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ABSTRACT '

A cement-based waste form, !

Ysaltstone," has been designed for disposal of Savannah River Plant low-level

radioactive salt waste. The disposal precess includes emplacing the saltstone in engineered trenches above the

water table but below grade at SRP.

Design of the waste form and disposal system limits the concentration of

salts and radignuclides in the groundwater so that EPA drinking water standards will not be exceeded at the

perimeter of the disposal site.

INTRODUCTION

Background

The Defense Waste Processing Facility {(DWPF) at
the Savannah River Plant (SRP} is scheduled to begin
gperation in 1989. Two types of waste will be proc-
essed: high-level defense waste (primarily Fe, Mn and
Al hydroxides) and low-level waste {primarily sodium
salts generated as ‘spent industrial processing chemi-
cals). A schematic of both operations is shown in
Fig. 1. The high-level sludge waste will be vitrified
at SRP prior to shipment to a federal geolegic reposi-
tory. The processed salt waste will be buried in engi-
neered trenches at SAP,
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The disposal process for low-level waste, prima-
rily NaNO3, NaNOp, NaAl(OH}s, NapSOz, and NaOH, in-
volves reconstitution of the salts into a concentrated
solution (about 32 wt % solids), decontamination,
solidificatfon in a cement-based waste form, and burial
at SRP, The average bulk composition of decontaminated
aged salt solution is shown in Table I, The decontami-
nation process consists of cesium removal by precipi-
tation of cesium tetraphenylborate and strontium
removal by adsorption onto sodium titanate particles,
Radionuclide concentrations in the average decontami-
nated solution are listed in Table [I. The total
projected amount of reconstituted liquid waste which
will be disposed of in this manner is about 400 million
liters.
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Schematic Diagram I1lustrating SRP Defense Waste Processing Facilities.



TABLE I

Average Chemical Composition of
Decontaminated, Aged Sait Solutiond

Degontaminated

Compgnent Sait Solution wt %
Hz0 68
NaNCGy 15.6
NaNQ, 3.9
NaQH . 4,2
NaCO4 1.7
NaAT{OH)4 3.6
Nap504 1.9
NaF 0.08
NaCl 0.12
NapSi0g 0.04
NaZCrD4 Q.05
NazCr04 0.31
Na3POy 0.13
NaB(C5H5)4 0.06
Other Salts g.20

4 Adjusted to account for precifitation and
filtration.

TABLE 1I

Average Radionuclide Composition of
Decontaminated, Aged Salt Solution

Supernate

(aged 15 yrs)
Radignuclide (half-Tife, yrs) {(nCi/q)
¢ ¢5730) 0.009
80co (5.27). 0.2
S9y1 ({20,000} 0.0002
63n4(100) 0.02
79se(approx. 6.5 x 104) 0.3
90sr (29) 0.7
9y (3.1 hr)? 0.7
99re (2.1 x 105) 4 x 10!
106y (3.0) 4 x 10}
106gh {2.18 hr}? 4 x 10!
125sn (2.73) 9
126sn (approx, 105 a,2
125mTa (58 da)@ 0.2
1265h (12.5 da)@ 0.02
125="5b (19 min) 0.2
1297 (1.7 x 107) 0.2
137¢s (30.2) 2 x 10!
137m8, (2.5 min)? 2 x 101
187pm {2.52) 4
1515 (93) 2
184gy (8.2} 1
185ey (4.76) 0.3
238py (87.7) 0.05
23%y (24,000) 0. 0005
A1l TRY elements 0.2

P —————————

& paughter of preceding isotope.

Partinent Requlations

SRP is operated under the jurisdiction of the
U. S. Oepartment of Energy. Therefore, all applicable
DOE Eegu]ations must be met. These include DOE Qrder
5820t which establishes policies and guidelines for
dispgsa] of low-level radigactive waste and DOE Qrder
5480« which pertains to hazardous and radigactive
mixed waste. The latter order stipulates that DQE
facilities will folleow, to the extent practiceable,
regulations issued by the EPA. Therefore, although the
processed saltstone does not fall into the hazardous
waste category,® it is required that SRP preserve the
quality of the groundwater so that it will meet

drinking water limits at the Tandfi11 boundary

(EPA 40CFR141).% Likewise, although NRC 10CFR615

does not apply to the defense waste generated at SRP,
the goal is to equal or exceed these requirements for
disposal of commercially-generated radicactive waste.

Waste Descripticn

An estimate of the volume and of the amount of
contaminants in the SRP salt waste is summarized in
Table III. The reconstituted, decontaminated salt

“solution 15 a low-level radioactive waste containing

.about 190 nCi/g. The most environmentally significant
radionuclides account for about 61 nCi/g and are 1isted
in Table III, Hazardous chemicals in this solution
include: Cr (V1), present as chromate; a small amount
of Hg, present as Hg {0 and II}; and benzene which is
formed by the breakdown of NaB(CgHs)a (used to remove
Cs from the solution). WNon-hazardous chemicals which
myst be controlled to meet drinking water standards
include: N present as NaNOj and NaNOz, and OH®

present as NaOH. (The so1ut1on pH 1s 14}.

TABLE III
-Sa1t Waste Description

DWPF Salt Solutien

‘Total Quantity Concentration
volume 4 x 10% 1iters 2wt
salts
Radicactive I[sotapes 1x lU4 ¢t 61 nCi/g
137Cs, gch, 90Sr
EPA Hazardous Chemicals
cr 36 metric tons 130 ppm
Hg - 3.2 kilograms 0.011  opm
Banzene 127 metric tons 525 ppm
Non-Hazardous Chemicals
Na0, - Nahg, 9 x 10% metric ton 157,000 ppm
NaOH 1.B x 104 metric ton pH 14

Waste Disposal Systems

Selection of a disposal system for the decontami-
nated salt solution was based on an assessment of the
waste inventory and a review of several disposal
options which could patentially meet ajl state and fed-
eral requirements., A review of these disposal alter-
natives has been presented elsewhere,

Methods considered for containment of the salt
waste invoive stabilization via a treatment process to
reduce contaminant mobility. This can be accompliished
by one or a combination of techniques including;
solidification to eliminate spiltls and airborne contam-
ination, microencapsulation to reduce leaching,- and
chemical fixation. The two disposal options considered
for the resulting waste form were emplacement in se-
cured landfills ?clay-]ined - clay-capped trenches with
leachate collection systems) and burial in engmeered
trenches without leachate collection.

The secured jandfill option was rejected as a
final means of salt disposal. Since sodium salts do
not chemically degrade or decay, ¢ontinual monitoring
for leachate would be necessary to assure groundwater
quality. Leachate generated by this landfill scenario
would also require disposal and would ultimately lead
to repetitive treatment and burial of the sait waste.

Final disposal of stabilized waste in enginzered
trenches without leachate cotlection systems was
adopted after initial laboratory testing indicated that
the various potential contaminants could be adegquately



contained in cement-based waste forms. This total sys-
tem provides a mechanism for slow, controiled release
of the salts which constitute most of the waste. 1In
addition, migration of the radionuclides ard hazardous
chemicais, Cr and Hg, inte the groundwater is negligi-
ble due tn retention in the waste form and immediately
adjacent soiis.

Sattstone; SRP Cement-Based Waste Form

Several materials including polymers, bitumen, and
cementitious grouts were inftially considered for salt
waste encapsulation. A cement-based waste form, sali-
stone, was chosen because both slurry properties and
final bulk properties of this material can be tailored
to meet mixing, emplacement, contaminant stabilizatien,
and durability requirements. In addition, existing
technolegy and commercially available equipment are
suitabla for high-volume grout processing.

The current reference formulation is shown in
Table IV. The preblended cement and fly ash is mixed
with decontaminated salt soiuticn to form a grout. A
discussion of the development of this formulation and
physical properties of the slurry and cured 9roduct
has been presented by Langton, et. al, 1983

TABLE IV

Sattstone Reference Formulation

Ingredient Wt %
Portland Cement 12
{(Class H) . 60 wt %
Cement
Fly Ash {Class ¢} 43 . :
Salt 13 :
40 wt %
Water . 27 Solution
CEMENT
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Saltstone Microencapsulation Mechanism

+ SALT SOLUTION

Microencapsulation of the waste in saitstone is
achieved as the result of hydration reactions between
the cement and water component of the solution. As a
result of these reactions, the waste is trapped in pore
spaces and/or chemically fixed as meta] hydroxides.
Cations such as Srét substitute for Calt in the
hydration products.

Upon mixing the blended cement and solution, hy-
drated calcium silicate gel, CSH, begins to form,
Reaction products also include Ca(OH?g and small
amounts of other cyrstaliine and non-crystalline
phases. As water is consumed by the hydration process,
the pore solution becomes super-saturated with respect
to the various constituent salts. At this point,
remaining pore space is filled with CSH gel and salt
¢rystals. In the final cured product, crystals of the
sodium saits are disseminated throughout the cement gel
matrix. In saltstone, as in copstruction concrete,
pore solution in excess of that required for complete
hydration is retained in the microstructure as inter-
stitial capillary pore fluid. A schematic illustration
of this microencapsutation process is shawn in Fig. 2.
An SEM image of saltstone illustrating the resulting
micro structure is shown in Fig., 3.

Disposal Site Selection

Compatibility between the waste form and the dis-
posal environment is an integral part of the contain-
ment system. The following criteria were used to
select the saltstone disposal site: good drainage,
downward hydraulic gradient, adequate area to accommo-
date 8 x 10° cubic meters of grout emplaced in trenches
at least 5§ meters below graded and 1.5 meters above the
histaric high water table,D and proximity to H Area
where the wasta will be decontaminated. A suitable
site has been jdentified at SRP and is referred to as
Z Area.

4 At SRP, root penétration and burrowing animal
habitats are limited to the upper 5 m of soil.

b The groundwater underlying the d15p0531 site is
15.5- 19 5 m below grade.
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Fig. 2.

Saltstone Microencapsulation Schematic, I1lustrating Crystalline Salts Trapbed
in Pore Spaces of Hydrated Cement.

Modified from References 8 and 9,
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SEM Secondary Electron Image of the
Reference Saltstone Formulation
after Curing for 28 Days. Round
Spheres are Unreacted or Partially
Reacted Fly Ash. CSH Gel after

28 days Appears Massive. Salt
Crystals are Small Bright Crystals
Disseminated Throughout the Gel,

Fig. 3.

Relatively constant moisture content and hydraulic
conductivities of the soiis making up the host sedi-
ments in Z-Area result in an unsaturated steady state
envirgnment, These conditigns are desirable for
long-tarm curing of the saltstone monoliths, Alsg this
enyironment minimizes the potential for cyclical wet-
ting and drying which could be defrimental to saltstone
duranility. Likewise, location of the monoliths in the
unsaturated zone above the water table aiso minimizes
the potential for accelerated leaching under saturated
canditions.

T

l

Trench- Design

Emiacing saltstone in engineered trenches and
backfilling to grade assures waste form integrity and
precludes contaminant release directly into surface
runoff. A variety of trench geometries, dimensions,
and Jayouts have been generated by computer modeling of
the disposal system. Variables considered in these
studies include soil and saitstone properties and pro-
Jected rainfall, Many of these designs meet the cri-
teria for maintaining drinking water standards in the
groundwater at the site boundary. The current refer-
ence trench and landfiT1] layout are shown in Fig. 4.
In this desfgn, the manoliths are covered with clay
caps made from a mixtyre of Z-Area soil and 6-12 wt %
bentonite. These caps assure that water does not
accumulate on top of the monoliths and further reduce
the possibility of root and burrowing animal penetra-
tion of the saltstone.

CONCLUSTON

The disposal system for the DWPF salt waste in-

-cludes reconstitution of the crystallized salt as a
solution containing 32 wt % i%}ids. This solution will
be decontaminated to remove 437Cs and #9 Sr and

then stabilized in a cement-based waste form, sait-
stone. Laboratory and field tests indicate that this
stabilization process greatly reduces the mobility of
all of the waste con;ti utents in the surface and near
surface environment.’» Engineered trenches for
subsurface burial of the saitstone have been designed
to assure compatibility hetween the waste form and
environment. The total disposal system, saltstone-
trench-surrounding soil, has been designed to contain
radionuclides, Cr, and Hg, while allowing for very
slow, controlled releasa of soluble N and OH™ as the
talts themselves, In this way, final dispoeal of tha
SRP low-level waste can be achieved and the quality of
the groundwater at the perimeter of the disposal site
will not exceed EPA drinking water standards.

- 13.9m -

7.6 m-————-»l

- SECTION

4, Reference Trench Lay—Oﬁt and Cross Section.
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