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ABSTRACT

Solidificationand stabilizationagents for radioactive,hazardous, and
mixed wastes are failingto pass governmentaltests at alarming rates. The
Departmentof Energy'sNational Low-LevelWaste Management Program funded
testin of Sulfur PolymerCement (SPC) by Brookhaven National Laboratoryduring
the Ig8Os. Those tests and tests by the U.S. Bureau of Mines (the original
developerof SPC), universities,states,and the concrete industry have shown
SPC to be superior to hydrauliccements in most cases. Superior in what wastes
can be successfullycombinedand in the quantity of waste that can be combined
and still pass the tests establishedby the U.S. EnvironmentalProtection
Agency and the U.S. Nuclear RegulatoryCommission.



_A_cr.onymsand Terms

Since the early 1900s, the genericterms "sulfur cement" and "sulfur
concrete" have appeared in hundredsof technical papers and reports published
on elemental sulfur and sulfur with various experimentaladditives. Authors of
both the early and modern reportshave often used those terms to describe
totally different substances,which is corlfusingat best. The documents used
in developing 'thispaper generally used the acronyms "SPC" to mean sulfur
polymer'cement, and "SC" to mean sulfur polymercement concrete;for
continuity,we have continuedthat practicehere. lt is importantto
understand that once the aggregate/wasteis added to SPC (the cement), it
becomes SC (the concrete), whether eithermass is liquefiedor solid.
Hereafter, the words "cement" and "concrete"refer to the generic 'Familyof
hydraulic cements and concretes,while "PCC" refers to the specifichydraulic
cement concrete known as portland cement concrete.

Pr__rp_gressin the Nation's Nuclear and Mi.xedWaste Disposal Practices

The U.S. Congress attacked the environmentalproblem of hazardouswaste
disposal by pressing for permanentsolutionsfor waste treatmentrather than
continued remediationthrough an evolutionof laws. The need for an onsite
stabilizationprogram at the site of generation was defined in several laws.
Those laws were the Resource Conservationand Recovery Act (RCRA);
ComprehensiveEnvironmentalResponse,Compensation,and LiabilityAct (CERCLA);
Hazardousand Solid Waste Amendments(HSWA); and SuperfundAmendments
ReauthorizationAct (SARA).I

The terms "solidification"and "stabilization"are essentiallysynonymous
in many documents; however, solidificationhere means conversionof a liquid to
a solid--refersprimarilyto the processof immobilizingthe waste within the
concrete or SC itself,while "stabilization"means keeping the waste from
interactingwith 'itsenvironmentfor specifiedperiods of time. The
government'sgoals are to decrease the surface-to-massratio, thereby reducing
the potential surfacearea exposedto sulfates that attack the concrete; to
improvethe handling characteristics;to improve the physical characteristics
by reducingpermeabilityand leachability_and to further reducesolubility of
hazardous componentsby adjustingthe Ph."

z

As will be demonstratedby citing test results, solidificationand
stabilizationof low-levelradioactivewaste (LLW) and radioactively
contaminatedhazardouswaste or mixed waste (MW), in SC is in keepingwith the
government position.

_troduct ion

Tests conductedby the U.S. Bureau of Mines, universities,and SC
contractorswere of commercial-gradeSC in harsh chemical environments. They
did not test SC with those chemicalsintermixed in the SC, which must be done
to validate SC as an acceptableLLW and MW solidificationagent. Nevertheless,
those tests offer'a reasonableforecastof potential failures and successes of
SC as a waste solidificationand stabilizationageF_t.

lt is assumed that if commercial-gradeSC withstands degradationin
surroundingconcentrationsof those chemicals, SC ladened with radioactiveand
hazardous waste should survivefor much longer periods of time irllesser



concentrations of the same, or similar, chemicals. Since stabilization is the
• prime goal, all that test information is valuable. Further, SPC is a

thermoplastic and solidifies solely from cooling--it does not require a
chemical in+eraction of components to solidify like concrete does. In other
words, those chemicals are trapped in SC, they are not necessarily combined
chemically. Chemicals that had little or no destructive effect on

.... construction-grade SC from the exterior are likely to have even less effect on
the concrete from the interior because they will be in an anhydrous
environment. (SC is impervious to water.)

lt is for these reasons that results of these tests are reported, lt was
these same tests, conducted mostly in the 1970s, that led DOEto conduct i0
years of solidification and stabilization tests in the 1980s.

The perfect waste solidification and stabilization agent has not yet been
discovered. SPCwill not accommodate all wastes and the statements above are
not absolute. However, tests to date show that SC will' solidify a wide range
of wastes that have defied solidification in other' agents; solidify most of the
wastes currently being solidified with other agents; and normally accommodate a
higher waste loading than other agents.

This discussion generally follows a chronological path, beginning with
commercial development of SPC and SC for application in harsh chemical
environs; proceeding with development and testing to Environmental Protection
Agency (EPA) and United States Nuclear Regulatory Commission (NRC) requirements
for disposal, and f_llows with safety considerations, continued testing, plans
for SPC in treatment and disposal, a summary, and the conclusion.

.Developinq and Testing SPCand S¢ for Harsh ChemicaJ _nvirons

D__evelopmental Backqround

Pollution abatement efforts during the past 30 years produced sulfur
through petroleum refining, natural gas processing, and recovery from
geothermal power plants. In 1971, the U.S. Bureau of Mines and The Sulphur
Institute joined forces in an effort to find useful constrtlction purposes for
the nation's increasing stockpiles of sulfur. In 1973 the Sulphur Development
Institute of Canada joined the effort, z

Coincidentally, the construction industry has been plagued with concrete
failure,.; caused by salt and acidic attack, resulting in multiple billions of
dollars in damage that must be repaired (e.g., the tens of thousands of
concrete bridges in the United States that are falling apart). Industries
irvolve_! in fertilizer, metallurgical, and chemical processing had to replace
deteriorating concrete frequently. Those failures provided the Bureau of Mines
with a potential use for sulfur.

Elemental sulfur had been recognized for its cementing properties since
prehistoric times, but it lacked mechanical strength and durability and it
shrank too much. All of these problems were caused by changes in the
crystalline structure during cooling. Through experimentation, it was
discovered that the addition of dicyclopentadiene and oligomers of
cyclopentadiene in equal quantities totaling 5wt% of the sulfur phase resulted
in an excellent concrete having properties not found in other concretes. 3' 4



_'o..p._'_i-s of SPC and SC

The various mechanical strengths of SCsare approximately double those of
PCC and are not specifically cited herein. While it takes the average PCC
appro×imately 28 days to achieve a compressive strength of 4000 psi, SC reaches
that strength upon cooling, and continues to gain strength for approximately
one month. _

SPC is nontoxic, as is SC with construction aggregate. S° 6 SC is
corrosion-resistant, and its impermeability protects steel reinforcing
materials from oxidation and subsequent concrete rupture. Where strength and
fracture resistance are primary goals, glass fibers, synthetic fibers
epoxy-coated rebar, steel rebar, or a combination thereof can be added. 5' 6 SC
is nonreactive with steel. Where controlled shrinkage, minimization of cracks,
ductility, and impact resistance are needed glass fibers are added 7
Shrinkage, on the average, is 0.01%, sl ightiy greater than PCC.S' 6 "It is
resistant to damage by freeze-thaw cycling, and has coefficients of expansion

compatible with those of other construction materials such as concrete and
reinforcing stee,. Creep is roughly haIf that of PCC.B°9 Where SC _nd PCC are
made with the same aggregate, their densities are the same, 1501b/ft on the
average. 2 Viscosity of SPC is approximately 50 cp at 135°C (275°F), which is
only slightly less fluid than water, z The addition of aggregate to SPC
converts it to SC, and as more aggregate is added the viscosity increases.
Sulfates attack PCC, but have little or no effect on the integrity of SC. 2' 3
(See Figure 1 for concrete degradation effects.)

Impermeability(especiallyto water) of waste stabilizationagents is
crucial to environmentalenhancementefforts. "Staticwater-permeationtests
were made to compare the permeabilityof SC and PCC. Five-foot sectionsof
6-in. diameter plastic pipe were bonded to the surface of 2-in thick slabs of
SC and (Type-I) PCC. A 51-in. column of water was placed in each pipe section
to provide a 1.84 psi water pressure on the surfaceof the slabs. The SC
showed no loss in water height after 6 months, while the PCC slab showed more
than a 1-in./h loss of water height b.ypermeationthrough the more porous PCC
material There was no penetrationof water through the SC slab."2 The
explanationof these test results comes from the physical propertiesof the

two; while they both have approximatelythe same volume of void space ,(_ores)
the voids in SC are not connected,whereas the voids in concrete are.z



Figure I. Sulfur Polymer Cement.Concrete (Chement 2000") and Portland Cement
Concrete after two weeks of exposure to 10% mineral a-id. b



In the early 1970s, the Bureau of Mines worked with the EPA to protect
. miners from radon gas. A spraying concept was developed and patented that

applied a I/4-in.-thick olining of SC on mine walls, which prevented the
entrance of radon gas.

The impermeability of properly prepared SC is well established. However,
if the SC is cooled too quickly, it will contain an abundance of voids that
will connect with each other, or if the aggregate in the SC contains water,
tiny steam vents will develop, either one of which will allow both water and
gas to penetrate the solidified SC.

Tests of Construction-Grade SC in Successful APDlications

SC is a durable, high-strength concrete that is resistant to abrasion and
attack by most acids and salts, and is best used where exposed to high

concentrations of mineral acids, corrosive electrolytes, salt solutions, and
corrosive atmospheres in general, s, s SC has high potential in chemical,
metallurgical, and fertilizer applications. The United States Department of
Agriculture has approved SC for use as floors in meat and poultry processings
plants.

A sampling of reported test results illustrates SC's resistance to adverse
chemical conditions. After being exposed to sulfuric acid solutions and copper
electrolytic solutions for nine years, SC showed no evidence of corrosion\n or
deterioration. 4 In a six-year test in a chemical processing plant, PCCwas
attacked and completely destroyed in some cases while SC showed practically no' 8
evidence of strength loss or material degradation. After seven years of
exposure to a salt environment in a test in a potash chemical storage building,
two SC structural support piers were undamaged, while the PCCpier in the same
location was heavily damaged by exposure to that environment after only two and8
a half years.

Studies of the effects of biodegradation on various concretes, including
SC, are being conducted by the Universities of Hamburg11, Vienna, c
c.___Co__nfirmedin conversation with Mr. BillMcBee;_McBee_and Associates, on

Au__ ust! 990
and Texas Since their laboratory experiments have not been published, the
lead researcher at the University of Hamburg, Germany, has issued a
"Declaration, "11 wherein he makes three convincing statements. First,
"Examinations of shaft bottoms [sewer manholes constructed of SC], which have
been built into a sewer for several years [5 years], indicate no possible risk
due to growth of thiobacilli." Second, "I consider a direct danger to sulphur
[polymer] cement and consequently sulphur concrete through attacks of
thiobacilli unlikely." Third, "Cement-stabilized construction materials are
disintegrated by thiobacilli, liberatins sulfuric acid as a metabolic product;
sulfuric acid reacts with the calcium components of the cement and transforms
into gypsum." (Thiobacilli is the bacterium strain of most concern to
researchers studying biodegradation of concretes.)

Tests of Construction-_Grade SC in Unsuccessful Apl_]i_cations

In contrast, SC has been shown to deteriorate in hot concentrated chromic
acid solutions, hot organic solvent solutions, sodium chlorate-hyperchlorite
copper slimes, and strong alkali (over 10%). SC is not recommended in areas



the binder itself often cause an interaction that can retard or prevent
I", 15sol idification.

Because SC is a thermoplastic, it requires no chemical reaction for
solidification. Therefore., normal precautions in temperature control,
pretreatment of the waste, and assurance that the waste is compatible, will
ensure that the SC will always solidify when it cools below 119°C (246°F).
Unlike PCC, SPC will accept a wide range of wastes (aggregate) with divergent
chemical and physical compositions. SC is easier to use than other

thermoplastics _(like polyethylene) because of SPC's low viscosity and low-melt
temperature. 3,

Incinerators reduce organic waste volume by as much as 300 times.
Therefore, the resultant fly ash contains highly concentrated remnants of the
original waste. After incineration, heavy metals in the waste that originally
fell short of the EPA definition of hazardous waste may well be within the
hazardous zone. The curie count per unit volume is also raised, so the waste
is still radioactive, is hazardous, and is classified as MWand probably will
not pass EPA's TCLP test. Before this waste can be disposed of in licensed9
disposal facilities, it must be treated sufficiently to allow delisting.

Tests Completed to EPA Standards

MWfly ash was obtained from the Waste Experimental Reduction Facility
(WERF) located at the Idaho National Engineering Laboratory (INEL). The MW
contained the following components (expressed in weight percentages)" zinc 36,
lead 7.5, sodium 5.5, potassium 2.8, calcium 0.8, copper 0.7, iron 0.5, and
cadmium 0.2. Both lead (Ph) and cadmium (Cd) are listed by the EPA as toxic
metals. 9 The fly ash was combined with SPC and was tested, to the EPA's
Extraction Procedure Toxicity (EP Tox) test _6 and the Toxicity Characteristic
Leaching Procedure (TCLP) test. 17 Both the 'Cd and Pb were above tile
concentration limits allowed for under RCRA, so additives were sought that
would further reduce the mobility of the toxic metals. Sodium sulfide (Na2S),
which reacts preferentially with Cd and Pb to form highly insoluble metal
sulfides, was selected. By adding 7wt% Na2S to 50wt% SPC and mixing it with
43wt% MW fly ash, the resultantconcrete passed the EPA's TCLP test, thus
allowing disposal as non-RCRAwaste."

EPA's TCLP test requiresthat the grouted waste be broken into small
pieces, thus exposing a huge surface area for leaching tests. Different
results are expected in actual disposal,where concrete and SC waste monoliths
are properly placed in disposal. Specifically,PCC allows large quantitiesof
water to penetrate the mass when compared to SC, whether broken into small
pieces or not, and will allow internalleaching rates not seen in SC
monoliths.2 Additionally,when ferrousmetals are included in the waste, that
same water penetrationwill cause earlier rupture of the concrete than of the
SC 4,5 The end result should show greater superiorityof SC over concrete as
a waste stabilizationagent than indicatedby EPA's TCLP test.

SPC has proved effective in reducing the leach rates of reactive heavy
metals to the extent that some wastes can be managed as solely LLW. When SPC
is combined with mercury and lead oxides (both toxic metals), they interact

chemically and form mercury sulfide (HgS) and lead sulfide (PbS)i both of whichare insoluble in water. 9' IB The California State Department of _ealth Services
used a dried residue from petroleum refining that contained 600 ppm vanadium (a



agents aromatic or chlorinatedhandling strong bases, strong oxidizi_,g 7. hydrocarbons, or" oxygenated solvents.

Ongoinq Activities with Construction-Grade SC

Efforts are underway within the SPC industry to improve the consistency of
SPC's quality. To that end, in 1990, the American Society for Testing and
Materials (ASTM) issued the specification for SPC entitled: Standard
SDecification for Sulfur Polymer Cement For Use in Chemical-Resi.s.tant, Rigid
Su__IfurConcrete, Designation" CI159-90.

The use of SC in sewers is increasing because of its impermeability and its
resistance to abrasion and biodegradation. To meet the demand, 4-K
International A/S in Denmark is spending millions of dollars to double 'its
production of SPC for the European market, d
d. Confirmed by Mr. William McBee, McBee and Associates, Consultant. to o,4-K
International A/S, on. May 29_ 1991
That growth is based on the favorable outcome of biodegradation tests conducted
by the University of Hamburg. These tests show that SC greatly surpasses

concrete in its abilitzV to maintain its mass and strength in sanitation and
industrial sewers. TM The Los Angeles Sanitation District is conducting its
own biodegradation tests of SC sewer pipes, e
e. Confirmed by Mr. John Redner, Los Anqeles Sanitation Dist.rict, o.n May 22,
199___!

Testinq and MQdifyinq SPCand SC for Waste Solidification and Stabilization

At the beginning of the 1980s, the Department of Energy's (DOE) National
Low-L_,el Waste Management Program funded the Waste Management Research and
Development Group at Brookhaven National Laboratory (BNL) to research, develop,
and test potential LLWstabilization agents. The research was intended to meet
the intentions of governmental laws by minimizing costs and radiation exposure
to operators, while providing environmental enhancements that would ensure
public safety. 13 That effort continues today, and DOE's Hazardous Waste
Remedial Action Program (HAZWRAP)has joined the effort by providing funding.

Wastes such as sludges, ion-exchangeresins, evaporator concentratesalts,
incineratorhearth ash, and incineratorfly ash representa wide spectrum of
physical and chemical propertiesthat have been placed in the
difficult-or-impossible-to-encapsulateclassificationfor standardwaste
solidificationand stabilizationagents. Their hazardouscomponents were not
being retained in the waste to the extent required by the EPA and/or NRC when
subjectedto the disposal environment.9'_3 After evaluating potential agents,

: two thermoplastics, SPC and low-density polyethylene were selected for further
development and testing against EPA and NRCtesting standards. I_, PCCwas
selected as the comparison standard and was tested each time SC was
tested,using the same waste components. This section discusses those ellis.

The Chemistry of Solidification

Some radioactivewastes once thoughtto be stabilizedin concrete were not.
Whether or not concrete hardensdepends on the chemical hydrationreaction
dictated by both the chemistry and the amountsof water, cement, waste,
plasticizers,and other additives. In other words, elements in the waste and



carcinogen) to make SC and thereby reduce the leachable vanadium to 8.3 ppm,
which was well below the soluble threshold limit concentration of 24 ppm
established by the State of California.

Tests Completed to NRCStandards

The NRChas established a qualifier list of tests under the title "Waste
Form Qualification Testing. ''19 Where possible, the tests are to the standards
of the ASTM, American National Standards Institute (ANSl), and American Nuclear
Society (ANS). The tests are" (a) general (guidelines that apply to the
conduct of the remaining tests); (b) compression (lower limit recently raised
from 60 psi to 500 psi); (c) thermal cycling (30 cycles of temperature change
from -40 to 60°C); (d) irradiation (exposure to a minimum dose of IOE+8 Rad);
(e) biodegradation (test susceptibility to fungi and bacteria); (f) leach
testing (immersion in water for 90 days followed by leachate analysis); (g)
immersion testing (check for 500 psi compressive strength following immersion
in water); (h) freestanding liquids (check for lower limit of 0.5 vol%
liquids); and (i) full-scale testing (pour full-scale monolith followed by
tests b and g above).

After the immersion test was completed, compressive strengths of
waste-impregnatedSC ranged from a low of 1998 psi for 40wt% boric acid, to a
high of 6435 psi for 40wt% incineratorash, with sodium sulfatefalling in
between. Compressive strengthtests after freeze-thawcycling found some
increase and some decrease in strengthwith different wastes. These were of no
consequencein referenceto the NRC requirementof >500 psi.3

When the leach tests were completed,the leach rate was found to be lower
for incineratorhearth ash than for highly soluble sulfat_ salts. The leach
rate was four to eight orders of magnitudeless than the leach index
establishedby tileNRC. The conclusionwas that radionuclidesleach slowly in
SC.14

Successful completion of the biodegradation test and the irradiation test
using modified SPC ladened with 43wt% mixed-waste fly ash has been confirmed, f
f. Confirmed in telecommunications with_Mr. Peter Colombo_ Brookhaven National
Laboratory: on July I, 1991. Precise data on the test results will be
published at a later date.

Research and development resulted in a modified SPC that can now
encapsulate many waste types like boric acid salts, incinerator hearth ash, MW
fly ash, and sodium sulfate salts that have heretofore defied solidification
and stabilization in concrete in any significant quantity. Many of the
extensive efforts at testing the waste and developing a formula of cement,
water, and various additives to match the waste chemistry can be eliminated.
The modified SPC offers a monolithic waste form that is durable in harsh14environments.

Conclusion of EPAand NRCTestin_g

Cement cannot become hardened concrete without the addition of water,
whereas SPCand SC require no additive to harden. Comparative test results
show that a given quantity of waste requires considerably less SPCthan
portland cement and water to achieve a stabilized waste form that will satisfy
EPA and NRCrequirements. The following numerical advantages of SPC over PCC



were calculated' 6.7 times less SPCwith sodium sulfate, 3.8 times less SPC

with boric acid, I.i times less SPC4with incinerator bottom ash, and 4 times
less SPCwith incinerator fly ash. Assuming the waste treatment operators
receive equal quantities of the wastes cited, they will have 3.9 times less
cement and additives to deal with if they use SPCthan if they use portland
cement and water. That translates to less waste volume for disposal if SPC is
used.

One Test to NRCStandards _Rema_tns

The NRC's final test, the full-scale test, is required in order to give
SPC/SC full credibility as a waste solidification and stabilization agent.

Having completed all the lab tests, BNL and4INEL plan a production-scale
technology demonstration in the near term. A successful test pour of SPC
ladened with 43wt% industrial-incinerator fly ash was completed in a lm x lm x
lm wooden box containing simulated contaminated scrap metals. Tests of
full-scale SPCmixers have been conducted in an effort to select one that can
be used for 'the full-scale tests and continue afterwards as an operational
mixer. 2° High on the desirability list is a mixer with a large heated surface
area in the mixer blades as well as in the jacket surrounding the mixer for
firm control of internal heat. Another priority is to use a weir rather than a
valve to avoid flow-control problems. (Valves are prone to failure with

shredded steel fragments in the 2ml!x_2andthe requirement for constant heating
adds unnecessary complications.)

Wastes That Cannot be Combined with SPCfor Stabilization

Many commonwaste streams cannot be solidified in SC in their current state.
The combining of sodium nitrate salts with SPC is not recommended because the.14
two compounds, when combined, can cause a "potentially reactive mixture.
Another rejection is ion-exchange resins. SC is weakened dramatically by wet
aggregate (waste). lt was assumed that ion-exchange resins could be dried and
solidified in SC. However, that effort proved futile. Unlike many other
substances, ion-exchange resins will take on any available water where the
resins are exposed at ti_e surface, and will swell and gradually rupture SC._
Early discoveries showed that expanding clays could not be used in SC for the
same reason. 2' 7 Other wastes, like sludges, evaporator bottoms, absorbed
liquids, biological waste, animal carcasses, and even dirt must first be
treated to a dry condition before being solidified in SC.

The need for incineration or vitrification of the troublesome wet wastes
before introductionto any solidificationagent has long been recognized in the
nuclear industry.Is Once reducedto glass or ash, the wastes stand a good
chance of passing the requiredNRC and EPA tests when solidifiedin SC. Of
course, each applicationwould have to be tested.

Wastes that Can and Cannot be.Solidifiedin PCC

Concrete continuesto be used effectivelyfor solidificationof wastes,

primarily because it i,s14highlyalkaline,which is very good for "immobilized
soluble toxic metals. PCC does not perform to requirementswhen ladened
with borates, chlorides,copper compounds,heavy metal salts, lead compounds,
magnesium compounds, phosphates,sodium compounds sulfates and sulfides,tin
compounds, and zinc compounds.14



Safety Considerations

As a thermoplastic, SC will melt repeatedly, every time its temperature is
elevated to 120°C (248°F); however, its poor thermal conductivity (0.2 - 0.5
BTU/h ft °F) is a strong deterrent to melting. When heat is removed, all
intact SC will regain its original strength very rapidly. Because SC is a
thermoplastic its mechanical properties are affected by sustained high
'temperature, and its highest operational temperature is 88°C (190°F) S. Because
SC can always be melted and regain its strength upon cooling, it is a
recoverable resource. More specifically, if a given solidification and
stabilization specimen did not pass its tests, it could be melted and combined
with more SC, or different additives, so as to pass those tests.



Unlike concrete, SC can be maintained lr, the recommended pouring-temperature
• range in a mixer for long periods _of time, yet remain plastic and workable

until placemento s Nixers for concrete must be cleaned out after every mixing
operation, whether the mixer is empty c;- not, and the excess concrete and wash
solutions must be routed through a separate treatment, process. Failure to
cl_an the concrete mixer usually requires replacing it and committing the mixer
itself as contaminated _#aste. The ability to hold molten SC in the mixer r'or
several days, or even weeks, awaitinQ the next pour, offers many operational
aridradiologicalsafety advantages._

The .recommendedmixing temperaturefor SPC and SC is 122'to 138"C (26("to
280"F),which will minimize,gaseousemissions. Upon reaching 150"C (302"F),
SPC/SCwill produce hydrogen sulfide (H2S),commonly called rotten-egggas,
which is poi_.or_ous_nd flammable,° Thai_problem is avoided by using automated
temperat_recontrols ,3.hdgas detectors as a backup. Molten SPC and SC adhere
to the skin upon contact. Therefore,gloves,goggles or face shields, and
protectiveclothing .areessentialwhere direct contact between operators and
molten SC are planned. Normal precautionsfor handling hot fluid materials

must be.observed These and other practicesfor safely handling bo}h solid and
liquid sulfur have been establishedby the National Safety Council.'_:_

SPC and SC wiil b_rn if he_d it,a flame, but will self ,extinguish.whentheheat is withdrawn._'_ The _,.. Departmentof Transportation(DOT) classifies
materials for transportationand establishesflammabilityratings for
essentiallyall commodities. SPC and SC meet none ol"the criteria,for
classificationas flammablematerials.

As a sidelight safety consideration,SC vaults,barriers, radiation
shielding, radon-gasbarriers,floors, and sumps in nuclea'r,mixed, and
hazardouswaste facilities_hospitals, research centers, and universitiesoffer
greaterpotential for operatorsafety and environmentalenhancement.

T_ i

Irradiationtests were recentlycompletedat Oregon State University (OSU).
" The original intent was to..test the lead-ladenedSC as a possible personnel

shieldingfor high-radiationareas. Twelve SC specimenscontaining high
loadingsof lead oxide were subjectedto IOE+8 Rad, as prescribed in the NRC
irradiationtest. The test.specimensshowed no visible signs of deterioration
(no spalling,cracking,or other evidence of disint!)_qration)and they exceeded
NRC's requirementfor S00 psi compressive strength." In fact, the specimens

- actua]ly gained significantcompressivestrength during the irradiationtest,
and were an order of magnitudebetter than NRC requirements. The physical and
mechanical charac:teristicsof the test material before and after the test will

. be released in the final report.'_
* T_s_.r..e_E_,,_ts_confj:_._..d__m_n__u.n_ati!o_with Mr. BilI_
i_cKa.d_a..tion .testmanag.e_..June44__._

There were no radioactivewastes encapsulatedin the SC for the OSU test;
however, as discussed, it is the hazardouscomponents (the chemical components)
rather that)the radioactivecomponents that:cause problems in solidification.
Lead is a toxic metal, a problematichazardouswaste, so this test was
importantin the evaluationof SPC as a viable stabilizationagent.

-
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Since NRC requires only 500 psi compressive strengths, and since the SC:
. which contained various wastes, averageJ approximately 4000 psi, there is a

large "window of opportunity" for experimentation to develop the optimum SC
mixture for given waste forms. As more additives are combined with SPC, the
molten SC becomes more viscuus (harder to pour), the resultant solidified SC
becomes more elastic and less brittle, and the compressive strength will
decrease towards 500 psi. Unlike concrete, SCcan be vibrated a large
percentage of the time to settle the SC with only slig!_t deterioratio.n, so a
more viscous mix col,'id be tolerated.

The principal developer of SPCand SC says the construct!on-grade SPC being
used in the EPA and NRCtests is not the best formulation,. He is currently
developing a "second generation SPC," which he believes will perform better as
a LLWand MWstabilization agent, g
ci. Conf_rmed in telecommunication with Mr. Bill__McBee, th__r__z.d_v__elo_._9_of_
SPC_ Febru.a.,r_y28, 1991.

Encouraged by the more recent experimentation,the _ureau of Mines, Division
of EnvironmentalTechnology,plans to pursue more failur_L_=analysisand
ultimatelyto seek solutionsto hazardouswaste disposal.:; Considering SC's
radon barrier assets in combinationwith radiationshielding,the test_ being
conducted and being planned may prove fruitful for the nuclear industry,
factories, hospitals,research centers,and perhaps even homes and businesses.

With respect to waste vault and barrier construction,and hazardous,
nuclear, and MW treatment and disposal programs, additionalexperimentation
with SPC and SC by the private sector, the Bureau of Mines, and DOE is
encouraging.

Plans for SPC in Waste Treatment and Di_sposal

Both the ScientificEcology Group (SEG) and DOE's WERF at the INEL, are=

seriouslycontemplatinginstallationof SPC and SC equipment for the
solidification of LLWand MW.f
f. Mr.Tim Hallman.....Engineer,_SS_EG_:_confirmedtheir intentionsby p.hon.____eon A_ril
300____19.1991,and the author has been workinq on the INEL effort.
The contractorsat DOE's HanfordComplex are exploringthe use of SC for
stabilizationof LLW and MW_2_

= The Northern California Power Agency, Middletown, California, extracts
considerable quantities of sulfur from its geothermal power Stretford H_S
Abatement Facility. They recover elemental sulfur in sulfur cake, whicli is a
50"50 mixture ef sulfur a;'_dwater with trace heavy metals, vanadium,mercury,
and arsenic. Cost is high for its disposal in an EPA-approveddisposal site.
In a joint environmental-enhancementand cost-savingventure, they are
designing a facility to produce high-qualitySPC from the waste sulfur and its
hazardouscontents, therebycreating a delisted SPC. They plan start-up f(_r
the first quarterof 1992.

: Summar_

Prime threats to adequatelysolidifiedand stabilized LLW and MW are water_
- lack of leach resistance,excess permeability,inabilityto withstand chemical

attack both from within the mass and from the disposal environment,and-



ultimately the inability of solidified waste to consistently meet EPA and NRC
• requirements for disposal• Tests to date show SPCto be excellent in these

areas.

SPC is a thermoplasticthat melts _t 120"C (248°F)and,.unlike hydraulic
cements does not requireactivatioo}agents to cause solidification. SC
achieves a compressivestrength upon coolingthat concrete requires 28 days to
achieve. With given quantities of four troublesomeradioactivewastes combined
with SC and PCC, it requiredup to 6_7 times less SC than PCC to achieve a
solidified form that could pass the EPA and NRC tests. The average figure was
3.9.

SPC offers a cleanermixing system to operate, with fewer disposal
containers to handle, and fewer waste containersto dispose of. Cleanup of the
SC mixer after a pouringcampaign is not required. Chemical analysis of the
waste prior to establishingadditivesand waste-to-cementratios is less
demanding. Involvement,and therefore radiationexposure,will be lessened for
treatment operators,_healthphysics technicians,and dispos_l operators.

SC ladened with 43wt% MW fly ash (whichwas chosen asa most troublesome
waste) has passed all EPA and NRC lab tests, and is ready for the final full-
scale test. There is nothing to suggestthat SC will not passthat test, which
will open the door to a promisingnew waste solidificationagent,

Some unexpected bonusesdevelopedduring 'theresearch of SC for treatment'
and disposal; SPC exhibits superior strengthand durability and excels when
subjected to harsh chemical environments,microbe attack, etc. SC is also
imperviousto water and to radon gas. These facts may lead to safer nuclear
facilities of all types and more environmentallysound disposalstructures.

SPC is a promisingsolidificationand stabilizationagent for LLW, MW,

i Greater-than-Class-C,transuranic,and hazardouswastes. However,like allsolidificationand stabilizationagents tested to date, it will not accommodate "
all wastes.

.Conclusion

Federal, State, and local laws mandate ever increasing requirements for
solidification and stabilization of LLWand MW. In many cases, solidification
and stabilizationagents used in the past for selected wastes are not passing
the required tests for more 'troublesomewastes. SPC shows considerablepromise
in being able to accommodatea large percentageof those wastes. Current laws

" encourage full treatmentof wastes. With incinerationand/or vitrificationof
all candidatewastes, the potentialfor successfulsolidificationand
stabilizationof many more waste streamsusing SPC is realisticallyhigh.

Sulfur is a stable element. Tests to date suggest that SPC is also stable.
All indications are that SPC may well be the stabilizationagent that will

: preserve the encapsulated w_ste for thousands of years.

=

=
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