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Abslract 

Thls pdpCr deals with thc mtcractian m o d e  of ceslum with l'rombay basalt. Column and batch cxpcriments 
have been aommarised, contnhutioe of adsorptmn and chemisorption towards total uplake has been 
calculared, the cflect ol temperature o n  thesc parameters and the f eas~bh ty  of thc partrcuiar format~on In 
ccsun immobilirdion havc becn dtscussed. 
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1. Introduction 

Solidified high level waste in the repositories will pose a serious problem if leached out 
due to environmental factors. I3'Cs, because of its long half-life and energy , is the prime 
cause of concern from radioactive waste management point of view, It is imperative to 
understand its interaction with sub-surface formations of candidate repositorylstorage 
site. The studies include two sets of experiments viz. column and batch. Efforts have 
been made to evaluate the contribution of chemisorption and adsorption in the total 
uptake of cesium by Trombay basalt. 

2. Materiais and Methods 

2.1. Materials 

An undisturbed basalt core (5.3 cm dia) containing minute cavities filled with zeolite and 
other secondary minerals was procured from Trombay area. The core was cut into three 
Portions along length. One of 14.2 cm length was used for column studies. From the 
cavities of the second, zeolite fill was extracted and subjected to TGA, DTA and X-ray 
analyses. The third was crushed to < 2 mm size. Ph~sico-chemical characteristics like 
chemical analyses and identification of mineralogical constituents indicated the presence 
of illite, feldspar and quartz (Table I). M conc. solution of Csi was prepared by 
dissolving A.R. grade CsCl in distilled water. Its pH was adjusted to = 7.0 and was 
tagged with I3'Cs. 

595 



(?d!!!tru .srflitii%. III :I \pc~i:iIl! (Iw!iii~d $.,\\ LO!LIII I I I .  illli Ius:~It core was mountctl 
c w r  &I!A wool :tnd lhcsils. l~i lct  :ind < ~ r ~ t l ~ . t  nt t l ~ c  cc~luiiin w r c  connected to a glass 
rcservoii- t l ~ r o ~ ~ g l i  :r +n:i p u n ~ p  v.iflr ]hi. tl,.ll, 01 tri;<m tulwp.  ("-.iurn solution wasfillcd 
in the rcscrvoir and Ic;~h pfoc~l-closcd c) \ t~rtr  a i l \  I ~ I . I ~ L . .  '1'11~ w l r ~ r ~ o n  was passed through 
the COIUIIIII at c i m t i ~ n t  rate ( .:: OIIC 1111 I ~ I I I ~ I I ~ C ~  ~~mtiriiiou\ly tir ;~tv.iut 20 days. Upward 
flow was f b l h ~ c d  to h w c  p r o p t ~  lntc.r:~ction ,,f tilt ii,l~:tion ~ ! h  the corc. One ndofrhe 
salnpls of the circulating solutions w;is p c r ~ d i ; t l l \  J I ; I ~ ~ I  Irom nctir the lop of thecore. 
I t  may he mcr~tioncd here that tlic p f f  t h ~  ~jflli~.llr \ l l l u l l ~ ) ~ l ~ l ~  nearly consrant (k0.2) 
during thc column stuilics. l h e  activity ,,I ' . ' ( .h 111 c;tch i;ln~plc was dcterm~ned by 
counting with wcll type N;tI<TI) g;lnini;r i~intill:tti~,n dstcctor amched to a rinde 
channel milyzer. The perwnt:lge upt;~kc I,I the ~ C L Y I .  r:lti. uc optalit: ~ g l g i h  for the 
intervdis ol \ampling and Kd (Cs' per g ,lf I , : I ~ : ~ ~ I  q ' b .  per volume ot solution) fiere 
calcuhted. Aftcr conlplctc satuni~rtm, the cciri, a:,$ I : I ~ C J I  out, dried at room 
temperature and liiountcd on ;I siniiliir seci,nd uctlurnli iptcrii. I>ewrption studies were 
carried o u t  by circulating r;iin watcr (pi1 = 4.65, N:l ' ? .I 5 ;rlld Ca i t  = 2 to 3 P P ~ )  
till complete dcsorpt~on. As therc w~is  nu ground i\;lrcr :I[ ttle sltc, rain water, which Isa 
source of ~ ~ m d  watcr recharge. w;ts used. I)cs(irp~ion percentages with respect to 
f e d  sorl,cd Q ' and tlrstrihution cocfficicnt \rcri, i.:rlclll,lrrd by sz~mpling. countin8 and 
calculating as in thc pievious c;isc. 



and scrcwcd caps. Two sets 01' seven hottlc:, e:ich were kcpt at a constant ten1pe:ature 
(133 K )  in water h t l i  mi! at room tenlpcrm~rc (303 K). The bottles were intermit~ently 
shaken. After two liours from thc start ot the interaction, one bottle from each of the sets 
was t:lkcn out. alld centrifuged xt 3000 r.p.m. for 19 minutes and solid and liquid phases 
were scpxnted. C'h ' concentration in the liquid was detcmmined hy counting one ml (,f 

the samplus as i n  colilnln studies. Simiklrly the uptake was studied for 4, 6 .  10, 16. 24. 26 
and 25 hours of contxl  times by drawing one hottle from each ot the sets. For the 
dcsorptmn studies. 100 rnl of ihs!jllccl water was added to each bottle containing the 
contaminated hssalt s:~niples. ?'he treatment was repeated as In the uptake case. Care 
was taken t i 1  have equ:il time ot uptake and desorption for the respectme samples. Cs+ 
content of liquid s;lrnplcs was determined. Uptake, desorption. retention with rcspict to 
the tot:il f e d  and Kd va!ucs w r o  cnlcul;~ted. 

3. Results and discussion 

The uptake and desorption data are graphically p!-csented in figs 1 and 2. The high initid 
uptake rate per hour is due lo effective porosity of the core and is mainly a reflection of 
the physical state. Once the core is somewhat saturated with the solution, the uptake IS 
due to ion cxchange and absorption. The rate of uptake goes on decreasing with the 
passage of lime, with few exceptions as between 182.0 and 200.5, 290.5 and 352.0 and 
383.0 and 408.5 hours. This is due to cavitation in the core resulting in delayed diffusion1. 
Uptake by total mass of rock as well as Kd increases until 408.5 hours, but desorption 
stars thereafter and negative values of uptake rate and decrease in percentage uptakz 
and Kd values are obtained. 

High dcsorptiofi rate in the first 19 hours is also due to effective porocity. Rain water, 
more or less, expels the Csf solutions from the pore space. From 19 to 122 hours 
desorption rates gradually decrease. Between 122 and 170 hours there is an increase in 
desorption rate which may be attributed due to delayed diffusion of Cs' through the 
zeolite cavities imbedded jn the mass of  the core. The same effect is reflected on Kd 
values. All through up to 170 hours there is a steady increase in percentage dcsorptiol~,,: 
Thereafter r edeso rp~ io~  starts, although the rate i? very low and tcnds to be around zerc 
TO sum up, we may say that - 40% of the initial Cs+ feed ih taken up by the rock: 
- 1 7 5  of which is leached out on desorption. Thus contributim of the adsorption! 
towards total uptake may be 17% and the rest is effect of chemisorption. 

3.2. Butch studia 

Kd values are presented in T&le 11, and the rest of the data are graphically plotted in 
rigs 3 and 4. Initial [ow value ol. Kd in all the four cases is due to sloul diffusion. Time, 
temperarure and concentration dependence of Kd are evident from this table. From 

"Kd (distribution coclficient) ; (Amount ofnct iv~rylg of rhr sol~d)l(Arnount of activlty/ml of the solution at 
equilibrium) 
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INTFKA(1PON OF ('ESIIIM WITH BASALT 

Table 18 
lnteractiom of Cei widla TromBay hasalt 
Cs+ concentration =- 10 '' hi 
Solidlliquid - 1 ! I 0  

Tune of Kd (mlla) :I: 
contact (hours) ......... ... 

311.7 1< 111 K 

figs 3 and 4, it is noted that, with the passage of time, there is an increase in total uptake 
but the retention is eflectively controlled by desorption. With the rise in temperature, 
total uptake decreases ;md there is an increase in desorption resulting in low retention. 
This indicates the effect of adsorption. which is possibly due to hydrated ionic size and 
~otcntial"~ of Cst  and surface charge densityS of the crushed basalt. Thus, less and less 
of Cs+ will bc retained with the rise in temperature. Therefore, Cs' will not be fully 
immobiiiscd. Thc circulating incoming groundwater in basaltic formation will 
considerably leach it, more so with the rise in temperature. This may lead to apparent 
possibility of Cs+ release into the biosphere. The column studies are the simulation of 
actual field conditions. Kd values determilled here can be utilised for calculating the rate 
of 0' movemeut by using the following equation6: 

where V, = Velocity of the ionic species (Cs+): Vw = Velocity of the circulating ground- 
water; pb = Bulk density of the media (basalt); = Porosity of the media (basalt). 

The rate of groundwater movement in the formation under discussion as reported by 
Ramachandran et a17 is not only very low but changes seasonally. This gives very low 
value to Vi. Because of the availability of larger surface area through cracks and 
crevices, the Kd values are likely to increase. Moreover, Kd is concentration dependent, 
and hence increases with the decrease in concentrations. The relationship is not linear 
because of nonlinearity between concentration and ionic activityg. All these factors give 
awry  low value of V,  thus giving considerable time for Cse retardation before releasing 
it into the environment. 



4. Conclusion 

The results suggesl that the uptake of (:s is cvnsidcr;~hly governed by adsorption. The 
values of desorption were found to be more at 333 K ampared to at 303 K. A good Part 
of Csi is not firmly immobilised in basalt hut due to hydrological conditions there is least 
possibility of any spread of contamination. 
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