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TABLE 1-1: Grout Feed Acceptance Criteria Summary

Feed Component

Acceptablie Limit

Organics (ppm)1
TOC
Other Organics

1536

See
Tﬁh]e 4_2

Cations/Metals (ppm)>
Ag
Al
As
B
Ba
Be
Bi
Ca
Cd
Ce
Cr
Cu
Fe
Hg
K
La
Li
Mg
Mn
Mo
Na
Nd
Ni
Pb
Pd

5063

20300

0.15

136

46154
TBD-WM-004
780-WM-005
573

80
TBO-WM-006
21000

7

1490

20

11500
TBD-WM-007
TBD-WM-008
320

3010

68

122000
T80-WM-009
30

12.5
TBD-WM-010
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TABL™ "-1: “rout F Acceptance Criteria Summary

Fasd Component Acceptable Limit

Sb-125 0.5399

[-129 0.00107

Cs-134 0.1761

Cs-137 0.3718

Ca-144 0.2237

U-234

U-235 TBO-WM-014

u-238 _

Np-237

Pu-238

Pu-239/240 Total T5?08028$25r3t10n

Am-241

Cn-244 _ o

Other Parameters

pH (Standard Units) : >10

Total Solids (ppm) <400,000

Heat Generatars <0.26 CsmBa heat equivalents
Ci/L

Density < 1.4 ¥q/L

Total organic constituents should not exceed 3250 mg/L.

Total sodium (Na) should be greater than 75% of total cations.

T :al aluminum (A1) should be less than 20% of total cations. Waste
Yimitations for As, Ba, Cd, Cr, Pb, Hg, Se, and Ag based on EP
toxicity and TCLP tests assuming linearity between waste feed
concentration and extract concentrations.

Total nitrate-nitrite (NOy-NO,) should be less than 75% of total
anions.Taotal chloride-fluoride-hydroxide-carbonate (C1-F-QH-CO5)
should be less than 20% of total anions.

Performance goal is to limit maximum individual exposure from grout

through all pathways to 5 mrem/yr or 0.8 mrem/yr from drinking
water.

1-4
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The total mix of radionuclides in the grou
to assure_that the net concentration in Csi
260 per m>. The evaluation method is basec
fractions rule as described in Hendrickson

1-5

red must be evaluated
equivalent curies is
the sum of the
191a).
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2.0 INTRODUCTION

Radioactive liquid and sludge wastes, retrievable by such means as
pumping are stored at the Hanford site in twenty-eight double-shelled tanks
(DST) and one hundred forty-nine single-shelled tanks (SST). It is the goal
of the U. S. Department of Energy (DOE) to provide for permanent disposal of
the waste contained in the DSTs. Liquid SST wastes are to be retrieved,
pretreated as necessary and placed in the DSTs.

The waste management program at Hanford is described in more detail in
the document entitled "Hanford Waste Management Plan (HWMP)." The HWMP
(DOE/RL 1988) calls for wastes that have high levels of radioactivity to be
processed into borosilicate glass. and shipped to the federal geologic
v jository. The low-level radioactive fraction will be solidified = a
cementitious grout at the Hanford Grout Processing Facility (GPF) and disposed
in the pre-constructed, lined concrete vaults of the Grout Disposal Facility
("IF). :

2.1 Statement of the Problem

The grout resulting from the mixing of the low level radioactive wastes
together with the grout forming materials (¢ nent, flyash, 2tc.) must meet
stringent regulatory reguirements for such properties as mechanical strength,
ieachability, thermal stability, and radiation stability. In order to assure
that these requirements are met over the design life and/aor period of
regulatory control of the GDF, the characteristics of the waste fsed stream
must be well defined.

Wastes contained in the various OSTs and SSTs may contain matarials that
result in an unacceptable product when mixed with the grout forming materials.
In those cases pre-treatment of the waste feed stream may be necessary to
alter its makeup. Waste feed materials which may have a potential adverse
effect on the resulting grout must be identified and limits astablished for
their composition so that pre-treatment methods can te developed to meet the
waste feed acceptanca criteria.

2.2 Scope
This document defines the physical and chemical accentance criteria for
1 » diocactive Tiquid and sludge wastes ¢. the DSTs i iy fol @ v any

pretreatment efforts, for processing, treatment, and disposa: in the Grout
Treatment Facility (GTF).

2-1
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4.0 REGULATORY REQUIREMENTS

The grout disposal facility (GDF) consists primarily of near-surface,
1ined concrete vaults to be used for the disposal of grouted liquid low-level
and mixed wastes. These wastes are currently being stored in double shell
tanks. The vaults will be managed as surface impoundments and closed as
landfills. As such, the facility must ensure compliance with regulations
pursuant to the Resource Conservation and Recovery Act (RCRA). These
requlations are f¢ in Title 40 of the Code of | leral Regulations (CFR) and
Chapter 173-303 of the Washington Administrative Code (WAC) (Ecalogy 1991).
Additional reaul: iry requirements include those of the Nuclear Regulatory
Commission (Ni._, and DOE, those pursuant to the Clean Air Act (CAA), and those
required wi 1in the performance assessment (Whyatt 1991) to assure groundwater
quality maintenance.

4.1 Identification of Hazardous/Dangerous Waste

Mixed waste is any solid waste that contains both a radicactive compor 1t
and a h. _irdous (per RCRA) or dangerous (per WAC) component. Washington State
also requlates characteristic waste based on WAC toxicity, persistence, and
carcinogenicity. Regulations for identifying and listing hazardous/dangerous
wastes are found in 40 CFR 261 (EPA 1989a) and WAC 173-303-070 respectively.
The radionuclides in the waste are not regulated by RCRA and the WAC.

There are two general ¢ lories of hazardous/dangerous waste -
characteristic and listed. 1ihe double shell tank (DST) waste anticipated for
grout feed contains both listed and characteristic waste.

Charac ristic wastes are categorized based on ignitability, corrosivity,
reactivity and-toxicity. Regulations governing designation of characteristic
hazardous/dangerous waste are found in Subpart C of 40 CFR 261/WAC 173-303-
070. For a discussion of the basis for wasi classification and testing see
Chapter 3 of the Grout Facility RCRA Part B Permit Application (DOE/RL 1991).

. Jr purposes of preparing grout that will be suitable faor disposal, the
primary characteristic of concern is toxicity. Table 4-1 gives the maximum
concentration of contaminants in a treated waste extract for the
characteristic of toxicity based on the Toxicity Characteristic Leaching
Procedure (TCLP) for constituents known or anticipated to be in the OST waste.

4-1
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4.5 Performance Assessment Limits

DOE Order 5820.2A (DOE 1988) prescribes that the performance analysis
will assure protection of groundwater resources cansistent with federal, state
and local requirements. To meet this requirement for approval of operations
by OQE, performance goals have been developed basaed on state and federal
drinking water protection regulations. These regulations limit exposure to 4
mrem/yr for all radionuclides. The performance goal is a radionuclide dose of
0.8 mrem/yr through the drinking water pathway.

The results of the performance assessment (Whyatt 1991) indicate that the
grout disposal system, functioning as designed, will achieve these defined
performance goals. Conservative assumptions were made where there was
uncertainty in the values to be used for modeling the system. For example, in
modeling groundv :er transport, the value for disf °sion is uncertain so
dispersion was not used. Because the impacts of other disposal actions on the
groundwater are unknown, the grout disposal performance goals were
conservatively formulated using a 20% apportionment of the regulatory limits.
Despite the conservative assumptions made in modeling, the performance of the
system functioning as designed is still within the performanca objectives for
all exposure scenarios.
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5.0 WASTE INVENTORY

The wastes managed by the GTF are concentrated salt solutions generated
by the operating units in the 100, 200, 300, and 400 areas. Some of the waste
is concentrated by evaporation to minimize waste volume. Waste inventories
have been developed from existing documentation (Claghorn, 1987; Serne, 1987).
The following information provides a brief description of the waste sources,
waste stream characterization, waste volumes, and solids contents of the low-
level wastes that will be grouted.

5.1 Waste Soufces
5.1.1 Hanford Facilities Waste (HFW) and Phosphate and Sulfate Waste (PSW)

HFW includes the wastes generated on the Hanford site at locations other
than the 200 Area operations. The N-Reactar, located in the 1QQ-N Area
produced three liquid waste streams. One stream, the N-Reactor
decontamination waste, is generated periodically during cleanup aperations.
[on-exchange regeneration waste is produced semi-continuously as a result of
back-flushing the ion exchange resins used to purify the water in the spent-
fuel storage basin. The decontamination waste and ion exchange regeneration
v te streams ar also known as the phaosphate/sulfata waste (PSW).

A third waste stream, the sandfilter backwash waste, was primarily a
sludge g¢ -ated during periodic filter flushing. Other HFW secondary waste
streams 1 (1t from fuel fabrication operations and laboratory activities from
the 300 Area, and miscellaneous wastes from the 400 Area.

5.1.2 Double-Shell Slurry Feed (DSSF)

Many streams that enter DSTs consist of dilute liquids low in
radioactivity. These streams are so concentrated by Evaporator 242-A that one
more pass through the evaporator would increase the sodium aluminate
concentration past the sodium phase boundary and the stream would solidify
when cooled. At this point the waste is called DSSF.

5.1.3 Double-Shell Slurry (DSS)

When the NSSF is processed throngh Evaporator 242-A the DSSF is
o | te sogdium alumin._ 3 phase boundary. ..e hot slurry is
nimped to a OST where it forms solids as it cools. The waste is then called
—_——

5.1.4 Concentrated Phosphate Waste

Concentrated phosphate waste is a blend from different waste sources.
Approximately half is phosphate waste derived from N-reactor decontamination
operations. The remainder is primarily derived from previous salt well
pumping operations. Quring retrieval, some liquids may be added to facilitate
pumping of this waste.

5-1
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Tank 241-AN-106 Wastes

The waste in tank 241-AN-106 (Tank 106-AN) is primarily concentrated
phosphate waste from the 100-N Area. The waste was segregated from other tank
farm wastes because of the deleterious effects phosphate crystals have on
avaporator operations. OQOther tank waste is salt well liquid and minor amounts
of dilut: waste.

Tank 241-AN-103 Wastes

The waste in tank 241-AN-103 is primarily salt well liquid. This waste
has a higher concentration of aluminate than the other two tanks. The
aluminate concentration is indicative of salt well liquids.

Tank 241-AW-101 Wastes

The waste in tank 241-AW-101 is primarily dilute wastes discharged from
the PUREX Plant and concentrated in the evaporator. This waste is
char: .erized by high concentrations of potassium in comparison with the other
two tanks. High concentrations of potassium are indicative of PUREX wastes in
the same manner that aluminate is indicative of salt well liquids and
phosphate is indicative of wastes from the 100-N Area. The remainder of the
tank waste is salt well liquid and minor amounts of dilute waste.

5.3 Physical/Chemical Characteristics

Appendix A, Tables A-1 through A-5, contain mean, 95% confidence, and
bounding source term concantrations for organic, cationic, and anionic
species, radionuclides, and other physical parameters. Definitions of these
terms are contained within Appendix A. The source term characteristics were
based upon samples from Tanks 241-AN-103, 241-AN-106, and 214-AW-101. As
discussed in Hendrickson (1990) and Claghorn (1987), thesa analyses are
representative of DSS and DSSF wastes and are expected to bound, following
pretreatment, other waste types.

5.4 Volume

Under current design specifications, each grout vault will contain
approximately 3.785 million liters (1 million gallons) of tank waste. Groutad
waste occupi approx 'y 40% mo: volume 1 the wasta itself. Current
facility design 1d wi rolur  projections ympass the filling of 43
disposal vaults (UOE/KL 1949l). Waste volume data used in preparation of this
document a1 described in Hanlon (1991).

5.5 Trends for Future Waste Feed Component Variations

Future waste streams will include dilute, non-complexed waste from
various facilities and B-Plant Aging Waste supernatant from retrieved Aging
Waste. A smaller volume of concentrated complexed wastes, NCAW, and NCRW will
also be produced.

w
1)
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5.5.2 NCAW and NCRW Waste

The GTF may receive six product streams from the processing of NCAW
(Wong, 1983). NCAW sludge containing TRU elements and strontium are expected
to be separated before disposal at the GTF. The remaining supernatant may be
grouted for disposal. NCAW waste feed to the GTF is expected to contain
relatively h 1 concentrations of aluminate and cesium.

The decladding of fuel rods produces a two-phase waste consisting of
1iquid and sludge. The liquid phase can be separated and retrieved leaving
behind a sludge referred to as NCRW. The sludge is expected to contain
relatively high concentrations of fluoride, zirconium, and potassium. The
NCRW sludge may require modification before retrieval.

5-5



WHC-SD-WM-RD-019, Rev. 1

THIS PAGE INTENTIONALLY LEFT BLA

5-6



e

WHC-SD-WM-RD-019, Rev. |
6.0 ANALYSIS QF TEST RESULTS

Grout quality is demonstrated by preparing a sample from actual or
simulated feeds. These samples are mixed with an appropriate blend of dry
materials and tested for physical characteristics including processability,
compressive strength, leach resistance, and TCLP results. The need to
demonstrate grout quality is based on the fact that final grout
characteristics will vary with changes in feed, process, and formulation
compasitions.

The success of the product demonstration at the feed tank is dependent
upon the success of previous formulation developmant. The current formulation
strategy is to define a waste stream and develop experiments to determine how
different mixtures of the dry components affect grout characteristics. To
date, ORNL has developed grout formulations for two Hanford feed types: PSW
wastes and NCRW supernatant waste. Battelle Pacific Northwest Laboratory (PNL)
has been investigating leaching characteristics of different grout mixtures to
evaluate the performance of the grout product in retaining hazardous
components. The PNL tests have been conducted using PSW, Tank 106-AN, and
OSSF waste feed types. The chemical analysis of these waste feeds are
summarized in Table 6-1.

6.1 Characterization of PSW Grout Formulation
6§.1.1 Laboratory Study \

Leaching and adsorption characteristics of PSW grout was investigated in
1987 (Serne, 1987). Experimental data from three leach tests (ANS 16.1
intermittent solution exchange test, static leach test, and once-through flow
column test), twa adsorption tests (batch and once-through flow column), and a
combined grout-leaching, sediment-adsorption column test were used to (1)
characterize the ability of PSW grout to resist leaching of waste constituents
to groundwate and (2) identify mechanisms that control Teach ratas and
adsorption potential.

6-1
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The grout waste form used in this investigation was simulated to resemble
HFW solutions that . .ght result from a decontamination operation (phosphate
waste) and a fuels storage basin water cleanup process (sulfate wastes) at the
Hanford N-Reactor. The assumed blend of phosphate waste:sulfate waste was
3:2. The phosghate waste was actual N-Reactor waste and contained measurable
activities of >Mn and *°Co. The su]fate squ;1on used was a chemically
simulated 1iquid waste spiked with @ °Sr and "’Cs. Chemical analyses of the
grout waste feed were.not performed and the presence of secondary constituents
were not quantified. Table ¢t ) lists the composition of the PSW Grout
formation.

TABLE 6-2: Composition of PSW Grout Used in 1987
Leaching/Adsorption Tests

Solids Portland Type [ and [l Cement 41 wt%
Class F Fly Ash 40 wt%
~Attapulgite Clay 11 wt%
Indian Red Pottery Clay 8 wt%
Liquids Sulfate Waste Components 40 wt%
0.03 M Na,SO0,
0.01 M NaOH
0.02 M NaNo,
Phosphate Waste Components 60 wt%

0.151 M Na,PO,
0.013 M NaNo,
0.01 M NaCH

Although informative, this investigation is not directly applicable to
the development of waste specifications for the following reasons:

o The test results did not include grout acceptance criteria parameters,
e C chemical 1alyses of iific e fi ar _ nat ily
available, and

« chemical characterization of the unsolidified grout are not available.

6.1.2 Pilot-Scale Studies

A major pilot-scale test produced 83,270 liters of simulated grout was
conducte © in July 1986 to assess the effectiveness of the grouting operations
and the resulting grout properties (Fow 1987, and Lokken, 1988). OQuring the
test, 60,560 liters of simulated PSW waste were solidified with a four
component blend of dry solids. The solids included portland cement (41%),
Class F fly ash (40%), illitic clay (8%), and attapulgite clay (11%). Ory
solids were mixed at two ratios: 3.2 and 3.3 kilograms dry mix per gallon of
waste. Equal volumes of phosphate waste and sulfate waste were mixed to

§-5
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produce the waste feed; a small volume of sandfilter <wash sludge was also
included in the sulfate waste. The solids present i » sulfate waste were
present at a ratio of approximately 50 kg to 1 milli iters.

Investi_ition parameters included rheology, Ext: on Procedure Toxicity
(EPTOX) of simulated PSW waste and bleed liquid, Tox 1aracteristic Leaching
Procedure (TCLP) of 22 grout monolith samples, compr: re strength of cured
grout, drainable liquid fraction, and bulk density. :hese, rheology,
EPTOX, TCLP, and compressive strength are directly a :able to grout
acceptability for operational needs, RCRA requiremen: ind NRC Guidelines
(NRC/NISTIR 1989). Only inorganic constituents in e: 'ts were analyzed in
the EPTOX and TCLP tests. The major findings of the it test are summarized

below and in Table 6-3.
. The flow characteristics of the grout mixturt¢ vere determined
to be acceptable. Desired turbulent flow thrc jh tI inlet pipe
was observed.
. TCLP leachate analyses were within regulatory limits (Table 6-3).
. The compressive strength of the grout ranged -om 258-440 psi.
. Orainable 1iquid ranged from 3.59-16.4 % (by lume).

. The density of the unsolidified grout was 1.3-1.4 Kg/L.

TABLE 6-3: Results of July, 1986 TCLP ists of

PSW Grout
Analyte TCLP R
(mg/L) -
As < 0.5
Ba 0.47
Cd < 0.008
Cr 0.04
Pb < 0.12 3
Hg < 0.002 2
Se < 0.05
f < 0.5 i

6-6
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6.2 Characterization of Tank 241-AN-106 Grout Formulation

PNL has also conducted Taboratory tests and collected empirical leach
rate data for various chem1ca1 spec1es (Serne 1087) The species 1nvest1gated
included rad1onuc11des ( Co, %r, PTc, ¥1, s, 2“Am), stable major ijons
(NO , NO,", F7, C17, and Na”), and trace metals (Cr, Mo, Ni). The grout used
in the test was produced by mixing 1080 grams of dry b]end with 1 liter of
waste from Tank 106-AN (9 pounds per gallon). The dry blend was composed of
ground blast furnace slag (47.5 wt%), Class C fly ash from Centralia,
Washington (47.5 w _, and Type [-II Portland Cement (5 wt%). Two types of
te s were used to generate leaching data:(l) an intermittent replacement
leach test (ANS 16.1 leach test), and (2) a static leach © t. I[n addition,
an EPTOX was also performed on grout sample.

Results (Serne, 198%a) indicate that the leaching characteristics
observed exceeded (ach1eved and surpassed) the waste form criteria. Of the
species investigated, PTe, I, 1, NO,, NO3, and Na are predicted to have
the highest leach rates based on observed diffusion coefficients. Mo is also
expected to be a probable contaminant of concern. These results compare
favorably with similar tests performed by ORNL on Tank 106-AN grout prepared
at a mixture of 8 pounds dry blend to gallon of waste (Tallent, 1988). The
predicted leach indicas for the five species tested all exc2ed the acceptance
criterion of 6.0 (Table 6-4). The EPTOX test indicated that Tank 106-AN
extractant is below regulatory limits (Table 6-5).

TABLE 6-4: Results ~“ ANS 16.1 Leach Tests of Tank :07-AN Grout

Analyte PNL Data ORNL Data
(leach index) (leach index)
e 7.4 £ 1.2 9.1 £ 0
21 7.6 £ 0.4 7.8 £0.1
NO, 8.2 £ 0.5 8.0 £0.1
NO 8.1 £ 0.5 8.0 0.1
CT 7.0 £ 0.6 7.7 £0.2
am - - - - ]-‘ -
Analy @ -IT0X REG LIMIT
(mg/L) (mg/L)

As <0.25 5
Ba 0.48 100
Cd <0.01 1
Cr 0.07 5
Pb <0.10 5
Hg 0.0001 0.2
Se <0.25 1
Ag <0.01 5
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7.0 GROUT WASTE FEED HEAT GENERATION ANALYSIS

The primary purpose of this section is to define the heat generation
criteria for the grout waste feed to assure that the resulting grout
performance requirements are met. Toward this end, many of the "Methods of
Determination," which describe how a criterion will be met, are based on
pilot-scale experiments or laboratory tests on samples of simulated grouted
waste.and computer code analysis. The eventual application of these criteria
to the full scale grout process will require some definition of process
control parameters to assure that the end product will still conform to all
the waste form criteria.

7.1 Cure Temperatures

One of the most critical parameters that affects the acceptability of the
grouted waste is the maximum cure temperature. [t has been shawn
experimentally ( iw, 1987) that the grout will have acceptable physical
properties when the peak cure temperature is kept below 100°C. Other ongoing
work has indicated that long curing periods at temperatures as low as | 'C
have resulted in grouts not meeting all criteria. As a result of this work,
and as a conservative measure below 100°C, a 10°C margin is used, reducing the
neak temperature criteria to 90°C. Two sources of heat are considered in
demonstrating compliance to this 90°C peak temperature criteria: heat of
hydration and radiolytic decay heat. A thermal analysis (Allen, 1990) of peak
temperature profiles has been completed based on a small scale experiment.

The radiolytic heat was assumed to be constant (0.12 Btu/hour ft°). This
value for radiolytic heat generation agrees well with that derived by
Hendrickson, 1990 for scoping analysis. The computer code used is TAPA
(Guzek, 1990) which has complied with Westinghouse QA level 2 requirements.
The results of the computer analysis are reparted in Allen (1990). .

The conclusions reached by the analyst in the report are:

"When poured at an initial grout temperature of 40°C, the
maximum grout temperature criterion of 90°C is not ext ‘:ded.
In addition,_the base radiolytic heat generation rate of
260 curies/m3 can be increased by 35% ..."

The initial pour temperature must be maintained in a certain range to
n . multiple criteria. ~° the ter 3irature ran¢ ¢ :° kept lar 2, better
control can : given for the peak cure temperature. Uncertainties in the rate
of hydration heat generation result from variations in the waste materials
(e.g. alu...num) fed into the process, and these uncertainties lead to
variations in the peak cure temperature. The activity of radiocactive
materials have minor effect upon the peak curing temperature and are
considered negligible during this stage; while the thermal conductivity and
thickness of the grout and vault materials affect the rate of heat loss and
thus the peak tamperature.

The feed materials specification should be stated in terms of mass of
heat generating materials. However, sinca the only materials composition and
evaluation method known to be acceptable is that used in the A1l 1 (1990)
analysis, no other mix can be safely allowed unless it will generate less heat
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necessary to compensate for this lTower thermal conductivity. I[f in fact the
minimum value is the true thermal conductivity to be expected, an analysis
comparable to Allen (1990) must be completed and the feed composition may
require adjustment to achieve an acceptable waste feed specification and peak
temperature.

7.5 Grout Vault Design

The grout vault design (Allen, 1990) also has an important effect on the
peak temperature. The analytical model must be representative of the actual
vault design to assure accurate temperature predictions. Conversely, changes
in the design could allow greater heat loss rates and thus lower peak
temperatures.

7.6 Alpha Sources

Since alpha-emitting nuclides have a high 37csmBa heat equivalent (7.4
Heat Equivalents Ci/Ci), their concentration in the waste must be kept Tow.
A1l alpha emitters were neglected in the evaluated analyses (Allen 1990 and
Hendrickson 1990), as they are expected to be present only in very low
concentrations. The expectation of low alpha emitting nuclide concentrations
is derived from waste analyses (Hendrickson 1990) and by requiring that such
concentrations fall below NRC class C disposal Timits [(NRC 1982), 10 CFR
§61.55].

At 100 nCi of total alpha per gram of waste, the waste is below the TRU
Timit (some alpha due to v .nium), and the total contribution to the heat
generation would be less than 0.5% of_that found of an equivalent
concentration of 260 Ci of '*'Cs per m in grout.

The waste to be grouted must be below a TRU Timit of 100 nCi/g.
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8.0 WASTE ACCEPTANCE CRITERIA AND BASES

The concentrations of some tank wastes may fall outside of the expected
range defined in the source term determination. Exclusion of known
incompatible waste constituents or chemicals that may prevent the grout from
meeting regulatory limitations can be controlied through pre-characterization
efforts and blending operations. This section defines the range of chemical
compasitions that are deemed to be acceptable feed to the grout facility.

8.1 Limitations Imposed by Compositional Variability

The success . of the Grout Project (a stabilization/solidification process)
depends on feed physical conditions and chemical characteristics. In general,
a grout formulation for a specific feed is considered acceptable to meet
solidified grout properties if appropriate tests indicate successful
performance. The following section discusses the affects of feed physical
conditions and chemical characteristics on achieving successful grouting.

8.1.1 Physical Affects

The physical conditions of the feed affect the solidification process
significantly. Particle size and shape, solids content, specific gravity,
1 iperature and other physical factors have definite affects on curing/setting
and solidified grout properties. Sor of the major affects from physical
properties of the feed are discussed below.

Particle Size 2nd Shape
Particle characteristics affect the viscosity of the waste and determine

its rt 1logy. Therefare, pumping/handling of tI waste may he affectad by the
particie characteristics. Particle characteristics of the waste may also
affect aspects of the solidification reactions and product homogeneity after
curing (Conner 1990).

Solids Content

The total solids in the grout waste feed will affect the physical
properties of the solidified grout and the setting/curing procass because of
particle sedimentation. In general, high solids content will lead to better
grout curing/setting and final monolith physical properties.

Sf .2 . C ..avity
Phase separation can result from large differences in the specific

gravities of the feed and the reagents.
8.1.2 Chemical Composition Affects

The chemical composition of the feed to be grouted has a major impact on
the setting/curing rate, physical properties of the solidified grout, and
whether the mixture will even solidify. Chemicals and combinations of
chemicals in the waste feed can retard, inhibit, accelerate curing/setting,
and can neqgatively or positively affect the final grout properties of
compressive stress, permeability, leachability, and others.

The effects of chemicals and combinations of chemicals in all proportions
on grouting (and other solidification/stabilization processes) cannot be
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predicted without appropriate verification testing f wastes not
characterized by the data in Section §.

Specific chemical factors affecting grouting of ~~*“ested wastes were

listed by Conner (1990) and are included in Tables ¢ ind 8-2. Chemicals
that are potential problems have been identified (NI [STIR 1989). The
discussion that follows includes chemicals that can se problems
(experienced at other facilities grouting radioacti: istes) in grouting,
potential impacts, and actions required prior to grt 1g.

Chemical constituents that require identificati ind evaluation for

potential pretreatment prior to cement solidificatic

Ammonia

Organic Acids
Nitrates
Phosphates
Borates

Chelates
Sulfates
Aromatic 0ils
Soaps/Detergents

Chemicals that at ppm concentrations are known ause problems to
cement solidification operations and product acceptai and must be min .zed
or precluded from waste streams unless specific coun ctive steps are taken.

» Acetone
+ Benzene
+ Hexane

Nitrates
Toluene

Chemicals that are known to cause problems to sc ification operations
and product acceptance unless characterized/quantifie nd appropriate
formulations are used.

Potassium Permanganate (KMnQ,)

Paint Thinners

e 0ils

Boric Acid Loaded on Ion Exchange Resins

There are families of chemici 5 that should be r ‘ded as potentially
incompatible with certain wastes and solidification f 4slations. The Grout
facilities chemical control program and administrativ rocedures should be
used to preclude or minimize their introduction (in aracterized
gquantities) into the waste feed.

Hydrocarbons

Solvents

» | :ro’ im Products/L )»ricants
Decontamination Solutions
Detergents

Oxidizing Agents
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The following chemicals have created problems with solidification of
radioactive waste in the past. The problems occurred when the concentrations
were high and trace quantities are not a concern.

« Ory cleaning solvents (e.g., TCE)
« Sodium Hypochlorite (NaCl1Q)
Ammonia

o [onic Soaps

« Qils

Industrial Cleaners

Chemicals found to have created problems with heat generation and grout
setting. :

o Aluminum (dissolved) - heat generation
e Sodium Fluoride (NaF) - setting
8.2 Solidified Product Criteria
The solidified grout product should meet certain criteria as presented in

Tabla -6 (NRC 1989). Table 6-8 includes test results for grout made from TK-
2¢41-AN-106, PSW, and simulated DSSF.

TABLE 3-1. Factors Attecting Soliditica

Chemicat Fixation/

Mechanism Solidification
Comoound aor Fectar Elfect Atfscteg Processes
Fine particies T T P C. 72
lon exchange materiaie LA 1 Al
Maetal lattice substitution LA [ Al
Gelling agents A [ P.LM Al
Qrganics, general LP.R [We} Al
Acids, acid chiondes P [ Al. Some O
Alconois. giycois A, LW Al, Some O
Aldehydes. ketones P t C. Some O
Amides A LW Some O
Amines A.A LF Some O
is A Lo Al
Chionnated hy P R LM 2C. Some O
Ethers, epoxides | Some O
Gresse P P L. PCIPZL L
Heterocyclics p- 1 c
Hydrocarbons. generat o] 1 C. Some Q
Lignins | c Al
[o]'] I, P p PC. PZ
Starchea | (o Al
Suifonates 0 _ Al
Sugars LR o] Al
Tannins I c Al
Qrganics, soecific
Ethyiene glveol p 2C
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TABLE 8-2: ¢ “-tances Affecting Cement Reactions: Inhibition and
Prope=*_Alteration

Substance or Factor

Fine particulates
Clay
Silt
Ion exchange materials
Metal lattice substitution
Gelling agents
Organics, general
Acids, acid chlorides
Alcohols, glycols
Aldehydes, ketones
Carbonyls
Carboxylates
Chlorinated hydrocarbons
Grease
Heterocyclics
Hydrocarbons, general
Lignins
011
Starches
Sulfonates
Sugars
+annins
Organics, specific
Adipic acid
Benzene
EDTA
Ethylene glycol
Formaldehyde
p-B8romophenol
Hexachlorobenzene
Methanal

8-5

Inhibition Property
Alteration
X X
X
X
X
X
X X
X X
' X
X X
X
X
X
X X
X X
X
X
X
X X
X
X
X
X
X
X




WHC-SD-WM-RD-019, Rev. 1

TABLE 8-2: Substances Affecting ~“ament React .:  Inhibition and

Property Alteration
Substance or Factor Inhibitic Property

Alteration

NTA
Phenols X X
Trichloroethylene X
Xylene

Inorganics, general
Acids X
Bases X
Borates X

o~ Calcium comp inds
Anions that form insoluble Ca
salts

Chlorides - X X
Copper compounds X
- Heavy metal salts X X
Hydroxides, insaoluble |
- Hydroxides, soluble
| Lead compounds
Magnesium compounds
Phosphates
Salts, general
Silicas
Sodium compounds
Sulfates
¢ Ifides
Tin compounds

> > > XK XK > X > I ><

Zinc compounds
Inorganics, specific

Calcium chloride X

Copper hydroxide

Copper nitrate X

Gypsum, hydrate X
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Substances Affecting Cement Reactions: Inhibition and

n---grty Alteration

Substance or Factor Inhibition Property
Alteration

Lead hydroxide
Lead nitrate
Sodium arsenate

€< X X< X<

Sodium borate
Sodium hydroxide X
Sodium iodate X

Sodium sulfate X
Sulfur X

Tin

Zinc nitrate X
Zinc oxide/hydroxide X

8.3 Limitations Imposed by Regulatory Limits

Waste feed specifications can also be identified by regulatory
requirements. LDR restrictions limit the concentrations of specific wastes in
the waste stream and identify constituents for which pretreatment may be
necessary. Organic contaminant restrictions under LDR must be met as grouting
is not currently an acceptable treatment for these constituents. The
concentration of organics and toxic metals (As, Bc, Cd, Cr, Po, Hg, Se, Ag) in
the waste feed are limited by the need to show compliance with TCLP testing as
solidification and stabilization is the preferred treatment option for these
contaminants.

For this study, EPTOX and TCLP tests of actual grout formulations were used
to define probable acceptable limits. The processes of EPTOX or TCLP Tleaching
were assumed to follow a linear trend and the ‘:commended limits for the toxic
.-tals v -2 calculated from t! observed test ratios (measured concentration
in wast {1 1: n sur | conc itration in JJTOX/TCLP extractant). This
assumption is considered to be conservative because the leachate concasntration
of individual metal species are expected to be governed by soiubility limits
at a given pH rather than by initial inventory.

8.4 Heat Generation
A thermal analysis of the vault design, the blend of materials fed to the
grout process and isotopic mix must always demonstrate a peak temperature of

less than or equal to 90°C, and the TRU content of the waste feed must be less
than or equal to 100 nCi/gram.
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TA Grout Feed Acceptance Criteria
Feed Regulatory-  Thermal Proven Acceptable Acceptance
Component Based Limit Groutability Limit Criteria
Limit Reference
Organics (ppm)
TOC - 1556 1556 1,6,7
Other Toxicity - See 14
Organics limits for Table 4-2
individual
organic
species must
be
determined
on a case-
by-case
basis (see
Table 4-2)
Cations/Metals (ppm)
Ag 5063 162 5063 2,8,7
Al - 20300 20200 2,6,7
As 0.15 0.03 0.15 2,6,5
8 - 136 136 6,7
Ba ¢ .54 600 46154 2,6,7
Be - - - TBD-WM-004
81 - - - TBO-WM-Q(
Ca - 573 573 8,7
Ccd 80 8 80 2,8,5
Ce - - - TBD-WM-006
Cr 21000 1260 21000 2,6,7
! - 7 7 6,7
Fe - 1430 1430 6,7
Hg 20 3 20 2,58,5
K - 11500 11500 6,7
La - - - TBD-WM-Q07
Li - - - TBD-wWM-Q08
Mg - 320 320 6
Mn - 3010 3010 6,7
Mo - 68 68 8,7
Na - 122000 122000 2,5,7
Nd - - - TBD-WM-009
Ni - 30 30 8
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TABLE A-1
Source Term Concentrations for Organics (ppm)
Organics Mean 95% 2 Bounding®

Valye' Confidence Source Term
TOC 2300 5672 14616
N-CpoHy = N-C gHgs 2.8 10.9 32.4
N-CooH,y - N-Cy.Hsg 1.4 5.4 16.2
Alkyl, hydroxymethyl benzene 0.17 Q.7 2.0
Methyltoluidine 0.33 1.3 3.8
n-Dimethyltaluidine 1.1 4.3 12.8
2-Chloromethyl,hydroxymethylbenzene 1.2 4.6 13.5
Z-Chloromethyljo-xylene 0.62 2.5 7.4
o Cthylxylene 0.03 0.1 0.4
Ethyl, 2-methyl 4.4 17.0 50.%

- hydroxymethylbenzene
" 2-Methylhydroxymethyl benzene 33 129 384
Cs-alkylben: e 30 118 350
Propylbenzene A 0.17 0.7 2.0
. Trimethylbenzene 7.3 -29.2 87.4
~ Ethylbenzaldehyde 65 250 742
™~ Methylbenzaldehyde 65 250 742
- Diethylphthalates 0.94 3.9 10.8
o~ Unknown phthalates 2.7 7.5 20.6
~ Dioctylphthalates ' 2.5 8.7 25.3
Chlorcethyl, -hydroxymethyl 1.2 4.5 7.5

benzaic acid

2-Hydroxymethylbenzo? acid 2.5 10.0 29.7
2-Methylbenzoic acid 1.7 6.8 19.6
Butanedioic acid 39 154 458
n-Oodecane 0.61 1.6 4.1
Dodecanoic acid 0.13 0.5 1.5
EOTA 340 1301 3850
ED3A 3 9.9 28.2
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Bounding Source Term: The source-term concentrations used for design
analyses, safety analyses etc. Bounding source term is based on mean
concentration; sample standard deviation; and probability factors. The
probability factors describe observed data distribution and tolerance
limits that quantify the likelihood that source-term concentrations
measured in subsequent sampling events will not exceed those previously
observed at a particular confidence interval.

A-3




1P,

WHC-SD-WM-RD-019, Rev. 1

TABLE A-2
Source Term Concentrations for Cations/ s (ppm)
Cations/Metals Mean Value' 95%2 Bounding3

Confidence Source Term
Ag 4.3 8 17.8
Al 12000 3406 35400
As 29 67.8 171
B 4.7 18.4 54.6
Ba 4.6 7.1 13.8
Be 5.5 7.7 13.5
Bi 76 186 476
Ca 36 64.7 141
cd 12 30.5 79.7
Ce 12 47 .4 141
Cr 300 620 1470
Cu 3.5 7.0 16.4
Fe 15 25.5 53.2
Hg 2.3 7.7 22.0
K+ 7000 21498 59959
La 0.1 0.4 1.2
Li 1.9 7.5 22.2
Mg 7.1 16.7 42.2
Mn 7.. 16.5 41.1
Mo 26 27.9 32.8
Na+ 100000 112138 144338
Nd 4.3 16.9 50.5
Ni 21 54.7 144
Pb 83 176 476
Pd 9.3 36.3 108
Sb 55 76.9 135
Se ) 22 75.9 219
Si 49 87.8 181
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TADIF A2
Source Term Concentrations for Cations/Metals (ppm)
Cations/Metals Mean Value' 95%2 Bounding®
Confidence Source Term
Ta 43 169 505
Ti 4.5 7.7 16.2.
29 54.3 121.4
5.5 7.7 13.5
61 67.6 85.0
In 9 15.6 33.0
Ir 33 111 316
TABLE A-3
Source Term Concentrations for Anions (ppm)
Anions Mean 95%° Bounding®
_ 1lue' FAp€idnnen Source Term
Cl- _ 2700 3105 4178
CN (free) 0.0038 0.0148 0.044
CN (total) 21 "51.3 132
COs 7900 24084 87017
F- 290 813 2199
NO;- 78000 145435 324320
NO, - 34000 43272 67869
OH- 27000 53974 125528
PO, = 4200 15495 45459
S0, 1500 3136 7658
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TABLE A-4
Source Term C~~~23r*--*“ons for Radionu s (Ci/L)
Radionuclides  Mean Value' 95%2 Bounding3
(Ci/L) r~-<idence Source Term
H-3 7.0 £-06 1.6 £-0F 3.90 E-05
c-14 8.4 £-07 1.1 E-0Q€ 1.83 E-06
Co-60 1.1 £-05 2.8 £-05 7.20 E-0S5
Se-79 6.7 E£-06 2.5 £-05 7.44 E-QS
Sr-90 6.6 E-03 1.1 E-02 2.32 £-02
Nb-94 1.0 £-05 3.5 E-05 1.02 E-04
Tc-99 7.7 E-05 8.9 E-05 1.22 E-04
Ru-106 4.3 E£-03 1.7 £-02 4.99 £-02
[-129 1.7 E-0Q7 3.0 E-07 6.56 £-07
Cs-134 1.2 E-03 4.7 E-03 1.4]1 E-02
Cs-137 3.1 E-01 3.7 E-01 5.26 E-01
U-234 1.2 £-08 3.2 E-08 8.59 E-08
U-235 7.0 E-10 2.1 E-09 5.75 E-09
U-238 8.2 E-09 1.6 £-08 3.65 E-08
Np-237 5.8 £-08 2.1 £-07 6.00 E-07
Pu-238 4.3 E-07 .8.0 E-07 1.78 E-06
Pu-239/240 9.0 E-07 1.7 E-06 3.92 E-06
Am-241 1.4 E-06 2.0 E-06 3.56 E-06
Cm-244 7.7 E-08 2.4 £-07 6.87 E-07
TABLE * *
Other Parameters
pH >10
Total Solids 300 g/L (2.5
1b/gal)
Specific 1.3
Gravity




