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Introduction
In support of the saltstone durability studies conducted at the Materials
Research Laboratory of The Pennsylvania State University, the
physical/mechanical properties of eight formulations containing salt waste
solution have been determined. Formulations for the eight saltstones were
provided by SRL and included their current reference formulation, It is felt
that the cobservation of changes in the physical/mechanical properties may be
interpreted to indicate durability of the materials and/or provide an
indication of ensuing degradation mechanisms.
General
The composition of the formulations used in this study are shown in Table
1 along with their PSU/MRL designations. The following basic properties as a
function of time were considered necessary for comparative evaluation of
placement and performance of the saltstones:
. Compressive strength
. Dynamic meodulus
. Permeability

1
2
3
4., Porosity
5. Density
6. Dimensional change
7. Leach rate®
8. Diffusivity®*

In addition to the above, slurry properties, i.e., flow table, flow cone
and Vicat setting time, were determined for each formulation.

Mixing of the saltstone was carried out in accordance with ASTM procedure
€305, using a simulated DWPF waste solution as the mixing fluid. Composition
of this solution is given in Table 2. The other starting materials have been
characterized and reported elsewhere (1).

After mixing, samples were cast into their appropriate mould
configuration for the various tests being conducted. The samples were then
cured/stored at 38°C and >95% RH until the tests were conducted.

*The results of leaching and diffusion experiments are reported elsewhere
(2:3),
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Table 2. Simulated DWPF Waste Solution Components.

component wt.%
H,0 (deionized) 69.00
NaN03 17.05
NaN02 4.26
NaOH 4.60
NA1O, 2.74
Na2804 2.08
NaCl 0.13
N33P04 0.14

Presentation of Data

Slurry Properties

Flow table data reflects the ability of a slurry to flow under sustained
vibration; it may or may not reflect the workability of the mix. Flow cone
data on the other hand better reflects the rheology of the mix under static
conditions., Initial setting time is defined as the conset of rigidity, being
distinet from hardening, which indicates the development of measureable
strength.

Flow table, flow cone and Vicat initial setting time for the formulations

tested are presented in Table 3.

Cured Properties

Physical properties of the saltstone formulations were measured as a
function of time for an indication of the hydration reactions which ccecur
after initial set, Data for compressive strength, modulus of elasticity., bulk
density, porosity, dimensional change, and water permeability, as a function
of time, for each of the formulations are shown in Tables 4 thru 11,

Compressive Strengths. Compressive strengths were determined on all
samples in accordance with ASTM C 109. A composite of the data is shown in
Fig. 1. The two formulations containing Class C fly ash (84-40 and 84-47)
appear to be superior in performance over the time period of the test. Both
developed reasonable early strength up to 180 days. Mix 84-40 showed the
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Fig. 1. Compressive Strength Trends (SRL Saltstone).
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development of surface microcracks at this point with an accompanying small
strength regression starting at 180 days. Mix 84-46, which also contained
Class C fly ash, developed very little strength, possibly due to the presence
of clay which in the early stages had taken up the water necessary for
complete hydration.

Those formulations containing Class F fly ash (84-41, 84-42, 84-43, 84-
44) did not gain the higher early strengths exhibited by the C fly ash
containing mixes, an indication of the relative hydration activity of the two
classes of ash (formulation 84-41 showed early deterioration which precluded
meaningful compressive strength data). Furthermore, all of these formulations
showed signs of early cracking possibly due to development of expansive phases
(alkali silica).

Formulation 84-45 with a combined slag/cement base and Class F fly ash
shows reasonable strength development with time. Minor surface microcracking
appeared at approximately 360 days.

Dynamic Modulus., Dynamic modulus is used almost exclusively to track
degradation in durability studies; for example studles relating to freeze-thaw
action and those resulting from exposure to an aggressive environment. In
general, no simple relationship exists between dynamic modulus and compressive
strength for different formulations. Correlations do exist when changes in
dynamic medulus are produced by internal deterioration and comparisons made of
the same formulation as a function of time. On this basis it appears to be a
good indicator of maturity and crack development for the SRL formulations.
ASTM C 215 procedures were followed in the dynamic modulus (resonant
frequency) tests with the resulting data shown in Fig. 2 for formulations 84-
40, 84-41, 84-45 and 84-47.

Of those not shown (84-42, 84-43, 84-44, 84-46); formulation 84-42 had
degraded prior to initial measurement; 84-43 developed early cracking:
formulation 84-46, while it appeared to have an initial set point, did not
harden, resulting in no discrete resonances after 9 months of curing and
sample 84-44 was broken in sample preparation.

Of the samples measured 84-41 showed a rapid decrease in modulus after
~30 days. Formulations 84-40, 84-45 and 84-47 shocwed progressive gains, an
indication of viability of their internal structure.

Dimensional Change. Length change of unrestrained saltstone formulations
were monitored as a function of curing time in accordance with ASTM standard C

135
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490,

All samples tested (84-40, 84-45, 84-46, 84-47) show an 'effective’
positive expansion; those not tested, i.e., 84-41, 84-42, B84-43, 84-44, due to
early failure, were largely victims of excessive tension cracking. Basically
the same mechanism appears to be operative in all samples to one degree or
other, e.g., alkali-silica reaction due to the presence of reactive silica,
alkalis and water. Water in the mix, dosed with zlkalis from the waste form,
react with the silica producing a calcium alkali-silica gel which is
hygroscopic, imbibes water and swells, giving way to micro/macro crack
development, as a function of time. The time of occurrance and extent of the
cracking, being a combined time function of reactivity and strength
development within the sample.

Porosity. Porosity was determined by two different techniques. 1) ASTM
642 was used to determine effective porosity of the sample, i.e., that bulk
porosity to water penetration at atmospheric pressure. 2) The mercury
porosimeter was used to determine pore volume to mercury under pressure (1
atmosphere to 60,000 psi) with a sensitivity to pore diameters between 7.5 m
te 1.8 pm.

The ASTM method provides a bulk porosity for larger samples, integrating
the effects of fractures/cracks which occur within the sample, along with
their normally distributed porosity. The mercury porosimeter on the other,
while using smaller samples (one to two grams) does have the ability to better
reflect mic¢rofractures due to the pressure used.

No clear-cut pattern evolves for any given sample as a function of
hydration time. Although the trend does appear to be toward lower porosities
with age, vériations in this trend may be due to the combined nature of the
hydration products, the development of micro/macro fractures within the
individual samples tested, regelation of micro fractures, etec. Of note,
however, is the fact that a comparison of the 360 day values alone show
formulation 84-40 to have a significantly lower porosity than the others
tested.

Permeability. Water permeability of the formulations tested using
samples one inch in diameter by approximately one-half inch in length, showed
the following trends with time.

84-40 - Low initial permeability (<tl.0'8 Darcy) increasing significantly

after 180 days.

17



84-41 - Constantly high permeability throughout the test pericd.

84-43 - Moderate to high permeability throughout the test period, with a

general decrease in permeability with taime,

84-44 - High permeabilities throughout the test period.

84-45 - Low permeability throughout the test peried.

84-46 - Consistently moderate permeabilities throughout test period.

84-47 - Low initial permeability inecreasing with time.

While the terminology high, moderate and low is somewhat arbitrary it does
reflect the relative changes of permeability within a given formulation as a
function of time and makes comparisons between formulations.

A good OPC mortar/concrete formulation would normally show a continuous,
dramatic decrease in permeability with hydration time assuming good
consclidation, non-excessive segregation of the components and a reasonable
w/c ratio.

The SRL formulations encompass a range ot permeabilities and show some
inconsistancies within replicate samples of the same formulation. This may be
attributed to the development of micro cracks within some of the replicates.

Departure of permeability values, with time, for the same formulation
from the decrease expected in a normal concrete/mortar would reflect those
same parameters which influence porosity including the high water to
cementitious solids ratio of the samples tested. The lowest permeabilities
(1077 - 1078 parcy) at any age were exhibited by formulations 84-40, 84-45 and
84-47.

Summary and Conclusions

The physical and mechanical properties of eight SRL formulations have
been determined over a one-year period to provide input as to their potential
viabilities over an extended period of time.

The basis of all formulations was either a Class F or Class C fly ash and
portland cement in combination with DWPF mixing solution. In several
instances slight amounts of modifiers, i.e., attapulgite, chabazite were
added.

The low-calcium ash, 84-41, 84-42, 84-43, 84-44 formulations, although
having the potential for better long-term sorptive powers towards radwaste
ions showed inferior physical/mechanical properties, i.e., compressive

strengths, dynamic modulus, permeability at an early age. The single

18



exception to this was formulation 84-45 which had a 7.5% replacement of cement
by slag which gave a marked improvement in properties, approaching those of the
reference mix (84-40) containing Class C ash. Slag appears to compensate for
the lack of hydraulic reactivity expressed by low calcium ash,

Of the other two formulations containing Class C ash, 84-46 failed to
develop the required strength after one year curing, even though it showed
moderate permeability throughout this time period. Formulation 84-47,
comparable to formulation to 84-40 in composition, with the addition of 2%
chabazite, showed high strength development and low permeabilities, again
comparable to 84-40,

Permeability is stressed as one of the major indicators of long term
durability in cementitious materials in that it plays an important role in the
rate of entry of moisture into the monolith, particularly if it contains
hygroscopic salts such as included in the DWPF solution.

A photograph of the samples tested, after approximately one year curing
at 38°C and 95% RH, is shown in Fig. 3. Macroscopic examination of the
samples shows the extensive deterioration of formulations 84-42, 84-43, 84-44,
and minor surface microcrack development in formulations 84-40 and 84-47.
While showing no surface cracking, formulation 84-46 developed little strength
over this time period. Subsequent sample examination at approximately two
years shows little or no change over that shown in Fig. 3. The observations
confirm the early degeneration of physical properties observed in formulations
84-41, 84-42, 84-43, and 84-44,

19
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Fig. 3. Photograph of Samples After Approximately One Year.
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