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ABSTRACT be liberated from the grout waste is a concern to the
" long-term viability of the waste form. Modeling efforts

The ability to force pore liquids out of a simulated have been initiated to predict the volume of pore liquid
waste grout matrix using air pressure was measured, that may be liberated from the waste form; however,
Specimens curedundervariousconditionswereplacedin additional laboratory data was needed to support
a permeameter and subjected to increasing air pressure, modeling efforts.
The pressure was held constant for 24 hours and then

stepped up until either liquid was released or 150 psi was II. BACKGROUND
reached. One specimen was taken to 190 psi with no
liquid release. Permeability to simulated tank waste was To proceed with grouting of low-level radioactive
then measured. Compressive strength was measured waste the Grout Safety Analysis Report (SAR) had to be
following these tests. Tiffs data is necessary to assess the completed. An open item in the report is the production
amount of fluid that might be released from grouted of hydrogen gas in grout. The concern is that hydrogen
waste resulting from the buildup of radiolytically gas may be produced in the void spaces in the vault to
generated hydrogen and other gasses within the waste the point where it could be ignited_
form matrix. A plot of the unconfined compressive

strength versus breakthrough pressures identifies a region A program was undertaken to determine the gas
of "good" grout, which will resist liquid release, concentrations in the disposal vault and the equipment

' and administrative modifications needed to ensure that the

I. INTRODUCTION facility would be safe. A one-dimensional (1D) modeling
effort was developed to determine gas concentrations in

Much of the Hanford Site's low-level radioactive the grout vault vapor spaces. Liquid holdup and release
liquid waste was planned for disposal in the Grout (return) caused by gas generation in the grout may delay
Disposal Facility's underground vaults. The dry grout the evolution of gas from the grout, causing slow surges
materials (cement, flyash, and clay) were selected to of gas over long periods of time. Therefore, it is
create a stable, monolithic waste form while minimizing necessary to quantify the gas pressure necessary to
free liquids in the vault when mixed with liquid waste, produce the effect and the grout matrix parameters at
Because of state and federal agreements t disposal of low- which it would occur.
level radioactive waste in grout is now a backup option•

A program to obtain gas generation rate data from
One potential source of free liquids within the vaults grout formulations is under way. The data generated

is the saturated pore space of the waste form itself. Free through liquid return and modeling activities will be used
liquids in the vault could result from gas generation in conjunction with gas generation data to predict liquid
within the grout, which may increase internal pressures generation rates that may be experienced throughout the
and force liquids from the waste form. It has been life of the grouted waste form.
modeled 2that some liquid flow from the waste form may
occur in porous waste forms. It has also been reported3 III. SCOPE AND OBJECTIVES
that liquid return occurred in grouted radioactive wastes,

causing the Los Alamos National Laboratory (LANL) The primary objective of the testing activities is to

facility to lose its Waste Isolation Pilot Plant (WIPP) determine the quantity of liquid that may be generated
solid waste certification. The quality of liquid that may from simulated grout waste forms subjected to gas
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pressures that may be experienced by the grout waste, humidity as possible. The grout was not allowed to lose
Secondary objectives include: (1) determine the any liquid by evaporation.
simulated grout waste materialcoefficients of gas

permeabilityand (2)measurethe pernmabilityof the The compositionoftheliquidwasteusedtomake the

grout to simulated waste liquids. All specimens prepared grout is a high salt, high pH waste. Tables 1 and 2 give
for testing are to represent grouted waste from the next the waste composition, and the referencee gives the
Grout Campaign (102) and waste diluted to 50_ of the details of preparation.
waste concentrations of that campaign.

A. Dry Materials
IV. PURPOSE

The solids ratios, by weight, used to blend the
• The primary purpose of the testing was to determine simulated specimens consisted of Ash Grove Type I-II

the quantity of liquid that could be moved from a porous Portland Cement (20.7 _), Pozzolanic Northwest Class
solid (grout) by gas pressure. The teat was also to "F"Fly Ash (68.3 _), and Engelhard Attapulgus DC- 150

• determine the pantmetera that influeaced liquid flow and Clay (11.0_). Following blending, the dry materials
to develop general correlatiom for the liquid returneffect were retained for a maiimum of 6 weeks before they
by testing a limited number of different grouts with were used. Blended dry materials retained greater than
varying cure conditions and compositions. Consideration 6 weeks were discarded.
was give_ to the following properties ofporous solids
that were predicted to be inamnnmtal in the VI. TEST PROCEDURE
investigation: gas and liquid permeation, compressive
strength, and gas pressure at which liquid flow is A. Air Permeability
initiated.

Before testing, each specimen was removed from the
V. METHODS mold and the mass was determined. The grout specimens

were then placed in a flexible walled permeameter
The teat plan'* givea the methods in more detail. (Figure 1)and subjected to a confining pressure slightly

Simulated grout . _imem were prepared by greater than the pore pressure at which the test was run.
Westinghoum I-Ianford Company in accordance with the The tests were initiated with an applied pore pressure of
mixing requirements of Appendix A, Section A.I.I of 0.345 MPa (50 psi), and the gas pressure was increased
the Grout Formulation Standard Criteria Document s, slowly.
except that the dry materials were blended for
approximately 1 hour rather than 23 hours. The grout To provide an indication of the pressure at which
batch was prepared using a mixer with a wire whip. The liquid will be ejected from the specimen, a brief scoping
simulated liquid wastes were heated to approximately test was conducted by increasing the applied pressure to
45 °C before mixing. The target temperature of the a specimen in a relatively short time. The pressure was
mixed grout slurry was 40 °C. The dry mix at ambient increased to 1.03 MPa (150 psi) in several increments or
temperature was added to the simulated liquid. The until liquid was released. Bottled nitrogen gas was used
Hobart mixer mixing conditions were 30 seconds on low to apply pressure to the sample face. The opposing face
speed, followed by 30 seconds on medium speed. The was at or near atmospheric pressure while tested. The
spechnmm were prepared at a ratio of 1 kg/L (8.4 lb/gal) nitrogen was bubbled through a column of simulated
of solids to liquid. The liquids used to prepare the liquid waste before contacting the grout samples to
samples consisted of two ratios of simulated liquid waste increase saturation of the gas and reduce the potential for
and water: 100% simulated waste with 0_ water and evaporation of sample pore water. The gas pressure was
50 _ simulated waste with 50 9t water, measured at the permeameter inlet and outlet.

All the grout specimens were cast and cured in
standard concrete plastic cylindem meamning 10.2 cm

• (4 in.) in diameter by 20.3 cm (8 in.) long. The
dimneter of the cylinders matchm that of the gas
permeameters. All cmq.ng and storageconditions for the

• grout specimens were maintained as near 100% relative
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Table 1. 100% Simulated Waste applied to the outside of the samples to ensure that there
was no sidewall leakage, then they were vacuum

C°mp°siti°n'6 saturated. The permeant used was normally a simulated

Chemical Analyzed waste diluted with water, resulting in a half water/half
mole/L waste mixture that had been filtered to remove any

,, particulate. The exceptions to this general rule were the
AI 0.2882 100% waste solutions used in Table 3, specimens 65/28

.............. and 40/28. The effluent was collected from a discharge
Bi 0.0006 tube at the top of the flexible wall permeameter in a
CI 0.0820 preweighed vessel, as shown in Figure 1.

i

CO_ 0.3352 C. Compressive Strength

Cr 0.0098
• ...................... The _mconfined compressive strength of the

K 0.0220 specimens was measured according to Westinghouse
Geotechnical Engineering Laboratory standard operating

Na 3.2239 procedures7. The specimens were capped, and the

Na+3*misaPO 4 3.4635 strength results adjusted for a length to diameter ratio of
, 1, according to ASTM C-39 a.

NH 4 0.0338

D. Sample Curing ConditionsNO _ 0.5360-

NO 3 0.9747 Two batches of grout were made, one using 100%
waste and one using 50_ waste. The cure temperature

Free OH 0.4247 of the waste was either 40 or 65 °C. The cure time was
i [ HI i ill

Pb 0.0018 either 28 or 90 days. For samples cured at 65 °C, the
...... temperature was raised from 40 to 45 °C in the first hour

PO4 0.1028 after casting the samples, from 45 to 47 °C in the next
.... 1.5 hours, from 47 to 55 °C in the next 2 hours, and

S& 0.0269 finally from 55 to 65 °C in the next 9 hours. This, i

TOC 0.2317 simulates the adiabatic temperature rise in the grout vault.

VII. RESULTS

Table 2. 100% Organic Simulated Waste

Composition._ A. Air Permeability/Liquid Release
, a,.

Calculated Tables 3 and 4 contain the results of the airCalculated

Chemical TOC mole/L species penne_ility and liquid release tests. It can be seen that
mole/L none of the grout cured at 65 °C released liquid. Those

Na3Citrate 0.0660 0.0110 specimens cured at 40 °C did release liquids. Also,
,, , those specimens cured at 65 °C were not permeable to

Na4EDTA 0.0340 0.0034 air, within the pressure range used for this test (i.e., up
to a 3.45-MPa [150-psi] head).Na3HEDTA 0.1360 0.0136

i i

NaGlycolate 0.0170 0.0085 B. Waste Permeability

Tables 3 and 4 also contain the permeability data for

' the grout to a solution of waste. The permeability of the
B. Waste Permeability grout is less than that except for normal concretes to

water, by 1 to 3 orders of magnitude* and are within a
The samples tested for liquid permeability were set range expected for silty soils.

up in the flexible permeameter cells. The liquid
permeant was introduced through the bottom of the
sample under pressure. A confining pressure was
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Table 3. Test Results for 100% Waste Simulant Grouts.
.......

Temp Cure Gas Liquid Air Hydraulic Compressive

(oc) (days) flow release permeability conductivity strength

(cc/s) (g) (cm 3) (cm/s) (MPa)
,, , ,, __ ,,

65 28 ND ND ND 4.5 x 104` NT
i i ill , ,

6.5 90 ND ND ND NT 19.8
ii i,, m,i i i ,

65 90 ND ND ND NT 11.8__ _ i . i

. 65 90 NT NT NT NT 21.0"
i i iii i i ii iiii

40 28 3.8 144.3b 1.1 l:t'" 7.8 E' 2.5
iili i i illil i ill I l I lUll

. 40 28 3.4 84.2b 9.2 E u 5.3 E4 2.8
ii iii i i

40 28 3.6 98.0b 1.0 g'" 2.3 E"7 2.8

40 90 2.5 65.6b 6.7 E u 8.8 E"_ 4.2
li,.

40 90 3.2 34.9b 8.6 B"t: 7.7 E"_ 4.5
-- ,,, ,,,

Table 4, Test Results for 50 _ Dilution of WasU Simulant Grouts.
.

Temp Cure Gas Liquid Air Hydraulic Compressive

(°C) (days) flow release permeability conductivity strength
(cc/s) _) (cruZ) (cm/s) (MPa)

• 65 28 NT NT NT NT 5.3

65 28 ND ND ND _,.1E"_
i i i wl i ,i .,,

65 90 ND ND ND 1.9 E4 9.3

65 90 ND ND ND 1.4 E4 5.4

65 90 ND ND ND 6.2 E"7 8.5

40 28 NT NT NT 1.1 E_ NT

40 28 2.2 14.8b 6.5 E"n NT NT

40 28 2.8 61,6b 8.2 E"n 3.8 E4 NT
i i i I,.I

40 90 2.8 40.2b 8.2 E u 1.8 E"_ NT
,i

40 90 1.8 62.8b 5.3 B"s: 9.4 E"7 1.8

NT m NOTest,
ND - Not Detected st 150 psi head. DetectionLimits: GasFlow - 0.1 cc/s, LiquidRelease = 0.1 8.
* - Averageof 7 specimens, length-to-diameterratio of 2.

"Pe_bility measuredusin8 100%simulatedwaste mlution.

tL_quidbeganto flow st 120psi. No additionalflow wu achievedwhen the pressurewas increaud to 140 psi.
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C. Compressive Strength compressive strength data appears to support this
conclusion, because specimens cured at 65 °C have much

Tables 3 and 4 detail the compressive strength data higher strengths.
for the specimens. Most of the specimens were tested
after being cut to fit the apparatus for air/waste Figure 2 shows a plot of the pressure at which liquid
permeability testing; thus, the length to diameter ratio was released from the grout versus the compressive
was 1.0. The seven 65-°C, 90-day cure specimens made strength of the specimen. Included in this plot are
from 100% waste, shown in Table 3, were tested without several points at which no liquid was released. The plot,
air/waste pernmability testing and, thus, had a length-to- therefore, represents a minimum release point, below
diameter ratio of 2.0. which pore liquids would not be released for given

compressive strengths. A relationship exists between the
. D. Analysis of Released Liquid strength and the minimum liquid release pressure, which

is expected because both measurements are related to
A summary of the analysis results of the original microstructure and degree of hydration.

. 100_ liquid waste used to make grout are listed in
Tables I and 2. In general, the ion concentrations of the The current compressive strength regulations tt
permeated waste liquid forced out by gas pressure varied require a minimum compressive strength of 0.414 MPa
ion by ion from much less than those of the starting (60 psi) and recommend a compressive strength of 3.45
waste liquid to almost the same as those in the starting MPa (500 psi). From the limited results in Tables 3 and
liquid. 4, it appears that a minimum of 3.45 MPa compressive

strength may be more appropriate for grouts that generate
VIII. DISCUSSION gas to prevent liquid return.

The structure of porosity in grout strongly influences IX. CONCLUSIONS
its performance. In the most general way, permeability
depends on the total porosity. More importantly, Liquid can be forced out of a cementitious waste
however, permeability depends oa the way in which the form by gas pressure. With the grouts tested in this
total porosity is distributed. Porosity, in turn, is related study it was evident that the larger the compressive
to the original packing of the cement; mineral strength of the waste form, the better probability of
admixtures; the water to solids ratio; the rheology, which retaining liquid in the waste.

, is related to the degree of dispersion of the solids
originally present; and the conditions of curing, to Based on the results of compressive strength and

liquid evolution, additional consideration should be given
The various types of pores within a specimen include to raising required compressive strength requirements for

pores, usually associated with hydration products, and waste disposal to 3.45 MPa (500 psi). Additional studies
capillary pores, voids, and micro-cracks, the size range with other grout formulations should be completed to
for each type may be debated. Capillary pores are expand on these liquid return results.
generally associated with transport properties. Voids and
micro-cracks are usually discontinuous and, under ACKNOWLEDGMENTS
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Figure I. Grout Liquid Generation Test Apparatus.
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Figure 2. Minimum Liquid Release Breakthrough Pressure
Versus Compressive Strength.
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