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INCORPORATION OF SAVANNAH RIVER PLANT 
RAD'IOACTIVE WASTE INTO GLASS* 

J. A. Ke l l ey  

Savannah R iver  Laboratory 
E. I. du Pont de Nemours & Co. 
A i  ken, SC 29801 

ABSTRACT 

Simulated and actuai radioactive wastes have been incorporated 

into borosilicate glass at the Savannah River Plant in laboratory- 

scale tests. Bulk leachabilities for both 3 7 ~ s  and ' O S ~  are lo-' 

to g/ (cm2-day) initially and: lo-' g/ (cm2 -day) after 4 weeks. 

Cesium volatility during glass melting at 1 1 5 0 ~ ~  is 0.3%. Ruthenium 

volatility is 10 to 50% becau.se of nitrate and MnO2 in simulated 

waste. With actual waste, .which contains low concentrations of 

nitrate and Mn02, ruthenium volatility is <3%. 

* The information contained in this article was developed during 
the course of work under Contract No. AT(07-2)-1 with the U.S. 
Energy ~esearch' and Development Administration. 



INTRODUCTION 

Radioactive waste is generated from several processes at the 

Savannah River Plant (SRP). Mast of the waste is from two separa- 

tions plants which separate and purify uranium, neptunium, and 

plutonium, and occasionally americium, curium, and californium. 

Wastes from these processes are neutralized with,sodium hydroxide 

and stored in large, underground tanks constructed of mild steel. 

'SCIDE'l shows the composition of SRP. waste after neutralization. 

Most SRP waste is composed of NaN03, NaN02, NaA102, and other 

soluble sodium salts. With neutralization, part of the elemerlts in 

SRP waste precipitate as hydroxides or hydrated oxides to form a 
. %  

sludge layer on the bottom of waste tanks.' ~hese elements are 

identified with asterisks on the slide: Sludge contains uranium, 

plutonium, OS~, other fission products, and chemicals added 

during processing. 9 0 ~ r  is the greatest biological hazard in SRP 

waste. ' 3 7 ~ s ,  which is soluble, is the second most biologically 
hazardous nuclide in SRP waste. 

For the past two years, the Savannah River'Laboratory has 

been conducting research and development on methods for solidifi- 

cation of SRP waste for'long-term storage. SLIDE 2 shows a 

conceptual process for this purpose. Since.the bulk of SRP waste 

is soluble salts, the conceptual process provides means of 

separating >99.9% of the biological hazard from %97% of the waste. 

Waste is removed from tanks by dissolving salt and slurrying the 

sludge. Sludge and supernate are separated by centrifugation. 



1 3 7 ~ s  is removed from supernate by ion exchange and then sorbed 

on zeolite. Soluble salts are washed from sludge, which is then 

dried. Sludge and cesium-loaded zeolite are mixed and solidified 

in a high-integrity form, such as concrete or g1ass;which is 

stored retrievably. This .paper describes the work on solidifi- 

cation of sludge and zeolite in glass. In'the next paper, John 

Stone will describe the work on waste solidification in cement. 

EVALUATION OF GLASSES CONTAINING SIMULATED SLUDGES 

O p t i m u m  G l a s s  C o m p o s i t i o n  

In initial work, simulated sludges with the compositions 

shown'on SLIDE 3 were used. These s1udge.s were expected to cover 

the range of elemental compositions that would be encountered 

with actual waste. SLIDE 4 shows the ,variety of glass compositions 

that were tried with these sludges. Models. for glass formulations 

were used to predict compositions. Glass compositions were also 

tried that had been used successfully at,other ERDA and European 

sites. Mix 18 was chosen for further study because it had optimum 

properties, such as maximum sludge i,ncorporation, low melting 

point, and low leachability. There was not a great deal of dif- 

ference between any of the cdmpositi~ns that were tried. With 

Mix 18 at 1150°C, 35 wt % of the Fe-A1 sludge and 45 wt % of the 

Fe-Mn sludge could be incorporated. ~ercury volatilized from 

the sludge containing HgO, and then the sludge behaved the same as 

Sludge I. The bulk leachabilities of ' 3 7 ~ s  and ' O S ~  in these 

glasses were lov6 , g/ (cm2-day) initially and decreased to 10" 

g/ (cm2-day) after 40 days. 
- 4 -  



S o l u b i l i t y  o f  Su l fa tes  

SLIDE 5 shows the solubility of sulfates in these glasses. 

With sodium, barium, and neodymium sulfates, only Q1 wt % sulfate 

is soluble. With more sulfate, a water soluble, cesium-rich phase 

separates on the surface of the glass. Sulfates can be volatilized 

at 1400°c, but this temperature is not desirable because of in- 

creased volatility of radionuclides. 

DEVITRIFICATION TESTS. 
C 

Devitrification of these glasses was studied by differential 

thermal analysis and leaching. DTA measurements showed that the 

maximum rate of crystallization was at 5 6 0 ~ ~ .  Leachability in- 

creased by a factor of three. with.devitrification. Products of 

. devitrificat ion were nepheline and manganese titanate. 

V o l a t i  1  i z a t i o n  Dur ing Glass Me1 t i n g  

SLIDE 6 shows the volatility of cesium during glass melting. 

With 5 to 6 wt % Ti02 in the .glass, cesium volatility is <0.5%; 

without TiO2, cesium volati.lity is Q1.3%. The use of Ti02 to 

suppress cesium volatility has been previously reported by German 

workers. Ruthenium volatility was from 10 to SO%, depending on 

nitrate and h O 2  concentration in the glass mix. Both of these 

species are capable of oxidizing ruthenium to volatile Ru01,. 



A1 pha Damage t o  Glass 

Because very high helium pressures have been reported to 

build up in glass containing alpha-emitting elements, glasses 

containing 2 4 4 ~ m  and 'PU and simulated sludge were studied .' 
Leachability did not change measurably with alpha dose. SLIDE 7 

shows the change in glass density as a function of alpha dose 

from 24 km. The last point corresponds to storage of, glass con- 

taining composite SRP waste.for >1 mil.lion years. The density 

has decreased.only '~0.3%. The glasses have not cracked and this 

is not expected to be a problem with SRP waste. 

EVALUATION,OF GLASSES CONTAINING ACTUAL SLUDGES 

Determinat ion o f  Maximum Sludge.Loading 

Based on the work with simulated sludges, it was expected 

that glasses with actual sludge could be made. Approximately 

25 1 of sludge was collected from three waste tanks. The age of 

the sludges varied from 3 to.6.5 ~eais. .This sludge (SLIDE 8) 

was washed to remove soluble salts and then dried to obtain a 

free-flowing powder. SLlUE 9 shows the elemental composition of 

the three sludges. Only major sludge components are shown. The 

sludges vary widely in composition. Tank 5 is rich in uranium, 

and Tank 15 contains mainly A1203. With Mix 18 at 1150°C, 40 wt % 

of Tank 5 and Tank 13 sludges could be incorporated into good 

glasses. with 45 wt %, the product was grainy, indicating un- 

dissolved sludge in the glass. With Tank 15 sludge, which is rich 

in aluminum, only 25 wt % could be vitrified. Higher loadings . . 
. . 
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gave products that either would not pour or that were crystalline., 

The loading of Tank 15 sludge.was increased to 35 wt % by sub- 

stituting 4 wt % Lj.20 for 4 wt % Na20 in t.he glass. SLIDE 10 

shows the radiometric compositions of the sludges. 'OS~ is the 

main radionuclide in these sludges. 

Determination of Volatility During Glass   el ting 

Using 40 wt % Tank 5 and 13 and 25 wt % Tank 15 sludge as 

maximum loadings, the volatility of radioactivity during melting 

was determined. These tests were made in a tilt-pour furnace 

shown schematically in SLIDE 11. Glass frit and sludge were held 

. ' in a ceramic crucible in the furnace at 1150'~; An Incone2 

(registered trademark of International ~ickel' Co. ) funnel, fitted 

over the crucible and attached to' vacuum, collected radioactivity 

volatilized. After melting for 3 hr at 1150%~ the funnel was 

removed,and a graphite mold was inserted into the furnace. The 

furnace was then tilted 180"; and the molten glass was poured into 

the graphite mold. The glass was annealed for 1 hr at 500'~ in 

another furnace. The off-gas equipment was leached to determine 

activity volatilized. 

'SLIDE 12 summarizes cesium volatility from.12 tests made with 

this equipment. As expected, cesium volatility was low, averaging 

0.27%. "Zw refers to cesium-loaded zeolite added to the sludge, 

and "Cs" refers to cesium eluate from the ion exchange process. 

SLIDE 13 summarizes.ruthenium volatility, which averaged 

2.9% for all the tests. Ruthenium volatility was less in these 
. . 



tests because nitrate and Mn02 concentrations in the sludges were 

low. 

SLIDE 14 summarizes volatility of other radioactivity. 'OS~, 

'44~e, and alpha activity were not expected to volatilize, and 

these low values may have resulted from entrainment. 

'SCIDE'15 shows the leachability of the glass containing 

40 wt % Tank 5 sludge. The initial ' O S ~  leachability of 10" 

g/ (cm2-day) may have. been caused by surface contamination on the 

sample from the process cell; the leachability decreased to 

g/ (cm2-day) in one day and to . ~ 1 0 - '  g/ (cm2-day) in weeks. 

SLIDE 16 shows the leachability of the glass containing 30 

wt % Tank 13 sludge and 10 wt % cesium-loaded zeolite. The 

leachability of this glass is similar to the previous one. . Glasses 

containing the other sludge have similar ,ieachabilities . 

SUMMARY 

In summary, it has been determined with simulated wastes that 

solidifying SRP sludges in glass is possible, and an optimum glass 

composition has been chosen'. 25 to 40 wt % actual sludge has been 

vitrified into low-leachable glasses. Cesium and ruthenium 

volatilities were lower than expected.. 



SLIDE 1 

AVERAGE CHEMICAL COMPOSITION OF WASTE 

CONSTITUENT . . CONCENTRATION, M 

Na PO4 0.01 

NaCl 0.01 

* Component o f  sludge. 



SLIDE 2 

CONCEPTUAL WASTE SOLIDIFICATION PR0,CESS 

(ION EXCHANGE 

COMPOSITIONS OF SIMULATED SLUDGES 

SLUDGE COMPOSITION, rno Ze % 

I 50% Fe(OH)3 - 50% A1 (OH)3 



S L I D E  4 

COMPOSITIONS OF BOROSILICATE GLASSES, w t  % 

Mix Si02 B203 . A l 2 O 3  Na20 CaO Ti02 

S L I D E  5 

SOLUBILITY OF SULFATES IN GLASS. 

1150°C  f o r  3 h r  

Sulfate i n  Glass, 
Glass Sulfate Cation w t  % 



. . . . 
SLIDE 6 

. .Glass-Forming ~omponents, w t  % C e s i y  
Test Zeolite Sludge 111 B203 . CaO NaiO - Ti02 ' Si02 vo'oiatilized, % 

. . . . . .. 

a.  B203 supplied by H3B03. 

b. B203 supplied by Na2B407. . . 
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SLIDE 8 

UNPROCESSED SLUDGE FROM WASTE TANKS 



SLIDE. 9 . . 

COMPOSITIOW .OF SRP WASTE SLUDGES 
(Washed, Dr ied)  , . 

Tank 13  Tank 5 , . T a n k  15  
w t  % (mole%) w t  % (moZe%l w t  % (moZe%) 

. . 
. . .  . 

: , SLIDE 1 0 .  . , 

mCi/g 
Nuclide Tank 5 Tank 13  Tank 1 5  

Gross a 0.1 0.3 0.. 1 

Total  84.0  18.8  . 45.7 



To Sc'rubber 

Glass Furnace in Upright Position *. . Glass. Furnace in Pouring Position 
. . 

. . 

CESIUM VOLATILIZATION DURING GLASS MELTING 

3 h r  'a.t. 1 1 ~ 0 ~ ~  i n  t i 1  t. furnace 
. . 

Glass Tests % VoZatiZized 



S L I D E  13 

RUTHENIUM V O L A T I L I Z A T I O N  DURING GLASS MELTING 

3 hr at 11 50°C in ti1 t furnace 

GZam Tss-to % Vo Zati Zized 

VOLATILIZATION DURING GLASS MELTING. 
3 hr .at 11 50°C in. f i 1 t. furnace 

iVuc Zide 

144& 
. . 

90sr 

Gross a 



SLIDE 15 
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