insicered 2 Zefantzaticm, T net 1 ‘eminerilizie
tten. A side affect 3f ine Tower W MiZNT e nat tne sraglam of recal-
STirant lestum ang strantium, 2s discussad 2arlier, weuld te 2llaviitas,

TwQ Ctiner ipgroaches fir recuciag the 30rit2 f3n sancantritian ais2
were testad, Simple acidificaticr 13 meduce tne cH 3 corsximasaly 5 e
Tcves Sorata fon ana sucstTITuTas “Ir it jne ntan of che ¢4 used. 7 <he
2Cid anfcon nas 2 weakar 1ffinity far tne ~esgin nan the orate anien lass
effective comoetition “ar tne ~esin sizas), then the Kq 3f antimeny snoyla
‘ncrease. Several aciis were ca2stad, including farmig, sxalic, and aming-
1C2TIC; Ncwever, sptimum IInditions were 70t atTiined inc Tittla 3ucaess eas
ichieved, 25 shown i1 Taple 1. There ‘s still some 208si3iTity chat sais
1gorsach nignt ennance intimeny remeval, 3ut NS #as fCt sursued.

Aflar the faed ¢ was 3djusted wi%h amincacatic ic'4, savera! 1a1ian
"eS17S sere iamoared witn S3R, 4s shown ‘n Tasle 12, The (a4 for 295y
30TaTNeT w177 3R was jreatar Inan Ihat S0Ti1ned «1Th She Atter 14fan
resing.

The sther altarmatiie ‘s salestiie 23molexatian of serita s e 3

31fferent anion thaT TGNt Act comcet: W13 antimeay 18 affactivels fae
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resin sites, Many a0l yhydraxy comeends eamglex Serate, fncluding
sarsonydrizas. Ameng =nese, >-fructose ig sutstanding, and Tasts were mace
«ith 1%, as snewn in Table 13, The zH was readily decreased nto the
sesired ringe, ‘ndfcating emas the somplex ‘on was iapmed, <Owever, lNe
¢4 of antimeny «as nat ‘ncreasad, suggesting ~naz %ne comglax 2nicn icself
-amoetas 2ffectively with intimony far the resin $itas.

samplaca iemineralizatice ‘ramgval of 2€T0 ya*® ians ané deric :€d
goecias) or i 3 anfen axcnange sermits affaciiue ~amgva’l 3f ntimeny,
syt i§ icsamganiad dy tne jeneration f 3 very large wclume of -aste
resin. This grocedure «ds 0T sagtad cer 3@, 3ut T "as seen aczamg! ished
suring it laast zart +f +he Iztcar-ll srecassing. Since dgignizaticon
Jisnaus seric icid memoval sermics affective ~emoval 3f antimony, lemine

aralizasion sffers 0 gvantace.

5.3.2 3ecalgiirant gcecas

Savera! diffarent ra5ins Ind water spatreitTeNTS serd 25120 i81ng
aged 1L a#¥l ens sslution, Mest sxzer‘ments ‘nralved TWo succassive 18-
equilibrations - INE sipgs wizh 20 ML of eater anc 2 3 of resin and %7
sacand #1207 L0 L 3¢ =ne watar from tNe dimge axtraction acyilisratad «1t0
1 § of new resin. Liter %2573 were lesijned sa soudy sarsicular 250€CtS
3¢ tne crediam.

itreng-actd resin (4CR-5, ‘n the ¥T fapm) ~edycec c2STUM DY 2 #3cesr 700,
s3 3 concant-aticn fear 19=3 4Ci/mL (Selow the R 0 =apcans=atian), 28
snewn ‘n Tacla 13, =nig memoval of CeSTuM 23 ~gt axcect2s; T aggarent 'y
seayr=ed teciuse st s sme m~ecilziorant castum scecias «as 2nvertad 3

fanie sesium during the aging time yFrar tast CiL eas tomolatad. e
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resin 2lso acicdified tne selution %3 2 =M near 2; this actdificatisn,
ccupgleg with the 2.4 contics :ime, 23uld have nrancad the conversicn 3
dn extractabie species.

The strong-acid resin also Feduk;d the strontium cancentration %0 2
Tevel Tower than the valies cttained in s3lumn cests IXl, Ix2, IX3, and
(48, T™his suggests nat the i¢tdification ‘ncreisad the ‘raction of
strontium tndt was exchangead':. Aging alss increised the axirictabia
STrIntium Sy 2 small amount, 25 shown Sy the 2alumn tasss. Strantilm cen=-
centraticns oFf corsximasaly 2 2 10=% uCi/nL were Btaired; zhasa were
Wout 2 factar of 10 Tower inan the results otaiced in zast (45 This
reduction fa the amount 3 ~ecalcitrant ITeAAt LM was signtficant, Sut was
nuch smaller tnan hat f3r zesium. The mesults fUGGesT that some come
3inaticn of netheds (srecasly invelving W 2cdiustmens, 3ging, ind 0ssidiy
neating) an e founc hat #i'l rmesylt in settar szrantium remcval.,
iCwever, such <3nditicns an 70T e defifted In tte tasis of &kisting cata.

Weak-2cid resta ([RC.30) was zenerally similas 22 *CR-3, 3yt somewnas
lass affective, with rescecs 13 3ddisicna’ removal af eth cesium and
itrontium, 15 shcwn fn TasTa 14, This mesin mecuced the oM 3 tme ¢y~
tien %2 goroximataly 3, compared 3 a2 oM mear 2 ‘ar sStreng-4cid ~esin
(#CR-3]. The zecrsased 2993ctiveness far removing recaicitrant cesium ing
strentium may e ~elated I3 the lcwer acidity [nigner sH), sines 2 1igrer
1C13iy (Tower oH) would e 2:cectad =2 salunilize 3o insaludle material
¢ 372 fn cescrztion of 2asar7ed ions. In 30%A She weike ind 3treng-acia

reSin a$ls, 4N excass If ~esit was 4582, NG he $37ution was af factiiely

leicnizeqd (scatum ‘ons were ~emgves ing rita 'ens «er2 Isnvertad wsstly

3 neutral 3aric aeiq).
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Twe Mmdificatisng 3f the “2ed sere Taslad Sap =m@i~ affagt 3n axghange

«ith strong-icid resin. Preacidificaticn of tne faec witn nitric acid @

-

i 2.3 resulsed in a soluticn e <2 after equilibraticn «ith the resin.
This 1igh a¢idity caused 3 scmewnat lewer ¢4 f2r sctn cesium ind
strantium, a5 shown in Tagle 13, because of the increasad sameetition for
resin sizas. <owever, the amount 3f recalcitrant cesium anc strentium
(which c3uld net de removed 2y ion axchange) was 2ssantially the same is
snat far similir axceriments wizncut sreacidificaticn. The gffact of time
1t %he Tower CH was et tastad. .

sdgisions of small amounts af laathanum (1 and 12 sem) 13 the faed
salugian sricr %3 fon exchange treitment iggearsed T3 fave "C significant
af€acs, 23 shewn n Tagle 3. [n cther gisuations,’ in wnich trace
radigacsivity was idsared an surfices, the additisa of lanthanum anhanced
ne ~elassa 3f radionuclides fram ne surficas i@ the selutieon (9
lantaanum icscras nore strangly, disalacing she 2lements Srevicusly
adscraed). (a1 tais tast, nowever, ¢ ‘morovement <as osarvad.

Zilepacicn of she 1X1 effluent salutisn =hrsugh 3 2.1-um Milliscre
silsar sriar %3 the distriiution neasurements 2ic nct imprave sesium and
serancium removal. [a facs, Snis sracecurs may Nave raduced the amcunt of

§TEAnt UM N4t was ~amgved, 1S 3Ncwn 0 Table 15. :f the recalcitrant

secies «ere 1ssociited wizh zarticulates that Ituls le ~emoved 3y such
#ilspasian, She comoined traacment of fltraticon fillicwed Jy ‘on axchange
snould reduce these Jontaminants ¢ Tuch Tower ITngantritions than N
axcnange 2lsne. o such imorcvement .35 dbsartvec. s is csactuded thas
(4 smg ~scalciteant sgectes ire 1535Catad TN ZarTioulitas, e fare

- = i

sielas will 2ass saraugh 2 J.l-um “iicar.
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Tagle 1§, P%cz of feed flitration Shraugh J.leum M111ig0re
Test l-1 Tegt 1.§
ies 1 4CR.35 “CR3
nt2ial farm - s
4Q13nC, 3 2.0 4
Teeq qura X129 X131
“resqtment ‘one “eed ‘ilzares inraugn
J.leum W11 izored
lune, nL o | 20
. cane. ‘y4Ci/n} anc. ‘uCi/m
Cay "adianyc’ Tdes ~eed suoertace tg *eecv JaCerndle (4
Hsp 2.4 L5384 183,23 - 1.58-4 100,2
C6ay 1.18-1  3.38.4 L. 7884 3.4E8.4 $:3
W38y 2.3€-2 2.18-2 - 2082  2.1%s2 -
AT $.10e3 2.4¢-% 1,300 1083  3.3C.8 2.8
n 1.3 2.3 .3 2.3
4

Filter read >3 ¢ 0% zom de%a ine 130
3
jefore ¥
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33 Hydralvzed 1nd ‘as3'upla 3ecies

Severa! metals (ZTe, (3, Ir, Wb, e%2.), that can act se effactisely
"emcved 1 the I0S [rocess were ot studied axplicitly. These metals ire
exzected %3 hydrolsle and exist s tyaraus cxides 3r in assoctation with
sther insoludie material. [t fs also 2essiBle that some csiloidal sare
ticles are sresent.

Two saries of yliricentrifuge tasts were mace with tne [X5 2alumn
effluent solution. The af<luent water was subiectad sz 423,200 3 far 1 1
'n one tast ang 3 130,300 3 far & 7 in the sther. The masults eere
icmewnas ‘morecise lecause 3F tne low activitias of tne ~acionuc!ides of
fatarest ind tne much vigner Tevel if sther fsataces, sctaniy 2553, The
esults suggestad tnat tne “3llowing fraciians of tme ctivities wers
"amoved from the watar ind deccsited fn the canteifuge csnes: strantium,
Futhentum = 30 23 J8%; nicoium = 283, carfum, cscals, casium = 13 =
ancimeny — <0.3%.  [centical cantrifuge cines, wnich were similarly
8X3Csad 3 tne same watar ut not centrifuged, 214 0t resain sigaifizane
ICTTVITY; thus, the ragicactivity metatned ‘n tne cones «as e ~esulc oF
the centrifygation and 7ot merely icseratian.

Thesa results clear'y snow chat 2 susssantial fracsicn of 2he ~adice
3ICTivity of tne fon exchange &7 ent s3Tutiang s sresent a1 farm that
San e removed fram tne <ater By axtreme zantrifigaticn.  Thus,
t3l7at2al matertal accedrs 1o exist, ang he asssciiiad ~1¢fsnucldes
ipcarentiy are not in ~aoid equilidrium with ‘onic svecies. “cwever,

Ne 2axacs nature of the matarial is a0t <nown.
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3ased

af radionuclides in the decsntaminated effluent stream “rom

52

ECTED PERFORMANCE OF THE SUBMERGED OJEMINERALIZER SYSTEM

cn the results of the column tasts, the axjgected zsncentrations

the 0S aifter

treatment of 3 watar were 2stimated ind ire shown in Tagle 17. The sozal
/miume of product water accumylated ifter 200 Sed volumes 3F smrsugnout
(2asad 3n tne resin volume in 2ach zeclite jed) is exzected %2 nave s
ing “3735 zancemtrazians that are sligntly Tower than the instantanecus

concantraticns in the procduct

centrations are astimated %o e 1.0 x

o [t
- -

jreitar than the

50 %imes jreatar than the 10 2
The srojections shcwn ‘n Tigle
test resylss = zhe ze0lica of ¥l ent

ced lumes and in adgt

cation,

anan,

. - .’ . -s
column, ne --sib 3130 wi!!

farm caticn resin nas ceen s3nvertad %3

net e significant, sverall. Thus,

aonent in the effluent from the 20!

:3553; ncwever, in terms of the re!
sencerm and wi'l e the key fictar
that will 2¢ required, in order 33
The axtectad cancentraticons 3f
(Toaced scroents ang #4'ter salics,
Jceraticnsg ire shown in Tasle 3.
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first position, wi!l contain most 3f the activity. 3ased on the lToading
srofile thown in Fig, 7, the activity 111 2e zresant sredeminantly in the
Jocer cne-fourtn of the ded. Therefire, tne maximum 23ncentritions will
Se ibout four times jreater than the iverige cincentritions shown nere

(@.3., aporaximately 1.2 « 105 uCi/mL af 1372,

8. IMPLICATIONS 2R CLZANUP

3.1 Containment 3ytlding Yacer

The data cotained cermits 1 ~sascnasia definizion i the matmum ser-
formance 2 e axsected fram ine 305 system and from 3 wgificatian in the
flowsneet 33 a5 t remove 235B. ¢ tme 05 fs maifiag sy usiag aneugn
fT-farm cation resin 23 comoletaly ~emove the Na”® izns fram ne watar aing
sonvert tRhe rita fons I3 eedkly fenized doric acid sriar =3 anian
axchange, the -2%3p SSMCRNTraIticn 23an Je reducad 3y 1 fictar of ir Teass
0. Since the zatal amount oF 125Sh sresent s wwerexinately 30 i and a2
Timie of 10 Cf may se io0plied =3 §idrige of the cecantaminated watar, it
least 4 fivefale recucticn of :ne 2950 may se necessary.

T™he crimary artlem in 3etaining further lec3ntaminasicn 3f she ~atar
from strontium ang cesium s 3ssaciazed wish mecaleisrins scectas, ing the

K}

10171y %2 cverzome the zraciam ‘s limicas 3y 27 ‘nagequate .ncerstanding
af he lasic nature of thesa soecies. Scme ‘agications 3f icerspriate
tredtment eere Ct2ined urtng Tne tests (a.3., the sgdisienal OFs
3Vtatned aftar 1ging etween tasts ({1 ana [42). “Cwever, itere ‘s 20
lefintiive ‘nfirmaticn that tne ranlam 3F tme ~aceicitrant ssectes zan e
substanttally 2l aviated, ind sners 15 g Fimm echnalisgy an wnich 3

ucericr ‘2n axghange :Sracass can e dased.



it 's lickely tnat 1ging of the decantiminated eatar, especially it

the cotimum W and pessidly at an elevated tamperature, will zermis “yrviher

Jecentaminaticn, although there are N0 4ata- %3 suppert Shis supposision

sther than the chanca coservations macde curing this study. [t should de

clearly uncerstcod that {# the srocessed watar ‘s ‘mmediately =n hraugn
the 05 orocess for 2 secand time, there w#il)! e very little additiszmal
decantamination., [f 3 sybstantial additiconal OF is %2 de achieved, the
nature 3f the ~ecaicisrant cesfum and ssramsium scecies #1171 nave 23 e

shanged. This jeneral 2rea ~egresants the Irimary ~ema‘qing .ncerta‘aty.

3.2 eacior Primary Co0lant Systam saser

The RC3 is 2 recircylating Taco that 22n 10T e 2riined Secayse 't
TuST 2lways 2antain 2 suBstantial volume 3f «ater i ir<er %3 caver ne
i3re. Thys, tne LT eater TusT e decantaminatad ‘7 2 megirmeulatian or
Jy-04ss mcce, 1S lpcosed Q once-through sgeratian., Alsg, the oris aci4

ing sedium Sorate concantriticons in the 3CS nust Je neli zsnstant o3

- .-

srevent Iritical‘ty and =3 maintain the oM 2t 3 sufficiently nign lavel =3

P -

srevent Igrrasiin. Thus, mecifying the SUS o meduce the 23ncantratisng

- i Sw e

3f tne Mingr sontaminancts, 2558 ang 138Qy, 231 et e cansiderad uns¢!

17%er tne fuel nas Jeen remcved ‘rom the reacicr. The 30iective of ising

the 305 %2 treat tne T watar #11 e %2 ecreisa the cancent,itiang of

cesium ang strantium, enicn, tn tur, #i11 recuce exscsure 33 Jerscnne!

during fuel ~emoval scerations. Cnly the zeclize zzlumms in ine 05 #7)

- - - -

Je needed ‘or his urscse decause eciita «1l 337t cme sulc 3f che

o'

SESium Ind STrONTium wtThout 2ffgcting tne doric a¢id and 3cdium serate

sencentritisng., The tiTe reguired 3 Irecess the iCS «atar can e r~educas
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3y 'nCreasiag the ameunt of Zeclite in ine 30S; shis can e lcne
replacing the cation 23lumn wish 2 “suren 280l:%a 23lumn.

{n the ~ecirzylating mode, 2nly sne tnecretical tage of sacaration is
poessidle for sach Sa.ch of :ao?f:i.asoa. ing this can Se stbtafned 2nly if
the throughout velume s Targe 2ncugh %2 3ring tne 2atzh of zeeliza inta
quiTidrium with thne witar in the antire TS, In drder 3 Minimize the
olume of ze0lite used (and hence the valume 3f ridicactive waste
jeneritad), ne hriughout of 2ach sclumn fn 2ach 2esitian snould ce it
Teast 1000 zed volumes; 29%2r seing moved wrsugh 211 four sositicns,

-

each column will nave accumulateq 2 t:tal 2mrsughout of 4000 sed /ol umes,

wnich fs equivalent =3 2.7 /cliumes 2f =he 3C3.

3.3 daste Vol umes

A omodrative astimaticn of the volume if wasta /saraents ar aviscrie
S3r cancentratas) resulting directly from the arocassing of she 23 sater
's summarized ‘n Tagle 13 far saveral 3cssinle srccessing igpradches. The
nodified 3OS system (Case 2) would zenerica gerox mataly 2.3 times 1is
TCN #a3T2 sCrients is tne casic 305 systam (Case | seciusa af <he ‘arger
elume of zaticn resin required %3 ~emove he Ya* fsns. Ilutien ane 22
neration 3f tnfs resin (Zase 1) would 3¥€ar ¢ is0recianis cvantase ‘n
tarms of wasta «olume; e disadvintigas :f ~egeneritian would e ve
3dditional aquisment ind sceritianal ~ecuirements. Ziazeritian 3 che
2ecl 22 calumn effTent [Casa &) would sravize affactiie memoval oF
eN-fenic scecies of the madicnuciides. 2 legatise 3F%3cs woull e tte

sreduction of 2 much Targer «ciume of «aste zeciuse 3F sne 'arge amcunt of

WrIC 2073 At «Cull e inglicded ‘N tne avagzeritar -sncantrita.



Tagie 13, Istimated easte wclunesd jererited during ihe srecessing of
he Containment 3utT3ing water 4t TMI.2 ysing she S0S system

Q1 ume
Zase . 3ai)
: 3d3'C JJS Tlowsheet

leclite '22ntaining zasium ing

strontiym) 3,300
caticn -esin :,900
Yizxed megin 300
Tatal 3w
2 S, noci‘iag ‘3r 255y ~amoval
le0l i%e (23ntaining zastunm ing
scme strentium) 14300
Cation ~esin [[RC.30, contafning
sodium ind mst 37 sTrangium) 10,3500
Anten resin (cantaintag -4°€Y) !,500
Total 3,900
3 lame 1s Casa I excest ‘ncluces 2lutisn

af [RC-30 r~egin ind avacerizian 3f 2liate
%0 22% solias

lealite [cantiintag casium ind some

strontium) ia 1.8
inton reste (cantaining “28qp) 1,500
fvacoratar i3ncentritat [I2ntaining

sodtum angd noss 3f sTrontium) 3,380

Tetal -Z..'.'CU

i 3asic 308 (ze0lite 23'umns anly) 3iys
evagoratizcn 3f leclite #7¥lyent

ceolita (cantaining 2es‘um and some

strontium) 1,300
Zvaperitar i3ncantri2as [s3ntatintag

*emaining rigianuc! des excast

trittum), sodtum, ang ser‘c icid) £8,200

*atal ]

Wolune 3 lewatared OrIents Ir aVACOrItIr 13nCantritas feam treating
700,300 jal of I3 eater. easte 131'difiz23tian '] ‘nereisa “nesa
clumes 3y ‘ictirs tnat lecend In «ast2 ‘arm.

3 acorated 13 212% sedium sul“ate.

“Zvaocratee 33 L3 3 129 joriz 1ctq.
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3

Jecantamination of the S water 2750 #'') generite 1 minimum of

severa! thousand zallens of adeiticnal waste.

9. CONCLUSIONS  AND RECIMMENDATICNS

Samgles taken from the #locr of tne Containment 3uilding nave cone
tained solids that are crecigitatas /;rabanly Sydraxices) of, srimartly,
<4, N1, Al, ang Fe and cantain 3 significant 2sncentritisn of
madicstrontium. The wolume of sgl‘ds in the suilding fs nignly
onjectural; Nowever, astimatas ‘ndizate 2 wlume f severi] twundred
jalicns. [f tne watar s net zlarifiag cequataly, nese 337'4s ssula
resIrict or dlcck the fliw 3f watar hesugn the ‘on axcnange 3 umns.
Fileration tasts incicated snat she es: resu’ss =an e chieved Sy using
3 downward flow tarcugh 2 f11ter A0using in wiich sintaredemetal filtars
ratac 1t 40 um ire Tocatad it tne 30TIIM ind irs averes ly saveral incnes
3f Calite 335 (or equivalent) diatomacecus-sars “ilsar 214, 1f filsri.
tton fFficulties or restrictad Tows ire anciuntares with the sureent xS
filters, use of ne 2reccated, dowrward-#'sw Filtar snould se ssnsidered.

The fon axchange alumn tasts snowed hat cesium can se ~emoved fra
the (3 water 3y 2 factar of 139 far it Teass 1300 ses wclunes. The scerit.
ing srocedure 2iinned ‘or the SUS (using saree zeclits leds ‘n ser-as ing
noving the leds Ituntarsurent 3 the watar Taw if-ar tvery 200 2e¢¢ w'l.
Jmes 3f chrsughout) #1717 make sessinle 3 3F 3f 103 far serencium. lary
1153le Zecantaminatian, ‘¥ iny, will e 30t2ined ‘2 ¢ither She orjaniec
catisn resin calumn 2r in the zolisniang 2siumm. The srimary =1d‘cnuciide
‘n the 3OS ofFTuent wil' e 129Sh, with 2 sancenteanian 3F 2 ¢ t3el Lo .

owever, e orimary Mazard femainiag in the of“Tuent «t'1 e e, wicn 3



sencantration 34500 times jreater than the cancentration listed in
10 CFR 20. 1If discharge limits .re establisned, =he 305 effluent 23uld se
diluted with routine plant discharges.

The 2550 was fsund 3 se nicnic sut scorly scroed 3y the 30S anien
resing 2eciuse of <ompetiticn 3y Scrite f2n f3r the axchange sites. The
30S zan e nocifieq %3 enhance tne removal af 25¢p Dy passing the zeolis
s3lumn of¥7jent stream through 2 large ced 3Ff zaticn resin %3 ~emove the
scdtum ‘cns and then zassing the stream thraugh an anisn ~esia Sed 3 sard
the 22525, imper!ita 1C-30 f5 tme test citisn ~esin teciusa of (%3

.
relatively afgn 2azacisy for scaium, and 33R is she les: intan ~asia,
This medifization of ne 305 wil! jenerite icorsximataly 2.3 times is much
$a11d wastas “r2m C3 water 2s the 3asic 305 “lawsheet.

The remaining strentium and casum ire recalcisrant sgecias wnich
Sannet Je remgved Iy ‘Sn axchange .nlass their chemical ~ature is snanged.
Simoly recycling the affluent stream thrcugn she 3OS calumn wi'l nct
remove these stecies. The nature of tne recalcitrant scecies may sesséaly
Se changed dy 2itaring the csngiticns of time, tamgeriture, ir oW
Cwever, Nis '3 an dred of uncertiinty that should e studiad i fureaer

wor< is done.
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