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Abstract – Stabilization/solidification advances decrease the portability of unsafe and radioactive 
contaminants in nature's domain through both physical and concoction forms. Four 
stabilization/solidification (S/s) procedures were utilized to set three specimen lattices sullied with 
arsenic, chromium (VI), lead, cesium and strontium. These specimen networks were Idaho National 
Engineering and Environmental Laboratory (INEEL) soil, manufactured soil, furthermore engineered 
muck. The four S/s forms, calcium sulfo-aluminate (CSA) based bond stabilization, magnesium 
phosphate (MP) based bond stabilization, Orthophthalic Polyester (OPE) Resin Encapsulation, and Epoxy 
Vinyl Ester (EVE) Resin Encapsulation were then assessed, utilizing leachability and strength tests. The 
motivation behind this anticipate was to evaluate different stabilization/solidification forms. The CSA and 
MP bond methodologies brought about critical variability maintenance of arsenic, chromium and lead (to 
a great extent because of inadequacies in pretreatment), poor maintenance of cesium and strontium, 
ordinarily poor toughness in the treated waste structures, and low to direct qualities. The OPE and EVE 
methodologies brought about ordinarily exceptional maintenance of metals, great sturdiness, and 
remarkable quality as a rule. 

---------------------------♦----------------------------- 
 

INTRODUCTION 

The June 1996 report, Stabilization/solidification 
Processes for Mixed Waste which was distributed by 
the U.s. Natural Protection Agency, holds data and 
information (from the associations that advanced or 
utilize the procedures) for four S/s forms. While these 
information are useful, they can't render a correct 
examination between forms since the testing for every 
was performed freely of the others under diverse 
conditions and in distinctive testing labs. The Office of 
Indoor Air and Radiation of the EPA distinguished 
these limits and tried to outline and advance a test 
network for looking at stabilization/solidification forms 
at autonomous labs to further grasp distinctive S/S 
forms and their capacities. The most vital characteristic 
of this testing was that waste shapes might be tried 
under diverse conditions in a regulated, observed, and 
overall uniform environment to furnish fair-minded 
information and data for a more precise and similar 
investigation. 

The methodology is dependent upon Sulfur Polymer 
Microencapsulation, a patented mixedwaste medicine 
engineering beforehand advanced at Brookhaven 
National Laboratory.In the SPSS process, mercury put 
forth in the waste is responded with powdered sulfur 

polymer bond (SPC, which comprises of 95 wt% 
basic sulfur and 5 wt% natural modifiers) to structure 
a stable mercury sulfide compound with essentially 
lessened leachability and more level vapor force. The 
responded mixture is then dissolved, blended, and 
cooled to structure a solid robust squander shape in 
which the stabilized mercury particles are 
microencapsulated inside a sulfur polymer grid. 
Noteworthy testing of sulfur polymer waste structures 
has demonstrated phenomenal execution under 
foreseen transfer conditions. 

The target of this work was to scale the procedure up 
from seat scale, affirm relevance for medicine of 
mercury-tainted soils, and to direct a pilot-scale 
engineering show utilizing real soil and natural 
mercury squanders. This work was attempted as a 
feature of an engineering examination ("Mercury 
Bakeoff") to distinguish potential medicine 
alternatives for BNL blended waste mercury 
squanders produced throughout remediation of the 
BNL Chemical Holes. Comes about because of 
SPSS will be contrasted and comparable treatability 
considers for elective medicine strategies, e.g., warm 
treatment/vapor recuperation (answer) and 
stabilization to be directed by different members in 
the task. 
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Throughout exhuming of the BNL Chemical Holes, 
roughly 100 ft3 of soil, distinguished as conceivably 
high in mercury, was evacuated and put in two B-25 
containers, each about half full. Preparatory 
characterization indicated Hg soil focus to be pretty 
nearly 6750 mg/l and 18,000 mg/l for the two B-25s, 
numbered 1 and 2, separately. The essential 
radiological contaminants of concern were discovered 
to be Am-241 and Eu-152, 154. (Further 
characterization information are exhibited in Section 
5). Notwithstanding defiled soils, 62 kg (roughly 137 lb) 
of fluid natural mercury was likewise recovered from 
the BNL Chemical Holes territory. The mercury was 
either covered or gathered throughout remediation in 
28 plastic what's more glass compartments of 
distinctive sizes. 

OBJECTIVES 

The targets of this anticipate were to (1) collect and 
approve strategies and conventions for evaluating the 
transport of radioactive and unsafe material at 
radioactively defiled locales and (2) assess leachability 
of radionuclides and enduring strength from different 
hardened materials. The leachability tests utilized in 
this study were the Toxicity Characteristic Leaching 
Procedure (TCLP) and the Synthetic Precipitation 
Leaching Procedure (SPLP). The sturdiness tests 
performed were wet/dry, freeze/thaw, and unconfined 
compressive strength (UCS). 

DOSE-RESPONSE BENCH-SCALE 
EXAMINING 

The reasons of the seat scale study were to advance 
trademark dosage reaction bends for the INEEL soil 
concerning the contaminants, which might be utilized 
all through the treatability study. What's more, give a 
sufficient indicator to be separated from the 
commotion, and yet not spike the specimens with such 
incredible contaminant loads as to be unlikely As a 
rule, the dosage reaction seat scale study comprised 
of contaminant spiking the INEEL soil at three 
measurement levels: 1,000, 10,000, and 30,000 
milligrams for every kilogram (mg/kg) of arsenic, 
cesium, chromium (VI), lead, and strontium. These five 
overwhelming metals were chosen by EPA to serve as 
surrogates for radionuclides. Radionuclides were not 
picked as contaminants because of wellbeing, taking 
care of, and transfer issues, and additionally the 
trouble in finding research facilities that break down 
radioactive examples, and the way that radioactive 
example defilement expands investigative expenses 
considerably. 

Spiking was finished with fluid results of solvent metal 
salts. To avert precipitation of metals in the spiking 
mixture, the cations (lead, strontium, and cesium) and 
anions (arsenic also chromium (VI)) were added as 
differentiate answers for divide soil tests. These 
mixtures of contaminants were chosen to expand 

solvency and minimize precipitation of the 
contaminants from result. 

TEST SAMPLES PLANNING 

Calcium Sulfo-Aluminate (CSA) Based-Cement : The 
calcium sulfo-aluminate based-concrete assessed was 
an item distinguished as Rockfast gave by Blue Circle 
Cement. Initially, an aliquot of untreated material was 
put into a mixing chamber. The specified reagent was 
slurried with the specified measure of faucet water 
also added to the untreated aliquot. The mixture was 
mixed in a Hobart style mixture at 40 to 60 revolutions 
for every moment (rpm) for give or take 2 to 4 minutes, 
or until homogenous. When the treated material was 
homogeneous, the S/s surrogate waste was 
compacted into 2 inch measurement by 4 inch tube 
shaped molds and permitted to cure in a moist 
environment for 10 days. 

Magnesium Phosphate (MP) Based-Cement : The 
magnesium phosphate based-concrete tried was an 
item distinguished as Set 45 gave by Master Builders, 
Inc. The indistinguishable steps as the Calcium Sulfo-
Aluminate (CSA) Based-Cement were utilized within 
planning for test specimens. 

Orthophthalic Polyester (OPE) Resin Encapsulation : 
The orthophthalic polyester gum utilized for this 
anticipate was Ashland MR 11109 Unsaturated 
Polyester Resin. The OPE gum utilized for the tar 
impregnation medicine step was mixed with extra 
styrene monomer at a proportion of 1:1 to decrease 
its consistency and improve its impregnation aspects. 
The untreated specimens were diminished in size by 
squashing to pass a Number 6 cross section screen (-
1/8"). The screened waste was weighed and 
afterward set in a Hobart sort research facility blender 
to give exhaustive blending. The medicine reagents 
were added to the specimen to synthetically pretreat 
the waste to the degree of the solvency of the 
contaminants for roughly 5 minutes. The pretreated 
waste was weighed and uncatalyzed tar was included 
for a sap splash cycle. The pretreated and 
impregnated waste was again set into a Hobart sort 
research facility blender. While the blender was 
running, stimulator was added to the tar impregnated 
pretreated waste to guarantee fitting scattering. While 
the blender pressed on to run, extra stimulator sap 
was at long last added to the pretreated and 
impregnated waste to fill the voids between the 
impregnated waste particles and to embody the 
impregnated waste particles. In the wake of blending 
for at least 5 minutes, the S/s surrogate waste was 
filled into 2 creep distance across by 4 inch high 
round and hollow molds and permitted to cure at 
room temperature environment for at least 4 days. 
The specimens started to show critical set in 15 - 30 
minutes after stimulator expansion. 

Epoxy Vinyl Ester (EVE) Resin Encapsulation : The 
Epoxy Vinyl Ester sap utilized for this anticipate was 
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Dow DERAKANE 411-700pat. The indistinguishable 
steps as Orthophthalic Polyester (OPE) Resin 
Encapsulation were utilized within arrangement for test 
specimens. 

WASTE DESCRIPTION 

Blended waste streams focused by this work were 
legacy squanders experienced at the BNL site. The 
BNL Environmental Restoration Division (ERD) in 
agreeability with CERCLA and New York State 
regulations directed a therapeutic uncovering of the 
Animal/chemical Pits and Glass Holes in the hot time 
of year of 1997. The site comprised, to a limited 
extent, of radioactive creature corpses plus glass jugs 
holding essential mercury, some of which had broken 
on arrangement or recovery. Taking after evacuation 
of squanders, flotsam and jetsam, and sullied soil from 
what added up to 55 differentiate waste pits, the 
materials were sorted, isolated, described, and either 
safely saved on location or delivered for off-site 
transfer. One heap of more or less 440-yd3 of soil 
(Stockpile 6b) was distinguished as blended waste, 
since composite specimens fizzled TCLP for mercury. 
An alternate heap of in the ballpark of 700-yd3 of soil 
(Stockpile 12) held noticeable amassings of mercury 
anyhow passed beginning TCLP tests. A littler volume 
of more or less 100 ft3 was isolated into two 
incompletely filled B-25 crates on the grounds that it 
held higher fixations, i.e., >260 mg/l of mercury. The 
260 mg/l mercury fixation standard is dependent upon 
current EPA Land Disposal Restriction (LDR) 
medication models. For squanders holding <260 mg/l 
mercury, the EPA particular medicine standard is 
stabilization. 

Above 260 mg/l mercury, the EPA particular 
medication standard is RMERC (countering or 
simmering with recuperation of the mercury for reuse). 
Notwithstanding, on account of blended waste 
mercury-defiled soils, partition of the mercury brings 
about two waste streams needing extra 
treatment/disposal, i.e., mixed waste mercury residuals 
and radioactive soils. 

CONCLUSION 

A substantial volume of mercury-defiled blended waste 
soil needing medicine was created at BNL as a 
consequence of later ecological restoration exercises. 
Current EPA medicine principles for blended 
squanders holding >260 mg/l mercury (answer) are not 
proper since the mercury can't be reused and auxiliary 
squanders needing further medication are processed. 
Accordingly, regulate stabilization for transfer of these 
high fixation mercury-blended squanders is looked for, 
and DOE MWFA backed a correlation of a few 
medication choices. Pilot-scale medicine utilizing 
SPSS came about within fruitful medication of the dirt 
at a waste stacking of 60 wt% soil, with no increment 
in waste volume. Higher waste loadings may be 

conceivable however due to consistency impediments 
of the mixture, might presuppose designing alterations 
of the methodology supplies. 

The waste structure item effectively meets both 
existing TCLP and more stringent UTS filtering criteria. 
Results of an Accelerated Leach Test (ASTM C-1308) 
for blended waste natural mercury treated by the BNL 
Sulfur Polymer Stabilization/solidification (SPSS) 
procedure show dispersion is the transcendent filtering 
instrument. Amazingly low filter rates were watched 
with dispersion coefficients running between 10-17and 
10-18 (11 -12 requests of extent superior to least filter 
rates suggested by NRC for radioactive 
contaminants). 
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