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Naturally occurring backfill materials studied and characterised included vermiculite,
bentonite, attapulgite and clayey soils from different sources within India. Apart from
physico-chemical characterization, studies included radionuclide sorption behaviour of the
backfill materials and their desorption in groundwater.

While adequacy of Ordinary Portland Cement (OPC) for immobilisation of low level
waste is well established, several new cement blends were specially formulated and tested to
be compatible for intermediate level waste. These wastes are highly alkaline and had higher
salt loading especially nitrates and nitrites. Screening of these formulations was carried out to
select the most promising formulations which were further subjected to detailed investigations
with respect to physico-chemical characteristics and long term leach behaviour.

At the time of the CRP, various methods were under study for the top sealing/closure of
trenches after disposal of waste. These included natural soils, reinforced cement concrete slabs
in combination with cement mortar and brick-bat-coba, crevice sealing materials like bitumen,
polymer, cement grouts etc.

Experimental

(a) Backfill materials

Sorption studies for Cs-137 and Sr-90 on vermiculite and bentonite were carried out in
the presence of competing ions (Na+1 and Fe+3). Studies on evaluation of admixtures
comprising of these backfill materials (vermiculite, bentonite) and sand in different
proportions were carried out as well. Individual sorption for Cs-137 and Sr-90 using batch
equilibration method was about 35 meq/100 g for vermiculite and about 53 meq/100 g for
Sr-90. Table A.3 gives the admixture proportions of various backfill materials. The values for
sorption capacities for these admixtures are given in Table A.4.

TABLE A.3 ADMIXTURE PROPORTIONS

Admixture components
Vermiculite
Bentonite
Sand

Set 1
0.4
0.3
0.3

Set 2
0.3
0.4
0.3

Set 3
0.3
0.3
0.4

TABLE A.4 SORPTION OF Cs-137 AND Sr-90 ON ADMIXTURES

Sorption Capacity (meq/100g)

Cs-137
Sr-90

Set 1
31.0
19.0

Set 2
33.0
16.2

Set 3
27.0
14.9
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(b) Slag-based cements

Detailed experimental studies for slag-based cement formulations, as a waste form,
indicate that hydration of these cements is much slower compared to Ordinary Portland
Cement. Scanning electron microscopic examination revealed Calcium-Silicate-Hydrates
forming inter-granular bridge between slag particles with incipient precipitation of C-S-H on
their surfaces. On comparison with OPC, the percentage of unhydrated cement was found to
be much lower in slag-based cements. The size of the unhydrated particles was also smaller
compared to OPC.

(c) Engineered structures

Detailed monitoring provisions were made outside the trenches (near surface engineered
facility for storage/disposal of solid and solidified waste) to attain the direction of
groundwater movement. The effectiveness of the system leak tightness and integrity was
evaluated by having inspection pipes connected up to the bottom sump of the trenches.
Outside the containment walls, a water collection network of perforated pipes at raft level was
provided leading to a sump for monitoring radioactive contamination. Lastly, a grid work of
boreholes provided data on migration of radionuclides, if any, by periodic sampling and
analysis of groundwater.

(d) Sealing/closure of engineered structures

Sealing was provided for the earth trenches by covering them with a sufficiently thick
layer of excavated soil, which was allowed to consolidate by sprinkling water. The void space
in the trench was also filled with soil and vermiculite mix. The top of the reinforced concrete
trenches/vaults was closed with precast concrete covers. After placement of waste packages,
in some of the cases, top was filled with backfill materials like soil, vermiculite, crashed
stones, cement grout etc. The crevices between concrete slabs were sealed with bitumen,
polymer and cement grout. A study on the various waterproofing/sealing procedures was
undertaken. A system under evaluation consisted of a RCC slab followed by polythene sheet,
rich cement mortar, brick-bat-coba and plastering with water repellent cement.

Conclusions

Admixture formulations of backfills indicate that with increasing content of high
exchange capacity of the mineral present in the admixture, the sorption of Cs-137 increases.
Presence of a higher content of vermiculite resulted in more effective removal of Sr-90.

Special slag-based cements appear to be a potential candidate matrix for conditioning of
highly-alkaline and high-salt loaded intermediate level wastes. It also served as an excellent
backfill material to be used in near surface disposal facilities. Its physico-chemical properties
and mechanical strength were superior to Ordinary Portland Cement. The cumulative
percentage activity released was 0.159 percent of the total activity over a period of 655 days
for intermediate level wastes, having activity in the range of 1 Bq/m3 and a salt loading of
nearly 300 kg/m3.

The Kd values of the soil used as a backfill around trenches/vaults being very high (1-3
m3/kg for Cs-137), it is observed by ground water monitoring that migration of activity is
practically nil over a long period in the direction of ground water. The borehole activity
analysis for a typical study has confirmed that activity at a distance of 1 meter from the source
term (3.7 x 10"6 to 3.7 * 10"7 Bq/m3) has remained steady at 3.7 * 10"8 to 3.7 * 10"9 Bq/m3

level over a monitoring period of 10 years.
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