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2VALUATION OF THF. SUBMERGED DEMINERALIZER SYSTEM (SDS) 
FLOWSHELT FOR DECONTAMINATION OF HIGH-ACTIVITY­

LEVEL WATER AT THE THREE MILE ISLAND 
UNIT 2 .NUCLEAR POwER STATION 

D • 0 • Camp be 11 
E • D • Co 11 i n s 
L. J. King 
J. B. Knauer 

ABSTRACT 

The Submerged Demineralizer System (SDS) flowsheet for decontamina­

tion of the high-activity-level water at the Three Mile Island Unit 2 

Nuclear Power Station was evaluated at Oak Ridge National Laboratory in 

a study that included filtration tests, ion exchange column tests, and ion 

exchange distribution tests. The contaminated waters, the SDS flowsheet, 

and the experiments made are described. The experimental results were 

used to predict the SDS perf ormance and to indicate potential improvements. 
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1. INTRODUCTION 

The Submerged Deminera l izer System { SDS) f l owsheet for decon­

tami nat i on of the hi gh- acti v i ty- l evel water { HALW ) at the Three Mil e 

I s l and U nit 2 { TMI-2 ) Nucl ear Power Stati on was eva l uated at Oak Ridge 

National  Laboratory { ORNL) in a study that i nc l uded fi l trat i on tests , i on 

exchange col umn l oadi n g  tests , and i on exchange di str i buti on  tests . The 

HALW at TMI- 2 i nc l udes approxi matel y 2650 m3 (700 , 000 ga l ) of contaminated 

water in the fl oor of the Reactor Conta i nment Bu i l ding { CB) and approxi­

matel y  340 m3 { 90 ,000 ga l ) of ci rcu l ating coo l ing water that remains 

i n  the cl osed-l oop Reactor P r i mary Cool ant System { RCS ) . 

Three 1-L sampl es  of contami nated water were taken from the bottom of 

the CB duri n g  November and December of 1 979 a nd were shi pped to ORNL 

for use in the SDS eva l uation tests . These tests were made dur i ng the 

peri od J anuary-Apri l 1 980 . Pre limi nary resu l ts were reported i n  a ser i es  

of month l y  l etter s  from R .  E .  Brooksbank of ORNL to R .  F .  W i l son , Director 

of  TMI-2 Recovery for Genera l P ubl i c  Ut i l i ti es  { GPU ) . Summary res u l ts 

were presented to the TMI-2 Technica l  Adv i sory Group  on Apr i l 2 1 , 1 980 , 

and to the TMI-2 Recovery staff on April 28 . 

The process to be used i n  the SDS for decontami nati on of the HALW 

was  devel oped dur i ng mi d-1979 , fol l owing ana l yses and testi ng of sampl es 

of RCS water wh i ch wer0 taken with i n  a few weeks after the acc i dent . 

Sampl es  of CB water were not avai l abl e unti l an access  probe was i nstal l ed 

i n  August . The RCS water sampl es were ana l yzed at ORNL dur i ng May and 

J une , and some of the RCS water was used for distributi on measurements  w i th 

a variety of sol i d  sorbents to determi ne the most favorabl e type of sor­

bent for the decontaminat i on process . Al so , smal l -col umn l oadi ng tests 
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were made using synthetic feed solutions traced with either 89sr or 137cs 

to determine the potential performance of ion exchange columns containing 

selected sorbents. The zeolite chabazite was selected as the appropriate 

sorbent that was commercially available and had a history of successful, 

large-scale usage. 

On the basis of results from these tests, ORNL and Savannah River 

Laboratory personne 1 worked with members of the ·: echni ca 1 Advisory Group 

to develop a proposed flowsheet. Then a processing system (the SOS ) was 

designed by Allied General Nuclear Services ( AGNS )
1 

for Chem-Nuclear 

Systems, Inc. ( CNSI ) , the prime contractor for fabrication, installation, 

and operation of the process equipment. The SDS was designed to decon­

taminate the HALW so that, when mixed with normal plant discharges, the 

concentrations of all nuclides ( except tritium ) would be <10% of the con­

centrations listed in 10 CFR 2Q.2,3 

The first samples of CB water analyzed at ORNL were obtained in 

August 1979. Following the analyses, some of the water was used to make 

additional ion exchange distribution measurements. The results of those 

measurements indicated the presence of recalcitrant species of both stron­

tium and cesium at estimated concentrations of 0.08% and 0.04% respec­

tively. In effect, these species appeared to limit the decontamination 

available with the proposed SDS flowsheet to factors of approximately 

1200 for strontium and 2400 for cesium. In addition, the sample taken 

from near the CB floor contained a significant volume of flocculent 

solids. This introduced the possibility that the filters specified for 

use in the proposed SDS might be inadequate for removing this type of 

solid material. 
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Based on the potenti a l  di ffi cul t i es suggested by the presence of 

the sol i ds and reca l c i trant spec i es , ORNL recommended that fi l trat i on 

and i on exchange col umn tests be made us i ng  actua l  water sampl es taken 

from near the CB f l oor for eval uat i on of the SDS process and for the de ve­

l opment of potent i al  proces s  improvements (modifi cat i ons ) . I n  add it i on , 

the NRC requested that GPU prov i de process  eval uati on data for use i n  a 

safety eva l uat i on .  

The exper i menta l  program that i s  the subj ect of th i s  report resu l ted 

from an agreement between GPU a nd DOE . The techn i ca l  scope was dec i ded 

through consu l tat i on among GPU , ORNL , and the TMI-2 Techn i ca l  Adv i sory 

Group .  The report i nc l udes descri pti ons of the contami nated waters , the 

SDS process  fl ows heet , and the exper i ments that were performed. The 

experi mental  res u l ts were used to predi ct SDS process  performance and 

to i nd i cate potenti al i mprovements . 

2 .  ANALYSES OF THE CONTAMI NATED WATERS 

The concentrati ons and total  amounts of the chemi cal  and rad i ochemi-

ca l components  i n  the RCS water and the CB water wh i ch are most s i gn i f i ­

cant rel at i ve to the performance of the SDS system are l i sted i n  Tabl e 1 .  

The va l ues  i n  the tabl e for the RCS water are compos i tes of ana l yti ca l  data 

for the sampl e s  that were taken ear l i er. The va l ues  for the CB water 

represent the ana l yses of the 1-L sampl es  that were used for the fl owsheet 

eva l uat i on .  Al so  l i sted i n  the tabl e are the "rel ati ve i ngesti on hazards "  

of  the domi nant rad i onucl i des . The rel at i ve i ngest i on  hazard i s  def i ned 

here i n  as the rat i o of the concentrat i on of a rad i onucl ide i n  the con-

tami nated water to the concentrati on gi ven i n  10 CFR 20 , Append i x  B ,  Tabl e 

• 
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Table 1. Composition of contaminated water 

(Values are corrected for radioactive decay to July 1, 1980.) 

Reactor Contdinment 
coolant building 
Slstem water Total 

Volume 90,000 gal 700,000 gal 790,000 gal 

Sodium 1350 ppm 1200 ppm 3600 kg 

Boron 3870 ppm 2000 ppm 38,000 kg 
(as H3B03) 

Cesium 1.5 ppm 0.8 ppm 2.6 kg 

Strontium <O .05 ppm 0.1 ppm 0.3 kg 

Relative Relative 
Cone. ingestion Cone. ingestion Total 

Nuclide (,uCi /ml) hazarda (,uCi /ml) hazard a (Ci) 

3H 0.17 60 1.0 300 2,500 

89sr 5b 2,000,000 0�53 200,000 3,000 

90sr 25b 80,000,000 2.3 8,000,000 14,000 

106Ru 0.1 10,000 0.002 200 40 

125sb 0.01 100 0.02 200 50 

134cs 10 1,000,000 26 3,000,000 67,000 

137cs 57 3,000,000 160 8,000,000 410,000 

144ce 0.03 2,000 0.0005 50 10 

a 
Expressed as multiples of the concentrations listed in 10 CFR 20, 

Appendix B, Table II, Column 2. 
b 

Values vary, probably because of precipitation • 

• 
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I I , Col umn 2 ,  for that radionucl ide. Al though the 10 CFR 20 con-

centrations  do not represent specifications for discharge of these post­

accident waters from TMI -2 , the rel ative hazard s  are usefu l  for the design 

a nd eval u ation of proposed water treatment processes. The rel ative hazard 

of a radionucl ide indicates the numerica l  va l ue by which the concentration 

of the radionuc lide must be reduced , either by processing or by dil ution. 

The reduction by proces sing is expressed as the decontamination factor 

( OF ) , which is the ratio of the concentration of a nuc l ide in the process 

feed sol ution to its concentration in the product sol ution. 

Bot� waters contain sodium borate and boric acid ; the pH is 8.2 in 

the RCS water and 8.6 in the CB water. Of the radionucl ides now present , 

cesium and strontium wil l require the most decontamination. I n  addition 

to cesium and strontium , one of the important radioactive contamina nts 

present in the waters is tritium (hal f- l ife = 12.3 y ). This heavy isotope 

of hydrogen is present as tritiated water in concentrations  that are 

minute but are stil l more tha n  the 10 CFR 20 concentrations. The tritium 

wil l not be removed by the SDS process  and wil l probabl y be handl ed by 

dil ution with uncontaminated water after the other radioactive materia l s  

h a ve been removed. 

The radiocesium isotopes in both bodies of contaminated water are 

by far the predominant sou rces of gamma activity. Until the cesium con-

centrations  have been reduced by severa l orders  of magnitude , the decon­

tamination  process equipment must be both shiel ded and operated remotel y  

to prevent excessive exposure to operating personne l . 

The sampl e ana l yses have indicated that the concentration of 90sr in 

the RCS water increased from 0.04 to 7 uCi/mL during the first month 

• 
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fol l ow i n g  the acc i dent and then i ncreased further to about 25 �Ci /ml .4 

Th i s  beh a v i or i s  i n  contra st to the concent rat i ons  of ces i um a1d tr i t i un' 

wh i c h  have dec reased i n  a manner cons i stent w i t h  observed l eakage rates of 

the  cont ami nated water from the RCS ( and wi th di l ut i on by makeup water ) . 

The i ncreased stront i um concentrat i on may have been due to cont i nued 

l each i ng of exposed fue l ; however , i t  i s  more l i kel y that th i s i ncrease 

has  been caused by redi ssol ut i on of a prec i pi t ated stront i um form , such  as 

st ront i um sul fate . Whatever the cause , the pract i ca l  i mp l i cat i on i s  that 

add i t i ona l  st ront i um may appear dur i n g  the decont ami nat i on process .  

A si g n i fi c ant concentrat i on of st ront i um has been found i n  an i nsol -

ubl e form i n  sampl es of water taken from the bottom of the Cont ai nment 

B u i l d i ng . In each 1-L s ampl e , the concent rat i on of sol i ds i n  the s l urry 

( l i qu i d  pl us sol i ds ) was  approx i matel y 0.5 vol % ,  as  determi ned by cen­

tr i fugat i on; however , both  the amount and nature of the so l i d  mater i al i n  

t he s l urry sampl e may not be representat i ve of the tota l  sol i ds wi t h i n the 

bu i l di ng  s i nce the sampl e cou l d  be taken from onl y  one l ocat i on .  Thus 

extrapol at i on of the dat a  regardi ng the so l i ds i s  very uncert a i n .  

The key chemi ca l  and radi ochemi ca l  con st i t uent s i n  the sol i ds are 

l i sted i n  Tabl e 2, al ong wi t h  the cal cu l ated percenta ge of each  el ement 

and nucl i de i n  the tota l  sampl e ( l i qu i d  pl u s  sol i d ) that was i nsol ub l e . 

Al t hough t he stront i um was  the predomi nant radi onucl i de i n  the sol i ds ,  92% 

of the stront i um i n  the tota l  sampl e was i n  the l i q u i d  pha se . Essenti a l l y  

all o f  the ces i um was i n  the l i qu i d  phase . Thu s , even i f  these so l i ds are 

di s so1ved dur i ng the decontami nat i on process , the tota l  amount of radi oac­

t i ve mater i al s i n  the water wou l d  not i ncrease s i gn i f i cantly . 
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Table 2. Solids in one-liter samples of Containment Building water 

one. Cone. 
(g/ml % {I.JCi /ml % 

Element so1idsa) insolubleb Nuclide solidsa,C) insolubleb 

Copper 7500 99 90sr 38 8 
Nickel 2500 >98 89sr 8.7 8 
Aluminum 1450 -88 137cs 4.7 0.04 
Iron 850 81 125sb 1.5 28 
Silicon 650 10 144ce 1.4 93 
Calcium 450 7 134cs 0.82 0.04 
Zinc 400 >87 106Ru 0.76 66 
Chlorine 400 -10 113sn 0 .. 23 d 
Magnesium 150 10 95Nb 0.14 97 
Sulfur 100 d 129mre 0.077 d 
Manganese 90 >69 60co 0.073 88 
Silver 55 d 54Mn 0.030 d 
Cadmium 55 d 110mAg 0.027 d 
Tin 40 d 58 co 0.020 88 
Indium 30 d 103Ru 0.010 66 
Phosphorus 30 20 
Chromium 25 12 
Urani urn 20 d 
Potassium 15 1 
Lead 10 d 
Yttrium 9 d 
Zirconium 7 d 
Cobalt 3.5 >8 
Barium 2.5 >T1 
Strontium 2.5 >n 
Cesium 0.5 - 0.04 

aBased on volume of solids after centrifugation. 
bpercentage of element or nuclide in total sample (liquid plus solid) that 

is insoluble. Calculation based un total solids content of 0.5% (volume) 
in centrifuged sample. 

cconcentration on July 1, 
dNot �asured in water. 

1980. 

• 
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3 . DESCR IPTION OF :HE SUBMERGED  DEMINERAL IZER SYSTEM 

The fl ows heet eval uated herein (F i g .  1) was that des i gned by AGNS for 

the SDS . In th i s  fl ows heet , the contami nated water i s  cl ar i f i ed by 

f i l trat i on (u s i ng a 7 5-um-rated prefi l ter and a 10-um rated fi nal  fi l ter) 

duri ng tran sfer i nto  the ion exchange feed tanks . The cl a r i f i ed water i s  

pumped through  ei ther or both of two dupl i cate tra i ns  of i on exchange 

col umn s . Eac h tra i n con s i sts of a seri es of three col umns conta i n i ng 

zeol i te (L i nde Ion s·iv IE-95 , former l y ca l l ed AW- 500 , i n  the Na+ form) . 

The effl uent from e i ther tra i n of zeol i te col umn s i s  passed through either 

of two dupl i cate co l umns conta i n i ng an organ i c cati on exchange res i n  

(Na l c i te HCR- S ,  i n i t i a l ly i n  the H+ form) . F i na l l y ,  the effl uent water 

from both cat i on res i n  col umns i s  comb i ned and pa ssed through  a s i n gl e 

l arge pol i s h i n g  col umn conta i n i ng l ayers of cati on  res i n  (HCR-S ,  i n it i a l l y  

i n  the H+ form) , an i on res i n (Nal c i te SBR , i n it i a l l y  i n  the OH- form) , and 

mi xed res i n (Nal c. i te MR-3 , a 1:1 vo l ume mi xtu re of HCR-S and SBR) . 

The i on exchange col umns are of modul a r  des i gn and can be moved 

eas i l y .  The zeol i te and cati on res i n  col umns are of the same s i ze 

a l though the vol ume of cati on res i n to be used i s  onl y one- ha l f  of the 

vol ume of zeo l i te that w i l l  be used i n  eac h  col umn . 

The operat i ng procedure prov i de s  that 200 bed vo l umes of water wi l l  be 

pas sed through  each  zeol i te col umn wh i l e  i t  i s  i n  the fi rst pos it i on . At 

that ti me ,  the col umn conta i n i ng the l oaded zeol i te wi l l  be removed from 

the system , the other  zeo l ite col umns wi l l  be mo ved forward one pos i t i on 

(countercurrent to the water fl ow) , and a new zeo l i te col umn w i l l  be 

i nsta l l ed i n  the th i rd pos i ti on . In th i s  manner , the zeol i te col umns 
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w i l l  sorb most of the ces i um wh i l e  i n  the fi rst pos it i on , and wh i l e  

i n  the second and th i rd pos it i ons  wi l l  prov i de the necessary res i dence 

t i me to al l ow the stronti um to be sorbed . The cati on resin col umns and 

the pol i s h i n g  col umn w i l l  be cha n ged when i n- l i ne moni tors or per i od i c 

sampl e ana l yses i ndi cate that a bed has become l oaded . 

4 .  FILTRATION 

4 . 1 Est i mated Amount and C haracter of Sol i ds Mater i a1 

Al l four  sampl es of water taken from the bottom of the Conta i nment 

Bu i l d i ng conta i ned  fl occu l ent sol i ds ;  the amounts after settl i ng and 

centr i fug i n g  are sho�n i n  Tabl e 3 . If such sol i ds are present i n  a s i gn i ­

f i cant amount i n  the CB water and i f  the water i s  not c l ar i f i ed 

adequatel y ,  the sol i ds cou l d restr i ct or bl ock the fl ow of water through 

the i on exchange col umns . The uncerta i nty i s ,  of cours e , whether the 

amount and nature of the sol i ds i n  the sampl es  are representat i ve of the 

tota l w ith i n the bu i l d i ng .  Thu s  the amount present i n  the Conta i nment 

Bu i l d i ng i s  h i gh l y  conjectura l and can on l y  be roughl y esti mated . 

The sampl e taken i n  August conta i ned a s i gn i f i cantl y l arger 

concentrat i on of sol i ds ,  probabl y because (1 ) i t  was the fi rst sampl e 

taken at the sampl e probe l ocat i on , (2 ) the water ( s l urry ) w as not 

ag i tated before sampl i ng ,  and { 3 ) onl y  a smal l vol ume was taken . The 

three l arge sampl es  al l conta i ned a sol i ds concentrati o n  of approxi mate l y 

0 .5% after centr i fug i ng . These sampl es  can represent no more than  the 

bottom few i nches i n  the bu i l d i ng ( a total  vol ume of about 75 to 150 m3 , or 
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Table 3. Sample s  taken from the bot tom of the Cont a i nment Bui ld i ng  

Samp le desi gnat i on Bottom RB Sump 1 RB Sump 2 RB Sump 3 

Date taken 8/79 11/15/79 12/5/79 12/5/79 

Type Unagi t ated Agi t ated Una gi tated Agi tated 

Volume (L) 0.03 1.05 1.15 1.15 

Soli ds content , 
vol " 

Sett led lQc 1.0 2.0 Not meas. 

Cent r i fuged 4 0.5 0.5 NQ.S 

20,000 to  40,000 gal). On th i s  bas i s ,  the tot a l  volume of soli ds  i s  est i ­

mated ( at 0.5% concer1trat i on) to be approxi mately 0.4 t o  0.8 m3, or 100 to 

200 gal {equi val ent to centri fuged soli ds ) . Other methods of est i mat i on  

have i ndi cated the presence of a s i mi lar amou nt.  

The soli d materi c�ls present i n  the  samples are prec i p i tates { probably 

hydroxi des ) of pri mari ly copper, al umi num, ni ckel , and i ron, as shown i n  

Table 2. The copper and i ron were observed {by the color of the 

prec i pi t ate ) to be present i n  the i r chemicall y  reduced states ( cuprous and 

ferrous ) . The predo mi nant rad i oact i ve nucli de i n  the soli ds i s  90sr . It 

i s  s i gnifi ca nt to note that the bu l k  of the soli ds { a l l that i s  vi s i ble to 

the naked eye ) ca n bE� di s solved by the add i t i on of enough ac i d  to l ower 

t he pH to  3 . However·, such an ac i d i f i cat i o n could be det ri ment al to t he 

subsequent i o n  excha nge operat i ons a nd, thus, has not yet bee n cons i de red 

as a process option. 
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Sedi mentat i on tests i r�,cated that the bul k of the sol i ds was hea vy 

�nough to sett l e  wi th i n 30 to  60 m i n ;  however , a vi s i bl e  haze rema i ned i n  

the supernate for 1 0  t o  20 h .  T:�ese resul t s  i nd i cate that , i f  the water 

i ll the Cont a i nment Bu i l di ng fl oor cou ld  be decanted from near  the surface ,·. 

t he sol i ds woul d not be encountered i n  the SDS unt i l  the bu i l d i ng i s  

nearl y empty . However , pl ans are to pump the water through the 46-cm-d i am 

( 18-i � . -d i am) u ptake l i ne i n  the bui l d i ng sump . Even though th i s  i s  a 

re l at i vel y  l arge p i pe ,  the l i quid vel oc i ty ,  approx i matel y 38 em/mi n ( 15 

i n . /m i n )  at a fl ow rate of 60 L/mi n ( 15 gal /mi n ) , wi l l  be fa st enough to 

c ause transfer of a si g n i fi c ant fract i on of any so l i ds wi th i n the pi pe .  

4 . 2  F i l t rat i on Tests 

The total  sol i ds content i n  the three 1 - L  sampl es  was not l arge 

e nough for extensi ve fi l trat i on tests . Thu s  a synthet i c  sl urry was for­

mu l ated to the same chemi cal compos i t i on as the actual  sl urry and was used 

to  eva l uate a var i ety of fi l ter medi a and fi l trat i on methods . Care was 

t aken to ensure that the chemi cal l y  reduced states were mai nta i ned and 

t hat the synthet i c  sl u rry was formul ated i n  such a way that the sett l i ng 

characteri st i cs were s i mi l ar to those observed for the actual  sl urry . 

Scout i n g  test s were made fi rst us i ng gl ass fr i t  fi l ters . The 

resul t s , summari zed i n  Tabl e 4 ,  showed that , the coarse fi l ter ( 40 to 60-

um pore s i ze )  di d not remove the sol i ds effi c i ent l y  unl ess  i t  was pre­

coated wi th a fi l ter a i d .  The medi um grade fi l ter ( 10 to 15-�m pore s i ze )  

d id  remove the  sol i ds but  onl y  �t a sl ow fl ow rate . When ei ther fi l ter 

was precoated wi th  a d i atomaceous earth fi l ter ai d ,  the sol i ds-removal  

effi c i ency and fl ow rat e  were sat i sfactory .  The ranges in  part i c l e  s i zes 

of the two grades of fi l ter aid that were exami ned are shown in  Tab l e 5 .  
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Table 4. Filtration scouting tests using synthetic 
TMI slurry and glass frit filters 

Pore size Flow Relative turbidity 
Filter type (.um) rate of filtratea 

Coarse 40-60 Fast 46 

Medium 10-15 Slow 2.5 

s:-ine 4-5.5 Slow 2.1 

Coarse (precoatedb) Fast 3.3 

Medium {precoatedb) Fast 1.2 

aRelative turbidity of mixed, synthetic slurry� 5o and laboratory demi­
neralized water = 0.15. At turbidities below about 5, the solids pre­
sent are not easily seen by the human eye. 

bApproximately 0.6-cm thickness of Celite 535. 

Particle 
size 
(JJm) 

<2 

2-4 

4-6 

6-8 

8-10 

10-20 

20-40 

40-60 

Table 5. Diatomaceous earth filter aids 

Typical analysis 
(wt %) 

Standard Super-Cel 

10.0 

17.0 

24.0 

16.0 

9.0 

15.0 

4.5 

4.5 

Celite 535 

3.0 

3.0 

6.5 

10.0 

37.5 

26.0 

14.0 

• 

"' 

• 
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The Standard Super Cel (with a part i c l e- s i ze range predomi nant l y  <10 urn ) 

was found to cause sl ow fl ow rates and a hi gh pressure drop ,  wh i l e  the 

Cel i te 535 (w i t h  a s i ze range predomi nant l y  between 10 and 60 urn: was 

found to g i ve good performance . 

Quant i tat i ve l oadi ng data were obt a i ned usi ng  the synthet i c-sl urry 

and s i ntered-met al fi l ters ( Matt Metal l urg i ca l  Corporat i on )  ha v i ng 5- , 10- , 

20- , and 40-�m rat i ngs. The experi ment a l  equ i pment arran gement is shown 

i n  F i g .  2 .  The mi xed sl u rry was pumped ei ther upfl ow through the fi l ter 

hous i ng (wi t h  the fi l ter l ocated i n  the top of the hou s i n g )  or downfl ow 

( wi th  the fi l ter �t the bottom of the hou s i ng ) , and the test s were ter­

mi nated when the pres sure drop exceeded 240 kPa ( 35 ps i ) .  The turbi d i ty 

of the fi l t rate sol ut i on was compared to the turb id i ty of the feed sl urry 

to  prov i de a measure of the fi l trat i on effi c i ency . At the fl ow rates 

used ,  1 50 to 500 ml/ s-m2 ( 0 . 22 to  0 . 74 ga l /mi n- ft2 ) ,  the hol dup  t i me i n  

t he test fi l ter hous i ng was s i mi l ar to that i n  the SDS fi l ter hous i ng. 

Resul t s  of the fi l t rat i on test s , summari zed i n  Tabl e 6 ,  i nd i cate that 

( 1 )  the use of a fi l ter a i d  wi l l  be necessary to ach i eve a sat i sfactory 

f i l trat i on eff i c i ency , and ( 2 )  the use of a downward di rect i on of fl ow , 

w i t h  the fi l ter  l ocated at the bottom of the hous i ng ,  wi l l  be necessary to 

ma i nta i n  an  adequate cover i ng  of the fi l ter surface wi th  f i l ter a id , espe­

c i a l l y  duri n g  operat i ons i n  wh i ch it i s  necessary to stop and start the 

flow . Use of a 40-�m- rated fi l ter , covered by severa l i nc hes of Cel i te 

535 , gave the best resul t s . 

The prefi l ter-f i nal -f i l ter techn i que current ly  pl anned for SDS opera­

t i ons  has been  eval uated i n  l arge- scal e tests at AGNS5 whi l e  us i n g a 
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F i g .  2 .  F i l ter- l oadi ng  test apparatus . 

• 

• 
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Table 6. Filter loading tests using synthetic slurrya 

Filter 
rating 

(.um) 
Flow rate 

(gal/min-ft2) 

Filter 
1 oadi ngb 

(in.) 
Filtrate turbidityc (%� 
Average EOT 

5 0.22 0.59 0.8 93.5 

20 0.22 1.06 49.8 73.9 

40 0.22 1.22e :>7.5 84.1 

20 0.22 1.06 49.8 73.9 

20 0.45 0.59 63.8 82.1 

20 0.74 0.31 69.1 86.1 

0.12-in. filter aid -- u�ward flow 

5 0.22 0.51 Q.5 0.2 

20 0.22 0.59 0.5 1.0 

40 0.22 0.94 1.5 2.4 

10 0.74 0.16 9.3 17.0 

20 0.74 0.28 4.1 5.5 

40 0.74 0.28 22.6 28.3 

1.5-in. filter aid -- downward flow 

20 0.22 1.65 0.4 0.2 

40 0.22 1.5oe 0.7 0.2 

40 0.74 3.03 0.4 0.3 
asynthetic slurry contained 1.0% (volume) solids. . 3 bcalculated averag� depth of solids on filter (volume of solids, 1n. , per 

filter area, in. ) .  �Filtrate turbidity in % of feed slurry turbidity. 
End of Test. 

erest-terminated before �preached 35 psi • 
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synthet i c  s l urry s i mi l ar i n  compos i t i on to that used at ORNL . The resu l ts 

of the AGNS st udy i nd i cated that 70% of the suspendP.d sol i ds wou l d  be 

removed by the pref i l ter-f i nal - fi l ter  techn i que and that the fi l trate con­

t a i ned very fi ne suspended sol i ds . Th i s  procedure may be acceptabl e i f  

the f i ne suspended so1 i ds do not pl ug  the fi rst zeol i te bed uur i ng  i t s  

i ntended l i fe [process i ng of 200 bed vol umes o r  a tota l  of 45 m3 ( 12 , 000 

ga l ) of water] . However , the precoated , downward-fl ow fi l ter , shown to 

g i ve opt i mum resu l t s  i n  thi s study , shoul d  be cons i dered i f  fi l trat i on or 

col umn pl ugg i ng d i ffi cu l t i es are encountered i n  SDS operat i on s . 

5 .  I ON EXCHANGE COLUMN TESTS 

I n  the i n i t i al i on exchange tests , the SDS fl owsheet was di v i ded i nto  

fi ve part s ( tests TMI - I Xl through TMI - I X5 )  i n  order to  measure the con-

centrat i ons  of the vari �,.; rad i onucl i des  i n  severa l of the col umn effl uent 

streams. Subsequentl y ,  a test ( TM I - I X6 )  of onl y the seri es of three 

zeol i te col umns was made . An out l i ne of the tests and the t i me i nterval s 

i nvol ved are shown i n  F i g .  3 .  The i n i t i a l zeol i te ion exchange col umn 

l oadi n gs ( I X l  a nd I X6 )  were done i n  a shi el ded, mani pu l ator-operated hot 

cel l . Fol l owi n g  these tetsts , i n  whi ch the bul k of the gamma-emi tt i n g 

radi onucl i des { pri mari l y  ces i um)  was removed , the water was transferred 

to a l aboratory hood wher·e the �ema i n i n g tests  { I X2 through I X5 )  were 

made . 

• 

. 

• 
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ORNL Dwg 60-12714 

C ONTAINMENT WATER 

l tXI 
CLARIFICATION � 

(LIGHT 
CENTRIFUGA,TION) z I * 

I
' 

ZEOLITE 

f-.--IX2-� IX3 

_jEE�s lolv 
I---- HOT CELL LABORATORY HOOO 

IX4 

* 50 mL EFFLUENT FRACTIONS FED SEQUENT IALLY TO SUBSEQUENT COLUMN. 

CONTAINMENT 

WAr r----- IX6 
__ ____, 

CLARIFICATION 
(DECANT,:;..;------....,. 

ZEO LITE ZE OLITE ZEO L ITE 

�----------------HOT CELL------------------------� 

F i g .  3 . Out l i ne of i on exchange col umn tests performed • 

IX5 

MR-3 
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5 . 1  Experi mental  Equ i pment 

The fePd reservo i r  used i n  the i on exchange col umn tests con s i sted 

of a Marri ott i Bott l e ,  wh i ch prov i ded a constant head pressure for 

gra v i ty fl ow of the feed through the res i n  bed . The col umn effl uent 

f l ow rate was control l ed wi th  a fl ow-meteri n g  tefl on stopcock to 

w i t h i n ±3% of the des i red val ue . I n  al l of the i on exchange column 

test s , the l i qu i d  fl ow rates were set to prov i de the same res i n con­

t act t i mes  as those i ntended for ful l - scal e operat i on s . 

Smal l gl ass  i on exchange col umns , such as  that i l l ust rated i n  

F i g .  4 ,  were used . The zeol i te bed vol ume of 2 ml was the mi n i mum 

that cou l d be used wi th  the fl ow control methods ava i l abl e to prov i de 

a bed res i dence t i me s i mi l ar to that i ntended for the SDS beds { 12 m i n ) . 

The col umn d i ameter was s i zed so that the rat i o  of col umn di ameter to 

zeol i te part i c l e  di ameter , wh i l e  us i ng  commerc i al l y  avai l abl e ,  20 t o  

50-mesh  zeol i te ,  was l arge enough to prevent fl ow cha nnel i ng . 6 The di ame­

ters of the zeol i te and cat i on res i n  col umns were 11 . 6  mm ,  those of the 

cat i on and an i on beds of the pol i sh i ng  col umn were 28 mm ,  and t hat of the 

m i xed res i n  bed was 15 mm . 

5 . 2 Experi menta l  Procedure 

The sorbents and cond i t i ons  used duri ng  each test ru n are sum-

mari zed i n  Tabl e 7 .  Pri or to I Xl ,  a 2- L  vol ume of Cont a i nment 

B u i l d i ng water was cl ari f i ed by means of a " l i ght " centr i fugat i on { to 

s i mu l ate a rough i n g  fi l trat i on ) . The c l ari f i ed feed , represent i ng 

1000 bed vol umes based on the vol ume of each zeol i te bed , was passed 

• 

� 

• 
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ORNL Dwg 80-12715R 

�-· -1 18/7 BALL JOlNT 

FEMALE 

PYREX TUBING 
14 mm 00 
11.6 mm ID 

QUARTZ WOOL 

-IONSIV IE-95 

ZEOLITE RESIN 
2.0 ml 

20-50 MESH 

BED: 19 mm LONG 
11.6 mm DIAM 

QUARTZ WOOL 

FLOW-METERING 
TEFLON STOPCOCK 

F i g .  4 .  Schemati c di agram of col umn used i n  test ru n TMI - IXl .  



Table 7 .  Experimental conditions for ion exchange column test s 

Residence Total 
Number Volume Flow time through-

Test Date of IX (each bed} rate (each bed} put Column 
run started be ds Type resin (ml} (ml/h) (min) (ml} L/Oa 

IX1 1 /02/80 1 I E-95(Na} 2 . 00 8 15  2000 1 . 64 

IX2 2/04/80 2 I E-95(Na) 2 . 00 10 12 1230 1 . 64 N N 

IX3 2/05/80 1 HCRS(H) 1 .00 10 6 1 140 0.82 

IX4 2/ 19/80 2 HCRS(H) /SBR{OH) 7 .73 10 46 1025 0 .45 

I XS 2/20/80 1 �- 3 4 .37 10 26 950 1 .67 

IX6 3/3 1/80 3 I E-95(Na) 2��00 10 12 400 1 .64 

a 
Ratio of bed length to be d  diameter . 

·� ... • • • 
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through the  fi rst zeol i te col umn at  a fl ow rate of  8 ml/h  ( res i dence 

t i me of 15 m i n) .  Th i s  was a sl i ght�y l onger resi dence ti me than i s  

pl anned for the SDS zeol i te beds (12 mi n ) , but the di fference was not 

con s i dered to be sign i f i cant . Al so , the throughput was much l arger 

t han  the 200 bed vol umes i ntended for the SDS col umns, but the l arger 

throughput was useful for the determi nat i on of the sorpt i on behav i or of 

the vari ous  rad i onucl i des , espec i al l y  ces i um and str�nt i um .  The col umn 

effl uent was col l ected i n  50-mL fract i ons , and 10-ml sampl es were taken 

from sel ected fract i ons  for chemi ca l  and rad i ochemi cal  ana l yses . 

F ract i on numbers 1 to 28 ( a  tota l  of 1 300 ml , or 6 50 bed vol umes , 

after remov i n g sampl es ) were transferred from the hot cel l to a l aboratory 

hood ; start i ng about 4 weeks l ater , the fract i on s  were fed sequent i a l l y 

{ to s i mul ate a cont i nuous fl ow) through the second and thi rd zeol i te 

col umns  { test I X2 ) . The effl uent from the th i rd zeol i te col umn was 

col l ected i n  50-ml fract i ons , wh i ch { after the sampl i ng of sel ected 

fract i on s )  were fed sequent i a l l y  to the cat i on col umn i n  test I X3 .  A 

s i mi l ar procedure was used i n  tests  I X4 and I X5 .  The bed res i dence t i mes  

duri ng  test s IX2 t h rough I X5 were the  same as  those i ntended for actual 

SDS operat i on .  

I n  the cont i nuous-fl ow test of the seri es  of three zeol i te col umns 

wi t h  no t i me del ays { test run I X6 ) , 400 ml of Contai nment Bui l d i ng water 

{ 200 bed vol umes ba sed on each  zeol i te bed ) was c l ari f i ed by means  of 

sett l i ng and decantat i on .  Th i s  water was pas sed through the three col umns 

at a rate of 10  ml/ h  { 1 2-mi n res i dence t i me for each zeol i te bed or 36 

mi n for al l three ) . The effl uent water was col l ected i n  50-ml fract i on s , 

and al l were sampl ed . 
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The 10-mL samples taken from selected column effluent fractions 

duri ng  the tests were analyzed by gross beta and gamma count i ng, gamma 

spectrometry, and radi ochemi cal methods ( RCA ) for 89sr and 90sr . Certain 

fract i ons also were analyzed for chemical elements by spark source 

mas s  spectrometry . Measurements of pH ( a nondestructive analysis ) 
were made di rectly on selected 50-ml fract i ons . All of the loaded 

sorbent s, except the fi rst zeol ite beds of test s IXl and IX6 , were 

analyzed by gamma-spectrometry . 

5 . 3 Experi mentai Result s and D i scussion 

Certain analyt i cal const rai nts  were imposed by the nature of these 

experi ments . First , the volumes of the sample aliquots were li mi ted . 

Second , the count i ng rates were at very low levels for many of the 

rad i onucli des, and the presence of comparat i vely hi gh concentrat i ons of 

cert a i n const i tuents, especi ally 125sb, i nterferred wi th the detection of 

other radi onucli des . As a result of these constra i nt s� many of the analy­

ses were reported w ith large degrees of uncerta i nty ( ±10 to 30% ) and wi th 

relat i vely large limi ts of detect i on .  These analyt i cal effects must be 

con s i dered when mak i ng any i nterpretat i on of the radionucli de con­

cent rat i on s  gi ven here . Complete sets of the measured rad i onuclide and 

chemi cal concentrat i ons  i n  the various column effluent streams and soli d 

wastes are gi ven in Tables A-1 through A-ll of the Append i x . 

The concent rations of the predomi nant radi onuclides present in the 

Cont a i nment Bui lding water and the relat i ve hazards , ba sed on 10 CFR 20, 

are gi ven i n  Table 1� The relat i ve ingestion hazards represent the factor 

by whi ch the radi onucli de concentrat i ons exceed the concentrat i ons gi ven 

• 

• 
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by 10 CFR 20 a nd are the cri ter i a used herein to eval uate the performance 

of the SOS sorbents .  The l argest decontami nat i on { and/or di l ut i on )  fac­

tors { >8 x 106 ) w i l l  be requ i red for 90sr and 1 37 cs . 

T he OFs obta i ned i n  the col umn tests have been expressed herei n i n  

severa l d i ffer�nt ways , wh i ch are summari zed i n  Tabl e 8 .  I nstantaneous  OFs , 

rel at i ve to concentrat i ons  i n  the CB water , are shown as funct i on s  of the 

vol ume of water processed for ces i um and stront i um , the two major 

contami nant s , and for ant i mony and ruthen i um ,  two of the mi nor 

contami nant s , i n  F i gs .  5 and 6 ,  respect i vel y .  The OFs for ces i um and 

stront i um ,  expressed i n  other ways , are shown i n  F i gs . A- 1 to A-6 of the 

Append i x .  

The presence of a non- i on i c  spec i es of ces i um i n  the effl uent from 

t he fi rst zeol i te col umn was suspected because the OF  was essent i a l l y  

constant at 104 throughout the test ( a  tota l  of 1000 bed vol umes was 

passed through  the fi rst col umn ) , and because a gamma prof i l e  of 

t he col umn , shown i n  F i g .  7 ,  i nd i c ated that the bottom hal f of the col umn 

was not l oaded . The gamma prof i l e  was substant i ated by sol i d i fyi ng  the 

col umn wi th  epoxy res i n ,  cutt i ng the col umn i nto  fi ve sect i on s , and 

assay i n g  eac h  sect i on by gamma count i ng .  The resu l t s  of the sect i on 

count i ng are shown i n  F i g .  8 .  

S i nce the ces i um cont a i ned i n  the effl uent from the fi rst zeol i te 

col umn was sus pected of bei n g  non- i on i c ,  the rel at i v�l y l arge OF ( about 

400 ) obt a i ned i n  the second and th i rd zeol i te col umns ( test I X2 )  was not 

expected . I n  the sequence of tests ,  a 4-week peri od ensued after the 

water was pas sed through the fi rst zeol i te col umn ( test ru n I X1 )  and 

before it was pas sed through the second and th i rd zeol i te col umns { I X2 ) . 
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Table 8. E xpression of Ofs obtained in ion exchange column tests 

Relative to 
------------·--- -

Representing 
OF type concentrations in: concentrations in: 

Instantaneous Column effluent streams CB water 

Instantaneous Column effluent streams Columnb feed stream 

Cumulative Accum. column effluenta CB water 

Cumulative Accum. column effluenta Accu m. col. b feed stream 

a 
E quivalent to accumulated product water, if no further treatment was made. 

b 

Shown in 
figure nurmers 

5 and 6 

A- 1 and A-2 

A-3 and A-4 

A-5 and A-6 

Colu mn contained two zeolite beds in test IX2 and a cation and an anion bed in test IX4. 

� • • 

N 0\ 
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ORNL Dwg 80-12355R1 

MIXED RESIN 
(TEST IX5) 

lit ZEOLITE (TEST lXI) 

10° 0 200 400 600 0 600 
BED VOLUMES 

(BASED ON ONE ZEOLITE BED) 

F i g. 5 .  Ces i um and stront i um decontami nat i on factors for column 
effl uent streams . (Decontami nat i on factors ca l cu l ated from i nstantaneous 
concent rat i on s  i n  col umn effl uents rel ative to concentrat i ons  i n  CB water . )  
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ORNL Owg 80-12356R3 
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(TEST IX2l 

1st CATION REST.N 
(TEST IX3) 
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lBASED ON ONE ZEOLITE BED) 

600 

F i g .  6 .  Ant i mony and ruthen i um decontami nat i on factors for col umn 
effl uent streams. ( Decontami nat i on factors ca l cu l ated from i nstantaneous 
concentrat i on s  i n  col umn effl uents rel at i ve to concentrat i on s  i n  CB water . )  
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ORNL Dwg B0-657R3 

COLLIMATOR SLIT : 0.010 in. 
WINDOW = 0.55 TO 0.75 MeV (Nal detector) 

ZEOLITE BED LENGTH = 19 mm BOTTOM 

20 
BED LENGTH, mm 

F i g .  7 .  Ces i um- 1 37 act i v i ty profi l e  of TMI-IXl test col umn ( 2 . 0  mL of 
Ions i v  IE-95 zeol i te res i n ) • 
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ORNL Dwg 80-658R 

R E SIN BED SOLIDlFI ED WITH EPOXY RE S I N  AND SECTIONED 
INTO 5 EQUAL PARTS 

COLUMN SECTION = 3.8 mm 

ZEOLITE BED LENGTH = 19 mm BOTTO� 

100 
SECTION# 5 

I-

1-
75 � 

1-

-
-

50 -

-

1-
25 � 

1-
� 
� 

0
0 

I 

SECTION# 4 

I I I I I I 
5 

SECTION# 3 I 
I l SECTION # 21 . ,.,.. . ,,... , .... i 

I I I S P.. TluN tr I 
10 15 

B ED LENGTH, mm 
20 
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Th i s  t i me i nterval  was neces sary so that the effl uent water fract i on s  from 

I Xl cou l d be transferred from the hot cel l and i nto a l aboratory hood , for 

as semb l y  of equ i pment i n  the hood , and for anal yses of the many sampl es . 

Duri ng  the t i me per i od between tests  I Xl a nd I X2 ,  non- i on i c spec i es pre­

sent i n  the fi rst col umn effl uent coul d have been transformed i nto  

exchangeabl e spec i es ; t herefore , the DF  measured for the three col umns 

m i ght ha ve been l ower i f  the water had been passed cont i nuous ly  through a 

seri es of three zeol i te col umns  wi th no t i me del ay . Th i s  pos s i b i l i ty was 

i nvest i gated by ru nn i ng another test ( I X6 )  i n  wh i ch the contami nated water 

was pas sed cont i nuous ly  through a seri es of three zeol i te col umns . The 

resu l t s  of th i s  test (shown as dotted l i nes on the D F  curves on F i g .  5 )  

confi rmed that the t i me del ay (agi ng )  per i od between tests  IXl and I X2 

resu l ted i n  h i gher DFs  for both ces i um and stront i um ,  and that the effect 

was more pronounced for ces i um than for stront i um .  

F i gures 5 and 6 show that the organ i c cat i on bed (test I X3) had no 

effect on the effl uent from the th i rd zeol i te bed , except for stront i um 

removal  after a throughput of approx i matel y 400 bed vol umes { based on each  

zeol i te bed ) . Th i s  i s ,  of  course , beyond the reg i on of i nterest for the 

i ntended SDS operat i on .  The DF  for ces i um was not i mproved i n  the cat i on /  

an i on beds of the pol i s h i ng col umn (test I X4 )  and was onl y sl i ght l y  i m­

proved { by less  than a factor of 2 )  i n  the mi xed res i n  bed (test I XS) . 

The stront i um DF was sl i ght l y  improved i n  bot h the cat i on/an i on beds ( I X4 )  

and the mi xed res i n  bed ( IXS) . 

Duri ng  the fi rst part of test IX4 ,  bot h 1 25sb and 106Ru were removed 

from the water by the an i on res i n  bed , as i l l ust rated i n  F i g .  6 .  Dur i ng 

t h i s per i od of operat i on ,  the repl acement of Na+ i ons  wi th  H+ i ons  in  the 
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preceding �ation resin bed had lowered the pH of the water entering the 

anion resin bed and apparently had made it effective for sorption of the 

antimony and ruthenium. Subsequent distribution coefficient (Kd) tests 

also have shown this effect (see Sect. 6.3.1); that is, as the pH was 

lowered from 8.6 to 7.3 to 6.4 by means of a pretreatment with a cation 

exchange resin, the Kd for 125sb on the anion resin (borate form) was 

increased from 40 to 200 to 1500. This effect is apparently due to a 

reduction of the borate ion content by conversion of the sodium borate to 

weakly ionized boric acid. This is, essentially, a deionization of the 

water (the boric acid is not removed). 

The elemental chemical compositions of the CB water and several of 

the effluent fractions from the column tests were obtained by spark source 

mass spectrometry and are given in Tables A-8 to A-10 of the Appendix. Of 

the 27 elements measured, very few were affected in the SDS process. The 

notable exceptions included rubidium, which was the only element removed 

with the cesium and strontium in the zeolite beds, and the periodic removal 

of sodium and boron as they were exchanged with the hydrogen ions of the 

cation resin and the hydroxide ions of the anion resin, respectively, in 

the initial periods of tests IX3, IX4, and IX5. 

These column tests demonstrated that relatively large DFs can be 

obtained for cesium and strontium by means of zeolite ion exchange, and 

that the DFs were not improved significantly by the use of organic cation 

and anion exchange resins. Small fractions of the cesium and strontium 

and larger fractions of the initially minor contaminants were not removed 

by the combination of sorbents planned for use in the SDS. As a result, 

several radionuclides are expected to be present in the effluent from the 

SDS in concentrations ranging from 10-2 to lo-4 �Ci/mL. 

• 

• 
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5 . 4 Probl em Areas 

The presence of poorl y sorbed rad i onucl i des and reca l c i trant spec i es 

of rad i onucl i des that are usual l y  sorbed l i mi ts the decont ami nat i on that 

can be obt a i ned by i on exchange . Add i t i onal  cyc l es of i on exchange wou l d 

be compl etel y i neffect i ve un l es s  the chemi cal  nature of these materi a l s i s  

c hanged . The 11 probl em11 materi a l s that are encountered are l i kel y to be 

one of the three types descri bed as fo l l ows . 

5 . 4ol Poorl y sorbed rad i onuc l i des 

Cert a i n rad i onuc l i des behave i n  a stra i ghtforward manner i n  terms of 

chemi stry ,  but thei r propert i es are such that they are not read i l y  

removed from the water . In some cases , chemi cal  adj ustment s can be made 

to obt a i n a more favorabl e di stri but i on behav i or .  A rad i onucl i de of thi s 

type , i n  the case of the CB water , i s  1 25sb . The removal of 1 25sb duri ng  

the earl y part of  test runs IX4 and  IX5 i s  an exampl e of the effect of a 

chemi cal  adj ustment , al though the adj ustment was not done purposel y i n  

t h i s case . 

5 . 4 . 2 Reca l c i t rant spec i es 

Most of the ces i um and stront i um i n  the CB water i s  i on i c  and i s  

read i l y  sorbed by appropri ate cat i on exchangers . However , smal l fract i ons  

{ approxi matel y 0 . 01% of the ces i um and  0 .1% of the stront i um )  are present 

i n  forms that are not read i l y exchangeabl e and do not revert prompt l y  to 

( or are not i n  equ i l i bri um wi th ) the normal i on i c form . For exampl e ,  

t he ces i um and stront i um that were not sorbed i n  the test s may have been 
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adsorbed onto some other materi al  wh i ch is i nsol ubl e .  If th i s  i s  the 

case , some way must be fou nd ei ther to remove the i nsol ubl e materi al  or to 

remove the ces i um and stront i um from i t . 

5.4.3 Hydrol yzed a nd i nsol ubl e spec i es 

Several  rad i oact i ve el ement s present i n  smal l amount s  were not 

removed effect i ve ly  by the SDS sorbents .  These i ncl ude Ru , Ce , Co , 

Nb , and Zr, a l l of wh i ch appeared to be rel at i vel y i nsol ubl e ,  as shown i n  

Tabl e 2. Some of these el ement s mi ght be di ssol ved and made exchangeabl e 

i f  the pH of the water ( 8 . 6 )  i s  reduced substant i a l l y .  If the i nsol ubl e 

el ement s  are present as col l o i ds ,  they mi ght be removed by coagu l at i on i f  

the zeta potent i al of the water i s  mi n i mi zed . Removal  of such materi a l s 

i s  accompl i shed i n  some ca ses by compl etel y demi neral i z i ng the water and 

pass i ng i t  through l ayers of di fferent i on exchange res i ns i n  order to 

ra i se and l ower the pH of the water repeatedl y  wh i l e present i ng di fferent 

surface propert i es to the water . 

6 .  ION EXCHANGE DISTRIBUTION MEASUREMENTS 

A few d i stri but i on experi ment s were made to i nterpret the beha vi or of 

the rad i onucl i des that had not been removed by the SDS sorbent s  and to 

i nd i cate poss i bl e  methods for improv i ng the performance of the SDS .  In 

these experi ment s ,  fract i on numbers 29-39 of the effl uent water from test 

run IXl were used . The ces i um concentrat i ons  i n  these fract i ons  had been 

reduced i n  the col umn tests by a factor of about 1 04 , but the other 

rad i on uc l i de concentrat i on s , i ncl ud i ng those of the stront i um i sotopes , 

had not been reduced s i gn i f i cant l y .  The res i n s tested were as fol l ows : 

• 
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I ons i v I E-95  ( AW-500 ) zeol i te ;  HCR-S and I RC-50 c ati on res i ns ;  and SBR , 

Dowex 2 ,  and I onac A-580 a n i on res i ns .  Rea gent-grade n i tri c ,  bori c ,  

oxal i c ,  formi c ,  and ami noacet i c  ac i ds and o -fructose were used for mak i ng 

pH adj ustments . 

6 . 1  Experi menta l E qu i pment 

Res i n wei ghts were obta i ned to wi th i n  ±0 .01  g us i ng  a Satori us 1 202MP 

bal a nce . A Beckman Expandomati c SS-2 pH meter wa s used to obta i n  pH 

measurements on feed and raffi nate sol uti ons . The batch equ i l i brat i on s  

were carri ed out i n  Pyrex gl assware , wi th phase mi x i n g  prov i ded 

by a wri st- acti on shaker . Feed and sampl e vo l umes were measured wi th 

a G i l son KSOOO automati c  mi cropi pette . 

6 . 2 Experi mental P rocedure 

The res i n  was converted to the des i red i on i c  form and then ai r dri ed 

and wei ghed i n  t�red gl a s sware . Fol l owi ng the des i red pretreament ( pH 

adj ustment ,  add i ti on of compl ex i n g  agent , etc . )  of the feed water , the 

proper vol ume was comb i ned wi th the res i n ,  and the phases were mi xed for 

24 h .  The resu l ti n g  supernate was removed from the res i n  and submi tted 

for gamma scan and rad i ostronti um anal yses . 

Feed pH adj ustments were made ( 1 )  by the add i t i on of n i tri c ,  

formi c ,  oxa l i c ,  or ami noacet i c ac i ds ;  ( 2 ) by cati on exchange us i ng HCR-S  

or I RC-50 res i n ;  or  ( 3 )  by the add i ti on of n -fructose , as a compl ex i ng 

agent . I n  al l cases , add i ti ons were made wh i l e moni tori n g  the feed pH 

and were d i sconti n ued when the des i red pH was reac hed . Other feed 
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modi f i cat i ons i nc l uded ( 1 )  f i l trat i on through a 0 . 1 -�m M i l l i pore fi l ter 

and (2) add i t i on of 1 and 10  ppm of l anthanum as La ( N03 ) 3 .  

Some of the an i on res i ns were converted to the borate form by sue-

ces s i ve washes wi th  0 . 7 � H3B03 before the di stri but i on measurement s 

were made . The res i n was washed unt i l the pH of the wash sol ut i on 

reached that of the bor i c ac i d  ( pH 3 . 3 ) . The res i ns were washed wi t h  

water t o  remove excess  bori c ac i d  and then a i r dri ed pri or to wei gh i ng .  

6 . 3 Experi mental  Resu l t s  and D i scuss i on 

6 . 3 . 1 Remova l  of 1 25sb 

Strong -base  an i on res i n  ( SBR ) i n  both the hydrox i de and borate forms 

removed 1 25sb � but the Kds were undes i rabl y smal l ( i n  the ran ge 21 t o  44 ) , 

as shown i n  Tabl e 9 .  Ruthen i um was al so removed , but to an  even smal l er 

extent . The s i gn i f i cance of the l ow Kd i s  that ant i mony wou l d break 

through an an i on exchange col umn after onl y  a few bed vo l umes ( as observed 

i n  col umn tests I X4 and I X5 ) . A l oad i ng capac i ty of several hundred bed 

vol umes pri or to breakthrough woul d  be requ i red for an acceptab l e process . 

Ant i mony probab ly  ex i st s  i n  the water as a mi xture of neut ral  and 

an i oni c oxy-spec i es that are i n  equ i l i bri um wi t h  each other . Si nce the 

Kd wi th  the CB water , as present l y  const i t uted , i s  undes i rabl y sma l l ,  

methods for i mprov i ng the Kd were i n vest i gated . I n  genera l , these methods 

i n vol ved var i ous ways of reduc i ng the concent rat i on or chang i ng the nature 

of the compet i ng an i ons . The compet i ng an i on i n  the CB water i s  borate , 

wh i ch i s  at a concentrat i on equ i va l ent to that of the Na+ i on (most of 

the boron i s  present as weak ly  i on i zed , or essent i a l l y neutra l , bor i c 

ac i d ) . The borate can be removed di rect l y  by an i on exchange ,  but th i s  

• 
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�e 9 .  Di stri but i on measurements for zeol i te effl uent sol ut i on wi th SBR res i n  

��//----------------------------------------------------------------------------------------/ I Stage 

Test 1-2 Test 1 -3 

1 2 1 2 
I 

I I I 

Res i n  
I ni t i al form 
Wei ght , g 

Feed source 
Treatment 
Vol ume , ml 

Key radi onucl i des 

90sr 

106Ru 

125sb 

137cs 

pH 

SBR 
OH-
2 .0 

I X1 -29 
None 
20 

Cone . {.uCi /ml} 
Feed Supernate --

2 . 4 2 .4 

l . l E- 3  7 .8E-4 

2 .0E-2 3 .7E-3 

4 . 1 E- 3  4 . 2E-3 

8 . 5  1 1 .0 

SBR 
OH-
1 .0 

Stage 1 supernate 
None 
10 

Cone o {.uCi /ml} 
Kd Supernate Kd 

-- 2 . 2  1 . 1 

4 . 5  <4 .9E-4 >6 . 1  

44 1 . 2E-3 21 

-- 4 . 1E-3  --

1 1 .9 

SBR SBR 
H2Bo3

- H2B03
-

2 .0 1 .0 

IX1-30 Stage 1 supernate 
None None 
20 10 

Cone . {.uCi /ml} Cone . {JJCi /ml} 
Feed Supernate Kd Supernate Kd --

2 . 3  2 . 2  0 . 6  2 . 2 

1 . 2E-3 4 . 9E-4 16 <3 .0E-4 >6 .4 

2 .0E-2 5 . 1 E-3 29 l . I E-3 35 

4 . 6 E-3 4 . 7E-3 -- 4 . 1 E-3 1 . 6 

8 . 5  7 .8 7 .8 

• •  

w 
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woul d requi re removal of the bori c  ac i d  as wel l ;  therefore , a very l arge 

amount of res i n woul d be requ i red because of the l arge amount of bori c 

ac i d  present.  

Borate i ons al so can be removed ; ,d i rectl y ,  by treat i ng the water wi th 

H+-form cat i on exchange res i n  (HCR-S or I RC-50 ) .  The res i n  woul d remove 

the Na+ i ons from the water , repl aci ng them wi th  � i ons , whi ch , in turn , 

woul d react wi th borate i ons  ( H2B03
- ) to form neutral bori c ac i d  (HJBOJ ) · 

• 

The borate i on concentrat i on i s  rel ated to the ac i di ty ( pH )  by 

From thi s rel at i onshi p ,  the fol l owi ng equat i on can be deri ved : 

I n  the CB water , the concentrat i ons are , approxi matel y ,  0 . 185 M total 

boron , 0.052 M Na+ , 0.052 M H2B03- ,  and 0.122 M neutral H3B03 ( 0. 185 -

0.052 = 0. 122 M neutral HJBOJ ) · Thus , the pH shoul d be approxi matel y 8.8 , 

whi ch i s  i n  agreement wi th the n�asurements . As the borate i ons are con­

vertec to bori c ac i d  by ��- form res i n ,  the borate i on concentrat i on i s  

g i ven approxi mately by the equat i on 

Thus , to reduce the borate i on concentrat i on by a factor of 100 , one 

must i ncrease the hydrogen i on concentrat i o11 by a factor of 100 , or 

• 

• 
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decrease the  pH  by  2 .  Th i s ,  i n  turn , shou l d  i ncrease the  Kd for ant i ­

mony wi t h  an i on exchange res i n  by a factor of approxi mate l y  100 . 

Several tests were made i n  wh i ch the Na+ i on s  were removed b) means of 

e i t her  HCR-S or  I RC-50 res i n ( H+- form) . When the resu l t i n g sol ut i on was 

contacted wi t h  SBR , l arge Kds for ant i mony were ach i eved , as shown i n  

Tabl e 1 0 . The extent of removal  of the Na+ i ons { and the borate i ons ) i s  

measured by the pH , a s  i nd i cated . Si nce the Kd for ant i mony shou l d  be 

i nverse l y proport i ona l  to the borate i on concent rat i on ,  i t  shou l d be 

d i rect l y  proport i ona l to the H+ concentrat i on .  After add i t i on of suf­

f i c i ent cat i on res i n to reduce the pH from 8 . 7 to the ran ge 6 to 7 ,  the 

Kd was found to be 

Thus , the Kd i s  approxi matel y  1 200 at pH 6 . 5  and 2500 at pH 6 . 2 .  

These Kds are i n  a pract i ca l  ran ge for a sorption proce� s and i nd i ­

cate that ant i mony can be removed from the water by a s i mpl e mod i f i cat i on 

of  the SDS fl owsheet . Essent i a l l y ,  the cat i on exchange col umn fol l owi ng  

t he zeol i te col umns wou l d be great l y  i ncreased i n  s i ze to  obta i n suf­

f i c i ent capac i ty to remove Na+ i on s  from the water and con vert the borate 

i on s  to bor i c  ac i d .  The resu l t i ng water , at a pH <6 , wou l d  fl ow to an 

a n i on exchange col umn ( SBR ) to remove the ant i mony . The pH wou l d  be ma i n­

t a i ned i n  the range of 6 to  6 . 5 i n  the an i on col umn , al though a l ower pH 

m i ght be acceptabl e .  

The penal ty for th i s  mod i f i cat i on woul d be the i ncreased vol ume of 

rel at i ve ly  l ow-act i v i ty- l evel waste ( the cat i on exchange res i n ) . For 

exampl e ,  2650 m3 ( 700 ,000 ga l ) of CB water at 1 200 ppm Na+ wou l d requ i re 



Tabl e 10.  Effect of adjust i ng pH wi th cat i on res i ns 

Test 2-3A Test 2-38 Test 3-4A 

Res i n  SBR SBR SBR 
I ni t i al form H2B03

- H2B03
- H2B03

-
Wei ght , g 1 .0 1 .0 1 .0 

Feed source IX1-35 IX1-35 IXl-32 ,37 , 38 ,39 
Treatment pH adj usted to 7 �0 with pH adj usted tQ 3 .0 with pH adj usted to 6 .0 with 

HCR-S (�)  res i n  HCR-S ( H+ J  res i n  IRC-50 (H+) resi n  
Vol ume , ml 10 10 10 

Cone . ��Ci /ml) Cone . (uCi /ml) Cone . (�Ci /ml) 
Key Radi onucl i des Feed Adj .  fee Supernate Kd Feed Adj .  feed Supernate Kd Feed Adj .  feed Supernate � 

-- -- -- -- -- --

90sr 2 . 6  1 . 7E-3 3 .0E-2 -- 2 .6 3 . 1 E-3 9 .7E-4 21 2 .4 3 . 7E-3 2 .6E-3 3 .9 

106Ru 1 .2E-3 8 .0E-4 1 .2E-4 54 1 .2E-3 l . l E-3 5 .0E-5 2 , 200 l .SE-3 8 . 1 E-4 3 .2E-4 15 

125sb 2 .7E-2 2 . 7E-2 1 .3E-3 210 2 .7E-2 2 .6E-2 1 . 7E-4 1 ,500 2 .8E-2 3 .0E-2 6 . 9E-4 420 

137cs 4 .0E-3 2 .8E-4 1 .9E-4 4 .8 4 .0E-3 3 .5E-5 l . l E-5 23 5 .7E-3 2 .6E-4 1 .6E-4 6 . 3  

pH 8 .6 7 .0 7 .3 8 .6  3 .0 6 .4  8 .6  6 .0 7 .0 

• • • • 
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about 76 m3 ( 20 , 000 gal ) of HCR- S , or 38 m3 ( 10 , 000 ga l ) of I RC-50 resi n .  

A carboxyl ate res i n  ( such as I RC-50) woul d probabl y be used because of i t s  

h i gher vol umetri c capac i ty ,  and i t  mi ght be fol l owed by a smal l amount of 

HCR-S i n order to obta i n  a l ower pH . 

Th i s  mod i f i cat i on appears to offer a pract i cal  way to remove a 

subst ant i al fract i on of the ant i mony ( probabl y >99% ) . I t  depend s on re­

moval of the Na+ i ons , but not the boron , from the water. As a resu l t , 

t he pH i s  reduced . Si nce the i on i c  concent rat i on of the water  i s  great l y  

reduced , thi s coul d be cons i dered a de i oni zat i on , but not a demi nera l i za­

t i on. A s i de effect of the l ower pH mi ght be that the probl em of recal ­

c i trant ces i um and st ront i um ,  as di scus sed earl i er ,  wou l d be al l ev i ated . 

Two other approaches for red uci ng the borate i on concentrat i on al so 

were tested. Si mpl e ac i d i fi cat i on to reduce the pH to approx i matel y 6 re­

moves borate i on and subst i tutes for it the an i on of the ac i d used . I f  the 

ac i d  an i on has a weaker affi n i ty for the res i n  than the borate ani on ( l es s  

effect i ve compet i t i on for the res i n  s i tes ) , then the Kd o f  ant i mony shou l d  

i ncrease . Several ac i ds were tested , i ncl ud i ng formi c ,  oxal i c ,  and ami no­

acet i c ;  however , opt i mum cond i t i ons were not att a i ned and l i tt l e  succes s  was 

achi eved , as shown i n  Tabl e 11 . There i s  st i l l  some poss i b i l i ty that thi s 

a pproach mi ght enhance ant i mony removal , but th i s was not pursued . 

After the feed pH was adj usted wi th ami noacet i c  ac i d ,  se veral an i on 

res i n s  were compared wi th  SBR , as shown i n  Tabl e 12. The Kd for 125sb 

obtai ned wi th  SBR was greater than that obt a i ned wi th  the other ani on 

res i ns .  

The other al ternat i ve i s  sel ect i ve compl exat i on of borate to form a 

d i fferent an i on that mi ght not compete wi th  ant i mony as effect i vel y for 



Tabl e 1 1 . Effect of adjust i ng pH by aci d  add it ion 

Test 2-4A Test 2-48 

Res i n  SBR SBR 
I ni t i al form H2B03

- H2B03
-

Wei ght . g 1 .0 1 .0 

Feed source IX1-36 IX1-36 
Treatment pH adjusted to 7 .0 pH adj usted to 7 .0 

with formi c aci d  wi th oxal i c  aci d  
Vol ume , ml 10 10 

Cone . U,Ci /nt.l Cone . {JJCi  /mLl 
Key radi onucl i des AdJ . feed Supernate Kd �dJ . feea Supernate Kd 

-- --

90sr 3 . 1  2 .9 0 .8 3 .6E-1 2 .2 - -

106Ru l .OE-3 3 .6E-4 18 8 . 1 E-4 <2 .4E-4 >24 

125sb 2 . 6E-2 5 .8E-3 35 2 .2E-2 5 .2E-3 31 

123cs 4 .0E-3 3 .6E-3 1 . 1 3 .2E-3 2 .9E-3 1 . 1  

pH 7 .0 7 .7 7 .0 8 .0 

• • 

Test 3-2A 

SBR 
HzB03

-

1 .0 

IX1-32 ,37 .38 ,39 
pH adj usted to 7 .9 

wi th ami noacet ic  aci d  
10 

Cone . (JJCi /ml} 
AdJ . feed Supernate Kd 

--

2 .0 1 .6 2 .2 

9 .5E-4 <3 .0E-4 >22 

1 .9E-2 3 .4E-3 45 

3 .. 8E-3 3 . 7E-3 0 . 3  

7 .9 7 .7 

• • 

-�=:a N 
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Tabl e 12 . Compari son of other ani on res i ns wi th SBR 

Test 3-2A Test 3-28 Test 3-2C 

Res i n  SBR Dowex-2 Ionac A580 
I ni t i al form H2B03

- H2B03 H2B03 
Wei ght , g 1 .0 1 .0 1 .0 

Feed source I X1 - 32 , 37 , 38 , 39 Same as i n  3-2A Same as i n  3-2A 
Treatment pH adj usted to 7 .9 Same as i n  3-2A Same as i n  3-2A 

with ami noacet i c  aci d  
Vol ume , ml 10 10 10 

� w 
Cone . {.11C i /ml} Cone . of Cone . of 

supernate supernate 
Key radi onucl i des Feed Adj . feed Supernate Kd (JJCi /ml ) Kd (.uCi  /ml ) Kd 

-- -- -- -

90sr 2 .4 2 . 0 1 . 6 2 . 2  1 .8 1 . 1 1 . 9 0 . 5  

106Ru 1 . 5E-3 9 . 5E-4 <3 .0E-4 >22 <3 .2E-4 > 19 <3 .5 E-4 > 17 

125sb 2 .8E-2 1 .9E-2 3 .4E-3 45 1 . 2E-2 5 . 5  1 .4E-2 3 . 5  

137cs 5 . 7E-3 3 .8E-3 3 . 7E-3 0 . 3  3 . 5E-3 0 .9 3 . 5E-3 0 . 9  

pH 8 .6 7 .9 7 . 7 7 .4 5 .3 



44 

res i n  s i tes . Many pol yhydroxy componds  compl ex borate , i ncl udi ng  

c arbohydrates . Among these , D-fructose i s  outstand i n g , and tests were made 

w i t h  i t , a s  shown i n  Tabl e 1 3 . The pH was read i l y  dec reased i nto the 

des i red range , i nd i cat i ng that the compl ex i on was formed . However , the 

Kd of ant i mony was not i ncreased , suggest i ng that the compl ex an i on i tsel f 

competes effect i ve ly  wi t h  ant i mony for the res i n  si tes . 

Compl ete demi nera l i zat i on ( removal of both Na+ i on s  and bori c ac i d  

spec i es )  pri or to an i on exchange permi ts  effect i ve removal  of ant i mony , 

but i s  accompani ed by the generat i on of a very l arge vol ume of waste 

res i n .  Th i s  procedure was not tested per se , but i t  has been accompl i shed 

duri n g  at l east part of the Ep i cor- I I process i n g .  S i nce de i on i zat i on 

w i t hout bori c  ac i d  removal  permi t s  effect i ve remova l of ant i mony , demi n­

era l i zat i on offers no advant a ge .  

6 . 3 . 2 Recal c i trant spec i es 

Several di fferent res i ns and water pretreatment s were tested us i n g  

aged I Xl effl uent sol ut i on .  Most experi ment s  i nvol ved two success i ve 24- h  

equ i l i brat i on s - t he fi rst wi th  2 0  ml o f  water and 2 g of res i n and the 

second wi t h  1 0  ml of the water  from the fi rst extract i on equ i l i brated wi th  

1 g of  new res i n .  Later tests were des i gned to  study part i cu l ar aspect s 

of the probl em . 

Strong- ac i d  res i n  ( HCR- S ,  i n  the H+ form) reduced ces i um by a factor > 700 , 

to a concentrat i on near 10- S �Ci /mL ( bel ow the 10  CFR 20 concentrat i on ) , as 

shown in Tabl e 14 . Th i s removal of ces i um was not ex� lcted ; it apparent l y  

occurred because most of the reca l c i t rant ces i um spec i es was con verted to 

i on i c  ces i um duri n g  the ag i ng t i me after test I X1 was  compl eted . The 

• 

• 
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Tabl e 1 3 . Effect s of borate compl exat i on by 0-fructose 

Test 3-3A Te st  3 - 38 

Res i n  SBR SBR 
I n i t i a l form H2B03

- H2 B03
-

Wei ght , g 1 .0 1 . 0 

Feed source I X 1 - 32 , 37 , 38 , 39 I X l - 32 , 37 , 38 , 39 
Treatment Add i t i on of 450 mg Add i t i on of 600 mg 

of 0-fructose of 0-fruct ose 
Vol ume , ml 10 10 

Cone . {.uC i /ml }  Cone . {llCi /ml} 
Key rad i onucl i des Feed Adj . feed Su pernate Kd Adj . feed Supernate Kd 

90sr 2 . 4 2 . 5 2 . 0 2 . 2 2 . 5 2 . 2  1 . 1 

1 06Ru 1 . 5E- 3 9 . 2E-4  <3 . 5E-4 > 16 l . OE-3  <4 . 1 E-4 > 1 5 

1 2 5sb 2 .8E- 2 2 . 7 E - 2  1 . 1 E- 2  25 2 . 7 E-2  1 . 2 E-2  12  

1 3 7cs  5 . 7 E - 3  5 . 4 E - 3  5 . 4E-3  5 . 4 E - 3  5 . 2 E-3  0 . 4 

p H  8 .6 6 . 55  7 . 4 6 . 1 5  7 . 0 

• 



Tabl e 14 . Treatment of aged effl uent from zeol i te col umns wi th organ i c  cat i on res i ns 

Test 1 - 1  Test 1 -4 

Stage 1 2 1 2 

Res i n  HCR-S HCR-S IRC-50 I RC-50 
I ni t i al form H+ H+ H+ w 
Wei ght , g 2 .0 1 .0 2 .0 1 .0 

Feed source I X l -29 Stage 1 supernate I Xl-30 Stage 1 supernate 
Treatment None None None None 

Vol ume , - ml 20 10 20 10 � "' 

Cone e {JJC i  /ml) Cone . (JJCi  /mq Cone . (JJCi  /ml} 
Key rad i onuc l i des Feed Supernate Kd Supernate Kd Feed Supernate � Supernate � -- -- -- -- -- --

90sr 2 . 4 1 .6E-4 150 , 000 2 . 2E-4 -- 2 . 3 4 . 3 E-3 5 ,400 7 . 3 E-4 49 

106Ru 1 . 1 E-3 8 . 9E-4 2 . 8  5 .4E-4 6 . 5  1 . 2E-3 8 . 7 E-4 4 . 3  8 . 1 E-4 0 .7 

125sb 2 .0E-2 2 . 1 E- 2  -- 1 .9E-2 0 . 8  2 .0E-2 2 . 1 E-2 -- 1 .9E-2 1 . 1  

1 37cs 4 . 1 E-3  2 .4E-5 1 ,600 <5 .4E-6 >35 4 .6E-3 2 .8E-4 150 6 . 5E-5 33 

pH 8 . 5  2 . 3  2 . 5  8 . 5  5 . 7  4 .4 

• • • • 



• 
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res i n  al so ac i d i f i ed the sol ut i on to a pH near 2 ;  t h i s ac i d i f i cat i on ,  

coupl ed wi t h  the 2-d  contact t i me ,  cou l d ha ve enhanced the convers i on to 

an extractabl e spec i es .  

The strong-ac i d res i n al so reduced the stront i um concentrat i on to a 

l evel l ower than the va l ues obta i ned i n  col umn test s I Xl , IX2 , IX3 , and 

I X6 .  Th i s  suggest s that the ac i d i f i cat i on i ncreased the fract i on of 

stront i um that was exchangeabl e .  Ag i ng al so i ncreased the extract abl e 

stront i um by a sma l l amount , as shown by the col umn tests . Stront i um con­

cent rat i on s  of approx i mate ly  2 x l0-4 �C i /ml were obt a i ned ; t hese were 

about a factor of 1 0  l ower than the resul t s  obta i ned i n  test I X6 .  Th i s  

reduct i on i n  the amount of reca l c i trant stront i um was s i gn i fi cant , but was 

much sma l l er than that for ces i um .  The resu l t s  suggest that some com­

b i nat i on of met hods { probabl y i nvol v i n g  pH adj ustment , ag i n g , and poss i bl y  

heat i ng )  can be fou nd that wi l l  resu l t i n  better stront i um removal . 

However , such cond i t i ons  can not be def i ned on the bas i s of ex i st i ng data . 

Weak -ac i d  res i n  ( I RC-50)  was general l y  s i mi l ar to HCR-S , but somewhat 

l ess  effect i ve ,  wi t h  respect to add i t i onal  removal  of both ces i um and 

stront i um ,  as shown i n  Tabl e 14 . Th i s  res i n  reduced the pH of the sol u­

t i on to approx i mate ly  5 ,  compared to a pH near 2 for strong-ac i d  res i n  

( HCR-S ) . The decreased effect i veness  for remov i ng reca l c i t rant ces i um and 

stront i um may be re l ated to the l ower ac i d i ty ( h i gher pH } , si nce a h i gher 

ac i d i ty ( l ower pH ) wou l d be expected to sol ubi l i ze some i nsol ubl e materi al 

and a i d i n  desorpt i on of adsorbed i on s . In both the weak- and strong-ac i d  

res i n test s , a n  excess of res i n  was used , and the sol ut i on was effect i vel y 

dei on i zed ( sod i um i on s  were removed and borate i ons  were converted most l y  

t o  neutral  bor i c ac i d ) . 
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Two mod i f i cat i ons  of the feed were tested for the i r effect on exchange 

w i t h  strong-ac i d  res i n .  Preac i d i f i cat i on of the feed wi th  n i t ri c ac i d  to 

pH 2 . 5  resu l ted i n  a sol ut i on pH <2  after equ i l i brat i on wi th  the res i n .  

Th i s  h i gh ac i d i ty caused a somewhat l ower Kd for both ces i um and 

stront i um ,  as shown i n  Tabl e 1 5 , because of the i ncreased compet i t i on for 

res i n s i tes . However , the amount of recal c i t rant ces i um and stront i um 

( whi ch cou l d not be removed by i on exchange ) was essent i a l l y the same as 

t h at for s i mi l ar experi ment s wi thout preac i d i fi cat i on . The effect of t i me 

at the l ower pH was not tested . 

Add i t i ons  of smal l amount s of l ant hanum ( 1 and 1 0  ppm ) to the feed 

sol ut i on pri or to i on exchange treatment appeared to have no s i gn i fi c ant 

effect , as shown i n  Tabl e 1 5 . I n  other s i tuat i on s , 7 i n  wh i ch trace 

radi oact i v i ty was adsorbed on surfaces , the add i t i on of l anthanum enhanced 

t he rel ease of radi onucl i des  from the surfaces to the sol ut i on (the 

l ant hanum adsorbs more strongl y ,  d i spl ac i ng the el ement s  prev i ous l y  

adsorbed ) . I n  th i s  test , however , no improvement was observed . 

F i l t rat i on of the I X1 effl uent sol ut i on t hrough  a 0 . 1 -�m M i l l i pore 

f i l ter pri or to the di str i but i on measurement s  di d not i mprove ces i um and 

stront i um removal .  I n  fact , th i s  procedure may have reduced the amount of 

stront i um that was removed , as shown i n  Tabl e 1 6 . I f  the reca l c i t rant 

s pec i es were assoc i ated wi th  part i cu l ates that cou l d be removed by such 

f i l t rat i on ,  the comb i ned treatment of fi l t rat i on fol l owed by i on exchange 

shou l d reduce these cont ami nants  to much l ower concentrat i on s  than i on 

exchange al one . No such improvement was observed . I t  i s  concl uded that 

i f  th.e reca l c i t rant spec i es are assoc i ated wi t h  part i cu l ates , the par­

t i cl es wi l l  pass  through a 0 . 1 -pm fi l ter . 

• 

• 
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Tabl e 1 5 .  Effect of vari ous pretreatments on cat i on exchange 

Test 1-6 Test 1-7 Test 1 -8 

Res i n  HCR-S HCR-S HCR-S 
I ni t i al form H+ H+ H+ 
Wei ght , g 2 .0 2 .0 2 .0 

Feed source IX1-31  IX1-33 IX1-33 
Treatment pH adj usted to 2 .5 Add i t i on of La ( N03 ) 3 Addi t i on of La (N03 } 3 

with ni tric  ac i d  to 1 ppm la+3 to 10 ppm La+3 
Vol. ume , ml 20 20 20 

Cone . (�Ci /ml } Cone . QuCi /ml) Cone . (�Ci /ml} 
Key rad i onuc l i des Feed AdJ . fee Supernate Kd Feed Supernate Kd Feed Supernate Kd 

-- -- -- -- -- --

• •  

90sr 2 . 7 -- 1 . 7E-3 16 , 000 2 .8 4 . 2 E-4 66 ,000 2 .8 2 . 5E-4 110 ,000 

106Ru 7 . 6E-4 -- 8 .4E-4 -- 8 . 7E-4 7 . 3E-4 1 . 9 8 . 7 E-4 ? .OE-4 2 . 3 

125sb 2 . 0E-2 -- 2 .0E-2 -- 2 . 1 E-2 2 . 1 E-2 -- 2 . 1 E-2 1 .9E-2 1 .3 

137cs 3 . 8E-3 -- 1 .8E-4 390 3 .4E-3 2 .4E-5 1 ,400 3 .4E-3 2 . 7 E-5 1 , 200 

pH 8 . 5  2 . 5  1 .8 8 . 5  2 .4 8 . 5  2 .4 

� '-0 
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Tabl e 16 . Effect of feed fi l trat i on through 0 . 1 -�m M i l l i pore 

Test 1 - 1  Test 1 -5 

Res i n  HCR-S HCR- S 
I ni t i al form H+ H+ 
Wei ght , g 2 .0 2 .0 

Feed source I X1 -29 I X 1 -3 1  
Treatment None Feed fi l tered through 

0 . 1 - um M i l l i porea 
Vol ume , ml 20 20 

Key rad i onucl i des Kd Kd 

90sr 2 .4 1 . 6E-4 150 , 000 2 . 7 2 . 6E-4 100 ,000 

1 06Ru 1 . 1 E- 3  8 . 9E-4 2 .8 7 . 6E-4 5 .4E-4 4 . 0  

125sb 2 .0E-2 2 . 1 E-2 2 .0E-2 2 . 1 E-2 

1 37c5 4 . 1 E-3 2 .4E-5 1 , 600 3 .8E-3 3 . 8E-5 2 ,000 

pH 8 . 5  2 . 3  8 . 5  2 . 5 

a 
Fi l ter read > 5  x 1 04 c pm  beta and 1 50 mR/h gamma at 0 . 5 i n .  

b 
Before fi l trat i on .  

• 
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6 . 3 . 3  Hydrolyzed a nd i nsol ubl e spec i es 

Several meta l s ( Ce , Co , Zr , Nb , etc . ) , that can not be effect i vel y 

removed i n  the SDS process were not studi ed expl i c i t l y .  These metal s are 

expected to hydrol yze and ex i st as hydrous ox i des or i n  assoc i at i on wi tn  

other i nsol ubl e materi a l . It  i s  al so  pos s i bl e that some col l o i dal  par­

t i cl es are present . 

Two seri es  of ul tracentri fuge test s were made wi th  the I X5 co l umn 

effl uent sol ut i on .  The effl uent water was subj ected to 48 , 000 g for 3 h 

i n  one test and to 1 50 , 000 g for 4 h i n  the other . The res u l t s  were 

somewhat i mprec i se because of the l ow act i v i t i es of the rad i onucl i des of 

i nterest and the muc h  h i gher l evel of other i sotopes , notabl y 1 2 5sb . The 

resu l t s  suggested that the fol l owi ng  fract i ons of the act i v i t i es were 

removed from the water and depos i ted i n  the centr i fuge cones : stront i um ,  

ruthen i um - 3 0  to  3 5% ;  n i ob i um - 25% ; ceri um , coba l t ,  ces i um - 1 0  t o  20% ; 

ant i mony - <0 . 3% .  I dent i cal  centr i fuge cones , wh i ch were s i mi l arl y 

exposed to the same water but not centr i fuged , d i d not ret a i n s i gn i f i cant 

act i v i ty ;  thus , the rad i oact i v i ty ret a i ned i n  the cones was the res u l t  of 

the centr i fugat i on and not merely adsorpt i on .  

These resu l t s  cl earl y show that a substant i a l fract i on of the rad i o­

act i v i ty of the i on exchange effl uent sol ut i ons i s  present i n  a form that 

can  be removed from the water by extreme cent ri fugat i on .  Thus , 

col l o i dal materi a l  appears to ex i st , and the assoc i ated rad i onucl i des 

apparent l y  are not i n  rap i d equ i l i br i um wi t h  i on i c spec i es . However , 

the exact nature of the mater i al i s  not known • 
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7 .  EXPECTED PERFORMANCE OF THE SUBMERGED DEMI NERALI ZER SYSTEM 

Based on the resul ts  of the col umn tests ,  the expected concentrat i ons 

of radi onucl i des i n  the decontami nated effl uent stream from the SDS after 

treatment of CB water were est i mated and are shown i n  Tabl e 17. The total  

vol ume of product water accumul ated after 200 bed vol umes of throughput 

( based on the res i n  vol ume i n  each zeol i te bed) i s  expected to have 90sr 

and 137cs concentrat i ons that are sl i ght ly  l ower than the i nstantaneous 

concentrat i ons in  the product stream. These tot al  product-water con­

centrat i ons are est i mated to be 1.0 x 10�3 �Ci /ml of 90sr ( 3300 t i mes 

greater than the 10 CFR 20 concentrat i on )  and 1 . 2  x 1o- 3 � C i /ml of 137 cs 

( 60 t i mes greater than the 10 CFR 20 concentrat i on ) . 

The project i ons shown i n  Tabl e 17 are based on the most pess i mi st i c  

test resul ts - the zeol i te effl uent concentrat i on from test I X6 after 200 

bed vol umes and an add i t i onal OF of 2 for al l nuc l i de s  except 125sb i n  the 

cat i on ,  an i on ,  and mi xed res i n  beds downstream of the thi rd zeol i te 

col umn . The 125sb al so wi l l  be removed i n i t i al l y ,  unt i l  al l of the H+­

form cat i on res i n  has been converted to the Na+ form , but thi s effect wi l l  

not be si gni fi cant , overa l l .  Thus , the most concentrated radi oact i ve com­

ponent i n  the effl uent from the pol i sh i ng bed , other than tri t i um,  wi l l  be 

125sb ; however , i n  terms of the rel at i ve hazard , 90sr wi l l  be the maj or 

concern and wi l l  be the key factor for determi n i ng the amount of di l ut i on 

t h :!t wi l l  be requi red , i n  order to meet the 10 CFR 20 concentrat i ons . 

The expected concentrat i ons of key radi onucl i des i n  the sol i d  wastes 

( l oaded sorbents and fi l ter sol i ds ,  not i ncl udi ng fi l ter ai d )  from SDS 

• 

operat i ons are shown i n  Tabl e 18 . The zeol i te beds , when removed from the • 
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Nucli de 

3H 

60co 

89sr 

90sr 

95Nb 

103Ru 

106Ru 

125sb 

134cs 

137cs 

144ce 

Table 1 7 . Expected act i v i t y  concentrat i onsa i n  SDS proces s streams 
after 200 bed volumes through each zeoli te bed 

( Based on cont i nuous flow through three zeol i te columns ) 

F eed and effluent concentrat i ons,a �Ci /ml 
Pol i shi ng 

Zeol i te columns Cat i on column 
Feed Fi lter rl rst �econa Tfii ra column { prod . )  

1 . 0  1 . 0  1 . 0 1 .0 1 . 0 1 . 0  1 . 0 

c c 6E-5 6E-5 6E-5 6E-5 6E-5 

5. 3E- 1 d 5.2E- 1d 6.6E-3 6E-4 5.9E-4 5 . 2E-4 3.0E-4 

2.29d 2.26d 3 . 2E- 2  2 .8E-3 2. 7 E-3 2 .4E-3 1 .4 E-3 

c c 1 .9E-5 l .OE-5 l .OE-5 1 .0E-5 l .OE-5 

c c 2 . 9E-5 2.4E-5 2 .4E-5 2 .4 E-5 1 . 2E-5 

c c 2.4E-3 2 . 0E-3 2.0E-3 2.0E-3 1 . 0E-3 

c c 1 . 9E-2 1.9E-2 1 . 9E-2 1 . 9E-2 1.9E-2e 

2 . 62E+ l 2. 62E+ 1 2 .4E-3 5. 3E-4 5.0E-4 5 . 0E-4 2 . 5 E-4 

1 . 56E+2 1 . 56E+2 1 .4E-2 3 . 3E-3 3. 1 £-3 3. 1 E-3 1.6E-3 

c c 4.7E-4 4. 7E-4 4. 7 E-4 4 . 7E-4 2 . 4E-4 

d J n  �Ci /ml as of J ul y 1 ,  1 980 . 
bMult i ples of concentrat i ons li sted i n  10 CFR 20, Appendi x B, Table II , Column 2 .  
CNot detected. 

Prod . Cone . 
x 1 0  CFR 20b 

330 

0 . 1  

100 

4500 

0 . 1  

0 . 2  

100 

200 

30 

80 

25 

doi fferences i n  stront i um concent rat i ons bet ween fee1 and fi lter effluent based on est i mate of 500 gal 
of sol i ds i n  700 ,000 gal of water .  

econcentrat i on lower i ni t i ally { u nt i l  cat i on beds become loaded wi th sodi u m) . 

• •  

U'1 w 
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Key 
radionuclides 

90sr 

1 06Ru 

125sb 

1 34c s  

137cs  

a 

Table 18. Expected activity concentrationsa in SOS solid wastes 
after 200 bed volumes through each zeolite bed 

Concentrations,a �Ci/ml 
Fi l tered Zeoli te beds Cat1 on Pol i sfii ng bed 

First Secona Tfii rd Cat1 on kli on solids bed 

3.8E+1 5E+2 5 SE-2 <1E-1  <2E- 1 <4E- 1 

7 .6E- 1 1E- 1  5.4E-2 3. 3E-2 1 .2E-2 1.8E-3 4.4E-2 

1 . 5  5E-2 3.8E-2 2.9E-2 7 . 2 E- 2  6.0E-3 1 . 1 E- 1  

8. 2E- 1 5. 2E+3 4.9E-2 5 . 3E-2 <2E-4 <3E-5 <9E-5 

4.7  3. 1 E+4 2. 9E- 1 3 .0E-l 3.5 E-4 1 .2E-5 5.9E-5 

In �Ci/ml as of J uly  1 ,  1 980. 

Krxec 
<3E-2 

(J'1 
6.0E-6 � 

3.0 E-3 

1 . 3E-5 

6.4E-5 

• • 
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f i rst pos i t i on ,  wi l l  conta i n most of the act i v i ty .  Based o n  the l oad i ng 

profi l e  shown i n  F i g .  7 ,  the act i v i ty wi l l  be present predomi nant l y  i n  the 

upper one-fourt h  of the bed . Therefore , the max i mum concentrat i ons  wi l l  

be about four t i mes  greater than the average concentrat i ons shown here 

( e . g . , approx i mate ly  1 . 2 x 105 pCi /mL of 1 37cs ) . 

8 .  I MPL I CAT IONS  FOR CLEANUP 

8 . 1  Conta i nment Bu i l d i ng Water 

The data obt a i ned permi ts  a reasonabl e def i n i t i on of the mi n i mum per­

formance to be expected from the SOS system and from a mod i f i c at i on i n  the 

fl owsheet so as to  remove 1 2 5sb . If the SDS i s  mod i f i ed by us i ng  enough 

H+-form cat i on res i n  to compl ete ly  remove the Na+ i ons from the water and 

convert the borate i on s  to weak l y  i on i zed bori c ac i d  pr i or to an i on 

exchange , the 1 25sb concentrat i on can be reduced by a factor of at l east 

100 . S i nce the total  amount of 125sb present i s  approx i matel y 50 Ci and a 

l i mi t of 1 0  C i  may be appl i ed to storage of the decont ami nated water , at 

l east a fi vefol d reduct i on of the 125sb may be necessary .  

The pr i mary probl em i n  obta i n i ng further decontami nat i on of the water 

from stront i um and ces i um i s  assoc i ated wi th  reca l c i trant spec i es , and the 

ab i l i ty to overcome the probl em i s  l i mi ted by an  i nadequate understand i ng 

of the bas i c  natu re of these spec i es . Some i nd i cat i ons of appropri ate 

treatment were obt a i ned duri ng  the tests  ( e . g . , the add i t i ona l  OFs  

obt a i ned after ag i n g between tests I Xl a nd I X2 ) . However , there i s  no 

defi n i t i ve i nformat i on that the probl em of the · reca l c i trant spec i es can be 

substant i a l l y  al l ev i ated , and there i s  no fi rm technol ogy on wh i ch a 

superi or i on exchange process  can be based . 
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I t  i s  l i ke ly  that ag i ng of the decontami nated water , espec i a l l y  at 

the opt i mum pH and pos s i b ly  at an el evated temperature ,  wi l l  permi t further 

decontami nat i on ,  al though there are no data  to support th i s  suppos i t i on 

other than  the chance observat i on s  made duri ng  thi s study . I t  shou l d  be 

c l earl y understood that i f  the processed water i s  immedi atel y run through 

the SOS proces s  for a second t i me ,  there wi l l  be very l i tt l e add i t i onal  

decontami nat i on .  If a substant i al add i t i onal  OF  i s  to be ach i e ved , the 

nature of the reca l c i trant ces i um and stront i um spec i es wi l l  have to be 

changed . Th i s  general area represents the pri mary rema i n i ng uncerta i nty . 

8 . 2 Reactor P ri mary Cool ant System Water 

The RCS i s  a rec i rcu l at i ng l oop that can not be dra i ned because it 

must al ways cont a i n a substant i al vol ume of water i n  order to cover the 

core . Thu s , the RCS water must be decontami nated i n  a rec i rc u l at i on or 

by-pas s  mode , as opposed to once-through operat i on .  Al so , the bori c ac i d  

and sod i um borate concentrat i on s  i n  the RCS must be hel d con stant to 

prevent cri t i ca l i ty and to ma i nta i n the pH at a suffi c i ent l y  hi gh l evel to 

prevent corros i on .  Thu s , mod i fy i ng  the SDS to reduce the concent rat i ons  

of the  mi nor contami nant s , 1 25sb and  106Ru , can not be con s i dered unt i l  

after the fuel has been  removed from the reactor . The obj ect i ve of us i ng 

the SDS to  treat the RCS water wi l l  be to decrease  the concentrat i ons  of 

ces i um and stront i um ,  wh i ch , i n  turn , wi l l  reduce exposure to personnel 

duri ng  fuel removal  operat i on s . Onl y  the zeol i te col umns i n  the SOS wi l l  

be needed for th i s purpose because zeol i te wi l l  sorb the bul k of the 

• 

ces i um and stront i um wi thout affect i ng the bori c ac i d  and sod i um borate • 
concent rat i on s . The t i me requ i red to process  the RCS water can be reduced 
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by i ncreas i ng t he  amount of zeol i te i n  the SDS ; t h i s c a n  be done by 

repl ac i ng t he cat i on col umn wi t h  a fourth  zeol i te col umn . 

I n  the rec i rcu l at i ng mode , on l y  one theoret i cal sta ge of separat i on i s  

poss i bl e  for each batch of zeol i te used , and th i s can be obt a i ned onl y i f  

the throughput vol ume i s  l arge enough to bri n g  the batch  of zeol i te i nto  

equ i l i br i um wi t h  the  water in  the  ent i re RCS . I n  order to mi n i mi ze the 

vol ume of zeol i te used ( and hence the vol ume of rad i oact i ve waste 

generated ) ,  the throughput of eac h  col umn i n  each pos i t i on shoul d  be at 

l east 1000 bed vo l umes ; after be i ng moved through al l four  pos i t i ons , 

each col umn wi l l  have accumul ated a tota l  throughput of 4000 bed vol umes , 

wh i ch i s  equ i va l ent to 2 . 7 vol umes of the RCS . 

8 . 3 Waste Vol umes 

A comparat i ve est i mat i on of the vol ume of waste ( sorbent s  or evapora­

tor concent rates ) resu l t i ng di rect l y  from the proces s i ng  of the CB water 

i s  summari zed i n  Tabl e 19 for severa l poss i bl e  process i n g approaches . The 

mod i f i ed SDS system ( Case 2) wou l d generate approx i matel y 2 . 5 t i mes as 

much waste sorbent s as the bas i c SDS system ( Case 1 )  because of the l arger 

vol ume of cat i on res i n  requ i red to remove the Na+ i ons . El ut i on and rege­

nerat i on of th i s  res i n  ( Case 3 ) woul d offer no apprec i abl e advantage i n  

terms of waste vol ume ; t he di sadvanta ges of regenerat i on wou l d  be the 

add i t i ona l  equ i pment and operat i ona l requ i rements . Evaporat i on of the 

zeol i te col umn effl uent ( Case 4) wou l d prov i de effect i ve removal  of 

non- i on i c  spec i es of the rad i onuc l i de s . A negat i ve effect wou l d be the 

product i on of a much l arger vol ume of waste because of the l a rge amount of 

bori c ac i d  that wou l d  be i nc l uded i n  the evaporator concent rate .  



58 

Tabl e 19. Est i mated waste vol umesa generated dur i ng the process i ng of 
the Conta i nment Bu i l d i ng water at TMI - 2  u s i n g the SDS system 

Case 
Basi c SDS fl owsheet 

Zeol i te ( conta i n i ng ces i um and 
st ront i um)  

Cat i on re s i n  
Mi xed res i n  

Tot al 

2 SDS , mod i f i ed for 125sb removal 

Zeol i te (cont a i n i ng ces i um and 
some st ront i um)  

Cat i on res i n  ( I RC-50 , conta i n i ng 
sod i um and most of stront ium)  

An i on res i n  (conta i n i ng 125sb ) 
Tot al 

3 Same as Case 2 except i ncl udes el ut i on 
of IRC-50 res i n and evaporat i on of el uate 
to 22% sol i d s 

Zeol i te (conta i n i ng ces i um and some 
stront i um)  

An i on res i n  (contai n i ng 125sb ) 
Evaporator concentrateD (cont a i n i ng 

sodi um and most of stront i um) 
Total 

4 Bas i c  SDS ( zeol i te col umns on ly)  pl us 
evaporat i on of zeol i te effl uent 

Zeol i te (conta i n i ng ces i um and some 
stront i um)  

Evaporat or concentratec [cont a i n i ng 
remai ni ng radi onucl i des ( except 
tr i t i um ) , sod i um ,  and bori c ac i d] 

Total  

Vol ume 
( ga l ) 

3 ,500 
1 , 000 

500 
5 , 000 

1 , 000 

10 ,500 
1 ,500 

1 3 ,000 

1 , 000 
1 ,500 

9 ,500 
1 2 ,000 

1 ,000 

65 ,000 
66 ,000 

avol ume of dewatered sorbents or evaporator concentrates from treat i ng 
700 , 000 gal  of CB water. Waste sol i d i fi cat i on wi l l  i ncrease these 
vol umes by factors that depend on waste form. 

bEvaporated to 22% sod i um sul fate. 
CEvaporated to 10 to 12% bori c . ac i d. 

• 

• 
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Decontami nat i on of the RCS water al so wi l l  generate a mi n i mum of 

severa l  thousand gal l ons  of add i t i onal waste . 

9 � CONCLUS I ONS AND RECOMMENDAT I ONS 

Sampl es  taken from the fl oor of the Conta i nment Bu i l d i ng have con­

t a i ned sol i ds that are prec i p i tates ( probabl y hydrox i des ) of , pri mari l y ,  

C u , Ni , Al , and F e  and conta i n a s i gni f i cant concent rat i on of 

radi ostront i um .  The vol ume of sol i ds i n  the bu i l d i ng i s  h i ghl y 

conj ectura l ; however , est i mates i nd i cate a vol ume of severa l hundred 

ga l l ons . I f  the water i s  not cl ari f i ed adequatel y ,  these sol i d s coul d 

restr i ct or bl ock the fl ow of water through the i on exchange col umns . 

F i l t rat i on test s i nd i cated that the best resu l t s can be ach i eved by us i n g  

a downward fl ow through a fi l ter hous i n g  i n  wh i ch s i ntered-meta l  fi l ters 

rated at 40 �m are l ocated at the bottom and are covered by severa l i nc hes  

of Cel i te 5 35  ( or equ i va l ent ) di atomaceous-earth  fi l ter ai d .  I f  fi l tra­

t i on di ff i cu l t i es or restr i cted fl ows are encount ered wi th the current SDS 

f i l ters , use of the precoated , downward-fl ow fi l ter shou l d be cons i dered . 

The i on exchange col umn test s showed that ces i um can be removed from 

t he CB water by a factor of 1 04 for at l east 1 000 bed vol umes . The operat ­

i n g procedure pl anned for the SDS ( us i ng three zeo l i te beds i n  seri es and 

mov i ng the beds cou ntercurrent to the water fl ow after every 200 bed vo l ­

umes of throughput ) wi l l  make poss i bl e  a DF  of 1 03 for stront i um .  Very 

l i tt l e decontami nat i on ,  i f  any , wi l l  be obt a i ned i n  ei ther the organ i c  

c at i on res i n  col umn or i n  the pol i sh i ng  col umn . The pri mary rad i onucl i de 

i n  the SDS effl uent wi l l  be 125sb , wi th  a concentrat i on of 2 x 10- 2  �C i /mL • 

However , the pri mary hazard rema i n i n g  i n  the effl uent wi l l  be 90sr , wi t h  a 
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concentrat i on 4500 t i mes greater than the concent rat i on l i sted i n  

1 0  CFR 20 . I f  di scharge l i m i t s  are establ i shed , the SDS effl uent cou l d be 

d i l uted wi t h  rout i ne pl ant d i scharges . 

The 1 25sb was found to be ani on i c but poorl y sorbed by the SDS an i on 

res i ns because of compet i t i on by borate i on for the exchange s i tes . The 

SDS can  be mod i f i ed to enhance the removal  of 1 25sb by pas s i n g  the zeol i te 

col umn effl uent stream through a l arge bed of cat i on res i n  to remove the 

sod i um i on s  and then pas s i ng  the stream through an ani on res i n bed to sorb 

the 125sb . Amberl i te I RC-50 i s  the best cat i on res i n  because of i ts 

rel at i vely h i gh  capac i ty for sod i um , and SBR i s  the best an i on  res i n .  

Th i s  modi f i cat i on of the SDS wi l l  generate approx i matel y 2 . 5  t i mes  as much 

sol i d  wastes from CB water as the bas i c  SDS fl owsheet . 

The rema i n i ng stront i um and ces i um are reca l c i t rant spec i es wh i ch 

cannot be removed by i on exchange unl ess  the i r chemi ca l  nat ure i s  changed . 

S i mpl y recycl i ng the effl uent stream through the SDS col umn wi l l  not 

remove these spec i es . The nature of the reca l c i trant spec i es may pos s i b ly  

be changed by al teri ng the cond i t i ons  of t i me ,  temperature , or  pH ; 

however , th i s  i s  an area of uncerta i nty that shoul d be stu di ed i f  further 

work i s  done . 

• 

• 
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Test 

TMI- I Xl 

TMI- I X2 

TMI - I X3 

TMI- I X4 

TMI- I X5 

TMI- I X6 

1.... 

Tabl e A-1 .  pH of effl uent fractions from i on exchange col umn tests 

Sampl e No .  
1 2 4 - 6 -- s---ro- �14 

8 . 6 

8 . 6  

2 . 9  

8 . 6  

8 . 6  

8 . 2  

8 . 6  

8 . 6  

8 . 4  

8 . 6  

8 . 6  

8 . 5 

8 . 6  

8 . 6  

8 . 5  

8 . 6  

8 . 6 

8 . 5  

8 . 6  

8 . 6  

8 . 6  

16 

8 . 6 

8 . 6  

8 . 6  

20 

8 . 6  

8 . 6  

8 . 6  

28 

8 . 6  

� 

39 

8 . 6  

---- ----------- ------- ------------ ----- Not Measured ------ ------ ---------------------------

5 . 0  

8 . 6 

5 . 5  

8. 6 

4 . 6  

8 . 6 

3 . 8  

8 . 6  

3 . 5  

8 . 6  

7 . 9  8 . 7  8 . 8  8 . 8  

• •  

....... 
__. 



Tabl e A-2 . Measured radi oact i vi tya and pH i n  Test TMI - I X1 ( fi rst zeol i te bed ) 

Bed vol umesb 

SamEl e No . � IX 1 -

pH 

Gross B ,  cpm/ml 
Gross Y� cpm/ml 
60co , �Ci /ml 
89sr� c �Ci /ml 
90sr, c �-tCi /m1 
95zr,  llCi /ml 
95Nb , J.lCi /ml 
1 03Ru ,  JJCi /ml 
1 06R C " / u �  p 1 ml 
1 25sb , J.lCi /ml 
1 34cs , �Ci /ml 
1 37cs , J.l Ci /ml 
1 44ce, j..:Ci /ml 

0 25 
Feed 1 

8 . 6 8 . 6 

l . 81 E8 l . 1 6E6 
9 . 05£7 5 . 20E4 

- -

6 . 1 7  7 . 9E-3 
2 . 26 2 . 9E-3 

- -

- -

- -

- 3 . 4E-3 
- 2 . 0E-2 

3 . 1 0El  1 .  SE-2 
1 .  56E2 7 . 2 E-2 

- -

50 1 00 1 50 200 
2 4 6 8 

8 . 6  8 . 6  8 . 6  8. 6 

l .  30E6 1 . 30E6 1 . 47E6 1 .  61 E6 
1 . 57£4 l .  71 E4 1 . 77£4 2 . 02£4 

- - 4 . 5E-5 -

6 . 9E-3 7 . 6E-3 1 .  9E-2 7 . 9E-2 

2 . 5E- 3 2 . 8E-3 6 . 9E-3 3 . 2E-2 
- - 5 . 1  E-5 -

- - 1 .  3E-4 -

4 . 4E-4 4 . 8E-4 2 . 6E-4 4 . 2E-4 
J . OE-3 3 . 2E-3 J . OE-3 3 . 4E-3 

2. 1 E-2 2 . 2E-2 1 .  6E-2 2 . 3E-2 

1 .  6E-3 2 . 0E-3 1 . 4E-3 2 . 8E-3 
7.  SE- 3 8 . 9E- 3 7 . 7E- 3 1 . 4E-2 

- - 4 . 9E-4 1 . 1  E-3 

aAl l val ues except gross B and gross y a re  as of  January 2 ,  1 980. 
bBa sed on bed vol ume o f  2 ml . 

300 
1 2  

-

2 . 20E6 

1 . 87E4 

7 . 1 E-4 

6 . 2E-1 

2. 3E-1 
-

-

4 . 1 E-4 
J . OE-3 

2 . 2E-2 

4 . 5E-3 
l .  9E-2 

cStronti um determi nat i ons by RCA; other nucl i des determi ned by y-scan . 

• • .. 

400 500 600 700 
1 6  20 24 28 

8 . 6  8 . 6  - 8. 6 

3 . 69E6 5 . 85E6 7 . 35E6 9 . 09E6 

l .  71  E4 1 . 67E4 1 . 55E4 1 . 69E4 
- 3 . 2E-4 

1 . 8 3 . 3  4 . 5  5 . 0  

6 . 6E-1 1 . 2 1 . 6 1 . 9 
- - - -

- l . 6E-4 1 . 0E-4 

3 . 8E-4 3 . 4E-4 2 . 3E-4 2 . 6E-4 
1 . 8E-3 2 . 1 E-3 l .  3E-3 8 . 1  E-4 

2 . 1 E-2 2 . 0E-2 2 . 0E-2 l .  7E-2 

1 .  8E-3 3 . 0E-3 8 . 3E-4 8 . 3E-4 
S. l E-3 l . 2E-2 4 . 0E-3 3 . 7E-3 

800 900 975 
32 36 39 

- - 8 . 6  

9 . 1 4E6 9 . 65E6 9 . 80E6 

1 .  57E4 1 .  70E4 1 . 84E4 

5 . 4  5 . 4  6 . 0  

2 . 0  2 . 0  2 . 2  
- - - ........ N 

1 . SE-4 1 .  7E-4 l . SE-4 
<6E-4 1 . 1 E-3 l .  3E-3 

l . 9E-2 2 . 0E-2 2 . 0E-2 

6 . 6E-4 5 . 1 E-4 9 . 0E-4 
3 . 2E-3 2 . 9E-3 4 . 2E-3 

•• 
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Tabl e A-3 .  Measured rad i oacti vi t_va and o H  i n  Test TMI - I X2 ( second and thi rd zeol i te beds ) 

Bed vol umesb 

Samel e No . s  I X2-

pH 
Gross B s  cpm/ml 
Gross y, cpm/ml 
58co , llCi /mL 
60co , llC i /mL 
895 c c 1 r, ll 1 ml 
90sr� c }.lC i /mL 
95zr , llCi /mL 
95Nb,  llCi /ml 
1 03Ru ,  }.lC i /ml 
1 06Ru ,  llCi / mL 
1 25Sbs  llCi fmL 
1 29mTe , llC if mL 
1 34cs , llCi /mL 
1 37Cs s }.lCi /mL 
1 44ce , llCi /mL 

--

25 50 
1 2 

8 . 6 8 . 6  

8 . 56E3 1 . 42 E4 
4 . 3 8£3 6 . 78£3 

- 5 . 4E-5 
- 4 . 9£-5 

4 . 46E-4 9 . 08E-4 

1 .  97E-4 4 . 02E-4 

<2 . 70E-5 2 . 70E-5 

8 . 1 0£- 5 2 . 51 £-4 

8 . 65E-4 1 . 24E-3 

1 .  32E-2 2 . 21 E-2 

$6 . 76E-4 s;5 _ 1 4E-4 

<5.  4E- 5 <3 . 78£-5 

<3 . 2E- 5  <3 . 24E- 5 

< l . 40E-4 3 . 78E�4 

1 00 200 300 
4 8 1 2  

8. 6 8 . 6 8 . 6  

1 . 29E4 4 . 25E4 1 . 88E5 
6 . 96£3 7 . 1 9£3 7 . 78£3 
6 . 2E-5 5 . 4E-5 6 . 2E-5 

3 . 8£- 5  3 . 5E- 5 4 . 3£-5 

1 .  33E-3 1 . 47E-3 1 . 29E-3 

5 . 70E-4 6 . 24E-4 5 . 51 E-4 
Not Detected 

7 . 3E-5 5 . 66E- 5 5 . 95E- 5 
2 . 51 £-4 2 . 1 9£-4 1 . 89£-4 

1 . 40E-3 l . 27E-3 1 .  24E-3 

2 . 00E-2 1 .  99E-2 2 . 1 0E-2 

$5 . 1 4E-4 �5 . 40E-4 $4 . 59E-4 

<4. 05E-5 1 . 62 £- 5  < 3 . 78E-5 

4 . 32E-5 4. 60E-5 <2 . 1 6E-5 

4 . 05E-4 3 . 78E-4 1 . 89E-4 

a A 1 1  va 1 ues ex.cept g ross 8 and gross y are as  of January 2 ,  1 980 . 
b Based on bed vol ume o f  one zeol i te bed ( 2  ml ) .  
c Stronti um and tel l ur i um determi nati ons by RCA ; a l l others by y-scan . 

400 500 
1 6  20 

8 . 6  8 . 6  

3 . 94E5 5 . 97E5 
8 . 1 9£3 8 . 86£3 
4 . 6E-5 6 . 76E-5 
4 . 9£-5 4 . 05£-5 

l . 68E-3 4 . 1 5E-3 

7 . 27E-4 1 . 80E- 3 

3 . 51 E-5 4 . 32E-5 
2 . 46E-4 2 . 30£-4 

l . l l E-3  l .  27E-3 

2 . 1 7£-2 2 . 31 E-2 

�5 . 40E-4 �6 . 49£-4 

<4. 05E-5 �5 . 68E-5 

<2 . 1 6E-5 <3 . 78E-5 

3 . 78E-4 l .  68E-4 

• 

• • 

6 1 5  
2 5  

8 . 79E5 
9 . 96£3 

4 . 32E-5 
4 . 32£-5 
5 . 37E-2 

2 . 33E-2 
........ w 

1 . 76E-5 
1 .  70£-4 

1 .  05E-3 
2 . 22E-2 

5 . 00E-4 

$5 . 40E-5 

$4 . 86E-5 
2 . 05E-4 



Tabl e A-4 . Measured radi oacti vi tya and pH i n  Test  TMI- I X3 ( HCR-S bed ) 

Bed vol umesb 

Sam�l e No . , I X3-

pH 
Gross 8, cpmlml 

Gross y, cpmlml 
58co , JJ.Ci l ml 
60co , JJ.Ci I ml 
89sr , c JJ.Cil ml 
90sr , c JJ.Cifml 
95zr , JJ.Ci 1 ml 
95Nb,  JJ.Ci I mL 
1 03Ru ,  JJ.Ci l  ml 
1 06Ru , l-!C i l  ml 
1 25sb ,  JJ.C i l ml 
1 291T1e , c JJ.Ci /  ml 
1 34cs , llCi l ml 
1 37 Cs , llC i l  ml 
1 44ce , JJ.Ci l  ml 

25 
1 

2 . 9 

6 . 86E3 

3 . 70E3 

2. 1 6E-5 
l .  62E-4 

2 . 76E-4 
l .  l 9E-4 

9 . 46E-6 

7 . 03E-5 

3 . 78E-4 
l .  l 6E-2 

$3 . 51 E-4 

<1 . 1 9E- 5 

<3 . 51 E- 5 

6 . 49E-5 

50 
2 

8 . 2 

1 . 46E4 

6 . 67E3 

4. 30E-5 

3 . 20E-5 

8 . 27E-4 
3 . 52E-4 

4 . 3E-5 
2 . 05E-5 

l . OBE- 3 
2 .  1 8E- 2 

S4 . 05E-4 

<8. l l E-6 

<2 . 54E-5 

2 . 43E-4 

1 00 1 50 
4 6 

8 . 4 8. 5 

1 .  66E4 2 . 21 E4 

7 . 00E3 7 . 02E3 

6 . 2E-5 5 . 9E- 5 

4 . 6E- 5  4 . 1 E-5 

1 .  21  E-3 l .  1 8E-3 
5 .  l 6E-4 5 . 03E-4 

7 . 3E-5 7 . 0E-5 
2 . 92E-4 2 . 38E-4 

l .  30E-3 1 .  32E-3 
2 .  1 3E-2 2 .  1 4E-2 

S5 . 40E-4 �4 . 59E-4 

<1 . 35E-5 <3. 78E-5 

<5. 1 4E-5 <3. 24E- 5 

3 . 78E-4 3 . 24E-4 

aA1 1 val ues except gross 8 and gross y are as of January 2 ,  1 980 . 
bBased on bed vo 1 ume of one zeo 1 i te bed ( 2 ml) .  
cStronti um and tel l urium determi ned by RCA ; other nucl i des by y-scan . 

· �  .--

250 350 450 
1 0  1 4  1 8  

8 . 5 8. € 8 . 6 
8 . 80E4 2 . 53E5 4 . 21 E5 
7 . 36E3 7 . 88E3 8 . 22E3 

5 . 95E-5 7 . 84E-5 5 . 95E-5 

4. 05E-5 4 . 32E-5 3 . 78E-5 

l .  1 5E- 3 1 . 09E-3 l .  24E-3 
5 . 01 E-4 4. 7l E-4 5 . 39E-4 

Not Detected 

5 .  l 4E-5 3 . 78E-5 6 . 49E-5 

2 . 03E-4 2 . 24E-4 2 . 08E-4 

l . OBE- 3 1 .  l 6E-3 l .  1 6E-3 
2 . 23E-2 2 . 26E-2 2 .  1 8E-2 

S5 . 1 4E-4 �5 . 95E-4 S5 . 40E-4 

<4 . 05E-5 <4 . 05E-5 �1 . 35E-5 

<3. 78E-5 <5 . 95E-5 $4 . 05E-5 

3 . 51 E-4 <4 . 86E-4 1 .  57E-4 

550 570 
22 23 

8 . 6 8 . 6  
5 . 67E5 6 . 32E5 

8 . 99E3 9 . 03E3 

5 . 68E-5 5 . 95E-5 

3 . 5 1 E-5 3 . 78E-5 

1 .  35E-3 1 . 39E-3 
5 . 87E-4 6 . 05E-4 

........ � 
2 . 70E-5 l . 89E-5 

1 .  57E-4 1 .  97E-4 

l .  1 1  E-3 9 .  1 9E-4 
2 . 23E-2 2. 1 8E-2 

$6 . 76E-4 4 . 92E-4 

�1 . 35E-5 S4 . 60E-5 

S4. 60E-5 S5 . 1 4E-5 

1 . 40E-4 S1 . 62E-4 

� \ • 
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Tabl e A-5 .  Meas u red radi oact i v i tya i n  Test TMI- IX4 ( second HCR-S and SBR bed) 

Bed vol umesb 25 50 1 00 1 50 250 
SamEl e No . , I X4- 1 2 4 6 1 0  

pH Not Measured 

Gross  8, cpm/ml 

Gross y, cpm/ml 
saCo , J..tC i /mL 
60co , �Ci /ml 
ag . c Sr, llCi /mL 
90sr , c �Ci /ml 
95Nb,  llCi /mL 
1 03Ru ,  �C i /ml 
1 06Ru ,  �C i/ml 
1 25sb ,  �Ci /ml 
1 29Tnre ,  c llCi /ml 
1 34cs , �Ci /ml 
1 37cs , �Ci /ml 
1 44ce , J..tCi /mL 

2 . 02E3 

$5 
S5 . 41 E-6 
$5 . 41 E-6 

55 . 40E-5 
52 . 70E- 5 

-

$5 . 41 E- 6  

S1 . 62E-4 

sa. 1 1 E-6 
S] . 30E- 5 

1 . 03E-5 

5 . 51 E- 5  

$1 . oaE-4 

7 . 70E2 

$a 
S5 . 41 E-6 
SJ . 24E-6 

55 . 40E-5  
52 .  70E- 5 

-

S8 . 1 1 E-6 
S1 . 89E-4 

sa. 1 1  E-6 

sa. 1 1 E- 5  

1 . 65E-5 

5 . 6aE-5 

sa. 1 1  E- 5 

1 . 04E3 7 . 93E3 

3 . 80El 3 . 79E3 

S5 . 95E-6 
S4 . 05E-6 Sl . OaE-5 

$2 . 70E-4 S . OaE-4 
Sl . OBE-4 1 .  94E-4 

- 3 . 7aE-5 

4 . 35E-5 l . OSE-4 

2 . 03E-4 5 . 94E-4 

1 .  a1 E-5 1 .  72E-3 

�3 . 51 E-5 S1 . 00E- 3 

S l . OBE-6 1 .  35E-5 

Sl . a9E-6 4. a6E-5 

S 7 . 03E-5 1 . 43E-4 

aAl l va l ues except gross 8 and gross y a re a s  of  January 2, 1 980. 
bBased on bed vol ume of one zeo l i te bed ( 2  ml) .  
cStronti um and tel l uri um determi nati ons  by RCA ; others by y-scan . 

1 .  55E4 

7 . 62E3 

4 . 57E-4 
1 .  73E-4 

S5. 1 4E- 5 

1 . 49E-4 
4 . 32E-4 

3 . 35E-2 

S2 . 27E-3 

$1 . 32E-5 

375 
1 5  

1 .  71 E4 

7 . 56E3 

5 . 40E-4 
2 . 05E-4 

S2 . 70E-5 

1 .  35E-4 
4 . 59E-4 

3 . 51 E-2 

Sl . a9E-3 

S1 . 1 4E-5 

; • 

500 520 
20 2 1  

1 . 7aE4 l . a2E4 

6 . 1 2E3 6 . 1 8E3 

S . OaE-4 5 . 32E-4 

1 .  94E-4 2 . 03E-4 

S2 . 70E-5 S1 . 35E-5 ....... 
01 

3 . 5-i E-4 1 . 40E-4 

2 . 97E-4 2 . 43E-4 

2 . 89E-2 2 . 94E-2 

S2 . 65E-3 Sl . a4E- 3 

7 . 57E-5 S1 . 35E-5 



Tabl e A-6 .  Measured rad i oacti v i tya and p H  i n  Test TMI - IXS  (mi xed res i n  bed ) 

Bed vo1 ume s
6 

25 50 1 00 1 50 200 
Sam�l e No . , I X S- 1 2 4 6 8 

pH 5 . 0  5 . 5 4 . 6 3. 8 3 . 5 
Gross a ,  cpm/ml 3 . 5El 1 . 05E2 1 . 1 0E3 1 . 1 6E4 1 .  52E4 

Gross  y ,  cpm/ml �s 7 . 2  2 . 94E2 6 . 1 2E3 7 . 56E3 
58co , 11Ci /ml Not Detected 
60co , 11Ci / ml 
89 d .  Sr,  11Ci / ml 
90sr , d 11Ci /ml 
95Nb , 11Ci / ml 
1 03Ru , llCi / mL 
1 06Ru , llCi /mL 
1 25sb , 11Ci / ml 
1 29�e , d llCi / mL 
1 34cs , 11Ci ; mL 
1 37c s , llCi /mL 
1 44ce , 11C iJmL 

�8 .  l l E-6 

$8. 1 1 E-5 

�2 . 70E- 5 

S1 . 08E- 5 

51 . 62E- 5 

S4 . 86E-5 

S1 . 62 E-5 
�2 . 1 6E-4 

6 . 76£-6 
1 .  35E- 5 

S2 . 70E-5 

�8. 1 1  E-6 8 . 1 1 E-6 

�5 . 40E- 5 1 . 65E-4 4 . 68E-4 

�2 . 70E-5 6 . 22E-5 1 .  78E-4 

S1 . 35E-5 2 . 43E-5 -
2 . 1 6E-5 5 . 68E-5 7 . 57E-5 
9 . 46E- 5 2 . 35E-4 4 . 86E-4 

�2 . 1 6E-5 1 . 1 9£-3 2 . 76E-2 
�2 . 70E-4 $2 . 43E-4 1 . 78E-3 

1 .  89E-5 �1 . 35E-5 �7 . 84E- 5 

3 . 51 E- 5  �1 . 62E-5 8 . 1 1 E-6 

2 . 70E-5 9 . 1 9E- 5 2 . 62E-4 

aAl l val ues except gross a and gross y a re as of January 2 , 1 980 . 
bBased on bed vol ume of one zeol i te bed ( 2 ml) .  
cSampl e No . 1 0, taken after 250 bed vol umes . 
dStronti um and tel l uri um determi ned by RCA; others by y- scan . 

· � 

3 . 40E-4 

l .  30E-4 
-

1 . 1 1  E-4 

3 . 51 E-4 

3 . 62E-2 

1 . 46E-3 

�6 . 49E-5 
8 . 1 1  E-6 

$l . 35E-4 

300 
1 2  

7 . 9c 

1 . 45E4 

6 . 84E3 

2 . 57E-4 

9 . 73E-5 
-

1 . 24E-4 

3. 78E-4 

3. 1 9E-2 

l . 03E-3 

�5 . 40E-5 
$8. 1 1 E-6 

S1 . 30E-4 

400 475 
1 6  1 9  

8 . 8  8 . 8 
1 . 59E4 1 .  58E4 

6 . 72E3 6 . 53E3 

2 . 84E-4 2 . 46E-4 

l . l l E-4 9 . 46E-5 
- - ....... m 

1 .  32E-4 2 . 65E-4 

4 . 32E-4 4 . 86E-4 

3 . 1 4E-2 2 . 92E-2 
l . l l E- 3  1 . 08E-3 

$5 . 68E-5 $5 . 68E-5 
1 .  62E-5 $8 . 1 1  E-6 

1 . 38E-4 2 . 65E-4 

� · 
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Tabl e A- 7 .  Measured radi oacti vi tya a n d  p H  i n  Tes t TMI - I X6 ( three zeol i te beds)  

Bed vol umesb 

Sam�l e No . ,  I X6-

pH 
Gross S,  cpm/ml 
Gross y ,  cpm/ml 
58co , 11C i /ml 
60co , 11Ci /ml 
89sr, c )JC i /mL 
90 sr ,  c 11C i /"'t. 
95Nb , 11Ci /ml 
1 03Ru ,  11C i /ml 
1 06Ru ,  11Ci/ml 
l l OmAg , 11Ci /ml 
1 25sb ,  11C i /ml 
1 34cs , 11Ci jml 
1 37cs , 11Ci /ml 
1 44ce , 11Ci /ml 

0 
Feed 

8 . 6  

1 .  74E8 
9 . 1 6E7 

7 . 38E- 2  
2 .  70E- 2 

8 . 49 

3 . 32 

1 .  24E-1 

8 . 65E- 1 

1 . 1 4 

4 . 86E- 2 

5 . 78E- 1 

3 . 40El 

1 . 65E2 

7 . 84E-1 

25 50 75 
1 2 3 

8. 6 8 . 6  8 . 6  
3 . 24E5 5 . 44E5 5 . 97E5 
5 . 58E3 9 . 33E3 9 . 74E3 

3 . 24E- 5 5 . 1 4E- 5 4 . 32E-5 
2 . 24E- 5 4 . 32E-5 4 . 32E-5 
2 . 62£-3 4 . 22E- 3 5 . 76£-3 

1 .  03E-3 1 .  65E-3 2 . 24E-3 

6 . 49E-5 1 .  76E-4 2 . 1 9E-4 

2 . 03E-4 3 . 78E-4 5 . 94E-4 

8 . 65E-4 1 . 46E-3 1 .  5 1  E-3 

4 . 86E-5  2 . 97E-5 6 . 22E-5 

1 . 81 E- 2  2 . 73E-2 2 . 89E-2 

1 .  30E-4 3 . 08E-4 4 . 59E-4 

9 . 08E-4 1 . 57E-3 2 . 1 7E-3 

2 . 1 6E-4 4 . 32E-4 5 . 67E-4 

aAl l vol umes except gross a and gross y a re a s  of January 2, 1 980 . 
bBased on bed vol ume of one zeol i te bed ( 2  ml) .  
cStronti um determinat i ons by RCA ; other nucl i des determi ned by y-scan .  

1 00 1 25 1 50 
4 5 6 

8. 6 8 . 6  8 . 6 

7 . 04E5 7 . 1 7E5 7 . 55E5 
l . OOE4 l . 05E4 1 . 05E4 

6 . 76E-5 7 . 30E-5 2 . 43E-5 
4 . 32E-5 4 . 32E-5 4 . 37E-5 
5 . 58E-3 5 . 24E-3 5 .  1 4E-3 
2 . 1 6E-3 2 . 05E-3 2 . 00E-3 

2 . 00E-4 1 . 89E-4 2 . 81 E-4 

3 . 78E-4 4 . 86E-4 6 . 76E-4 

l .  76E - 3  1 . 97E-3 2 . 35E-3 

1 .  03E-4 1 .  OOE-4 7 . 57E-5 

2 . 89E-2 2 . 86E-2 2 . 86E-2 

4 . 49E-4 5 .  1 4E-4 6 . 30E-4 

2 . 42 E-3 2 . 62E-3 3 . 08E-3 

6 . 49E-4 5 . 67E-4 6 . 22E-4 

; . 

1 75 200 
7 8 

8 . 6  8 . 6 

7 . 65E5 7 . 70E5 
1 . 1 0E4 1 . 06E4 

5 . 1 4E-5 8 . 1 1 E-5 

5 . 40E-5 5 . 68E-5 
5 . 54E-3 6 . 92E-3 

2 . 1 6E-3 2 . 70E-3 ........ 

1 . 86E-4 2 . 1 1 E-4 
........ 

4 . 59E-4 5 . 40E-4 

2 . 08E-3 1 .  9·lE-3 

9 . 73E-5 8 . 1 1  E-5 

2 . 92E-2 2 . 92E-2 

6 . 30E-4 5 . 92E-4 

3 . 30E-3 3 . 1 1 E-3 

6 . 76E-4 7 . 30E-4 



Tabl e A-8 . E l emental ana l yses i n  Test TMI - I Xl ( fi rst zeol i te bed ) 

Bed vol umesa 0 25 50 1 00 1 50 200 300 400 700 995 
Sampl e No . s I Xl - Feed 1 2 4 6 8 1 2  1 6  28 39 

pH 8 . 6  8 . 6  8 . 6  8 . 6  8 . 6  8 . 6  8 . 6  8 . 6  8 . 6  8 . 6  
E l ements ,b llg/ml 

Al umi num 1 2 2 0 . 5 2 2 2 4 0 . 4  1 
Boron 2500 1 500 "'700 1 500 "'3000 1 700 2000 "'500 2800 2400 
Bari um <0 . 1  0 . 3  0 . 5  0 . 6  0 . 6  <0 . 07 0 . 6  <0 . 1  <0 . 3  <0 . 1  
Cal ci um -30 30 40 �0 90 -20 30 -30 -20 -30 
Coba l t <0 . 2 <0 . 2  <0 . 2  <0 . 2  <0 . 2  <0 . 1  <0 . 2  <0 . 2  <0 . 2  <0 . 1  
Chromi um -1 -0 . 7  I -, -0 . 8  -0 . 5  -0 . 6  I -0 . 6  -0. 2  
Ces i um 0 . 8 <0 . 03 <0 . 04 <0 . 06 <0 . 08 <0 . 04 <0 . 04 <0 . 02 <0 . 02 <0 . 02 
Copper 0 . 5 <0 . 2  -0 . 7  -0 . 4  -0 . 3  -0 . 2  -0 . 4  <o . 3  <o . 1  -0 . 5  "" (X) 
I ron 1 -0 . 9  1 1 0 . 8  0 . 4  2 -0 . 5  <o . s  0 . 5 
Potass i um 7 5 2 3 2 3 20 7 -3 9 
Magnesi um 7 20 30 40 50 5 1 0  20 1 0  7 
Manganese <0 . 2  <0 . 2  <0 . 2  <0 . 2  <0 . 2  <0 . 2  <0 . 2  <0. 1 < 0 . 2 <0 . 2  
Mol ybdenum -3 -, -3 -2 -2 -3 -2 -2 
Sodi um >1 000 >1 000 > 1 000 >1 000 >1 000 >1 000 >1 000 >1 000 >1 000 �1 000 
Ni ckel <0 . 3  <0 . 2  <o . 2  -0 . 4  -0 . 2  <0 . 1  <0 . 2  <o . 1  <o . 1  0 . 1  
Phosphorus -0 . 6  -0. 5  -0 . 4  0 . 6 0 . 3 -0 . 1 -0 . 2  -0. 2  -0 . 07 0 . 5 
Rubi di um 0 . 6  <0 . 03 <0 . 06 <0 . 05 <0 . 04 <0 . 05 <0 . 03 <0 . 04 <0 . 06 0 . 1  
S i l i con 30 -20 -30 -60 -50 -, 0 -20 -30 -5 1 0  
Stronti um <0. 1 0 . 1 0 . 6  <0 . 1  0 . 4 <0 . 03 <0 . 2  <0 . 1  <0 . 1  0 . 1 
Zi nc <0. 3  0 . 3 0 . 4  -0 . 4  0 . 5  -0 . 1  -, <o . 2  <o . 1  6 

--
aBased on bed vol ume of 2 ml . 
bDetermi ned by spark-source mas s  s pectrogra phi c ana l ys i s .  

· �  r : .  
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Tabl e A-9 . E l emental ana l yses i n  Tests TMI - I X2 ,  TMI - I X3 ,  TMI - I X4 ,  and TMI - I X5a 

Test I X2 I X 3  I X4 I X5 
Bed vol umes b 

25 300 61 5 25 250 S70 2S 250 SOD 2S 200 47S 
Sam�l e No . , I X  2- l 2-1 2 2-2S 3- l 3-1 0 3-23 4-l 4- 1 0  4-20 S-1 S-8 S-1 9 

��ements , c �g/ml 
8 . 6  8 . 6  8 . 6  2 . 9  8 . S  8 . 6  - - - s . o  3 . S 8 . 8  

Al umi num 0 . 3 0 . 7 l 0 . 2 l 2 o . s l 0 . 4  o . s o . s  0 . 6 
Boron 700 1 000 300 300 300 1 000 1 000 1 000 1 000 20 1 000 1 000 
Bar i um 0 . 04 0. 04 �0 . 2  0 . 05 �0. 03 s0 . 3 0 . 5  
Cal ci um 20 1 0  1 0  8 7 1 0  so so 4 5 1 0  7 
Cadmi um �o. os �0. 06 �0. 4 �0. 04 �0 . 2  �0. 7 
Chl ori ne 1 0  6 s 8 s 20 s 20 s 5 1 0  7 
Coba l t s0. 02 o . os sO . l s0 . 02 s0. 02 0 . 3 
Chromi um 0 . 1  0 .2 1 0 . 2 sO.  OS 2 0 . 3 1 0 . 1 1 0 . 3 0 . 2 
Ces i um 
Copper o . os 0 . 06 0 . 4  0 . 04 0 . 2 o . s s:0. 2 �o . l  s:O . l  - s0. 3 
I ron 0 . 2 0 . 2 o . s 0 . 6 0 . 8  0 . 9 0 . 7  2 3 0 . 3 2 1 -.....J 
I ndi um �0. 01 sO.  01 �0 . 1 �0 . 02 s0. 04 s0. 2 - - - - - - U) 
Pota ss i um 0. 5 1 1 0. 5 1 l 2 5 o . s 0 . 4  0. 7 1 
Magnes i um 20 1 0  s 0 . 3 s 20 s:O . S  1 0  sO . S  sO . S  s l  s 1  
Manganese 0. 01 0 . 02 <0. 1 0 . 02 0 . 07 0 . 3 
Mol ybdenum l 2 2 l 2 4 
N i c kel o . os 0 . 09 0 . 3 0 . 07 0. 2 0 . 7  s0 . 3 0 . 6 s0. 3 s0 . 2  1 s0. 1 
Phos phorus 0. l 0. 2 0 . 3 0. l 0 . 2 l 0 . 2 0 . 3 0 .  l 0 . 2 0 .  l 0 . 2 
Rubi d i um 
S i l i con 30 20 30 30 20 20 40 50 40 50 1 0  40 
S i l ver 1 ::;0. 06 ::;0 . 3  0 . 07 ::;0. 2 ::;0 . 2  
Sod i um �1 000 rvl OOO rv300 rv200 rvl OOO rvl OOO rvl OO rvl OOO rvl OOO 70 rvl OO rvl OOO 
Sul fur 5 20 20 6 20 30 7 20 1 0  7 1 0  1 0  
Stronti um �0. 02 0 . 03 0 . 2 �0 . 02 0 . 2 0 . 3 
Yttri um s0. 2 s0 . 2  �o . s  �0 . 1  s l  sO. S 1 2 0 . 4  - - 1 
Z i nc 0 . 07 0 . 09 0 . 2 0 . 07 0 . 2 0 . 5 0. 3 s:0. 5 1 sO .  1 s0 . 2  s0. 2 
Z i rcon i um - - s0. 5 - - ::;0. 4 

aTMI - I X2 - second and thi rd zeol i te beds ; TMI - I X3 - HCR-S bed ; 
bBased on the vol ume o f  one z�ol i te bed ( 2 ml ) .  

TMI - I X4 - second HCR-S and SBR bed ; TMI - I X5 - mi xed res i n  bed . 

cDetermi ned by spa rk source mass  spectrograph i c  ana lys i s .  
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Tabl e A- 1 0 .  E l emental ana lyses in Test TMI - I X6 ( three zeo l i te beds ) 

Bed vol umesa 0 25 1 00 200 
Sample  No . Feed I X6-l  I X6-4 I X6-8 

pH 8 . 6  8 . 6  8 . 6  8 . 6  
El ements , b llQ/mL 

Al umi num 1 0 . 7  1 1 
Boron 2500 rv300 rvSOO "'500 
Bari um �0 . 1  <0 . 5  
Ca l c i um 30 1 0  To 20 
Cadmi um Not Detected 
Chl ori ne 1 0  1 0  5 
Coba l t �0 . 2  
Chromi um .I 
Ces i um 0 . 8  
Copper 0 . 5  <0 . 5  <0 . 5  
I ron 1 0 . 6  0. 7  0.8  
I ndi um Not Detected 
Potas si um 7 1 5 1 
Magnesi um 7 20 30 1 0  
Manganese �0 . 2  
Molybden um <2 < 3  < 3  
N i c ke l  �0 . 3  <o . 2  �0 . 3  <o . 2  
Phos phorus 0 . 6 0. 3 0 . 7  0. 3 
Rubi d i um 0 . 6  
S i 1 i con 30 50 70 50 .. 

S i l ver <3  �4 < 1  
Sodi um > 1 000 �300 "'500 �500 
Sul fur 20 20 20 
S tront i um �0 . 1  <0 . 2  �0 . 3  
Yttri um 2" 5 
Z i nc �0 . 3  0 . 5 0 . 7 1 
Zi rconi um Not Detected 

aBased on vo l ume of one zeol i te bed ( 2  ml ) . 
bDetermi ned by spark-source mass spectrograph i c  ana lys i s .  

• 
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Test 
Bed 2nd zeol i te 

Bed vol ume , ml 2 . 0  

Rad i onuc l i des , tota l �Ci  

54Mn 
s a  co 
6 or_:0 
89Sr 
9 5Nb 
9 szr 

1 D 3Ru 
1 D 6Ru 

1 1 0mAg 
1 1 3Sn 
1 2 ssb l 2 9"7e 
1 34Cs 
1 3 7Cs 
1 44Ce 

<S . 1  E - 3  
"<l . 4E-2  
<S . 4E-3 
-1 . 4E+3 
< 2 . 7E-2 

-

5 . 7E-2 
l . BE-1  

-

< 5 . 4E-2 
-1 . 4E- l 
< B . l E- 1  
-3 . 1  

1 .  5E+ 1 
1 . 6E- l 

Tab l e  A- l l .  Assay of l oaded sorbents by gamma spectrometrya 

( va l ues corrected for radi oacti ve decay to Jan . 2 , 1 980} 

I X2 I X3 I X4 I XS 
3rd zeol i te HCR-S HCR-S SBR MR- 3  

2 . 0  1 . 0 7 . 7  7 . 7  4 . 4  

l . OE-3  1 . 6E-4 9 . 5E-4 1 .  9E-4 2 . 5E-4 
1 .  7E-3 7 . 8E-4 6 . 8E-3  4 . 9E- 2  3 . 0E-4 
1 .  2E- 3 6 . 0E-4 4 . 3E-3 2 . 1 E-2 1 .  7E-4 
1 . 2E+2 < 1 . 9E+2 <3 . 5  <7 . 2  <0 . 4  
1 .  2E-2 -l . BE-3 -l . BE-3 -5 . 9E-3 -3 . 4E-4 

- - 9 . 6E-4 5 . 7E-3 1 . 5E-4 
2 . 0E-2 3 . 7E-3 5 . 0E-3 8 . 9E-2 8 . 6E-4 
9 . 3E-2 1 .  7E-2 2 . 0E-2 4 . 8E-l  3 . 7E-5 

- 3 . 8E-4 3 . 4E-4 7 . 3E-4 4 . 4E-5 
3 . 8E-3  < 2 . 4E-4 
1 .  3E-l  -8 . 2E-2 5 . 3E-2 9 . 9E-l  1 . 5E-2 

< 3 . 2E-2 <5 . 4E-3 
-7 . 3E-4 <1 . 9E-4 < 1 . 7E-4 <6 . 7E-4 6 . 4E-5 

2 . 2E-3 -3 . 5E-4 -9 . 6E-5  -5 . 3E-4 2 . 8E-4 
4 . 1 E- 2  8 . 5E-3 1 . 1 E-2 2 . 1 E-2 3 . 0E-4 

aFi rst zeol i te beds of Tes ts IXl and I X6 were not a ssayed . 

... 

� • 

I X6 
2nd zeol i te 3rd zeol i te 

2 . 0  2 . 0  

(X) 
1 . 6E-3 1 . 5E-3 __. 

3 . 3E-2 2 . 1 E-2 
3 . 0E-2 2 . 0E-2 

1 .  5E-l  9 . 5E-2 
9 . 5:: -3 2 . 9E-2 

8 . 5E-2 6 . 7E-2 

1 .  2E-1 1 .  3E-1 
5 . 8E - l  6 . 0E-l 
5 . 7E-2 3 . 8E-2 
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