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WASTE SIMULANT DEVELOPMENT FOR EVALUATION OF
LLW MELTER SYSTEM TECHNOLOGY

1.0 INTRODUCTION

Defense wastes at the Hanford Site are currently contained in double-
shell tanks (DSTs) and older single-shell tanks (SSTs) in the form of liquids,
slurries, sludges, and salt cakes. The Tank Waste Remediation System (TWRS)
Program was established in 1991 to safely manac~ and immobilize these
radioactive tank wastes for disposal. The Hani..d Federal Facility Agreement
and Consent Order (Tri-Party Agreement), signed January 25, 1994 establishes
enforceable milestones for this program (Ecology : al. 1994). A reference
chemical flowsheet is being developed in compliance with the Tri-Party
Agreement that includes retrieval by sluicing and pumping along with waste
pretreatment operations that involve sludge washing and -ion-exchange prior to
vitrification. Some degree of blending is assumed as part of the pretreatment
oper .ions. The pretreatment process will separate the wastes into high-level
was! (HLW) and Tow-level waste (LLW) fractions. The LLW fraction will be
Cla: C waste or lower in activity with an estimated volume of approximately
230,000 m> (60.8 Mgal) (Wilson 1994).

The DST waste compositions and volumes are better characterized than SST
wastes so the strategy is to retrieve and pretreat DST wastes first followed
by SST wastes. Processing of both wastes is assumed to follow the same
referance chemical flowsheet. For evaluation of LLW melter systems, two
sim ints were developed based on the compositions of the LLW fraction of DST
wastes and SST wastes, respectively. The simulants based on the DST wastes
are designated double-shell slurry feed (DSSF) and will be used in Phase 1
testing of melter system technology while simulants based on the remaining LLW
inventory, which include SST wastes, will be used in Phase 2 melter system
tes” 1g. The basis for simulant selection, simulant compositions, chemical
formuiation sequences, and chemical and physical characteristics are discussed
in 5 document with emphasis on the DSSF-derived simulants for Phase 1
testing. The status and data for the remaining inventory simulants are
inc1uded to the extent available. The simulants are based on data that
inc.ude analytical results from tank samples, waste process history, and the
v ‘erence chemical flowsheet operations.

2.0 PURPOSE

This document describes the chemical composition for DSSF and remaining
inventory simulated wastes and defines the chemical compounds and mixing
seqi ce for formulating the simulants. The simulated waste compositions are
based on the LLW fractions of actual DSSF inventory and a remaining inventory,
which together represent the total LLW inventory at the Hanford Site. These
inventories were defined by a reference, baseline flowsheet that includes
was' retrieval, pretreatment, and blending prior to vitrification. The
simuiants will be used to conduct nonradioactive tests of melter system
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4.0 RECIPES FOR SIMULANTS

The simulate formulations described below are designed to prepare 1 L of
simulant. Concentrations are reported on a molar basis and the formulation
can be scaled to larger volumes as required. Ordinary chemical glassware can
be 1 :d to prepare laboratory batches of simulant, but because of the high
caustic nature of the solutions that tend to dissolve and corrode silicate-
bas¢ glass, they should not be stored in g]ass containers. Polyethylene,
polypropylene, polyvinylchloride, or Teflon' containers are recommended for
storage.

To minimize the amount of solid precipitates that can occur in chemically
complex caustic solutions, the simulants were made by first making two
solutions, each containing part of the chemical constituents, then mixing the
two solutions together. One solution contained compounds that are typically
soluble in neutral to slightly acid solutions. This was termed the "acid"
solution and contained Al and Fe nitrates as well as the sodium
ethylenediamenetetraacetate (EDTA) as a representative of TOC. The EDTA is a
complexant and helps prevent Al and Fe hydroxides, which are difficult to
red ;olve, from precipitating when the solution is added to a base. The
other solution included the hydroxides, phosphates, sulfates, carbonates, and
nitrites and is termed the "base" solution. The strategy was to slowly add
the "acid" solution to the "base" solution so that excess hydroxide in the
base would form soluble A](OH)4' and similar soluble metal species to
min ized metal hydroxide precipitation. Related to this approach was a
desire to evaluate if the two separate solutions would be more stable and have
less precipitates than the total mixed solution. This evaluation was required
to determine if the simulant shipped to melter test vendors would be easier to
use (have less sludge or caked precipitates) in large quantities as two
solutions mixed at the test site or as one solution.

These recipes are for laboratory scale quantities and use reagent-grade
chemicals. It is expected that large volumes of these simulants will use
technical-grade chemicals which contain more impurities. In general it is not
expected that the impurity levels in technical grade chemicals will caus any
significant problems with these simulants.

For all simulants described below, the compounds were added to about
300 | of deionized water in the order listed in the following tables, which
describe the "acid" and "base" solutions. The solutions/slurries were
constantly agitated during the additions and were not heated. After all the
cher :als were added to each "acid" or "base" solution/slurry, each of these
portions were transferred to a graduated cylinder and the volume adjusted to
500 ml. The densities were determined from the weight of the 500-ml1 solution.
Finé simulants were prepared by adding equal volumes of the "acid" components
to tne "base" components. The simulants were constantly agitated until no
more solids dissolved.

"Teflon is a trademark of E. I. du Pont de Nemours & Company.
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4.1 RECIPE FOR DSSF SIMULANT

The following recipe describes the preparation of a 1-L batch of 6M DSSF
simulant.

1. Obtain a 600 ml or larger beaker and add about 300 ml of
deionized water along with a stir bar or other stirring
device.

2. Add the chemical listed in Table 5 to prepare the "acid"
solution.

3. In another 1-L flask or container, add 300 to 400 ml of
deionized water.

4. Add the chemicals listed in Table 6 to prepare the "base"
solution.

5. Very slowly add the "acid" solution to the "base™ solution
to avoid excessive heating. After mixing, fill the
mixture to the 1-L mark. This mixture should be similar
to the target 6M DSSF composition given in Table 1.

6. For the preparation of a 104 batch of DSSF simulant, follow the same
procedure as above, but use the chemicals listed in Tables 7 and 8.

Table 5. Chemicals Required to Form the "Acid" Solution
for 6M DSSF Simulant.

Compound Formula Wt. Moles/Liter Grams per Batch
AT (NO)5 - 9H,0 375.14 0.61 228.84
| Ca(NOy), - 4H,0 236.16 0.00063 0.15
R T Y 0.0052 2.08
Fe (NOy) 5+ 9H,0 404.01 0.00046 0.19 |
Mg(imy). 1,0 _36.41 0.00062 0.16
Mn( ), (50% soln) 178.94 0.00025 0.0447
CsNO, 194.91 0.01 1.95
Na,Mo0, -H,0 241.95 0.01 2.42
Na,EDTA-2H,0 416.2 0.081 33.71

EDTA = ethylenediamenetetraacetate.
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Table 11. Estimated Volume Percent Settled Solids After 24 Hours at 55°C
for "Acid" and "Base" Solutions and at Room Temperature for the Mixtures.

- Simulant "Acid" "Base" Mixture
DS , 6M Na <5 15 <3
DS: , 10M Na <5 50 <5
RI, 6M Na 10 5 10

5.1.2 Resuspendability

An Important property of slurries is the ability to resuspend the solids
once they have settled. A qualitative evaluation of the "resuspendability" of
the <nlids in the three simulants was done by allowing the solids to settle in
a Te lon bottle for more than 24 hours and then slowly agitating them by
turr 1g the containers end-over-end several times, each time inspecting the
bottom for the presence of remaining solids. The solids in the 6M and 104 Na
simulants and the finer, dark solids in the remaining inventory simulant were
resuspended during the first couple of rotations of the bottles. The lighter
colored solids in the remaining inventory sample appeared gelatinous and
"dripped" from the bottom when the bottle was inverted. After about five
rotations of the bottle, all of the solids were resuspended. Based on these
observations, it appears that the solids in all the simulants could be easily
resuspended by moderate agitation.

5.1.3 Density

The densities of the solutions/slurries were measured by weighing a known
volt 2 within a graduated cylinder. The results are summarized in Table 12.

Table 12. Densities of Simulated Wastes at Room Temperature, g/cm3.

Simulant | "Acid" | "Bage" Mixture
DSSF, 6M Na 1.21 1.38 1.31
DS , 10M Na 1.39 1.58 1.42
RI, 6M Na 1.35 1.22 1.28

5.1.4 Viscosity

Viscosities of the mixtures were measured using a Haake Rotovisco RV20
with a CS20 measuring system and a DA45 sensor according to procedure
WHC-053-01. The viscosities at room temperature (23 °C) are given in
Table 13.
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Table 13. Viscosity of Simulated Wastes at 23 °C.

Simulant | Viscosity, cP
DSSF, 64 Na ) 3.6 + 0.2
DSSF, 10M Na 11.1 £ 0.2
RI, 6M Na 2.6 £ 0.2

5.2 CHEMICAL PROPERTIES

5.2.1 Moisture Content

Samples of the simulants were dried at 120 °C in a vacuum oven for
several days to determine weight Toss (moisture content). The results are
shown in Table 14.

Table 14. Moisture Content of Simulated Wastes
(determined by drving at 120 °C).

Simulant Moisture Content, wt%
DSSF, 6M Na 65
DSSF, 10M Na 50
RI, 6M Na 65

5.2.2 Chemical Composition

The chemical composition of the simulated waste mixtures was determined
by Inductively Coupled Argon Plasma Spectroscopy (ICP) using a Jarrell-Ash
Mode® 975 ICP according to procedure PNL-ALO-211.2, Rev 0. The solutinns were
acic.fied using 2 vo... nitric . 'd. Anion ci :entrations were measur using
a Dionex Series 4000i ion chromatograph according to procedure PNL-/'1-212,
Rev 1. Carbon analyses were conducted using a Xertex-Dohrmann Modei uC-80
carbon analyzer according to procedure PNL-ALO-382.1, Rev 0. The hydroxide
dem~~1 was determined by titration to evaluate free hydroxide and the amount
use. .o form the metal hydroxides and/or hydroxy complexes. A summary of
these analytical results is given in Table 15.

16






WHC-SD-WM-TI-624 REV 0
7.0 REFERENCES

Boomer, K. D., S. K. Baker, A. L. Boldt, J. D. Galbraith, J. S. Garfield,
€. E. Golberg, B. A. Higley, L. J. Johnson, M. J. Kupfer, R. M. Marusich,
. J. Parazin, A. N. Praga, G. W. Reddick, J. A. Reddick,
k. J. Slaathaug, L. M. Swanson, T. L. Waldo, and C. E. Worchester, 1993,
Tank Waste Technical Options Report, WHC-EP-0616, Westinghouse Hanford
Company, Richland, Washington.

DOE, 1991, Integrated Data Base for 1991: U.S. Spent Fuel and Radioactive
Waste Inventories, Projections, and Characteristics, DOE/RQ-0006, Rev. 7,
U.S. Department of Energy, Washington, D.C.

Ecology, EPA, and DOE, 1994, Hanford Federal Facility Agreement and Consent
Order, as amended, Washington State Department of Ecology,
.S. Environmental Protection Agency, and U.S. Department of Energy,
Olympia, Washington.

Hanlon, B. M., 1993, Tank Farm Surveillance and Waste Status Summary Report
for July 1993, WHC-EP-0182-64, Westinghouse Hanford Company, Richland,
ashington.

Hendrickson, D. W., and J. M. Conner, 1994, Grout Treatment Facility Waste
Feed Projections, WHC-SD-WM-TI-528, Rev. 1, Westinghouse Hanford Company,
Richland, Washington.

Lowe, S. S., 1991, Preliminary Material Balances for Pretreatment of NCAW,
CRW, PFP, and CC Wastes, WHC-SD-WM-TI-492, Rev. 0, Westinghouse Hanford
Company, Richland, Washington.

RHO, 1985, Hanford Defense Waste Disposal Alternatives: Engineering Support
ata for t! Hanford Defense Waste: Environmental Impact Stater it,
RHO-RE-ST-30P, Rockwell Hanford Company, Richland, Washington.

Wilson, C. N., 1994, Statement of Work For Evaluation of Melter System
Technologies for Vitrification of High-Sodium Content Low-Level
Radioactiv Liquid Wastes, WHC-SD-WM-Rl 144, Rev. 0, |\ :ingho
Hanford Company, Richland, Washington.

18



WHC-SD-WM-TI-624 REV 0

APPENDIX A
WASTE STREAM INVENTORIES
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Table A-1. Nominal Low-Level Waste Streams.
Component Double-shell slurry Remaining inventory Solids (wt%)
feed (mol/L) {mol/L)

Ag?t 7.3 E-05 5.0 £-0/ 3.4 E-03
Al+3 - - 2.2
AlOH),~ 5.6 E-01 1.6 £-01 -
AstS 1.9 €-04 3.4 £-08 5.4 £-03
p+3 - 1.3E-05 0.02
Ba*+2 3.2 €-05 1.3 E-07 0.02
Bet+2 2.0 €03 1.4 E-07 7.6 E-05
git+3 2.1 E-04 5.2 E-04 1.6
cat? 5.7 €04 3.3 €04 1.3
ca*2 5.7 E-05 2.9 E-05 0.07
Cet+d - 2.9 €05 1.9
Cot+3 - 1.5 E-06 6.3 E-03
crt+3 - - 0.27
Cr(OH) 4 4.7 €03 3.5 €03 -
cut? 1.1 £-04 2.9 €07 6.3 E-03
Fet+3 4.2 E-04 2.0 £-04 8.0
Hg *2 7.1 €08 7.4 €06 7.3 €05

+ 2.8 E-01 4.8 E-03 0.14
Lat3 - 4.0 €06 0.32
u+ - 7.5 €-08 2.8 E-04
Mg *+2 5.7 E-04 9.2 £-07 0.04
Mo *+6 2.8 E-04 8.8 E-06 0.04
Na*t 5.0 E+00 5.0 E+00 5.8
Ni+3 4.0 E-04 4.3 €07 0.08
ppot+4 5.0 E-04 3.0 £-07 0.24
Rb* - 1.2 E-08 2.1 E-05
Ret+7 - 4.2E08 3.2 E-04
Rh*+3 - 2.0 E-07 3.5 €-03
Rut3 7.9 E-08 4.4 €07 4.3 E-03
sb*S 1.5 E-03 7.8E-07 0.01
se+6 2.3E-04 1.2 E-06 0.02
sité 2.0 E-03 3.2E-04 0.38
sm*3 - 3.5 E-09 2.6 E-04
srt? - 7.0 €08 0.30
To+6 - 6.8 E-08 2.0 E-03
Th+4 - 2.4 E-06 0.22
Tité 5.8 E-05 2.3 €-07 3.6 €-03
nit3 - 2.5 E-06 0.04
voa+2 2.2E-06 5.2 E-04 120
v+5 3.5E-04 3.2 €07 3.2 E-04
w6 1.3E-03 - -
Znt2 8.8 E-04 1.2 E-06 0.01
cr 8.7 E-02 7.7 €-03 0.02
co,2 1.5 E-01 4.2 €02 14
F 1.4 £-01 1.0 €-01 0.47
Fe(CN)g™2 - -
r - 2.0 E-06 2.4 €-05
N0, 9.4 €-01 2.1 E-01 0.54
NOg" 1.3E+00 2.9E+00 8.4
oH’ 2.1 E+00 1.1 E+00 13.5
Po,3 2.4 €02 9.0 €02 as
50,72 2.4 E-02 3.2 €02 0.33
Cancrinite - - 22.3
MnO, 2.3E-04 8.1 E-04 3.2
Ni,Fa{CN) g - - 4.1
P,05-24W0 - 44H,0 - - 0.17
Organic carbon (g/L) 8.8 E+00 1.0E+00 3.2
2r0,- 2H,0 1.7 €-04 2.5 E-04 7.8
Polyelectrolyte - 1.2€-03 0.52
Total kilograms - - 8.00 E+04
Total volume {L} 7.7E+07 6.0 E+08 -

“Cancnnite = ZNaAiSiO, - 0.52NaNua-u.68 HaU.
























