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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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‘Task 3. Evaluatlon of Barrier Optlons

Spent shale grout development. ASTM standard tests on Lurgi spent shale

showed that it is not cementitlous<as received. Durlng FY 1979, a series

of experiments, in which CaCO, was added to Lurgi spent shale and the
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mixture calcined, showed'that a true hydraulic cement containing C3A

2S (active compounds in portland cement) could be produced. A 1:1

CaCO3éspent shale ratio, held for one hour at 1000°C, produced a cement

with a strength of 2660 psi (ASTM C109). During October 1979, two

and B-C

additional experiments to further improve the quality of cemement produced

were in progress.

Addition of gyRsum‘tO'calcined ‘cement; C3A. (3Ca0-'A12Q3) is one of the
compoundé formed by calcining Lurgi spent shale in the presence of CaC03.
In portland cement, this compound hydrates alﬁost instantly, causing a
“flash set" or "false set”, with no contribution to ultimate strength.

In comme;cial practice‘this_problem is dealt:with.by adding about 5%

gypsum (Caso 'ZHZO)'to the ground clinker. This reacts preferentially
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strength to the hardened cement paste. Accordingly, the effect of addition
of gypsum to Lurgi spent shale cements is being investigated. Mortar cubes
for ASTM C1l09 strength measurements have been made and are curing. Strength

measurements should be available next month.
‘70-« ¢ i ! 1 » : , i
203 Fe203) is an active compound of‘E

Addition of Fe, 0, to raw mix. CAAF'(ACaO°Al

portland .cement, which has not been detected in any of the hydraulic cements
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produced so far. Small amounts of Fe203 have been added to the spent shale-

CaCOBHm{kﬁdre"prior.to calcining to see if CAAF is produced, and whether

significant improvement of the cement results. X-ray diffraction and

strength measurements should be available next month.

Permeability measurements. Although Lurgi spent shale as received is not

cgmentitious,ra slurry of it could be injected into an abandoned retort to
reduce permeability and provide some strength. In .order to measure the
results of such a treatment, simulated, grouted cores were prepared.
Simulated in situ spent shale (-3/8" + 1/4“) from Lawrence Livermore
Laboratory run L-2 (6000-kg retort) was packed into cylinders and pre-wetted.
A grout consisting of 95 parts Lurgi spent shale, 5 parts portland cement,
and 80 parts water was pumped into the L-2 spent shéle matrix. Permeability
measurements of this material showed that permeébility decreased with time
to about 20 millidarcy. It is interesting to note that assumigg spherical
particles of 3.5 x 10—6 m (the median particle diameter reported by Lurgi
for this material) and 50% ﬁorosity, the Kozeny-Carman equation predicts

a permeability of about 30 millidarcy. Thus the low permeability appears

to result from the fine size of particles in the grout.

Strength requirements for grouted retorts. Rock mechanics calculations

have been initiated to evaluate the strength and stiffness requirements for
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a grouted.in situ spent retort to minimize. subsidence and allow retorting
of previously intact pillars. Initial efforts have concentrated on

obtaining the load/deformation and strength characteristics of intact and
retorted oil shale. This information will be used in evaluating the pre-

and post-retorting subsidence and structural integrity in the'overlying

' strata. Preliminary calculations will be done using beam on elastic

foundation theory, followed by finite element calculationms.

Groundwafér‘flow model.

‘The-dewétériﬁg model described in the third quarterly report (LBID-040)

has been set up. Several runs were made to compare the model results with
the known Theis analytical solution? This was done to check for any errors
in the input.data of the model (30 x 20 element mesh). The model data
plot matches the Théis solution for_small values of time but shows
instability for large time values. Further computér runs are being made

to debug the program.

Task 5. Evaluation of Leaching Options

An equilibrium isotherm was devélopéd to show the relationship between the
concentration of Total Organic‘Carbon (TOC) existing at equilibrium in

the solid and liquid phases in the spent shale'leaching columns. Two
separate long-~term batch studies of seven shale and distilled water
mixtures ranging from 1.5 to 0.1 gm of shale per ml of water were con-
ductéd for periods of 21 and 73 days. At the end of the respeétive time
pericds the miktures were centrifuged and the TOC concentrétions in the
centraﬁe deﬁermined. The corresponding equilibrium concentration of TOC in
the shale fo£ each mixture.was then determined by subtracting the amoﬁnt of

TOC removed by the leachate from the organic carbon originally present in
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the unleached shale. This latter quantity'was determined by wet

oxidation with chromic and other acids of fiﬁely ground shale from which
the inorganic carbon had been removed with sulfurous . acid. Tne procedure
used is a standard method used to determime the organic carbog content of
soils. An average TOC content of 1.7 percent by weight was found by this
méthod; The resulting isotherm, obtained by.plotting "q", the solid

phase TOC concentration, agaiﬁst "C", the corresponding liquid phase TOC .-

concentration, is essentially linear for leachate TOC concentrations of

less than 40 ﬁg/l. This linear relationship will simplify modeling and

”anai§sié“6f the>iééching ahd solute trénsport problem considerably.

A change in the operation of the column leaching sfudies was instituted.
Previously, flow in the columns was in the upward direction. A reservoir
was provided at the bottom of the column to supply water across the entire
cross-section of shale. It was discovered that the reservoir was acting
as a trap for leachate. The incoming water, being lightef than leachate,
would rise into the shale. A portion of the leachate already in the shale
bed would then fall back into the reservoir instead of rising'through the

column as intended. This had two adverse effects. First, although net

flow is upward, there are strong downward components of velocity. Second,
the pool of water varies greatly in concentration of salts and TOC over the
period of column operation. These effects violate assumptions used in the
derivation of: the leaching and transport model thaﬁ the initial concentra-

tion of fluid entering the column is zero and that the velocity is uniform

in the diréction of flow. These observations were verified in an experiment

in which water was passed downward through a column of spent shale. A much

sharper concentration front was observed moviag downward along the column



than was observed for a corresponding upflow experiment. A new column run

was started using columns modified for downward flow.

During the past year considerable difficulty has been encountered in the
measurement of TOC in the leachate from the batch and column studies in
this study. A new Dohrmann Model DC-52A Total Carbon Analyzgr wés obtained
by LBL." Leachate samples are now being analyzed by both the Dohrmann
instruﬁent and the Beckman 915A anélyzer used previouslyﬁ It is expected
that both instrumenfs will be.used‘in the future to prov££e Cross checi&hg

of results.
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