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EXECUTIVE SUMMARY

The use of cementitious grouts is the most widely used method for
the treatment and ultimate disposal of both radiocactive and chemically
hazardous inorganic waste because of their low processing costs,
compatibility with a wide variety of disposal scenarios, and ability to
meet stringent processing and performance requirements. Versatile and
inexpensive processes to solidify large quantities of liquids, sludges,
and fine solids into cementitious waste forms have been developed at Oak
Ridge Natiomal Laboratory (ORNL). Recent successes in immobilizing more
mobile species in grouts encourage the belief that commercial
cementitious waste forms may be considered a viable source-control optien
for waste containing trace quantities of volatile organic compounds
(VOCs), such as the waste contained in the sludge lagoon located in
Zone 1, Landfill No. 4, on the Robins Air Force Base (RAFB), which is
located near Warner-Robins, Georgia.

Field studies at the RAFB Landfill No. 4 and sludge lagoon indicated
that chemical contamination of soils and groundwater beneath the landfill
and lagoon had occurred. The need for source-control remedial actions was
partially based on the assumption that the sites are contributing to off-
site groundwater contamination, which presents a potential risk to public
health and the environment. The nature, extent, and magnitude of
contamination in the landfill and sludge lagoon area were studied in
detail in a field sampling investigation. Principal contaminants were
determined previously to be metals and, to a lesser extent, organics,
with the lagoon being a major, and perhaps the principal, source. Thus,
permanent remediation of the source of contaminants must address the
lagoon.

A previous study performed by CH2M Hill evaluated several source-
control options for the sludge lagoon. Cement-based stabilization/
solidification (i.e., grouting technology) was not evaluated by this study
because of the lack of significant literature -data on retention of
organics in a cement-based matrix. Consequently, in 1988, the U.S. Air
Force (USAF) initiated a study at ORNL through the U.S. Department of
Energy’s (DOE’s) Hazardous Waste Remedial Actions Program (HAZWRAP) to
evaluate the technical feasibility of grouting technology as a source-
control option for wastes containing trace quantities of organics such as
those contained in the sludge lagoon.

The main objective of this project is to establish whether continued
consideration of grouting technology as a remedial action option for the
RAFB sludge lagoon was justified from the standpoint of technical
performance of the cementitious waste forms, current regulatory
guidelines, and estimated economics of implementing this approach at the
site. Few regulatory guidelines are available for this study, although
the regulatory agencies reserve the right to accept or reject a chosen
alternative. Grouting technology is a recognized remedial action
alternative and has been approved for use in the past. It is the method

ix



of choice for metals contamination and was used for remediation of soil
contaminated with organics at the Pepper Steel site closure in EPA

Region IV. The EP-Toxicity and Toxicity Characteristic Leaching Procedure
(TCLP) tests provide the only specific regulatory criteria with which to
evaluate this option. Only one compound - TCE - proved troublesome in

the TCLP test; but one vendor unequivocally passed this test, proving that
cementitious waste forms are capable of passing this regulatory test,
despite the required destruction of the waste-form physical integrity
(i.e., the necessary size reduction). This option is also attractive
economically because the cost of implementation is estimated to be about
$3 million for the out-of-ground implementation and approximately

$5 million for a true in situ implementation.

Although some physical properties of the waste forms were measured
and reported, the technical performance was evaluated mainly from the
standpoint of the VOC-immobilization potential of the waste form.
Immobilization in this sense means retention of VOCs or retardation of
release to a leachant. Cementitious waste forms provide immobilization by
a combination of a physical barrier to diffusion and a chemical affinity
for the species. The distribution coefficient is a measure of the
chemical affinity of a species in the waste form in question. This
chemical affinity combines with the physical barrier of a waste form to
give an overall mass-transfer resistance to leaching. The diffusion
coefficient is a measure of the mass-transfer resistance of a waste form
to the species in question. Some vendors concentrated on immobilizing
through a chemical means (i.e., using additives with a known affinity for
organics), as evidenced by some of the high distribution coefficients
measured. Using this approach allows them to attempt high waste loadings
to reduce the volume increases experienced in adding their ingredients.
This approach risks the integrity of the physical barrier and may result
in a remediated site more like a packed bed than a monolith, with the
entire volume accessible for leaching (i.e., the resulting diffusion
coefficient may be lower than a physically superior waste form with little
or no affinity for the species). On the other hand, concentrating
strictly on the physical barrier with little regard for the chemical
affinity may lead to high releases if the physical integrity fails (e.g.,
the size reduction required in the TCLP test removes the advantages of a
strong physical barrier since it is designed as a test of the level of
contamination and the affinity of the waste or waste form for the
contamination). A balanced approach seems best (i.e., improving the
chemical affinity of the waste form but ensuring that it is physically
sound and relatively impervious to bulk water flow). One of the
advantages of cementitious waste forms is their flexibility in
formulations and resulting physical properties. Thus, once a vendor has
selected the most appropriate additive for a particular application, the
blend of ingredients and waste loading can be adjusted to obtain a desired
physical property (i.e., some of the diffusion coefficients measured may
be improved by simple changes in the recipe such as lower waste loadings).
These improvements must be weighed against conflicting criteria or
objectives such as maximum waste loading or minimum volume increase.



Although no EPA criteria exist for the leachability index (the
negative logarithm of the diffusion coefficient), past experience has
demonstrated what indexes are technically achievable for cementitious
waste forms for other applications and species. 1In general, an
index less than 6 is considered unacceptable. The porous cementitious
waste forms can usually be formulated to provide enough of a physical
barrier to give an index of 7. To achieve an index of 8 or higher is more
difficult and usually depends on utilizing some sort of chemical approach,
such as conversion of metallic ions into relatively insoluble hydroxide
species. Achieving indexes as high as 12 is rare and depend on chemically
fixing the species by chemical conversion into an "insoluble" species or
"jrreversibly" sorbing the species into some solid sorbent. The indexes
measured in this study conform to these observations, with a few between 6
and 7, most of the values being between 7 and 8, some between 8 and 9, and
a few above 9. Three out of the four vendors had quite respectable
indexes of close to 8 (7.7 to 7.9) for the key component, TCE.

One of the major criticisms in the past of studies evaluating the
immobilization of VOC in cementitious waste forms was that most or all of
the VOC escapes during mixing of the grout. One of the major efforts in
this study was estimating the amount of VOC each sample retained after
mixing and curing. A secondary conclusion from this effort was that a
significant fraction of the VOC was retained during mixing, despite the
exothermic hydration reactions and the open-top mixing used.

x1i






IMMOBILIZATION OF VOLATILE ORGANIC COMPOUNDS
IN COMMERCIAL CEMENT-BASED WASTE FORMS

R. D. Spence
T. M. Gilliam
I. L. Morgan
S. C. Osborne
ABSTRACT

This report assesses the applicability of cement-based
solidification/stabilization technology as a remediation action option for
wastes containing trace quantities of volatile organic compounds (VOCs).
Leach studies were performed to obtain pertinent mass-transfer parameters.
Estimates of VOC retention during sample preparation were made in order to
quantify the source term used in the interpretation of leach data

obtained.

1. TINTRODUCTION

The use of cement-based grouts is the most widely used method for the
treatment and ultimate disposal of both radiocactive and chemically
hazardous inorganic waste because of their low processing costs,
compatibility with a wide variety of disposal scenarios, and ability to
meet stringent processing and performance requirements. Versatile and
inexpensive processes to solidify large quantities of liquids, sludges,
and fine solids (< 0.6 mm in diam) in cement-based grouts have been
developed at the Oak Ridge National Laboratory (ORNL). Grouts that meet
all applicable regulatory requirements for the disposal of heavy metals,
selected organics, and radionuclides have been developed.!~!?

Grouts, particularly neat, cement-paste grouts, have proven less
successful in sequestering species such as volatile organic compounds
(VOCs) and readily soluble anions (e.g., pertechnetate and nitrate).
Recent studies have shown that grouting technology can be successfully

applied to the disposal of waste containing techmetium and nitrates by
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altering both the waste stream chemistry and physical properties of the

12,13 Based on the success with technetium and nitrates,

grout matrix.
research efforts have been expanded to address the use of grouting
technology as a remediation option for wastes containing trace quantities
of VOCs. Results of a recently completed study on the immobilization of
VOCs are presented in this report.

2. BACKGROUND

The U.S. Air Force (USAF), as part of its Installation Restoration
Program (IRP), is.performing a Phase IV-A study at Robins Air Force Base
(RAFB) near Warner Robins, Georgia. This study included Zone 1, Landfill
No. 4, and the sludge lagoon and provided most of the following background'
material.l*

Landfill No. 4 and the sludge lagoon are contiguous sites located
adjacent to a swampy area on the east side of RAFB. The landfill was
operated from 1965 to 1978 and was used for disposal of general refuse and
occasional disposal of industrial wastes. The landfill occupies
approximately 45 acres. The sludge lagoon, located adjacent to the north
side of the landfill, was used for disposal of industrial wastewater
treatment plant sludges and occasional disposal of other liquid industrial
wastes from 1968 ﬁntil 1978. The lagoon was unlined and bordered by an
elevated earthen dike. The lagoon surface area was approximately 1.5
acres, and the depth was approximately 6 ft (1.8 m).

The sludge lagoon and landfill lie in a swampy area, and the surface
of the landfill rises about 10 ft (3.05 m) above the swamp. Surface water
at the site generally drains from west to east, with much of the surface

drainage from adjacent RAFB areas flowing over the landfill and into the
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lower-lying swamp. The water level in the swamp is maintained by
drainage-control structures and the Hannah Road embankment. At the
northern edge of the sludge lagoon and landfill, surface waters flow into
a channelized, eastward-flowing drain located just north of the lagoon.

Immediately under the landfill and the swampy area surrounding it are
alluvial deposits that form a low-depositional terrace of the Ocmulgee
River. The alluvial deposits are composed of sand, gravel, peat, and clay
beds, with a total thickness of more than 25 ft (7.62 m). Throughout most
of the site, the alluvial deposits are divided into two distinct layers:

a lower sand and gravel zone and an upper peat and clay bed. Waste and
artificial fill overlie the peat and clay bed in the vicinity of the
landfill. Relative depths of the site components are summarized in
Fig. 1.

Groundwater flow in the vicinity of Zone 1 generally parallels the
surface water flow. Groundwater seems to flow radially away from the
landfill, eastward toward and beneath Hannah Road, as well as north toward
the channelized drainage. Lateral groundwater flow just beneath the peat
and clay bed was estimated at a rate between 100 and 800 ft/year (30.5 and
244 m/year). The vertical groundwater gradient is predominantly upward
from deep to intermediate zones. There is little or no upward gradient in
the intermediate to shallow zones.

The peat and clay bed directly underlying the wastes consists of
interbedded clay and peat constituting a total thickness of 5 to 14 ft
(1.52 to 4.27 m). Inspection of recovered split-spoon samples of the clay

generally showed it to be a plastic material with roots and channels.
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Fig. 1. Relative depths of site components.
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Laboratory permeability tests of samples from this bed were
approximately 10°% cm/s, while earlier field permeability studies
indicated that values averaged approximately 107% cm/s.!® Differences
between laboratory and field-test results are attributed to larger-scale
discontinuities in the stratum (e.g., seams, joints, and root holes) not
measured by laboratory methods. Thus, higher permeabilities indicated
from field tests are believed to be more representative of the actual
permeability in the peat and clay bed.

The peat and clay bed appears to be continuous and may retard flow
between the upper perched zone and the underlying sand aquifer. However,
field iInvestigations indicated that contaminants have migrated downward
into the underlying sands. Furthermore, observed groundwater elevations
and gradieﬁts indicated that, at best, the peat and clay bed acts to
create semiconfining aquifer conditions in the zone underlying the bed.

Although no special testing to assess strength or compressibility
characteristics of the peat and clay stratum was performed, the relatively
soft nature of the material indicated that remedial activities involving
dikes or trenches through the peat and clay, or fills on the top of the
peat and clay, could be compromised by soil instability. Significant
settlement may be expected for activities such as capping or filling.

Sands underlying the peat and clay bed constitute the most significant
groundwater aquifer at the site, extending to depths of several hundred
feet. Field investigations using slug tests and observation of shallow-
well pumping indicated a hydraulic conductivity in the underlying sands of
10°2 to 1073 em/s. Laboratory permeability values varied between 6 x 107*

and 9 x 1073 cm/s for relative densities of 60 and 90%, respectively.
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The soil cap overlying the landfill waste is typically 2 to 2.5 ft
(1.64 to 1.21 m) thick. The material is a nonplastic, silty, or clayey
sand having less than 25% silt or clay. Average field permeability of
this layer was measured as 3 x 10™% cm/s with a laboratory permeability of
2 x 107 to 5 x 107% cm/s.

Field studies at Landfill No. 4 and the sludge lagoon!>~17 indicated
that chemical contamination of soils and groundwater beneath the landfill
and lagoon has occurred. The need for source-control remedial actions was
partially based on the assumption that the sites are contributing to off-
site groundwater contamination, wﬁich presents a potential risk to public
health and the environment. The presence of odors at the sites and the
observation of gas bubbling in ponded water indicated that gas production
and migrations through the surface cover were occurring at the landfill
and lagoon.!? Air monitoring performed at the sites indicated that
methane and nonmethane organic gaseous compounds were present.

Preliminary data analyses and field observations suggested that the
primary pathways for contaminant migration are dissolved contaminant
migration in grouﬁdwater and atmospheric dispersion of volatile
contaminants. Surface water runoff and windblown dusts do not appear to
be significant pathways for contaminant migration. The nature, extent,
and magnitude of contamination in the landfill and sludge lagoon area were

17 The maximum

studied in detail in a field-sampling investigation.
concentrations observed in the field studies are shown in Table 1.

Principal contaminants were determined to be metals and VOCs, with the

lagoon being a major source and perhaps the principal source. Thus,
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Table 1. Maximum concentration of each species reported!’

Concentration (ppb)?

Soil Soil
Species Groundwater borings leachate Maximum
Volatiles
Trichloroethylene 14,000 5,500 130,000 130,000
trans-1,2-Dichlorpoethene 19,000 100,000 36,000 100,000
Tetrachloroethene 290 59,000 1,100 59,000
Toluene 540 20,000 2,200 20,000
Chlorobenzene 810 20,000 8,800 20,000
Chloroform 600 17,000 1,200 17,000
Vinyl chloride 6,700 < 12,000 12,000
Acetone 9,000 630 4,300 9,000
2-Butanone (MEK) 3,700 3,100 930 3,700
Benzene 91 2,800 1,000 2,800
1,2-Dichloroethane 470 - - 470
4-Methyl-2-pentanone 420 - - 420
Xylenes 220 - - 220
Trichlorofluoromethane 170 - - 170
1,1-Dichloroethane 91 - - 91
1,1-Dichlorethene 49 - - 49
Carbon disulfide 29 - - 29
Ethyl benzene 27 - - 27
Carbon tetrachloride 5 - - 5
Bromodichloromethane 5 - - 5
Dibromochloromethane 5 - - 5
Subtotal 56,222 228,030 197,530 374,991
Pesticides and PCB
Chlordane 0.05 8,500 < 8,500
4,4'-DDT 0.01 240 8 240
Dieldrin 0.01 < < 0.01
PCB-1254 0.04 2,500 0.07 2,500
Subtotal 0.11 11,240 8.07 11,240.01
Base neutrals
1,4-Dichlorobenzene 2,600 690,000 13,000 690,000
Naphthalene 100 38,000 560 38,000
Fluoranthene 100 4,800 < 4,800
Bis(2-ethylhexyl) 100 3,600 - 3,600
phthalate
Pyrene 100 - - 100
1,2-Dichlorobenzene 5,200 - - 5,200
1,3-Dichlorobenzene 2,100 - - 5,200
Subtotal 10,300 736,400 13,560 743,800
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Table 1. (continued)
Concentrations (ppb)?@
Soil Soil
Species Groundwater borings leachate Maximum
Acids

Phenol 1,700 18,000 48,000 48,000
M/P-Cresol 4,200 50,000 7,900 50,000
0O-Cresol 940 - - 940
Pentachlorophenol 100 < 3 100
2,4-Dimethyl phenol 2,200 120,000 11,000 120,000

Subtotal 9,140 188,000 66,903 219,040

Metals

Arsenic 65 - 65
Barium 470 - - 470
Cadmium 6 599,000 34,800 599,000
Chromium 73 6,419,000 173,000 6,419,000
Copper 40 - - 40
Lead 120 813,000 27,400 813,000
Nickel 50 - - 50
Zinc 160 - - 160

Subtotal 984 7,831,000 235,200 7,831,785

Total cyanide 5 970 400 970

Total 76,651.11 8,995,640 513,607.07 9,181,826.01
Water (or water

+ soil) 999,923,348 991,004,360 999,486,398 990,818,173

4less than (<) refers to "below detectable limits," and a
dash (-) refers to "no measurement,"
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permanent remediation of the source of contaminants must address the

lagoon.

A previous study evaluated several options for the permanent

remediation of this site.l8

The study presented only one permanent
solution to close this site: exhumation and incineration of the sludges
and peat and clay layer that are contaminated with VOCs and heavy

metals, with the resulting ash being disposed of off-site. The estimated
capital cost for this option was $20 million.

Seeking a lower-cost option, the study recommended a pump and treat
scenario, where a line of Qells intercepts the groundwater flowing off
the site and the VOCs are subsequently air stripped from the groundwater.
While this option has an estimated initial capital investment of only
$500,000, the operational phase, with its estimated annual operating costs
of $610,000, is indeterminate because this option does not permanently
control the contaminant source. Thus, RAFB personnel immediately
recognized that this option was useful only as an intermediate step or as
a means to clean contaminated soil in the landfill and that this should be
performed in conjunction with a separate remediation on the lagoon.

In July 1987, ORNL evaluated the study and recommended that grouting
technology be considered as an alternative remediation. This
recommendation was based on a March 1987 precedent set in the
Environmental Protection Agency’s (EPA's).Region IV at the Pepper Steel
and Alloy Superfund site near Miami, Florida, which established in situ
immobilization in a cement-based grout as a permanent remedy for soils

contaminated with heavy metals and PCBs.l® The cost of this option as a

permanent remedy for the Zone 1 sludge lagoon was estimated to be on the
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order of $5 million based on costs at the Pepper Steel and Alloy Superfund
site.

In addition to a substantial costs savings over the exhumation and
incineration option, in situ grouting offers several other potential
advantages: (1) complete disposal on-site, thus reducing risk of both
exposure and liability by eliminating the need to transport the waste or
its ash off-site; (2) no additional landfill space required, as it is
anticipated that the resulting solidified material can be accommodated
within the existing Zone 1 area; and (3) ultimately, if the solidification
can be performed without significant disturbance of the overburden (which
is true in situ), then it would reduce the risk of contaminant exposure to
area personnel during treatment operations, as well as reduce the hazards
associated with soil instability during site exhumation. Consequently, in
1988, a study to evaluate the technical feasibility of grouting technology
as a potential remediation option for the Zone 1 sludge lagoon was
initiated at ORNL through the Hazardous Waste Remedial Actions Program
(HAZWRAP) and the‘Waste Management Technology Center (WMTC).

The objective of the study was to establish the technical and
regulatory credibility of grouting technology as it would be applied to
the lagoon at the RAFB Zone 1 site. Grout formulas and materials were
obtained from four vendors believed to be representative of available
commercial technology. It should be noted that the specific proprietary
additives were not disclosed in order to eliminate the need for
proprietary agreements and, hence, avoid restricting the distribution of

this report. These four vendors were:
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Vendor A

RMC Company

214 West Main Plaza

West Plains, Missouri 65775
(417) 256-1101

Contact: Dr. R. Soundararajan

Vendor B
Wastech, Inc.
P. 0. Box 1213
Oak Ridge, Tennessee 37831-1213
(615) 483-6515
Contact: Mr. E. B. Peacock

Vendor C
International Waste Technologies
150 North Main, Suite 910
Wichita, Kansas 67202
(316) 269-2660
Contact: Mr. J. P. Newton

Vendor D
Silicate Technology Corporation
Pegler and Welch Consultants, Inc.
14455 North Haden, Suite 218
Scottsdale, Arizona 85260
Contact: Mr. Greg Maupin

These four vendors are referred to as Vendor A, Vendor B, Vendor C, and
Vendor D in this document.

Grout products were then prepared and evaluated as to their
suitability for retaining VOCs. The results of the evaluation, presented
in this report, involved several subtasks: (1) a screening study to
provide guidance to the final experimental design, (2) the development of
laboratory quality assurance and quality control procedures to quantify
the VOC retention during sample handling and preparation, (3) the

evaluation of grout product performance with regard to leachability and



12
selected physical integrity criteria, and (4) the evaluation of the
compatibility of commercially available processing equipment with regard
to site regulatory criteria and cost.
3. TEST PROCEDURES AND EQUIPMENT

It is important to mnote that although this study focused on the
sludge lagoon, it was also, by necessity, a generic study. Only select
VOCs were evaluated, and, in many cases, the concentrations used in this
study are not representative of actual site conditions. That is, the site
concentrations were used for guidance purposes only; and the actual
concentrations uséd in this study were chosen more to facilitate
analytical detection limits and experimental constraints, such as
solubility and original estimates of assumed losses during sample
preparation. In most cases, this resulted in VOC concentrations in the
waste form significantly above those expected at the site.

The waste used for grout preparation was sludge that was obtained
from the RAFB Zone 1 sludge lagoon. A large sample was taken from the
lagoon, sieved through a 0.25-in. screen for removal of debris, and,
finally, homogenized in a Littleford high-shear mixer (Fig. 2). The
resulting material provided the basic waste matrix for all testing
described in this report. During the homogenization, the waste material
lost much of its 6riginal VOC content. Spiking the sludge provided the
VOC content needed for the leaching and extraction tests (Sect. 3.2).
None of the grout samples subjected to the physical testing presented in
this section were spiked with VOCs.

After homogenization, the sludge was collected in a stainless steel

(88) 55-gal drum. This drum was rotated on a drum roller for 30 min, and



Fig.

2

Mixer used to homogenize sludge sample received from RAFB.
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samples were collected from five separate areas within the drum to make a
composite sample. The composite was characterized according to EPA
protocols, with the results listed in Table 2. Two split-spoon samples
were taken from the sludge lagoon at the same location that was later
excavated for the large sample used in this project. These samples were
submitted to two separate laboratories for characterization. Table 2 also
includes these two analyses. The VOC content of these split-spoon samples
can be taken to represent the VOC content of the sludge prior to
excavation, handling, and homogenization. No herbicide analyses were
performed for the sludge composite or one split-spoon sample because of
failure to recover the herbicide spike as required by EPA. Thus, the
herbicide analysis, reported in Table 2, was performed on a split-spoon
sample analyzed by Enseco, Inc., Arvada, Colorado. No herbicide was
detected in this sample, indicating that the sludge is not contaminated
with herbicides.,

In addition to the analyses listed in Table 2, the chloride content
of the homogenized sludge was measured to be approximately 1.9 mg/kg, and
the pH of the sludge dispersed in water for both the Extraction Procedure
(EP) -Toxicity and the Toxicity Characteristic Leaching Procedure (TCLP)
extraction, prior to acetic acid addition, was 6.8. The chloride content
was considered important because of the corrosive nature observed for the
sludge. The cementitious waste forms caused pitting of some of the
304 SS molds used to prepare the 2-in. cubes. It is suspected that the
high pH environment of the grout combined with the presence of the
chloride ion led to this pitting. The sludge alone has proven corrosive

to 5-gal drums of carbon steel. These observations imply that remedial



Table 2. Characterization of sludge samples
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Concentration
(ppm)
Homogenized Split spoon Split spoon
Species sludge 1 2
Volatile organic compounds
Acetone 1.7 12 <250
1,2-Dichloroethene 0.02 < 0.081 < 50
Chloroform 1.7 1.1 < 50
Methylethyl ketone 5. 3.8 <250
Trichloroethene 15.0 51 280
Benzene 0.55 0.56 < 50
Perchloroethene 7.5 27 < 50
Chlorobenzene 3.9 22 < 50
Vinyl chloride 0.059 < 0.16 <100
Methylene chloride 1.8 0.13 NRZ
Carbon disulfide < 0.025 0.26 < 50
1,1-Dichloroethene 0.08 0.081 < 50
1,1-Dichloroethane 0.031 < 0.081 < 50
1,2-Dichloroethane 1.1 2.1 < 50
1,1,1-Trichloroethane 0.65 0.34 < 50
Carbon tetrachloride 0.025 0.033 < 50
Vinyl acetate 0.48 0.36 <100
1,1,2-Trichloroethane 0.38 1.2 < 50
4-Methyl-2-pentanone 1.6 14 <100
2-Hexanone 0.52 6.3 <100
1,1,2,2-Tetrachloroethane 0.21 0.57 < 50
Toluene 3.9 18 < 50
Ethyl benzene 3.2 20 < 50
Xylene 2.6 14 < 50
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Table 2. (continued)
Concentration
(ppm)
Homogenized Split spoon Split spoon
Species sludge 1 2
Base/neutral/acid organic compounds
Phenol 3.7 <10 <470
1,3-Dichlorobenzene 130 <10 <470
1,4-Dichlorobenzene 120 <10 620
1,2-Dichlorobenzene <6.1 3,100 1,100
2-Methylphenol 10 7.7 NRZ
4-Methylphenol 47 63 NRZ
Isophorone 30 <10 <470
2,4-Dimethylphenol 110 210 <470
1,2,4-Trichlorobenzene 100 160 <470
Naphthalene 79 93 <470
2-Methylnaphthalene 190 140 <470
Dibenzofuran 15 17 <470
Fluorene 2.7 4 <470
Phenanthrene 2.2 7.4 <470
Anthracene 0.18 <10 <470
Di-n-butylphthalate 160 83 <470
Fluoranthene 2.8 8.9 <470
Pyrene 1.6 5 <470
Butylbenzylphthalate 10 15 <470
Bis(2-ethylhexyl)phthalate 190 1,200 <470
Di-n-octylphthalate 3 6.3 <470
PCBs/pesticides
(None detected)
Herbicides

(None detected)



17

Table 2. (continued)

Concentration
(ppm)
Homogenized Split speon Split spoon
Species sludge 1 2
Metals

Arsenic NMP NmP 1.3
Barium 140 200 60
Cadmium 560 690 850
Chromium 6,200 12,000 6,300
Lead 760 550 140
Mercury Nmb NMb 0.32
Selenium Nmb NMP <2
Silver 4.7 1.2 41
Aluminum 28,000 51,000 NRZ
Beryllium 0.14 0.43 0.2
Boron 47 46 NRZ
Calcium 3,000 8,200 NRZ
Cobalt 15 25 11
Copper 270 330 300
Iron 82,000 77,000 NRE
Lithium 2.7 1.9 NRE
Magnesium 350 340 NRE
Manganese 690 2,100 NR?Z
Molybdenum 14 21 NRE
Nickel 210 180 230
Phosphorus 5,400 7,300 NRZ
Potassium 320 460 NRE
Silicon 1,500 690 NRE
Sodium 200 370 NRE
Strontium 67 200 NRE
Tin NRZ NRE 10
Titanium 680 1,400 NRZ
Vanadium 20 25 <2
Zine 630 1,200 640
Zirconium 9 13 NRZ

9Not reported.
Not measured.
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options that excavate the sludge and store it in drums may experience
problems with corrosion.
3.1 PHYSICAL PROPERTIES

The main objective of this project was to establish the VOC retention
capability of commercially available cement-based waste forms. Thus, the
grout physical properties were of secondary concern; no criteria, except
VOC retention, were identified to the vendors supplying the grout recipes.
Grout products made from these recipes were evaluated as to
(1) rheology, (2) unconfined compressive strength, (3) freeze-thaw
resistance, (4) 90-d immersion resistance, (5) bleed water, and (6)
penetration resistance.

It should be noted that most of these properties can be tailored to
meet specific criteria if a precise application or implementation
technique requires a property different from those observed for these
recipes. For example, it may be desirable to consider the application of
in situ grouting technology to the RAFB site such that the ground cover is
not removed from the filled-in sludge lagoon nor is the sludge excavated.
None of the recipes were designed to optimize fluid properties. Thus,
collaboration would be required between the supplier of the grout formula
and the operator of the implementation technique to ensure compatibility
between emplacement and product performance criteria.

3.1.1 Sample Preparation

All of the grout samples prepared for physical testing were 2-in.
cubes. The grouts were mixed according to vendor instructions using
materials supplied by the vendor, the homogenized sludge, and deionized

water. The mixing was done in a Model N-50 Hobart mixer (Fig. 3), using a
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Fig. 3. Hobart mixer used in grout preparation mixing steps.
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flat blade beater. After mixing, the grout was packed into 2-in. SS molds
(Fig. 4) that had previously had all surfaces treated with a mold release
agent. The grout was cured at room temperature in a saturated humidity
environment (Fig. 5) for 28 d. After curing, the cubes were measured,
weighed, and photographed. For photographing, three samples, which
represented the range of sample conditions from best to worst, were
selected. Next, three samples were submitted for measurement of their
unconfined compressive strengths, three were subjected to freeze-thaw
testing and then submitted for measurement of their unconfined compressive
strengths, and three were immersed in deionized water for the 90-d
immersion test.

The recipes supplied by the vendors and used to make the 2-in. cubes
tested in this phase of the project follow. The fixed masses given in
each recipe below total 1000 g, but some recipes allowed addition of more

water in order to achieve a smooth homogeneous paste.
3.1.1.1 Vendor A

1. Rotate the sludge drum for 30 min before sampling.

2. Weigh out 450 g of sludge in the Hobart mixing bowl.

3. Add 50 g of deionized water over 15 s while mixing at low speed,
approximately 140 rpm (simulation of VOC spike).

4, Add 500 g of Vendor A's dry blend over a 30-s period while mixing at
low speed.

5. Mix for 30 s on medium speed (~285 vpm).

6. If this mix does not form a smooth homogeneous paste, add the minimum
amount of deionized water to make it so. Record the amounts of each

ingredient including water. (Step 6 only applies the first time this
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grout is made. Use the same recipe for subsequent batches and add any
water needed in step 3.)
An extra 109 g of water was added in step 6 for the first batch of this

grout. Subsequent batches added 159 g of water in step 3.
3.1.1.2 Vendor B

1. Rotate the sludge drum for 30 min before sampling.

2. Weigh out 90.5 g of sludge in the Hobart mixing bowl.

3. Add 10 g of deionized water over 15 s while mixing at low speed
(simulation of VOC spike). The amount added in this step is not
important as long as the total water-VOC from this step and water from
step 6 add up to 185.3 g (i.e., adjust step 6 if 10 g is not added in
this step).

4, Add 90.5 g of Vendor B’'s liquid additive over a 30-s period while
mixing at low speed.

5. Mix for 30 s at medium speed.

6. Add 175.3 g of deionized water while mixing at low speed for 30 s.

7. Mix for 30 s at medium speed.

8. Add 633.8 g of Vendor B’s dry blend while mixing at low speed for

30 s.
3.1.1.3 Vendor C

1. Rotate the sludge drum for 30 min before sampling.

2. Weigh out 625 g of sludge in one Hobart mixing bowl and 139 g of
Vendor C's dry blend in another Hobart mixing bowl.

3. Add 69 g of deionized water to the sludge over 15 s while mixing at

low speed (simulation of VOC spike).
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4. Add 69 g of Vendor C's liquid additive to the sludge over a 30-s
period while mixing at low speed.

5. Mix for 30 s at medium speed.

6. Sluryy Vendor C's dry blend with 98 g of Vendor C’'s liquid additive
and add to the sludge over a 30-s period while mixing at low speed.

7. Mix for 30 s at medium speed.

At the time this grout was mixed, the liquid additive was in short supply.

Vendor C indicated this additive was a water solution of an agent intended

to interact with the VOC components to be spiked during performance

testing. Since no VOC was spiked for the physical testing, Vendor C

substituted deionized water for the liquid additive iIn steps 4 and 6 to

make the 2-in. cubes.

3.1.1.4 Vendor D

1. Rotate the sludge drum for 30 min before sampling.

2. Weigh out 735 g of sludge in the Hobart mixing bowl.

3. Add 81 g of deionized water over 15 s while mixing at low speed
(simulation of VOC spike).

4. Add 184 g of Vendor D's dry blend over a 30-s period while mixing at
low speed.

5. Mix for 30 s on medium speed.

6. If this mix does not form a smooth homogeneous paste, add the minimum
amount of deionized water to make it so. Record the amounts of each
ingredient including water. (Step 6 only applies the first time this
grout is made. Use the same recipe for subsequent batches and add any
water needed in step 3.)

No extra water was required in step 6 for this grout.
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3.1.2 Unconfined Compressive Strength

Unconfined compressive strength is a measure of the ability of the
waste form to withstand applied loads such as those that would occur from
disposal site overburden or stacked drums (or containers) during interim
storage. Thus, unconfined compressive strength is an important parameter
that addresses the concern of overburden subsidence and maintenance of
structural integrity during interim storage or disposal. In general, the
host matrix supplies the strength of the waste form. Hence, improved
strength usually incurs the penalty of decreased waste loading and
increased disposal volumes (versus the original waste volume). Therefore,
it is desired to have only the sufficient strength necessary to support
the anticipated loads.

In this study, freshly prepared grouts were poured or spooned into
2-in. cube molds conforming to American Society for Testing and Materials
(ASTM) € 109-80, "Compressive Strength of Hydraulic Cement Mortars (using
2-in. or 50-mm cube specimens)," specifications. The grouts are then
placed in a humidity cabinet maintained at 27°C and 98% relative humidity.
Twenty-eight days after being placed in the molds, the cured grouts were
removed and the unconfined compressive strength determined using a Tinius
Olsen Super L Universal Testing Machine (Fig. 6). In this method, a
uniaxial compressive load is applied along the specimen axis perpendicular
to the specimen’'s flat parallel surfaces until the specimen fails. The
maximum load is divided by the exposed cross-sectional area of the

specimen surface to determine the unconfined compressive strength.



Fig. 6.

Instrumentation used to determine unconfined compressive strength.
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3.1.3 Penetration Resistance

Penetration resistance is a measure of set, or stiffening, of the
grout (ASTM C 403-85, "Time of Setting of Concrete Mixtures by Penetration
Resistance”). Initial set is the elapsed time, after initial contact of
the dry-solids blend and waste, required to reach a penetration resistance
of 500 psi. Final set is the elapsed time, after initial contact of the
dry-solids blend and waste, required to reach a penetration resistance of
4000 psi. Although no substitute for calorimetry data, penetration
resistance does provide a quick and easy method for assessing the extent
to which the cementitious reactions have occurred, as well as a means of
comparing the effects of differing grout recipes.

In this study, freshly prepared grouts were poured into 2-in. cube
molds and then stored in a humidity cabinet at 27°C with a relative
humidity of 98%. The cured grout‘samples were removed after 28 d, and the
penetration resistance measurements were obtained. Penetration resistance
data were obtained using an Acme Penetrometer (Fig. 7) with a needle

having an 0.11-in.?

surface area at the point of penetration. A vertical
force downward on the apparatus is applied until the needle penetrated the
grout to a depth of 1 in. Penetration resistance is determined by
dividing the force required to penetrate the grout to a depth of 1 in. by
the surface area of the needle at the point of contact with the grout.
3.1.4 Thermal Cycling

Resistance to freeze-thaw cycles is a measure of the capability of a

waste form to withstand the natural temperature variation at a disposal or

storage site. This resistance is particularly important during interim
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Fig. 7. Instrumentation used to determine penetration resistance.
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storage or for waste disposal above ground. Temperature variations
experienced by waste disposed below the frost line should be minor.

In this study, freshly prepared grouts were poured into 2-in. cube
molds and then stored in a humidity cabinet at 27°C with a relative
humidity of 98%. The cured grout samples were removed after 28 d and
subjected to thermal cycling using a test method involving modifications
to ASTM B553, "Standard Test Method for Thermal Cycling for Electroplated
Plastics." For this test, 2-in. cube samples were sealed inside Teflon®
PFA jars. The cubes were placed on platforms to raise them above any
water that condensed during testing. The jars were placed in a Ransco
Environmental Chamber (Fig. 8) and subjected to 30 thermal cycles between
temperature extremes of +50°C and -30°C. The high and low temperatures
used were based on temperature extremes recorded during the last 39 years
by the National Weather Bureau for the Macon, Georgia, area. Each thermal
cycle consists of:

1. Ramp from 20 to 50°C.
2. Hold at 50°C for 1 h.
3. Ramp from 50 to 20°C.
4. Hold at 20°C for 1 h.
5. Ramp from 20 to -30°C.
6. Hold at -30°C for 1 h.
7. Ramp from -30 to 20°C.
8. Hold at 20°C for 1 h.

Figure 9 illustrates one temperature cycle used in the freeze-thaw

testing. A ramp time of 45 min. was used for Vendors B and D and 1 h for

Vendors A and C. After being subjected to this thermal cycling, the
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samples were subjectively evaluated for degradation and were submitted for
measurement of their unconfined compressive strengths. These values would
then be compared with the values obtained after a 28-d cure (before
freeze-thaw testing).
3.1.5 Immersion Resistance

Immersion resistance is an indication of the waste form’s ability to
withstand prolonged exposure to water, such as would be experienced upon
water intrusion into a storage container or a raising of the water table
during a rainy period. For this study, freshly prepared grouts were
poured into 2-in. cube molds and then stored in a humidity cabinet at 27°C
and at a relative humidity of 98%. The cured grout samples were removed
after 28 d and immersed in deionized water (nominally 1500 mlL) contained
in plastic jars. The cubes were placed on platforms so that the water had
access to all sides of the sample. The jars were sealed and allowed to
remain static for 90 d. After immersion for 90 d, the cubes were removed
from the water, subjectively observed for signs of physical deterioration,
and the unconfined compressive strength was measured for each cube. These
values would then be compared with the values obtained after a 28-d cure
(before immersion testing).
3.2 LEACHABILITY

The release of the VOCs from the waste form to the enviromment (i.e.,
its leachability) is, perhaps, the major factor in determining the
acceptability of grout technology as a potential remedial action option
for the RAFB Zone 1 sludge lagoon. Performance specifications related to
leachability are limited. Regulatory-related tests such as the EP-

Toxicity?? and the TCLP?° deal more with the classification of the waste
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form and do not supply data that can be used in modeling VOC release from
the waste form. 1In addition, the specified procedures associated with
these tests do not adequately address the potential loss of VOCs during
sample handling, nor are all of the VOCs of potential concern assigned a
threshold concentration by the EPA.

In reality, the leaching process, which is the release of the species
from the waste form into the surrounding solution, is complex. The
chemical potential of the species in the aqueous phase is different from
that on the waste-form surface. Thus, the immersion of the waste form in
a liquid (such as.gréundwater) leads to a flux of mass between the solid
surface and the solution. The release of surface molecules into the
solution establishes a concentration gradient in the solid adjacent to the
surface. This leads to the movement of species from the interior of the
waste form toward the surface and their subsequent release into the
solution. The instantaneous rate of release of a species from the solid
surface into the liquid is proportional to this concentration gradient,
which is the differeﬁce in chemical potentials of the solid at the surface
and the liquid at any given moment of time. In mathematical terms, this
concept 1is represented by the following equation for slab geometries,

known as Fick’s first law:%1,22
J = -D (dC/dX), .

where,

J = Instantaneous flux at time t of a given species from the surface

of a slab of the porous solid body, gecm™?.571;

D = Diffusion coefficient for the species in the porous, solid body
soaked in an aqueous environment, cm?/s;
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Q
1

Concentration of the species in the overall volume of the porous
solid body at time t and position X, g/cm?;

Distance from the slab centerline toward the slab surface, cm;

>
B

i

dC/dX = Instantaneous concentration gradient at time t and position X,

geem3ecm™t,

In a static environment, with no leachate replacement, the waste
species in the liquid will eventually equilibrate with the waste species
remaining in the waste form. When equilibrium is reached, the net
transfer of species from the solid to the liquid will cease. The
relationship between the liquid concentration at equilibrium with the
remaining waste-form concentration is described by the distribution
coefficient.

Thus, in this study, tests were conducted to supply both (1)
information related to the concentrations resulting from EP-Toxicity and
TCLP testing (regulatory-related tests) and (2) the diffusion and
distribution coefficients (mass-transfer parameters). Standard testing

® while testing to

protocols were used for the EP-Toxicity and TCLP tests,?
obtain the desired mass-transfer parameters required significant
development.
3.2.1 Waste-Form VOC Content

One difficulty in dealing with VOCs is in knowing how much is
contained in a given sample at a given time. Even if an accurate VOC
analysis is performed, the concentration may change with time,
particularly if the sample is handled or exposed to air. Soil or water

contaminated with VOCs tends to lose a significant fraction of its VOC

content to the environment, whether small samples are being handled in
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the laboratory or large sites are being excavated for remedial action
(e.g., incineration), unless steps are taken to control or reverse this
VOC flow. This point is illustrated by comparing the VOC content of the
split-spoon samples taken at the site with the analysis of the homogenized
waste (shown in Table 2).

If cement-based waste forms are made using standard equipment and
procedures, the VOC content of the final waste form must be considered
unknown, even if the VOC content of the original waste material is
accurately known. This is mot surprising in light of the fact that
standard waste-form preparation procedures involve vigorous mixing in
open-faced equipment, coupled with the evolution of heat during hydration.
The determination of the waste-form VOC content is critical to the
interpretation of the leach test results. This can be illustrated by
considering the TCLP test, which provides no criteria for the preparation
of a cement-based sample. In this test, a waste that had been determined
to be of environmental concern due to its VOC content may well meet the
TCLP leachate threshold concentrations after solidification/stabilization.
However, the question becomes, "Did the waste form retard the release of
the VOCs sufficiently to be an enviromnmentally acceptable treatment
option, or did the waste form lose sufficient VOCs during sample
preparation such that the leach results are misleading?" Since the
principal objective of this study was to assess the ability of
commercially available waste forms to retard the release of VOCs, the
determination of the waste-form VOC content became an integral part of the

leach studies,
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One approach'to this problem is to try to directly measure the VOC
content of the waste form. Due to the complexity of the waste-form matrix
and the relatively low VOC concentrations contained therein, the
analytical technique for direct measurement requires grinding of the waste
form followed by solvent extraction. Existing techniques would require a
major development effort to control and quantify VOC releases during the
grinding step. In addition, the waste form may retard the release of VOCs
by providing a physical barrier around the waste or chemically altering
the VOCs to a nonextractable or low-solubility form. Thus, solvent
extraction would only measure the'extractable VOCs remaining in the waste
form and would not identify VOCs lost during sample preparation or
nonextractable VOCs remaining in the waste form. Thus, the technique
would not differentiate between a commercially available waste form that
rendered the VOCs nonextractable and one which simply lost significant
VOCs during sample preparation. Consequently, the approach taken in this
project was to do both: that is, to measure the VOC loss to the
environment during sample preparation and to measure the extractable VOC
content of the final waste-form sample.
3.2.2 Selection of Individual VOCs

As discussed previously, the loss of VOCs during sample preparation
and handling was a major concern to the experimental work in support of
this project. Consequently, the decision was made to control the VOC
content of the waste used in this study by spiking the homogenized waste
sample (Sect. 3) with a known quantity of VOCs. This section provides the

rationale for the selection of the VOCs used in the experimental work.
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The maximum reported concentrations found in the site groundwater,
soil, and soil leachate samples for each constituent of potential interest
are shown in Table 1. Because this study is principally concerned with
the immobilization of VOCs, the constituents from Table 1 are of interest
here.

In order to identify the key VOCs of concern, the VOCs from Table 1
were weighted by multiplying the species mole fraction by the species
vapor pressure and ranking the resulting product in decreasing order. The
results are listed in Table 3. (Although this product is essentially
Raocult’s law, it is recognized that significant deviation from ideality
will occur for these organic species in water; that is, this product is
not an estimate of the species vapor pressure above the sludge.) Vinyl

s chloride and trichlorofluoromethane, which are normally gases at room
temperature and, hence, require the development of special sampling
procedures, were excluded from consideration. Toluene and benzene are
expected to behave similarly in the grout product. Consequently, benzene
was chosen over toluene because of higher solubility in aqueous
solutions, in an effort to both simplify the analytical requirements and
facilitate analyticalydetection limits. 1,2-dichloroethane was also
excluded due to the fact that it interfered with the analysis of
2-butanone, a constituent present at the site in significantly higher
concentrations. The following eight were selected as the main species of
interest: t-1,2-dichloroethene, trichloroethylene (TCE), acetone,

chloroform, tetrachloroethene (PERC), 2-butanone (MEK), benzene, and

chlorobenzene.
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Table 3. Estimation of the product of the mole fraction and vapor
pressure of each VOC species

Product of the
mole fraction

Maxium Vapor pressure and vapor

concentration at 25°C pressure

Species {(ppb) (nm_Hg) (nm Hg)
trans-1,2-Dichloroethene 100,000 344,000,000 6,038.065
Vinyl chloride 12,000 984,000,000 3,214 .687
Trichlorocethylene 130,000 80,000,000 1,346.832
Acetone 9,000 263,000,000 693.448
Chloroform 17,000 236,000,000 571.836
Tetrachloroethene 59,000 23,000,000 139,238
Toluene 20,000 32,000,000 118.175
2-Butanone (MEK) 3,700 100,000,000 87.295
Benzene 2,800 96,000,000 58.548
Chlorobenzene 20,000 13,000,000 39.304
Trichlorofluoromethane 170 808,000,000 17.014
1,2-Dichloroethane 470 86,000,000 6.950
1,1-Dichloroethene 49 617,000,000 5.307
1,1-Dichloroethane 91 264,000,000 4.131
Carbon disulfide 29 373,000,000 2.417
4-Methyl-2-pentanone 420 9,000,000 0.642
Xylenes _ 220 10,000,000 0.353
Carbon tetrachloride 5 117,000,000 0.065
Bromodichloromethane 5 100,000,000 0.052
Ethyl benzene 27 10,000,000 0.043
Dibromochloromethane 5 20,000,000 0.008

Total 374,991

Water 999,625,009
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3.2.3 Preliminary Procedural Evaluation

As discussed previously, it can be assumed that significant VOC
losses will occur during the preparation of VOC-containing grout samples
for subsequent evaluation in the leach testing. It is, therefore,
desirable that the initial VOC content of the waste used at the beginning
of the sample preparation step be as high as possible so that the VOC
content of the final product (after sample handling losses) will be
sufficient to provide measurable quantities in the leachates that result
from leach testing. In response to this need, a preliminary screening
study was performéd to provide guidance to the project on the effects of"
these excessive original VOC concentrations on subsequent leachate
analyses, as well as to provide a preliminary estimate of the VOC losses
that might occur during sample preparation.

In the screening study, a water-VOC surrogate was substituted for the
waste. All of the VOC constituents of interest (from Table 3) except
acetone have solubility limits in water. Based on some simplistic
assumptions, it was calculated that a 10 wt & acetone solution should
result in leachate concentrations in subseguent leach testing that would
be guantifiable by the analytical equipment then available for the
screening study. Consequently, a 10 wt % acetone solution became the
primary material used in this preliminary procedural screening effort.
Although not technically mecessary, it waé desired that this solutiom be
of relative composition similar to the lagoon waste. As such, one would
desire to add the other components at relative (to acetone) concentrations
similar to those shown in Table 3. However, with the exception of

2-butanone, solubility limits precluded this. Thus, the initial surrogate
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started with a solution of 10 wt % acetone, 4 wt % 2-butanone, and the
other six components added at their reported solubility limits.

Adding these remaining six constituents at their reported solubility
limits resulted in the formation of two phases. This was not unexpected
because the reported solubilities (listed in Table 4) are for each
constituent alone with water; hence, the multicomponent surrogate should
lower these reported limits. This initial VOC-water solution was diluted
with a ketone-water mix until the formation of two phases was no longer
observed. In addition, methanol was added to aid in the solubilization of
the hydrophobic compounds. The resulting solution had a faintly cloudy
appearance and was used as the surrogate in the screening study. Its
composition, as calculated from the mass of each constituent added, is
shown in Table 4.

This surrogate was then used with the vendor-supplied formulas to
prepare grout samples that were subsequently subjected to leach testing.
In the sample preparation, the surrogate was placed in a Model N-50 Hobart
mixer and the stirrer turned on a low setting (~139 rpm). The dry-solids-
blend components (supplied by the vendors) were then added to the water
according to the vendors'’ instructions. After addition of the solids, the
Hobart was set to a medium setting (~285 rpm) to facilitate blending.
Total mixing time varied from 1 to 4 min. After mixing, the fresh grout
was poured or packed into Teflon curing molds. Each mold makes 12 grout
cylinders; each cylinder is nominally 2.52 cm in diam and 4.65 cm long.
The curing mold was sealed between two Teflon slabs and two SS slabs using
four nuts and bolts. This entire assembly was placed inside plastic bags

during curing to help maintain saturated conditions inside the sealed
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Table 4. Aqueous VOC-surrogate waste solution composition

Maximum site Surrogate
concentration Solubility concentration
Species (ppm) (ppm) (ppm)

Acetone 9 a 100,100
2-Butanone 4 240,000 45,348
trans-1,2-Dichloroethene 100 8,100 1,997
Chloroform 17 8,200 1,991
Trichloroethylene 130 1,000 277
Benzene 3 700 197
Chlorobenzene 20 490 160
Perchloroethylene 59 - 400 80
Methanol b a 122,608

dMiscible.
bNot applicable.
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molds. The grouts were cured inside these molds for 28 d. Each cylinder
was pushed from the mold and then subjected to the leaching protocol.

The leaching.containers were nominally 16-fl. oz. (0.473-L) amber
jars with Teflon seals inside the screw-on lids. The jars were partially
filled with deionized water, and the grout sample was placed atop a small
SS screen in the jar to raise the sample off the bottom and maintain a
position along the jar centerline. Then, the jar was topped with
deionized water and the lid was screwed on tight. Each jar was allowed to
remain static for specified time intervals before the jar was unsealed and
two 40-mL samples were taken for analyses. These analyses became the
leachate concentrations used in mass-transfer parameter determination.

In order to determine the VOC content of the grout leach samples, mass
balance tests were conducted on the VOC-water solution, which had been
subjected to the same preparation steps as the grout leach samples; that
is, the VOC-water solution was subjected to the identical mixing and
curing steps as the grout samples, and the solution was analyzed before
and after each of the preparation steps. Tables 5 and 6 show the
retentions of each constituent in the VOC-water solution at each
preparation step (i.e., mixing and curing). These data indicate that, on
a percentage basis, the magnitude of the loss is similar at each step.

The cumulative losses for the VOC-water solution (Tables 5 and 6) were
then assumed to be representative of the VOC losses which occurred during
the actual preparation of the grout samples. Table 7 lists the initial
concentration of the surrogate used to prepare the grout samples, the

assumed percent retention of the VOCs (from Tables 5 and 6), and the
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Table 5. VOC retained during mixing of a VOC-water
solution in the screening study

Concentration (ppm)

Measured
Before mixing after Retained?

Species Calculated Measured mixing (%)

Acetone 100,100 93,311 93,808 100

2-Butanone 45,348 47,617 44,408 93.3
trans-1,2-Dichloroethene 1,997 1,411 120 8.5
Chloroform 1,991 1,610 247 5.3
Trichloroethylene’ 277 222 152 68.5
Benzene 197 183 95 51.9
Chlorobenzene 160 b b b
Perchloroethylene 80 b b b

4Based on the measured quantities.
bThe quantitative analysis using the FID was too
inconsistent for chlorobenzene and perchloroethylene.
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Table 6. VOC retained in a VOC-water solution held in the curing
mold for 28 d in the screening study

Concentration (ppm)

Measured
Initial after Retained?

Species Calculated Measured 28 d (%)
Acetone 100,100 93,311 88,842 95.2
2 -Butanone 45,348 47,617 46,623 97.9
trans-1,2-Dichloroethene 1,997 1,411 <2 <0.1
Chloroform 1,991 1,610 403 25

Trichloroethylene 277 222 34 15.3
Benzene 197 183 36 19.7
Chlorobenzene 160 b 23 14 .4
Perchloroethylene 80 b <2 <2.5

4Based on measured quantities.
bThe quantitative analysis using the FID was too
inconsistent for chlorobenzene and perchloroethylene.
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Table 7. Surrogate VOC concentrations and retentions used in
the screening study

Initial Final

concentration Retained concentration
Species (ppm) (%) (ppm)
Acetone 93,000 95 88,000
2-Butanone 48,000 90 43,000
trans-1,2-Dichloroethene 1,400 0 0
Chloroform 1,600 5 80
Trichloroethylene 220 10 22
Benzene 180 10 18
Chlorocbenzene 160 10 16
Perchloroethylene 80 10 8
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calculated concentration of the surrogate contained in the grout samples
used in the leach tests.

The assumed waste-form concentration (i.e., source term) was combined
with the leachate analyses (i.e., release) to obtain the species’
fractional release rate as a function of time in an attempt to determine
mass-transfer parameters. Not surprisingly, the predominant species in
the leachate were the two ketones (acetone and 2-butanone). The actual
leachate samples fequired significant dilution to prevent the ketone
content from overloading the analytical detector. This required dilution
had a deleterious effect on the ;nalysis of the constituents present in
the leachate in concentrations less than the ketones (the majority of the
constituents studied). Indeed, the majority of the constituents were
below analytical detection limits, which precluded the determination of
the desired mass-transfer parameters.

In summary, this screening study provided procedural guidance to the
project in two important areas: (1) waste concentration and (2) VOC loss
during sample preparation. The difficulties discovered in analyzing
leachates and the subsequent inability to obtain mass-transfer parameters
on a majority of the constituents (a major objective of this project)
clearly indicated that the original starting waste should not have
excessive relative concentrations of any individual constituent. That is,
in order to facilitate the analyses of leach soiutions, the starting waste
material should have similar individual VOC concentrations. In addition,
the screening study clearly indicated that VOC losses during sample
preparation were potentially significant. That is, VOC losses during

preparation of the grout leach specimens must be determined in order to
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allow a technically defensible interpretation of the subsequent leach
data. Both of these findings were incorporated into the grout sample
preparation procedures discussed in the next section.

It is emphasized that the VOC-water solution VOC retentions were only
used to correct the screening study data. The leaching data that are the
main subject of this report (detailed in subsequent sections) were not
corrected in this manner. Rather, the actual VOC losses during grout
preparation were measured as described in the following sections.

3.2.4 Procedure for Preparation of Grout Samples

The screening study indicated that there was a need to control the
VOC concentrations of the starting waste and that VOC losses needed to be
determined at each of the grout-sample preparation steps. The approach
taken in the sample preparation procedures described here utilized a VOC-
water splke to control the VOC content of the starting waste and attempted
to perform each of the preparation steps in a contained environment. The
philosophy behind the preparation step procedures was to (1) attempt to
minimize head space and (2) measure the VOC losses to that headspace. The
losses to the headspace were then subtracted from the starting VOC content
to obtain the VOC content remaining in the final grout product utilized in
the subsequent leaching procedures.
3.2.4.1 Waste spiking

The homogenized sludge described in Sect. 3 was the basic waste

matrix used in these procedures. Throughout the remainder of this
section, the homogeﬁized sludge is referred to as simply sludge. The VOC
content of the waste material used in the subsequent grout preparation

steps was controlled by spiking the sludge with a VOC-water cocktail.
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Throughout the remainder of this section, the sludge containing the VOC-

water cocktail is referred to as spiked sludge.

3.2.4.2 Waste spiking procedure

10.

The spike procedure follows:

Label and tare a 40-mL glass vial with a Teflon-lined septum and
containing a small Teflon-coated stirring bar.

Add about 0.5 g of liquid surfactant and reweigh so later mass
additions will be accurately known.

Fill the vial with deionized water and seal.

Using a needle and syringe, withdraw a volume of water from the vial
(via the septum) about equivalent to the volume of VOC to be added
later.

Reweigh the vial and record the mass of water added.

Inject the predetermined amounts of each VOC into the vial, weighing
after each aadition. Inject benzene last, as it is the only
hydrophobic (i.e., insoluble) VOC with a density less than water.
The vial can be used immediately or stored at 4°C for a short time
period (e.g., a few hours).

Weigh out the required amount of sludge (minimum of 360 g for a 40-mL
spike) in a Hobart mixing bowl.

Prior to use, disperse or emulsify the organic phase in the water in
the vial. (The magnetic stirring bar and an ultrasonic bath are
used.)

Add the contents of the vial while mixing the sludge on low speed

with the Hobart mixer (inside a hood) for about 15 s.
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12.

13.
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Rinse the vial with the preweighed deionized water from another vial,
and mix this rinse with the sludge as well.
Quickly take three spiked sludge samples from separate areas within
the bowl and submit for analysis.
Quickly transfer the bowl containing the spiked sludge into the

glovebox (Fig. 10) and seal the glovebox.

The analyses of the three sludge samples determine the quantity of VOC

entering the mixing step.

3.2.4.3 Mixing procedure

The mixing procedure follows:
Quicky weigh the bowl after taking the three spiked samples and record
the amount of spiked sludge remaining for mixing into grout (Fig. 11).
Quickly place the bowl with the spiked sludge into the glovebox.
Mix the sludge into a grout using the vendor materials and vendor
instructions (see Sect. 3.1.1).

Pack the grout into curing molds, eliminating air voids as much as
possible.

Seal the curing mold (Fig. 12).

Clean up and seal all potential sources of VOC.
Remove curing molds from glovebox.
Take gas samples immediately and analyze on the GC-FID.

These analyses are used to determine the quantity of VOC entering the

curing step. Verification tests using a VOC-water solution in place of

the sludge and grout were able to account for 60% to 100% of the VOC used

in the system.
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Fig. 10. Chamber containing spiked sludge.
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Fig. 11. Mixing steps in preparation of static leach test
specimens.



Fig. 12.

Molds used in preparation of static leach test specimens.

[49



53
3.2.4.4 Curing procedure
1. The sealed sample molds from the glovebox are placed in the curing
pipe shown in Fig. 13.
2. After the pipe is filled with molds (10), the top is screwed on and
tightened.
3. The pipe is allowed to remain static for a curing period of 28 d.
4. At the end of the curing period, a sample of the air contained
in the pipe headspace is taken and analyzed.
This analysis determines the VOC loss during the curing step.
5. The pipe is opened, and the sample molds are removed.
6. The mold end plates are removed.
The resulting grout disk inside the SS ring (see Fig. 13) becomes the
static leach test specimen. Verification tests using a VOC-water solution
was able to account for 70% to 115% of the VOC used in the system.
3.2.4.5 Static leach test procedure
1. Each disk from the curing step is suspended in 603 g of deionized
water in a zero-headspace extraction vessel (described in ref. 20 and
shown in Fig. 14) by SS wires attached to the ring surrounding the
grout disk.

2. After sealing the vessel, air is pushed through the top valve using
the vessel piston, leaving no headspace inside the vessel.

At this point, the leach test begins. At selected time intervals,
leachate samples are withdrawn from the leach vessel for analyses.

It is important to note that two types of leachate samples were
generated in these studies: semicontinuous and batch. Semicontinuous

samples were obtained in the following manner:



Fig. 13.

Curing pipe used in preparation of static
test specimens.

leach test specimens with four

resulting

149



Fig. 1l4. Zero-headspace extraction vessel used during static
leach test.
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1. The leachate was homogenized by withdrawal into a large SS syringe
(see Fig. 15) and reinjection into the vessel without exposing the
leachate to air or introducing air into the vessel. This process
was done twice to ensure that a representative sample could be
obtained at the top of the vessel.
2. A small aliquot was withdrawn from the leachate.
3. The aliquot was analyzed by a dedicated liquid sample concentrator
-gas chromatograph-ion trap detector(LSC-GC-ITD).
4. TLeaching is allowed to continue.
Batch samples were obtained in the following manner:
1. The entire leachate was withdrawn.
2. The leachate analyses were performed by the K-25 Analytical
Department, using a LSC-GC-MS with EPA-approved contract
laboratory program (CLP) procedures.
3. In this case, leaching stops and requires one test specimen per
analysis.
3.3 CHEMICAL ANALYSIS
The chemical analyses were performed utilizing a gas chromatograph
dedicated to the project and an EPA contract laboratory. The dedicated
gas chromatograph was a Perkin-Elmer model 8500 GC with both a flame
ionization detector (FID) and an ECD. The GC was also coupled to a
Perkin-Elmer ITD and a Tekmar liquid sample concentrator (LSC 2000). The
ITD measures the mass of fragments generated from the chemical species
passing through the ITD and generates this mass spectrum every 2 s. Thus,
a detailed mass spectrum with time is generated as a sample is separated

into its individual molecular constituents in the GC prior to being
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Fig. 15. Technician pPreparing to sample leachate.
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carried into the ITD. This spectrograph is stored electronically on the
hard disk of the IBM-PC-XT slaved to the ITD. The GC column used
throughout this study was a 1/8-in.-0D by 8-ft-long SS tube packed with 1%
SP-1000 on 60/80 Carbopak B, consistent with EPA Method 8010. This column
works well with benzene and the halogenated compounds used in this study
but not with the two ketones.

Analysis of liquid samples was performed either by direct injection
of a small aliquot (e.g., 3 pL) into the GC or by first concentrating the
volatiles from a much larger (e.g., 5 mL) aliquot on a Tenax/silca gel
trap and injecting what was trapped into the GC. This latter operation
was performed by the LSC. The LSC did not work as well with the two
ketones as with the other compounds. Quantitation of the concentrations
in unknown samples was basically the same regardless of which setup was
used, though the details differed. The setup was calibrated using
solutions of deionized water, a small amount of methanol, and a known
amount of the eight compounds being studied.

The leachates from the semicontinuous static leach test were analyzed
using the LSC-GC-ITD. This setup has a detection limit of approximately
2 pg/L for the two ketones and equal to or less than 1 pg/L for the other
six compounds. Calibration was accomplished by measuring the peak areas
for the characteristic mass fragment of each compound for at least four
different known concentrations. (The characteristic masses used for these
8 compounds were taken from Table 1 of EPA Method 8240 and consisted of 43
for acetone, 96 for 1,2-DCE, 83 for chloroform, 72 for MEK, 130 for TCE,
78 for benzene, 164 for PERC, and 112 for chlorobenzene.) Linear

regression of the peak areas and known concentrations gave the necessary
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correlation for interpolating an unknown concentration from the measured
peak area. These regressions typically had correlation coefficients of
0.99. One of the advantages of using the ITD was that electronic storage
of the spectra of the unknown concentration allowed calibration after
measuring the unknown, if this was desired.
The setup used for gas analysis was direct injection into the GC-FID.

This setup was calibrated with direct injection of 3 uL of a liquid
standard. In thié case, the peak area generated at the retention time
characteristic for the compound was divided by the total mass of the
compound (typically 50 ng) in the injection to give the proportionality
constant used to determine the unknown. This calibration was tested by
injecting a second standard and comparing the measured amount against the
known amount. If any of the eight compounds differed more than 15%, then
the setup was recalibrated. PERC and chlorobenzene often gave variable
results with this setup and required recalibration. Once the calibration
was satisfactory, a much larger gas volume (0.5 to 5 mL) was injected
directly into the GC. Since the setup was calibrated for mass, the mass
was measured in the sample and the concentration calculated from the
volume Injected. "The gas volume was selected to give a mass reasonably
close to the calibration mass (~50 ng), though the different
concentrations of the eight compounds in the gas prevented an ideal
matchup.

An EPA contract laboratory is one that is qualified for analysis. The
laboratory in question was the Analytical Chemistry Department within the
Quality and Technical Services Division of the Oak Ridge Gaseous Diffusion

Plant located at the K-25 Facility in Oak Ridge, Tennessee (and referred
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to hereafter in this document as Analytical). Analytical was CLP
qualified for both organic and inorganic analyses. The sludge samples,
batch leachate samples, and EP-Toxicity and TCLP samples were submitted to
Analytical for analysis by CLP and with accompanying chain-of-custody
cards. Chain-of-custody was established for the large sample excavated at
the RAFB site for delivery at Oak Ridge and finally for the subsamples
taken for testing and analysis and to those samples submitted to
Analytical.

In addition to normal CLP, arrangements were also made for (1) the
spike recovery and matrix spike analyses to be performed using the batch
leachate samples from this study (rather than some other samples also
being analyzed as is allowed), (2) the batch leachates to be removed
directly from the ZHE vessel to a SS syringe to a glass syringe and
injected directly into Analytical’s LSC without the leachate ever being
exposed to ailr, and (3) batch leachate analysis to be performed quickly
with a target of analysis on the same day as the sample is received.
Aliquots of the semicontinuous leachates were transferred directly into
glass syringes from the ZHE vessel and hence directly into the dedicated
LSC-GC-1TD, also without exposure to air. Unlike the batch leachates, not
all of the leachate was removed for analysis, only a small aliquot was
removed for analysis and later replaced with fresh deionized water as
leaching continued. The leachate was withdrawn and reinjected prior to
subsampling to ensure that the leachate was mixed and that a
representative aliquot wasvtaken for analysis.

Although reanalysis was sometimes required for the CLP analysis of the

batch leachates, especially the leachates for Vendor B's product, the
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spike recovery and matrix spike analyses were usually within the
prescribed limits for the leachates. Similarly, spike recoveries
indicated no masking in the analysis of the semicontinuous leachates for
Vendors A, C, and D by the dedicated LSC-GC-ITD. Spike recovery was a
problem for the leachate from Vendor B's product on the dedicated LSC-GC-
ITD. Although this problem was eventually solved, the first 3 weeks of
data for this vendor were questionable and are not reported.

However, it was not unusual for the CLP-spike recovery to be out of
compliance on the sludge analysis by Analytical. This is a common
occurrence for soils and sludges, in general. Whenever this happens, the
CLP procedure is to repeat the analysis, and if the problem reoccurs, the
best of the two analyses is the one reported (best being defined as the
one most in compliance with CLP).

The blanks (é ZHE vessel filled with deionized water at the beginning
of leaching and being analyzed after 28 d) indicated that some cross
contamination was occurring when the vessels were reused. This cross
contamination had a negligible effect on the observed leachate
concentrations and subsequent data interpretation due to the fact that the
leachate concentrations were at least two orders of magniture greater than
the indicated contamination. This contamination would have to be
controlled if waste forms with slower releases (e.g., a leachability index
of 10 or higher) are tested using these procedures.

4. RESULTS
Data obtained from the testing protocols described in Sect. 3

are presented. Interpretation and discussion of the data are contained in
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this section, with the exception of the static leach test data, which are
contained in Sect. 5.
4.1 PHYSICAL PROPERTIES

Grout composition and selected physical property data are summarized
in Tables 8 through 10. Given the flexibility of grout formulations,
these properties, summarized in Table 11, can likely be adjusted to
desired field-performance specifications, while retaining the
immobilization potential of the waste forms. Each of the recipes formed
cohesive monoliths, but the products of Vendors C and D contained high
waste loadings and were physicall& weak, as compared with products of
Vendors A and B. These physically weak waste forms are much more likely
to crumble and flake than the stronger products of Vendors A and B.
Thermal cycling of the waste forms in the freeze-thaw test had little
noticeable effect on the products except for the loss of some surface
material for Vendors C and D. Immersion of the waste forms in water for
90 d also had little noticeable effect. In general, the sludge can be
formed into strong, seemingly impervious solids; but, as the sludge
loading increases, the strength decreases and the physical appearance of
the final waste form approaches that of the sludge.
4.1.1 Rheology

All of the grouts were thick, sticky, and viscous. The shear
stresses were much higher than usual for the shear rates tested in the
Fann viscometer. 'These grouts could not be packed into the viscometer to
give reproducible, usable rheology curves. Normally, such data are most
useful for fluid grouts that will be pumped through closed conduits.

Since grouts are non-Newtonian fluids, the shear rate/shear stress curve
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Table 8. Grout compositions and properties for 2-in. cubes

Vendor A Vendor B Vendor C Vendor D

Composition, wt %

Sludge 39.8 9.1 62.5 73.5
Water added 15.9 18.5 6.9 8.1
Dry blend 44,3 63.3 13.9 18.4
Liquid additive n/a® 9.1 16.7b
Properties over 28-d cure
Shrinkage, vol % 0.0 0.0 12.7 4.6
Density, g/cm®

freshly mixed 1.61 1.62 1.22 1.39
after 28 d 1.61 1.62 1.40 1.46
Bleed water 0 0 0 0

at 28 d
Penetration >4000 >4000 0 490
resistance

after 28 d

(psi)

4n/a = not applicable.

Dpejonized water was substituted for Vendor C's liquid additive.
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Table 9. Unconfined compressive strength results for the
28-d cures and freeze-thaw testing

Mass
Unconfined compressive strength (psi) loss
Vendor 28-d cure After freeze-thaw (%)
A 881 830 1.6
829 1207 1.6
1095 1160 1.5
av 935 1066
std dev 115 168
B 2176 2694 0.4
1856 2154 0.3
1537 2789 0.3
av 1856 2546
std dev 261 280
C 4 0 16.0
16 5 17.0
16 17 7.3
av 12 7
std dev 6 7
D 62 55 1.5
58 54 2.5
60 64 3.5
av 60 58

std dev 2 4
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Table 10. Unconfined compressive strengths after immersion for 90 d

Unconfined compressive strength si

Vendor 1 2 3 Average  SD?2
A 1534 2081 2025 1880 246
B 3685 3508 4019 3737 212
c 10 9 17 12 4
D 59 51 45 52 6

4gp = one standard deviation.
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Table 11. Comparison of the unconfined compressive strengths for the
28-d cure, freeze-thaw test, and 90-d immersion test

Vendor After 28-d cure After freeze-thaw After 90-d immersion

A 935 1066 1880
B 1856 2546 3737
C 12 7 12
D 60 58 52
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generated by the Fann viscometer is required to give as much information
as a single viscosity value for a Newtonlan fluid (e.g., water). This
rheology information can be used to estimate the energy required to pump
the grout or the energy required to restart pumping if the grout is
allowed to set idle inside pipes or conduits for a few minutes during
process interruptions. The grouts used in this study are much too thick
to be handled in this manner. The strong mechanical systems (e.g., screw
mixer/conveyors, backhoes) used for mixing and transporting sludges and
solids must be used with these types of grouts rather than, for example,
pumps, pipes, or slurry mixers. As mentioned earlier, these grouts
probably can be tailored to be more fluid while retaining their primary
immobilization capability, but no rheology criteria have been established
for the grout formulations as yet. Once an implementation technique has
been selected, then the importance of rheology criteria and the need for
tailoring will be known.
4.1.2 Shrinkage

Products from two of the vendors, C and D, were observed to shrink
inside the 2-in. curing molds. This shrinkage is speculated to be caused
by the high sludge loading (62.5 wt % and 73.5 wt %, respectively) and low
water content of these grouts. The cement powders apparently dehydrated
the sludge, possibly causing the observed shrinkage. After curing for
28 d, the dimensions of the cubes were measured and compared with the mold
dimensions (taken to be the initial dimensions of the grout) to obtain the
volume shrinkages listed in Table 8. Such shrinkage was not observed for
the leach/extraction samples prepared using the same formulations, but

cured in covered 8S molds sealed inside a SS pipe. Apparently, the
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shrinkage observed in the 2-in. cubes was a combination of the high sludge
loading and the exposed surface during cure (although curing was done
inside a high-humidity cabinet).
4.1.3 Density

The grout densities are usually measured with a mud balance, but
these grouts were too thick to use with this technique. The densities
were obtained by weighing the 2-in. cubes after curing for 28 d and using
the mold volume (freshly mixed density) and the measured dimensions after
28 d.

In the past, some grouts have lost as much as 10 wt % during a 28-d
cure, even in the humid curing environment. These were fluid grouts
(i.e., excess water), and having more water than needed for the cement
reactions may explain the weight loss (i.e., the exothermic reactions may
have driven off some water which was not replaced, even in the humid
environment). The observed shrinkage of these grouts may mean that they
had enough affinity for water that they gained water during the 28-d cure
(i.e., the density may have increased over 28 d not only from volume
shrinkage, but also from mass gain). In other words, the mass of the
cubes may have changed over 28 d, but the densities listed in Table 8 are
accurate for a 28-d cure and are representative for the freshly mixed
grouts.

4.1.4 Bleed Water

Although some of the grouts looked moist for a day or so after
mixing, none had any problems with bleed water (Table 8). A typical
criterion for even a watery grout is 0 vol % bleed water after 28 d.

None of the current recipes for these four vendors will have any trouble
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meeting this or more stringent criteria. Tailoring the grouts to make
them pumpable for in situ implementation may cause bleed water, so this
property must be checked again if the grouts are to be fluid.
4.1.5 Penetration Resistance

The penetration resistance is roughly 10 to 20 times the compressive
strength of the grouts and is used as an objective measure of when the
grout sets. Initial set is defined as a penetration resistance of 500 psi
(usually achieved in a few days) and final set as greater than 4000 psi
(usually achieved in a week or two). Some of the waste loadings were so
high that set as defined above was doubtful, even after 28 d. As
suspected, the two weaker products with high waste loadings (from Vendors
C and D) did not échieve the defined initial set, much less the final set
(Table 8). 1If this property is deemed important, set, as defined above,
can likely be achieved for these two products by a lower waste loading,
higher blend content, and/or more water.
4.1.6 28-d Compressive Strength

The unconfined compressive strength of the grouts is a measure of its
load-bearing capabilities. Generally, waste products do not have to bear
heavy loads, so compressive strengths too weak for construction concretes
may be acceptable for waste products. Regulatory agencies tend to have
little or no criteria for compressive strengths (e.g., the NRC has a
requirement of only 60 psi for solidified low-level radioactive waste).2°
Usually, if the cémentitious waste forms set (i.e., harden) and form a
monolith, the compressive strength is about an order of magnitude above

this value (i.e., ~500 psi). The recipes supplied by three of the
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four vendors do not emphasize the physical properties of the final
product, and no criteria were placed on these properties. The purpose of
this phase of the project was to measure the physical properties of
recipes the vendors supplied for controlling VOC release from the RAFB
sludge. Any of these grouts can be tailored to meet physical property
criteria, including fluid properties, if they can be demonstrated to
control VOC release. The high waste loadings for Vendors C and D resulted
in the low compressive strengths reported in Table 9; Vendors A and B's
products had compressive strengths of equal to or greater than 900 psi.
4.1.7 Freeze-Thaw

Freeze-thaw testing is a measure of the capability of a waste form to
withstand the natural temperature variation at a site. The high and low
temperatures used (50°C and -30°C) were based on the 39-year records for
Macon, Georgia. These records were for aboveground air temperatures, so
the results are a measure of the durability of the waste forms for
aboveground storage. Temperatures below ground will not vary over as wide
a range; thus, using 50°C and -30°C was conservative for in situ
stabilization/solidification or final disposal underground. After being
subjected to this thermal cycling, the samples were subjectively evaluated
for degradation and were submitted for measurement of their unconfined
compressive strengths. A significant decrease in compressive strengths
from those measured after curing 28 d would have indicated a potential
problem in the long-term durability of these products. Since cementitious
products continue to cure after 28 d, an increase during the 8- to 10-d

freeze-thaw testing would not have been surprising.
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Little difference was noted by visual examination or for the
compressive strengths listed in Table 9 before and after the freeze-thaw
test for any of the samples. Of course, Vendors C and D's samples were
weak both before and after, but the samples did hold together and did not
crumble during the freeze-thaw cycling. However, the results for Vendor C
are suspect due to the sample's low initial strength and the data scatter
in measurements taken after the freeze-thaw cycle. Products from Vendors
A and B experienced little weight loss during the test, and the weight
loss reported for products from Vendors C and D may be explained by the
loss of some surface material (some loose material was noted in the bottom
of the container after the test). The cube dimensions were essentially
the same before and after the test, indicating no shrinkage occurred for
any products. Also, no free water was observed in the containers after
testing. Similar behavior was observed for the immersion resistance test
(Table 10). Table 11 summarizes all of the measured compressive
strengths.
4.2 LEACHABILITY

Standard deviations of 10 to 20% are normal for remeasurement of
organic concentrations at low concentrations in clean water. The errors
involved in measuring sludge concentrations, gas concentrations, and water
concentrations on different days and then comparing these to each other
are even higher. Taken in this context, a mass balance of 60 to 114%, as
was the case in the verification tests on the preparation of grout
samples, was acceptable using these analytical techniques. Basically,
these analytical techniques have been pushed to their limit in trying to

measure mass-transfer parameters using standard procedures. These
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techniques are typically used to ascertain the rough level of
contamination at a site, and such large standard deviations are
acceptable. However, for deducing mass-transfer parameters, it is
necessary to detect the changes in a leachate concentration over a
relatively (i.e., relative to the times for site closure and risk
assessment) short time interval.

For the most part, the masses estimated for the static leach test
were fairly self-consistent in comparing the known amount spiked, the
measured amount spiked, the amount estimated remaining after mixing into a
grout and curing, and the amount extracted or estimated extractable (in
static leaching). The samples prepared for the EP-Toxicity and TCLP tests
were not as self-consistent, in that, the amounts measured in the spiked
sludge exceeded the amount added in the spike in many cases.

Nevertheless, the sludge analyses were reported and used as the basis for
estimating the VOC retained in the grout samples, just as was done for the
static leach samples.

With this level of uncertainty, it is not surprising that, in a few
cases, more was leached than was estimated retained in the sample.
Nevertheless, the trend of leaching was apparent in most cases.

4.2.1 Sample Preparation

Samples for use in the static leach testing were prepared as
described in Sect. 3.2.4. The VOC content of the spiked waste used in the
sample preparation step is shown in Table 12, as an average from three
analyses. Note that these concentrations are significantly above the
reported site maximums shown in Table 1. Data on the VOC losses (assuming

the average starting concentration shown in Table 12), measured at each of
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Table 12. Measured concentrations of the sludge spiked
for the static leaching tests

Samples Standard Standard
1 2 3 Average deviation deviation

Component (ppm) (ppm)_(ppm) {ppm) {(ppm) (%)
Vendor A

Acetone 7.9 10 26 15 8 55
1,2-DCE 920 760 1100 927 139 15
Chloroform 1000 900 1200 1033 125 12
MEK 350 220 190 253 69 27
TCE 600 570 700 623 56 9
Benzene 780 670 910 787 98 12
PERC 1100 810 980 963 119 12
Chlorobenzene 530 500 620 550 51 9
Vendor B

Acetone 90 150 130 123 25 20
1,2-DCE 170 150 190 170 16 10
Chloroform 190 170 210 190 16 9
MEK 130 130 150 137 9 7
TCE 210 180 190 193 12 6
Benzene 180 150 190 173 17 10
PERC 670 550 390 537 115 21
Chlorobenzene 620 510 510 547 52 9
Vendor C

Acetone 210 230 230 223 9 4
1,2-DCE 55 710 690 485 304 63
Chloroform 58 430 450 313 180 58
MEK 410 370 510 430 59 14
TCE 51 260 240 184 94 51
Benzene 62 460 460 327 188 57
PERC 510 1000 790 767 201 26
Chlorobenzene 130 260 270 220 64 29
Vendor D

Acetone 350 220 60 210 119 56
1,2-DCE 1000 1100 760 953 143 15
Chloroform 1300 1200 350 1150 147 13
MEK 190 360 220 257 74 29
TCE 680 560 480 573 82 14
Benzene 920 840 700 820 91 11
PERC 1200 860 600 887 246 28

Chlorobenzene 520 480 430 477 37 8
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Table 13. Summary of VOC retention during mixing and curing of the static
leach samples reduced to the same basis (per gram of grout)

Reduced mass (ug/g grout)

Curing Calculated
Spiked Glove box pipe Calculated retained

Component sludge air air retained (%)
Vendor A

Acetone 7 12 0.02 -5 -80
1,2-DCE 415 137 1.26 277 67
Chloroform 463 111 0.02 352 76
MEK 114 31 0.03 83 73
TCE 279 53 0.22 226 81
Benzene 353 82 0.40 270 77
PERC 432 20 0.07 412 95
Chlorobenzene 247 13 0.03 233 95
Vendor B

Acetone 13 3 0.0025 9 75
1,2-DCE 17 10 0.0007 8 44
Chloroform 19 6 0.0021 13 66
MEK 14 3 0.0002 11 76
TCE 20 7 0.0023 13 64
Benzene 18 6 0.0026 12 67
PERC 54 15 0.0048 39 72
Chlorobenzene 55 5 0.0011 50 90
Vendor C

Acetone 151 3 0.001 148 98
1,2-DCE 329 83 0.061 245 75
Chloroform 212 67 0.053 144 68
MEK 291 5 0.001 286 98
TCE 124 24 0.011 101 81
Benzene 222 47 0.038 174 79
PERC 519 9 0.003 510 98
Chlorobenzene 149 27 0.005 122 82
Vendor D

Acetone 171 63 0.03 108 63
1,2-DCE 775 292 1.61 482 62
Chloroform 935 225 0.38 710 76
MEK 209 63 0.03 146 70
TCE 466 74 0.21 392 84
Benzene 667 187 0.48 480 72
PERC 721 19 0.07 702 97
Chlorobenzene 388 18 0.12 370 95
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the subsequent sample preparation steps (i.e., mixing and curing) on a
per-gram-of-grout-product basis,: are shown in Table 13. The source term,
or mass, of individual VOCs contained in the grout leach samples was
determined by subtracting the measured losses from the mass of the VOC
measured in the spiked waste and is also shown in Table 13. These
source-term values were used in the subsequent data reduction on the leach
tests (see Sect. 5.5) with the exception of acetone for Vendor A (which
had a calculated retention of less than 0%). 1In this case, the source
term was considered unknown and was subsequently calculated by the
computer program used in the data reduction.

Applying the calculated VOC retentions to the spiked waste
concentrations allows the calculation of the VOC content of the waste
contained in the grout samples. A comparison between these calculated
concentrations and the reported site maximums is shown in Table 14.

4.2.2 Static Leach Data

Tables 15 through 18 list the mass measured in the leachate with
time for each VOC of interest for Vendors A, B, C, and D, respectively.
These analyses were generated from the semicontinuous leach testing
analysis described in Sect. 3.2.4.8. 1t is noted that there is
significant variability with respect to these data. For example,
cumulative mass leached should continuously increase until saturation or
equilibrium is achieved, at which peint it will remain constant. As seen
in Tables 15 through 18, this is not always the case. This variability is
believed to be because of the inadequacies of the standard analytical

protocols upon application to this complex matrix.
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Table 14. Comparison of the equivalent sludge VOC content inside the
cured grout to the site maximum VOC content and estimation
of the mass available for leaching from the static
leach samples

Calculated
Cured concentration Maximum site Mass in
grout in sludge concentration sample
Component (ppm) (ppm) (ppm) (mg)
Vendor A Average cured grout sample mass = 87.02 g

Estimated sludge content of cured grout = 41 wt %

Acetone a a 9 2
1,2-DCE 277 680 100 24 .1
Chloroform 352 865 17 30.6
MEK 83 204 4 7.2
TCE 226 555 130 19.7
Benzene 270 663 3 23.5
PERC 412 1012 59 35.9
Chlorobenzene 233 572 20 20.3
Vendor B Average cured grout sample mass = 85.68 g
Estimated sludge content of cured grout = 10.2 wt %
Acetone 9 89 9 0.8
1,2-DCE 8 79 100 0.7
Chloroform 13 128 17 1.1
MEK 11 108 4 0.9
TCE 13 128 130 1.1
Benzene 12 118 3 1.0
PERC 39 384 59 3.3
Chlorobenzene 50 492 20 4.3
Vendor C Average cured grout sample mass = 68.14 g
Estimated sludge content of cured grout = 62 wt %
Acetone 148 240 9 10
1,2-DCE 245 397 100 17
Chloroform l44 233 17 10
MEK 286 464 4 19
TCE 101 164 130 7
Benzene 174 282 3 12
PERC 510 827 59 35

Chlorobenzene 122 198 20 8
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Table 14, (continued)

Calculated
Cured concentration Maximum site Mass in
grout in sludge concentration sample
Component (ppm) (ppm) (ppm) (mg)
Vendor D Average cured grout sample mass = 75.72 g

Estimated sludge content of cured grout = 75 wt %

Acetone 108 144 9 8
1,2-DCE 482 644 100 36
Chloroform 710 948 17 54
MEK 146 195 4 11
TCE 392 524 130 30
Benzene 480 641 3 36
PERC 702 938 59 53
Chlorobenzene 370 494 20 28

“The amount measured in the spiked sludge was less than that
estimated lost during mixing and curing. Consequently, the amount
retained in the cured grout is unknown.
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Table 15. Mass measured in leachate for the samples monitored with
time in the static leach test for Vendor A
Mass measured in leachate at the indicated
nominal time intervals (mg)
Component 14 3d 7 d 14 d 28 d 51 d
Al
Acetone 1.0 0.5 4.0 3.1 14.9 4.5
1,2-DCE 2.8 0.5 6.3 8.0 22.6 9.7
Chloroform 0.2 0.1 0.0 0.2 4.1 0.6
MEK 2.0 0.5 5.2 7.6 12.6 4.2
TCE 1.2 0.2 2.3 2.5 7.0 4.1
Benzene 2.6 0.4 5.2 6.6 17.3 9.3
PERC 0.4 0.6 0.4 0.6 2.6 1.2
Chlorobenzene 0.5 1.1 1.0 1.2 4.0 2.0
A2
Acetone 0.6 4.2 4.3 2.7 10.2 5.2
1,2-DCE 2.3 5.4 6.8 12.4 20.0 10.1
Chloroform 0.2 0.1 0.0 0.2 4.4 0.6
MEK 1.5 5.2 5.4 9.3 9.0 5.0
TCE 1.0 2.1 2.7 4.0 6.6 4.2
Benzene 2.2 4.6 5.9 10.6 15.4 9.7
PERC 0.4 0.7 0.6 1.0 2.6 1.2
Chlorobenzene 0.5 1.2 1.3 1.9 3.8 2.0
A3
Acetone 0.3 4.6 4.2 2.7 15.0 4.5
1,2-DCE 2.1 6.6 7.0 12.3 21.6 9.6
Chloroform 0.3 0.1 0.0 0.2 4.4 0.6
MEK 1.3 5.8 5.0 9.1 13.1 4.3
TCE 0.0 2.6 2.8 4.0 6.7 3.8
Benzene 2.1 5.5 5.8 10.4 16.1 8.8
PERC 0.3 0.6 0.6 1.0 2.6 1.2
Chlorobenzene 0.4 1.0 1.3 1.9 3.8 1.9
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Table 16. Mass measured in leachate for the samples monitored with
time in the static leach test for Vendor B

Mass measured in leachate at the indicated
nominal time intervals (mg)

Component 21 d 27 d 35 d 63 d
Bl
Acetone 0.11 0.37 6.02 0.50
1,2-DCE 0.13 0.30 1.88 0.89
Chloroform 0.00 0.27 1.71 0.69
MEK 0.21 0.37 2.06 0.47
TCE 0.05 0.22 1.04 0.72
Benzene “0.13 0.28 1.56 0.77
PERC 0.14 0.28 0.70 0.67
Chlorobenzene 0.27 0.26 1.77 0.45
B2
Acetone 0.41 0.73 1.79 0.68
1,2-DCE 0.15 0.38 1.88 0.89
Chloroform 0.02 0.35 1.72 0.69
MEK 0.71 0.32 1.76 0.52
TCE 0.13 0.29 1.06 0.72
Benzene 0.35 0.37 1.58 0.79
PERC 0.16 0.41 0.74 0.67
Chlorobenzene 0.31 0.41 1.82 0.45
B3
Acetone 0.44 0.60 1.73 0.95
1,2-DCE 0.05 0.37 1.88 0.89
Chloroform 0.00 0.34 1.71 0.69
MEK 0.26 0.20 2.06 0.64
TCE 0.04 0.27 1.05 0.72
Benzene 0.09 0.35 1.57 0.78
PERC 0.12 0.33 0.88 0.71
Chlorobenzene 0.21 0.36 1.87 0.46
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Table 17. Mass measured in leachate for the samples monitored with
time in the static leach test for Vendor C
Mass measured in leachate at the indicated
nominal time intervals (mg)
Component 1d 3d 7 d 14 d 28 d 35 d
Ccl
Acetone 0.5 0.0 1.0 0.0 0.0 0.2
1,2-DCE 4.7 8.0 0.0 9.4 4.5 9.1
Chloroform 3.9 4.9 6.1 6.4 2.9 3.2
MEK 0.0 0.0 1.5 2.9 2.8 0.5
TCE 1.1 2.6 3.4 4.0 1.4 3.4
Benzene 2.6 5.3 7.3 6.9 3.0 7.0
PERC 0.2 1.4 0.8 1.8 2.4 0.9
Chlorobenzene 0.5 1.5 2.3 4.4 3.3 1.5
Cc2
Acetone 0.0 0.0 1.0 0.0 0.0 0.2
1,2-DCE 1.8 4.5 5.6 6.2 5.6 5.1
Chloroform 2.1 3.0 3.9 5.4 3.1 2.0
MEK 0.0 0.0 1.4 2.8 2.3 0.5
TCE 0.5 1.8 2.6 3.4 2.7 2.8
Benzene 1.3 3.5 5.3 5.1 5.3 5.1
PERC 0.1 1.3 0.8 1.7 1.1 1.0
Chlorobenzene 0.3 1.2 2.2 4.3 3.5 1.5
Cc3
Acetone 0.0 0.0 1.3 0.0 0.0 0.2
1,2-DCE 5.8 6.8 7.6 16.6 7.3 6.6
Chloroform 5.8 4.8 5.5 9.9 4.2 3.1
MEK 0.0 0.0 1.5 2.9 2.9 0.8
TCE 1.7 2.5 3.0 7.2 2.8 2.9
Benzene 3.7 4.9 6.2 13.9 6.1 5.7
PERC 0.4 1.4 0.8 2.3 1.3 0.9
Chlorobenzene 0.7 1.5 2.3 5.3 3.4 1.4
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Table 18. Mass measured in leachate for the samples monitored with time
in the static leach test for Vendor D

Mass measured in leachate at the indicated
nominal time intervals (mg)

Component 14 3d 7 d 14 4 28 d 60 d
D1
Acetone 4.0 6.1 1.3 9.2 21.9 16.7
1,2-DCE 3.7 16.5 11.3 17.8 29.0 19.1
Chloroform 2.1 10.6 5.1 5.7 5.2 1.5
MEK 7.2 5.8 4.4 9.6 24,2 11.5
TCE 1.4 8.2 3.3 4.5 8.1 7.5
Benzene 2.9 14.2 9.2 13.2 23.3 16.7
PERC 0.5 5.3 0.9 0.1 1.6 1.4
Chlorobenzene 0.7 6.3 1.1 1.9 4.2 2.8
D2
Acetone 3.9 3.4 1.3 7.8 18.1 12.8
1,2-DCE 4.0 9.4 11.4 17.3 25.4 19.8
.......... Chloroform 2.3 5.1 5.6 6.6 5.6 1.9
MEK 4.1 5.4 3.8 8.1 19.1 8.7
TCE 1.2 2.9 3.5 4.8 7.3 8.1
Benzene 3.0 7.1 0.1 12.8 20.3 17.1
PERC 0.3 0.6 1.1 0.2 1.6 1.5
Chlorobenzene 0.5 1.1 0.0 2.2 3.9 2.8
D3
Acetone 4.4 6.2 0.1 9.1 22.7 15.5
1,2-DCE 5.0 11.2 5.6 20.4 29.2 21.5
Chloroform 2.7 5.5 2.8 7.4 5.7 1.9
MEK 4.8 6.5 0.4 9.3 24.3 11.1
TCE 1.5 3.2 2.0 5.7 7.7 7.9
Benzene 3.7 8.0 4.7 14.6 21.8 18.1
PERC 0.3 0.6 0.8 0.4 1.5 1.4
Chlorobenzene 0.5 1.1 0.7 2.4 3.9 2.9
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Table 19 lists the pH and electrical conductivities measured for the
leachates that had a separate sample for each time interval (batch
analysis described in Sect. 3.2.4.8). The samples referred to as BLK are
blanks that were allowed to remain static for 28 d with no grout sample
contained in the deionized water. Table 20 lists the mass measured in the
leachate with times for each VOC of interest for this same set of samples,
Discussion and interpretation of these data are presented in Sect. 5.

4.3 REGULATORY LEACH TESTING
4.3.1 Sample Preparation

Grout samples submitted for EP-Toxicity and TCLP testing were
prepared as described in Sect. 3.2.4. Whereas, the static leach samples
were cast as flat disks (6.2-cm diam x 1.6-cm ht) inside of S§S rings,
these samples were cast as cylinders (3.3-cm diam x 7.1-cm ht) as
prescribed in the EP-Toxicity procedures.?%:23 Table 21 lists the VOC
concentrations analyzed in the spiked sludge used to prepare these
samples. The target spike for these samples was quite different than for
the static leach samples. Whereas, the spike for static leaching was
intended to ensure detectable VOC concentrations at about the same level
in the leachates, the spike for these samples was intended to be
representative of the maximum site concentration for each species.

Table 22 summarizes the VOC losses during preparation of these
samples and the quantity calculated left in the samples (by difference
between average quantity measured in the spiked sludge and the quantity
measured in the glovebox gas and curing pipe gas). The VOC quantities
listed in this table were reduced to the same basis (per gram of grout)

for ease of comparison.
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Table 19. Leachate pH and conductivity for the samples leached
using the batch analyses (separate sample for each
time interval)

Leachate
Nominal electrical
leach interval conductivity
iD (d) Leachate pH (umho/cm)
Vendor A
AL 1 11.3 870
A5 3 11.6 1617
Ab 7 11.8 2390
A7 14 12.1 2680
A8 28 11.9 2290
A9 BLKZ 8.4 17
Vendor B
B4 1 11.6 1079
BS 3 11.6 1770
B6 7 11.9 3070
___________ B7 14 12.0 3530
B8 28 12.1 3930
B9 BLK 8.8 17
Vendor C
C4 1 11.0 790
C5 3 11.3 1074
Ccé6 7 11.5 1259
c7 14 11.6 1504
c8 28 11.4 1535
c9 BLK 8.4 16
Vendor D
D4 1 11.0 594
D5 3 11.3 1207
D6 7 . 11.6 1970
D7 14 11.7 2250
D8 28 11.8 2090
D9 BLK 8.7 21

4BLK = blanks that were allowed to remain static for 28 d
with no grout sample contained in the deionized water.
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Table 20. Mass measured in the leachate with time
in the batch leach test

Mass measured in the leachate (ug)

Sample No. 4 No. 5 No. 6 No. 7 No. 8
Component time ld 34 74d 14 4 28 d
Vendor A
Acetone 1930 0 6633 4342 3317
1,2-DCE 2291 157 14472 9045 13266
Chloroform 27 55 157 157 45
MEK 2472 10 5186 4583 4100
TCE 844 1447 3497 3075 5005
Benzene 2231 3015 10854 7839 12060
PERC 271 458 844 905 1266
Chlorobenzene 537 917 1628 1508 2533
Vendor B
Acetone 37 78 235 1085 1025
1,2-DCE 2 4 26 0 39
Chloroform 5 6 20 17 21
MEK 10 16 53 0 0
TCE 12 17 49 84 78
Benzene 17 27 84 157 121
PERC 25 29 90 139 145
Chlorobenzene 36 48 127 199 169
Vendor C
Acetone 519 223 392 235 259
1,2-DCE 3618 7839 9045 10251 8442
Chloroform 2171 5548 5608 5427 4703
MEK 295 259 428 0 223
TCE 1206 2774 3256 4161 3256
Benzene 2412 6030 6633 84472 7839
PERC 295 573 603 784 663
Chlorobenzene 603 1327 1447 1869 1749
Vendor D
Acetone 2714 11457 10251 10854 6633
1,2-DCE 2111 5367 18090 24120 22914
Chloroform 1085 3256 5789 7236 4945
MEK 3377 7236 10251 10854 5427
TCE 1085 1990 3075 6633 8442
Benzene 1628 4221 13869 19899 18090
PERC 247 905 488 1749 1869

Chlorobenzene 603 1387 1568 3075 3980
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Table 21. Measured concentrations of the sludge spiked for the
EP-Toxicity/TCLP tests
Samples Standard Standard
1 2 3 Average deviation deviation

Component (ppm) (ppm) (ppm) (ppm) (ppm) (%)
Vendor A

Acetone 43 210 190 148 74 50
1,2-DCE 280 570 520 457 127 28
Chloroform 30 31 33 31 1 4
MEK 800 760 730 763 29 4
TCE 13 160 130 101 63 63
Benzene 3.7 8 5.5 6 2 31
PERC 280 280 140 233 66 28
Chlorobenzene 46 53 44y 48 4 8
Vendor B

Acetone 140 200 200 180 28 16
1,2-DCE 340 300 300 313 19 6
Chloroform 31 28 27 29 2 6
MEK 25 240 330 198 128 65
TCE 210 180 150 180 24 14
Benzene 5.7 5.8 5.2 6 0 5
PERC 190 220 180 197 17 9
Chlorobenzene 38 43 33 38 4 11
Vendor C

Acetone 200 200 150 183 24 13
1,2-DCE 270 370 270 303 47 16
Chloroform 27 29 26 27 1 5
MEK 25 580 25 210 262 125
TCE 160 210 180 183 21 11
Benzene 4.9 5.7 5.6 5 0 7
PERC 110 79 130 106 21 20
Chlorobenzene 30 37 40 36 4 12
Vendor D

Acetone 140 200 150 163 26 16
1,2-DCE 370 370 350 363 9 3
Chloroform 31 26 25 27 3 10
MEK 370 860 680 637 202 32
TCE 98 120 92 103 12 12
Benzene 8.6 7.9 7.4 8 0 6
PERC 200 190 120 170 36 21
Chlorobenzene 4] 43 36 40 3 7
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Table 22. Summary of VOC retention during mixing and curing of
the EP-Toxicity/TCLP samples, reduced to the
same basis (per gram of grout)

Reduced mass (mg/kg grout)

Curing
Spiked Glovebox Pipe Calculated Calculated

Component sludge air air retained retained
Vendor A

Acetone 70 2 0.02 68 98%
1,2-DCE 216 69 1.26 146 68%
Chloroform 15 2 0.02 13 85%
MEK 361 1 0.03 360 100%
TCE 48 20 0.22 28 58%
Benzene 3 0] 0.40 2 67%
PERC 110 4 0.07 107 97%
Chlorobenzene 23 1 0.03 21 94%
Vendor B

Acetone 20 2 0.02 18 92%
1,2-DCE 35 8 1.26 25 73%
Chloroform 3 1 0.02 2 74%
MEK 22 0 0.03 22 99%
TCE 20 9 0.22 10 52%
Benzene 1 0 0.40 0 36%
PERC 22 3 0.07 19 88%
Chlorobenzene 4 0 0.03 4 93%
Vendor C

Acetone 124 1 0.02 124 99%
1,2-DCE 206 45 1.26 160 78%
Chloroform 19 2 0.02 16 89%
MEK 142 0 0.03 142 100%
TCE 124 26 0.22 98 79%
Benzene 4 0 0.40 3 76%
PERC 72 5 0.07 67 93%
Chlorobenzene 24 2 0.03 23 93%
Vendor D

Acetone 134 3 0.02 131 98%
1,2-DCE 298 84 1.26 212 71%
Chloroform 22 3 0.02 19 87%
MEK 522 2 0.03 520 100%
TCE 85 29 0.22 56 66%
Benzene 7 1 0.40 5 83%
PERC 139 4 0.07 135 97%
Chlorobenzene 33 2 0.03 31 95%
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Finally, Table 23 compares the equivalent VOC concentration of the
sludge inside the cured grout with the reported site maximums. The
equivalent VOC concentration of the sludge inside the cured grout was
calculated by dividing the estimated VOC concentration retained in the
grout by the estimated weight fraction of spiked sludge in the grout. The
logic behind this comparison is to note what sludge concentration,
corrected for preparation losses, led to the observed extract
concentrations (Tables 24 and 25) and how this concentration compares to
the reported site maximuﬁs. Note that only TCE for Vendors A, B, and D
does not exceed the reported site maximum in Table 23. 1In addition,

Table 23 lists the estimated masses retained in the grout samples prior to
extraction.
4.3.2 Regulatory Leach Data

Table 24 lists the EP-Toxicity extract concentrations. The EP-
Toxicity procedure identifies eight metals and six pesticides/herbicides
as the constituents to be analyzed in the extract for classification of
whether a waste is hazardous. Since the sludge characterization (Table 2)
indicated the six pesticides/herbicides were not present, the extracts
were analyzed for the metals but not the pesticides/herbicides. Although
the EP-Toxicity procedure does mot call for any further organic analysis,
the base, neutral, and acid organic compounds (BNAs) were analyzed in the
extracts, and these results were also listed in Table 24 and compared to
the TCLP limits for these compounds. Neither the EP-Toxicity limits for
metals nor the TCLP limits for BNAs were exceeded in the EP-Toxicity

extracts.
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Table 23. Comparison of the equivalent sludge VOC content inside
the cured grout to the site maximum VOC content and
estimation of the mass available for extracting
from the EP-Toxicity/TCLP samples

Calculated Maximum
Cured concentration site Mass in
grout in sludge concentration sample
Component (ppm) (ppm) (ppm) (mg)
Vendor A Average cured grout sample mass = 110.2 g

Estimated sludge content of cured grout = 41 wt %

Acetone 68 167 9 7.5
1,2-DCE 146 358 100 16.1
Chloroform 13 32 17 1.4
MEK 360 882 4 39.7
TCE 28 69 130 3.1
Benzene 2 5 3 0.2
PERC 107 262 59 11.8
Chlorobenzene 21 51 20 2.3
Vendor B Average cured grout sample mass = 111.25 g

o0

Estimated sludge content of cured grout = 9.2 wt

Acetone 18 195 9 2.0
1,2-DCE 25 271 100 2.8
Chloroform 2 22 17 0.2
MEK 22 238 4 2.4
TCE 10 108 130 1.1
Benzene 0.4 4 3 0.0
PERC 19 206 59 2.1
Chlorobenzene 4 43 20 0.4
Vendor C Average cured grout sample mass = 69.12 ¢

Estimated sludge content of cured grout = 60 wt %

Acetone 124 207 9 8.6
1,2-DCE 160 268 100 11.1
Chloroform 16 27 17 1.1
MEK 142 238 4 9.8
TCE 98 164 130 6.8
Benzene 3 5 3 0.2
PERC 67 112 59 4.6
Chlorocbenzene 23 38 20 1.6
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Table 23. (continued)

Calculated Maximum
Cured concentration site Mass in
grout in sludge concentration sample
Component (ppm) (ppm) (ppm) (mg)
Vendor D Average cured grout sample mass = 95.22 g

Estimated sludge content of cured grout = 72 wt %

Acetone 131 181 9 12.5
1,2-DCE 212 293 100 20.2
Chloroform 19 26 17 1.8
MEK 520 719 4 49 .5
TCE 56 77 130 5.3
Benzene 5 7 3 0.5
PERC 135 187 59 12.9
Chlorobenzene 31 43 20 3.0
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Table 24. Concentrations measured in the extracts for the
EP-Toxicity test (mg/L)

Component Vendor A Vendor B Vendor G Vendor D TCLP Limit
Metals
Arsenic <0.0025 <0.0025 <0.0025 <0.0025 5.0
Barium 0.088 0.113 0.244 0.128 100.
Cadmium <0.0044 <0.0044 <0.0044 0.0056 1.0
Chromium 0.025 0.012 0.088 0.027 5.0
Lead 0.018 0.011 0.011 0.013 5.0
Mercury <0.0002 <0.0002 <0.0002 <0.0002 0.2
Nickel 0.135 <0.0093 0.086 0.049 a
Selenium <0.0021 <0.0021 <0.0021 <0.0021 1.0
Silver <0.0044 <0.0044 <0.0044 <0.0044 5.0
Base organic, neutral organic, and acid organic compounds
1,2,4-Trichlorobenzene <0.010 <0.010 <0.010 <0.010 a
1,2-Dichlorobenzene 0.13 0.026 0.11 0.002 4.3
1,3-Dichlorobenzene 0.003 <0.010 0.006 0.006 a
1,4-Dichlorobenzene 0.043 0.004 0.059 0.066 10.8
2,4,5-Trichlorophenol <0.050 <0.050 <0.050 <0.050 5.8
2,4,6-Trichlorophenol <0.010 <0.010 <0.010 <0.010 0.3
2,4-Dimethylphenol <0.010 <0.010 0.20 0.29 4
2,4-Dinitrotoluene <0.010 <0.010 <0.010 <0.010 0.13
2-Methylnaphthalene 0.002 <0.010 0.007 0.004 a
2-Methylphenol <0.010 <0.010 0.025 0.23 a
4 -Methylphenol 0.016 <0.010 0.16 <0.010 a
Benzyl alcohol <0.010 <0.010 0.006 <0.010 a
Di-n-butylphthalate <0.010 <«0.010 0.013 <0.010 a
Hexachlorobenzene <0.010 <0.010 <0.010 <0.010 0.13
Hexachlorobutadiene <0.010 <0.010 <0.010 <0.010 0.72
Hexachloroethane <0.010 <0.010 <0.010 <0.010 4.3
Naphthalene <0.010 <0.010 0.006 0.005 a
Nitrobenzene <0.010 <0.010 <0.010 <0.010 0.13
Pentachlorophenol <0.050 <0.050 <0.050 <0.050 3.6
Phenol 0.011 <0.010 0.055 0.037 14.4
Bis(2-chloroethyl)ether <0.010 <0.010 <0.010 <0.010 0.05
Bis(2-ethylhexyl)phth. 0.009 0.37 0.007 0.048 a
Di-n-octylphthalate 0.035 <0.010 <0.010 <0.010 a
Bis(2-chl.isopro.)ether <0.010 <0.010 <0.010 0.036 a
Benzoic acid <0.050 <0.050 0.033 0.020 a
n-Nitroso-di-n-propylam <0.010 <0.010 <0.010 0.23 a

4No limit has been

promulgated for this species.
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Table 25 lists the TCLP extract concentrations and the TCLP limits,
The extracts were analyzed for the VOCs, BNAs, and metals present based on
what was measured in the unspiked sludge. Unlike the EP-Toxicity
extraction, the cylindrical grout samples had to be reduced in size
crushed or ground) prior to extraction according to TCLP protocol, with
the extraction being performed inside a zero-headspace extraction (ZHE)
vessel for VOC analysis. The results listed in Table 25 are from two
separate extracts: (1) a ZHE for VOC and (2) a standard extract for BNAs
and metals. None of the unspiked compounds exceeded the TCLP limits.

TCE for Vendors B, G, and D and PERC for Vendor C exceeded the TCLP
limit in the extract. If the measured PERC concentration for Vendor G is
multiplied by the ratio of the site maximum concentration to the
equivalent sludge concentration in Table 23 (i.e., correcting for the
variance from site conditions), the product does not exceed the TCLP
limit. It must be noted that this "correction" and conclusions drawn
constitute an assumption. However, EPA has allowed use of this
"correction" at other sites. Also, the concentration of 1,2-DCE for
Vendors A, C, and D equals or exceeds the limit set for 1,1-DCE (no TCLP
limit is given for 1,2-DCE, so, the limit for 1,1-DCE was applied). Once
again, correcting for the excessive spike predicts that maximum site
concentrations would not give extract concentrations for 1,2-DCE above the
limit for 1,1-DCE. The only spiked compound contained in the grout
specimens at levels below the reported site maximum was TCE for Vendors A,
B, and D. The other.spiked compounds contained in the grout specimens
were at levels which exceeded the reported site maximums and resulted in

TCLP extracts below the threshold limits and, thus, would not have caused
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TCLP test (mg/L)

Concentrations measured in the extracts for the

Component

Vendor A Vendor B Vendor C Vendor D TCLP limit

Volatile organic compounds

Spiked Compounds

Acetone
1,2-DCE
Chloroform
MEK

TCE

Benzene

PERC
Chlorobenzene

Unspiked compounds

Methylene chloride
Toluene

Xylene

Ethyl benzene
1,1,1-Trichloroethane
1,1,2,2-Tetrachloroet.
1,1,2-Trichloroethane
1,1-Dichloroethene
1,2-Dichloroethane
Carbon disulfide
Carbon tetrachloride
Vinyl chloride

QOO OO0 OO0O

.15

.13

.005
.014
.025
.002
.026
.074

.008
.016
.046
.007
.005
.005
.005
.005
.005
.005
.005
.010

Base organic, neutral organic,

OCOO0OOOO0O0

[eReNeNe]

<0.
<0.
<0.
<0.
<0.
<0.
<0.
<0.

and acid organic compounds

.18

.08

.004
.008
.071
.009
.028
.027

.012
.008
.021
.004

005
005
005
005
005
005
005
010

QOO OOOO

OO OO

.25
.10
.009
.048
.30
.005
.11
.11

.009
.030
.069
.013
<0.
<0.
<0.
<0.
<0.
<0.
<0.
<0.

010
010
010
010
010
010
010
020

QOO OO OOO0

.18
.19
.004
.032
.19
.007
.083
.14

.009
.038
.090
.016
.005
.005
.005
.005
.005
.005
.005
.010

1,2,4-Trichlorobenzene
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
2,4
2,4
2,4

,5-Trichlorophenol
,6-Trichlorophenol
,4-Dimethylphenol
2,4-Dinitrotoluene
2-Methylnaphthalene
2-Methylphenol
4-Methylphenol
Benzyl Alcohol
Di-2n-butylphthalate
Hexachlorobenzene
Hexachlorobutadiene
Hexachloroethane

13

.008
.91
.16
28

<0.050
<0.010

<0.

0

0.

0.
<0.
<0.
<0.
<0.
<0.

0
0
0
0.
0
0

0.10
010
.008
028
19

010
010
010
010
010

<0.

0.

0.

0.
<0.
<0.
<0.
<0.
<0.
<0.
<0.
<0.
<0.
<0.
<0.
<0.

010
36

004
077
050
010
010
010
010
010
010
010
010
010
010
010

A

A A
[eNeNoNeoNeNoNeNoNoNe N Neol

AAAA
[«NeNe N

.002
.82

.022
.20

.050
.010
.22

.010
.011
.030
.19

.016
.010
.010
.010
.010

A A

A
[eNeReoNeoNeoNeoNeNeNeoNo e No el

A
o

A
o

.010
.27

.047
.22

.050
.010
.38

.010
.018
.047
.28

.031
.002
.010
<0.
.010

010

0.59
.07

0

7
0.07
0.07
0
1
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Table 25. (continued)

Component Vendor A Vendor B Vendor C Vendor D TCLP limit
Naphthalene 0.021 <0.010 0.026 0.040 a
Nitrobenzene <0.010 <0.010 <0.010 <0.010 0.13
Pentachlorophenol <0.050 <0.050 <0.050 <0.050 3.6
Phenol 0.32 <0.010 0.14 0.11 14.4
Bis(2-chloroethyl)ether <0.010 <0.010 <0.010 <0.010 0.05
Bis(2-ethylhexyl)phth. <0.010 0.19 0.011 0.13 a
Di-n-octylphthalate <0.010 0.003 <0.010 0.003 a
Metals

Arsenic <0.0025 <0.0025 0.009 <0.0025 5.0
Barium 0.423 0.964 0.383 0.515 100.
Cadmium <0.022 <0.022 <0.022 <0.022 1.0
Chromium 0.050 <0.039 <0.039 <0.039 5.0
Lead 0.0013 0.008 0.0025 0.0037 5.0
Mercury <0.0002 <0.0002 <0.0002 <0.0002 0.2
Nickel <0.047 <0,047 <0.047 <0.047 a
Selenium <0.0021 <0.0021 <0.0021 <0.0021 1.0
Silver <0.022 <0.022 <0.022 <0.022 5.0

4No limit has been promulgated for this species.
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the waste forms to be classed hazardous. Table 26 lists the correction to
site conditions for those compounds and vendors for which the correction
was important. None of the extract concentrations for Vendor A exceeded
the TCLP limits. For the other vendors, only TCE exceeded its limit.

However, the threshold limit for TCE is not exceeded if the quantity
contained in the grout specimens is corrected to the TCE concentration
(5.8 mg/L) obtained by averaging all of the TCE concentrations reported
for samples from the sludge lagoon. Thus, all grouts studied are assumed
to result in TCLP extract concentrations below the threshold limits for
waste at the calculated average site concentrations. Significantly,
grouts containing VOCs at levels above reported site maximums resulted in
TCLP extract concentrations below threshold limits for all VOCs studied
with the exception of TCE.

For comparative purposes, Table 27 lists the EP-Toxicity and TCLP
extract concentrations for the unspiked sludge. Neither the EP-Toxicity
nor the TCLP limits were exceeded, although the cadmium concentration in
the EP-Toxicity extract was measured to be equal to the threshold limit
(1 mg/L). The EP-Toxicity procedure does not require BNA or VOC analysis,
but the EP-Toxicity extract was measured for these compounds, and the
results are listed in Table 27. Not surprisingly, the VOC detected in the
TCLP-ZHE was not detected in the EP-Toxicity extract (since organics can
be easily vaporized from the open, stirred vessel specified for the EP-
Toxicity extractions).

5. INTERPRETATION OF THE STATIC LEACH RESULTS
As discussed previously, the leaching process, which is the release of

the species from the waste form into the surrounding solution, is complex.
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Table 26. Correction of the observed TCLP extract
concentration to site concentrations for
selected compounds and vendors

Observed Corrected
extract Ratio extract TCLP

concentration site to concentration limit
Component {(mg/L) actual (mg/L) (mg/L)
1,2-DCE 0.14
Vendor A 0.13 0.28 0.04
Vendor B 0.08 0.37 0.03
Vendor C 0.10 0.37 0.04
Vendor D 0.19 0.34 0.06
PERC 0.1
Vendor A 0.026 0.23 0.006
Vendor B 0.028 0.29 0.008
Vendor C 0.11 0.53 0.058
Vendor D 0.083 0.32 0.026
TCE 0.07
Site maximum
Vendor A 0.025 1.88 0.047
Vendor B 0.071 1.20 0.086
Vendor C 0.30 0.79 0.24
Vendor D 0.19 1.69 0.32
Lagoon averageb
Vendor A 0.025 0.08 0.002
Vendor B 0.071 0.05 0.004
Vendor C 0.30 0.04 0.011
Vendor D 0.19 0.08 0.014

2Limit for 1,1-DCE; no TCLP limit is given for 1,2-DCE.

The average of the TCE analyses reported for the lagoon was
5.8 mg/L compared to the site maximum of 130 mg/L. The site maximums were
used for the other two compounds.
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Table 27. The EP-Toxicity and TCLP extract concentrations
for the unspiked sludge

EP-Toxicity TCLP Regulatory limit
Component (mg/L) (mg/L) (mg/L)

Volatile organic compounds

Acetone <0.010 0.11 0.59
1,2-DCE <0.005 0.52 a
Chloroform 0.001 0.012 0.07
MEK <0.010 <0.010 7.2
TCE <0.005 0.005 0.07
Benzene <0.005 0.005 0.07
PERC <0.005 0.015 0.1
Chlorobenzene <0.005 0.052 1.4
Methylene chloride <0.005 <0.005 8.6
Toluene <0.005 0.059 14 .4
Xylene 0.005 0.088 a
Ethyl benzene 0.001 0.018 a
1,1,1-Trichloroethane <0.005 <0.005 30.0
1,1,2,2-Tetrachlorocethane <0.005 0.004 1.3
1,1,2-Trichloroethane <0.005 0.006 1.2
1,1-Dichloroethene <0.005 <0.005 0.1
1,2-Dichloroethane <0.005 0.003 0.4
Carbon disulfide <0.005 <0.005 14 .4
Carbon tetrachloride <0.005 <0.005 0.07
Vinyl chloride <0.010 <0.010 0.05
Bromodichloromethane <0.005 0.001 a
Base organic, neutral organic, and acid organic compounds
1,2,4-Trichlorobenzene 0.003 0.005 a
1,2-Dichlorobenzene 0.046 0.65 4.3
1,3-Dichlorobenzene 0.002 0.042 a
1,4-Dichlorobenzene 0.022 0.40 10.8
2,4,5-Trichlorophenol <0.025 <0.025 5.8
2,4,6-Trichlorophenol <0.005 <0.005 0.3
2,4-Dimethylphenol 0.28 0.19 a
2,4-Dinitrotoluene <0.005 <0.005 0.13
2-Methylnaphthalene 0.020 0.018 a
2-Methylphenol 0.012 0.008 a
4 -Methylphenol 0.031 0.021 a
Benzyl Alcochol <0.005 <0.005 a
Di-n-butylphthalate 0.003 0.003 a
Hexachlorobenzene <0.005 <0.005 0.13
Hexachlorobutadiene <0.005 <0.005 0.72
Hexachloroethane <0.005 <0.005 4.3
Naphthalene 0.010 0.027 a
Nitrobenzene <0.005 <0.005 0.13
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Table 27. (continued)

EP-Toxicity TCLP Regulatory limit
Component (mg/L) (mg/L) (mg/L)
Pentachlorophenol <0.025 <0.025 3.6
Phenol <0.005 <0.005 14.4
Bis(2-chloroethyl)ether <0.005 <0.005 0.05
Bis(2-ethylhexyl)phth. 0.094 0.059 a
Di-n-octylphthalate 0.005 0.003 4
2,4-Dichlorophenol 0.028 0.027 a
Dibenzofuran 0.0003 <0.005 a
Diethylphthalate 0.002 0.001 a
Metals
Arsenic <0.005 <0.005 5.0
Barium 1.3 0.94 100.
Cadmium 1.0 0.67 1.0
Chromium 0.41 0.29 5.0
Lead 0.16 0.10 5.0
Mercury <0.0002 <0.0002 0.2
Nickel 0.69 0.56 a
Selenium <0.005 <0.005 1.0
Silver <0.010 <0.010 5.0

4No limit has been promulgated for this species.
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The chemical potential of the species in the aqueous phase is different
from that on the waste-form surface. Thus, the immersion of the waste
form in a liquid leads to a flux of mass between the solid surface and the
solution. The release of surface molecules into the solution establishes
a concentration gradient in the solid phase adjacent to the surface. This
leads to the movement of species from the interior of the waste form
toward the surface and their subsequent release into the solution. The
instantaneous rate of release of a species from the solid surface into the
liquid is proportional to this concentration gradient, with the
proportionality constant being defined as the diffusion coefficient. In
general, release of the species from a monolithic waste form into a
surrounding liquid (such as groundwater) is diffusion controlled, as long
as the volume of liquid is sufficiently large (as compared to the volume
of waste form) so that the species concentration at the waste-form surface
is maintained at zero, such as would be maintained by a waste form
suspended in a free flowing river. 1In a static environment, such as a
waste form in a trench that remains filled with rainwater for an extended
period of time, the waste species in the liquid will eventually
equilibrate with the waste species remaining in the waste form. When
equilibrium is reached, the net transfer of species from the solid to the
liquid will cease. The relationship between the liquid concentration at
equilibrium with the remaining waste-form concentration is described by
the distribution coefficient. Ideally, the species contained in a waste
form would be characterized by a low diffusion coefficient, indicating a
slow rate of release from the waste form into the surrounding liquid, and

a high distribution coefficient, indicating that equilibrium is achieved
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between the waste form and the surrounding liquid at a low liquid
concentration.

This section describes the methodology used to obtain diffusion and
distribution coefficients from the static leach data presented in Sect. 4.
The coefficients were estimated using NEWBOX, a sophisticated computer
program developed at ORNL for interpretation of leach data.

5.1 ESTIMATION OF THE MASS-TRANSFER PARAMETERS

The static leach test results were analyzed using NEWBOX, a program
that combines several analytical solutions of Fick'’s second law (a second
orde? partial differential equation) with an optimization procedure to
select the best estimate of parameters (e.g., diffusion coefficient) to
fit a given set of data.?%:25 The data presented in Tables 15, 16, 17,
18, and 20 were averaged and used as input to the program, along with the
sample geometry and the initial amount estimated (see Table 14). Table 28
lists the average mass leached with time and the estimated initial mass
used as input. 1In general, the program output was an estimate of the
diffusion coefficient (D) and the mass remaining in the sample at
equilibrium (Ag). The distribution coefficient (K) was calculated from Af
using the following equation:

K = AfV1/(Ag-Af)Vg, (2)

where

~
L]

Distribution coefficient, mg species/L sample per mg
species/L leachate;

Mass of species remaining in sample at equilibrium, mg;

>
th
i

Mass of species initially in sample, mg;

>
o}
f

V1 = Volume of leachate, L;

Geometric volume of sample, including void volume, L.

<
0
L
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Table 28. Average total mass leached in the static leach tests
(both semicontinuous and batch) at the given times
Average total mass leached (mg) Estimated
initial
Component mass (mg)
~ Vendor A
Time, d = 1 3 6 14 28 51
Acetone 0.962 2.347 4.784 3.216 10.850 4.739 4
1,2-DCE 2.342 3.177 8.638 10.427 19.369 9.783 24,083
Chloroform 0.178 0.084 0.042 0.175 3.227 0.565 30.619
MEK 1.845 2.877 5.188 7.636 9.702 4.486 7.222
TCE 0.993 1.575 2.831 3.380 6.355 4.055 19.693
Benzene 2.273 3.392 6.959 8.866 15.194 9.255 23.476
PERC 0.343 0.571 0.583 0.872 2.255 1.207 35.839
Chlorobenzene 0.466 1.053 1.317 1.632 3,528 1.961 20.288
Vendor B
Time, 4 = 1 3 7 14 21 27 35 63
Acetone 0.037 0.078 0.235 1.085 0.321 0.682 3.182 0.709 0.801
1,2-DCE 0.002 0.004 0.026 0.000 0.110 0.271 1.877 0.888 0.656
Chloroform 0.005 0.006 0.020 0.017 0.006 0.245 1.714 0.690 1.099
MEK 0.010 0.016 0.053 0.000 0.395 0.223 1.960 0.542 0.906
TCE 0.012 0.017 0.049 0.084 0.072 0.215 1.048 0.723 1.079
Benzene 0.017 0.027 0.084 0.157 0.191 0.279 1.568 0.781 1.003
PERC 0.025 0.029 0.090 0.139 0.139 0.291 0.773 0.686 3.373
Chlorobenzene 0.036 0.048 0.127 0.199 0.259 0.302 1.820 0.451 4.290
Vendor C
Time, d = 1 3 7 14 28 35
Acetone 0.266 0.056 0.938 0.060 0.066 0.196 7.200
1,2-DCE 3.954 6.765 B8.060 10.624 6.470 6.943 11.885
Chloroform 3.500 4.570 5.262 6.766 3.721 2.757 7.000
MEK 0.074 0.065 1.206 2.187 2.057 0.591 13.865
TCE 1.140 2.414 3,047 4.692 2.565 3.035 4,885
Benzene 2.489 4.924 6.351 8.601 5.547 5.942 8.455
PERC 0.271 1.155 0.755 1.639 1.389 0.926 24.734
Chlorobenzene 0.532 1.384 2.059 3.964 2.998 1.435 5.917
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Table 28. (continued)
Average total mass leached (mg) Estimated
initial

Component mass (mg)
Vendor D
Time, d = 1 3 9 14 28 60
Acetone 3.738 6.774 3.234 9.251 17.335 15.001 8.180
1,2-DCE 3.708 10.619 11.612 19.912 26.624 20.125 36.497
Chloroform 2.038 6.117 4.807 6.742 5.343 1.783 53.782
MEK 4,861 6.209 4.724 9.472 18.245 10.426 11.054
TCE 1.309 4.083 2.999 5.399 7.888 7.851 29.700
Benzene 2.817 8.366 6.967 15.133 20.871 17.283 36.334
PERC 0.350 1.851 0.834 0.621 1.646 1.443 53.162
Chlorobenzene 0.575 2.472° 0.838 2.385 3.973 2.860 28.009

4The sludge concentration

analysis.

prior to leaching was unknown.

measured for acetone
more was vaporized than was originally present according to this sludge

was low for Vendor A and

Consequently, for Vendor A the acetone present in the grout sample
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Scatter was obvious in the data (see Table 28 and Fig. 16). As
discussed previously, the scatter is thought to be due primarily to the
inadequacies of the standard analytical procedures. The effect of
deleting individual data points and inputting selected data sets was
tested in an attempt to determine the most representative parameters for a
given species and vendor. The parameters that resulted in the model
prediction closest to the observed performance were selected as being most
representative for that combination of species and vendor. Figure 16
illustrates one of the better fits using this approach. Such fits were
typical for Vendors A, C, and D with 1,2-DCE, TCE, benzene, PERC, and
chlorobenzene. Table 29 lists the parameters selected as being most
reasonable and representative for the data generated in this study. The

leachability index (LI) listed in Table 29 is defined as follows:

LI = Log(b/D), (3
where
b =1.0 cm?/s,
D = diffusion coefficient, cm?/s.

In general, the two ketones-—acetone and MEK-suffered from more
scatter in the data than the other compounds. This problem may have been
caused by the low sensitivity of the analytical technique to these two
compounds. As a consequence, these two were subject to masking by other
compounds, leading to erroneously low measurements in some instances.
Chloroform gave seemingly contradictory results, with some data (for
Vendors C and D) suggesting that the concentration increased to a maxXimum
and then started declining. This result may have been caused by an error

in analysis or may have been real. If real, it is not clear what caused
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semicontinuously; MCC-1 are the samples leached batchwise).

€01



104

Table 29. NEWBOX estimates of the mass-transfer parameters

K
mg/L grout
D Af A, Leachability per
(cm? /s) (mg) (mg) index mg/L water

Acetone
Vendor A 3.0E-07 0.00%2 5.04 6.5 0.028
Vendor B 3.5E-08 0.00 0.8 7.5 0.0
Delay 17.6 d 3.5E-08 0.06 0.8 7.5 1.0
Vendor G b 7.00 7.2 b 439.7
Vendor D 3.0E-0Q7 0.002 16.02 6.5 0.02
1,2-Dichloroethene
Vendor A 7.0E-08 10.00 24.0 7.2 9.0
Vendor B 1.0E-08 0.00 0.7 8.0 0.0
Delay 16.7 d 6.0E-08 0.00 0.7 7.2 0.0
Vendor C 1.0E-06 4,00 12.0 6.0 6.3
Vendor D 1.0E-07 13.00 36.0 7.0 7.1
Chloroform
Vendor A c 30.009  30.6 c 628.1d
Vendor B 1.5E-08 0.00 1.1 7.8 0.0
Delay 18.8 d 4 . 0E-08 0.00 1.1 7.4 0.0
Vendor C 1.0E-06 0.70¢ 7.0 6.0 1.4¢
Vendor D 2.0E-08 46.00 54.0 7.7 75.0
Methyl ethyl ketone
Vendor A 4.0E-07 1.30 7.2 6.4 2.8
Vendor B 3.0E-08 0.00 0.9 7.5 0.0
Delay 12.2 4 4.0E-08 0.55 0.9 7.4 19.7
Vendor C 1.0E-08 8.00 14.0 8.0 16.8
Vendor D 1.0E-06 1.25 11.0 6.0 1.6
Trichloroethene
Vendor A 2.0E-08 13.00 20.0 7.7 23.3
Vendor B 1.0E-09 0.00 1.1 9.0 0.0
Delay 17.4 d 1.3E-08 0.00 1.1 7.9 0.0
Vendor C 5.0E-07 1.70 4.9 6.3 6.7
Vendor D 1.5E-08 17.00 30.0 7.8 16.4
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Table 29. (continued)

K
mg/L grout
D Af Ao Leachability per
(cm?/s) (mg) (mg) index mg/L water,
Benzene
Vendor A 7.0E-08 11.00 23.0 7.2 11.5
Vendor B 1.0E-08 0.00 1.0 8.0 0.0
Delay 12.9 d 3.5E-08 0.00 1.0 7.5 0.0
Vendor C 8.0E-07 1.40 8.5 6.1 2.5
Vendor D 9.0E-08 14 .00 36.0 7.0 8.0
Perchloroethene
Vendor A 6.0E-10 33.50 36.0 9.2 168.3
Vendor B 4. 0E-~10 0.00 3.4 9.4 0.0
Delay 12.8 d 2.0E-09 0.00 3.4 8.7 0.0
Vendor C 1.0E-09 22.00 25.0 9.0 92.1
Vendor D 4.0E-10 51.50 53.0 9.4 431.3
o Chlorobenzene

Vendor A 4 ,8E-09 16.50 20.0 8.3 59.2
Vendor B 6.0E-10 0.00 4.3 9.2 0.0
Delay 0.5 d 1.0E-09 0.90 4.3 9.0 3.3
Vendor C 6.0E-08 0.00 5.9 7.2 0.0
Vendor D 1.8E-09 21.00 28.0 8.7 37.7

2The amount leached exceeded the estimated A,; thus, Af was set as
negligible and NEWBOX estimated A, and D. The low acetone concentration
measured in the sludge used to prepare Vendor A's samples was suspected of
being erroneous.

DThis data set was particularly poor for evaluating D. Using all the
data, NEWBOX selected a D of 1E-5, which is not realistic, especially
combined with the high K. This value is left unknown until a more
thorough analysis will hopefully yield a defensible value.

°NEWBOX estimated a suspiciously high D of 1E-11 using the graphical
estimate for Af, but NEWBOX’'s estimate for both (a D of 1E-12 and a
negliéible Af) was considered even worse.

This Af was estimated graphically and used as input for NEWBOX to
estimate a D.

€pParameters estimated using only the data from the first 14 d of

leaching.
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the decline. .Some possibilities are reaction (with the waste form,
another compound, or the vessel), sorption (by the waste form again or the
vessel O-rings), vaporization (through some leak in the vessel), or
decomposition. Some of these possibilities do not seem likely considering
the behavior of the other compounds in these leachates and the behavior of
chloroform observed in blank tests. Basically, a definitive conclusion
cannot be reached about the behavior of chloroform, and diffusion-
controlled release was assumed to prevail for the purposes of this study.
The chloroform parameters suggested in Table 29 for Vendors C and D were
estimated by NEWBOX without the data for the last two sample intervals
(when the leachate concentration decreased according to the reported
results). The point being made is that the parameters for these three
compounds—acetone, MEK, and chloroform—are more questionable than for the
other five, making extrapolation to other conditions more questionable for
these three.

The data for Vendor B presented a different problem in that most of
the data indicated little or no early release, but later release at a much
greater rate than expected (based on the early behavior). The
optimization procedure used by NEWBOX did not make reasonable parameter
estimates using this data. The slow early release led NEWBOX to suggest
leachability indexes as high as 12. Most of the parameters listed in
Table 29 for Vendor B were estimated by NEWBOX without any of the early
data. Even then the predicted release sometimes fell far short of the
observed release (see Fig. 17). Better predictions (see Fig. 17) were
obtained by a simple change in the model, that is, assuming that no

release occurs for a finite time greater than zero followed by standard
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diffusion-conﬁrolled release. Such behavior might be expected if a film
(e.g., a film of the reagent Vendor B uses) covered the waste form, thus
hampering release. Later, after the film dissolved or eroded, standard
release might be expected. If this explanation were the main cause of the
observed behavior, then the time delays estimated for each compound should
have been approximately the same. Since this statement was not true, the
actual mechanism for release was more complicated; however, such a film
may play a part in the true mechanism. Although the time delay currently
appears to be a curve-fitting parameter (i.e., it is not clear how to
extrapolate it to other conditions), it was judged that the diffusion
coefficients estimated using this approach were more representative of the
behavior of this waste form at longer times. The parameters estimated by
NEWBOX using this approach are listed in Table 29 along with the estimated
time delay for each compound below the other parameters estimated for
Vendor B. The time delays were estimated by linear regression of the
square root of time and the average total mass leached to find the time
intercept. The point for Vendor B is that the diffusion model alone does
not adequately explain the observed leach behavior for the product.
Further analysis may eventually suggest a mechanism more convincing than
the one proposed.

The values reported in Table 29 are reasonable for the most part,
that is, they predict leaching behavior representative of the trends
observed from the leach data. Most of the diffusion coefficients are in
the range expected for porous cementitious bodies, and the distribution
coefficients are within the range reported for solid sorptive agents. The

leachability indexes reported in Table 29 may have an error band as large
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as 0.5; but this is not unusual for cementitious porous bodies. On the
other hand, there is much greater uncertainty in the estimates for Af and,
consequently, K. NEWBOX's ability to accurately estimate Af decreases as
Af approaches either A, or zero.

For the case of Ag approaching zero, both Af and K will always be a
finite value greater than zero, although K can be less than 1. Even if
the compound in question does not adsorb on the solid surface, which is
highly unlikely, the solution residing in the pores of the solid
guarantees the presence of a finite amount of the compound in question
being within the geometric boundaries defined for the sample (i.e., some
of the compound will always be present in the sample during leaching, even
if it is dissolved in the pore solution). 1In the unlikely case of a
noninteractive solid surface, K, as defined, becomes the ratio of the pore
volume to the leachate (external to the pore) volume. Using this logic, K
had a lower bound of 0.02 to 0.04 (depending on the porosity) for the
leach test in question. For all practical purposes, such a low K is
insignificantly different from zero. Low Ks had little practical effect
on accurately predicting the observed leaching behavior and became more of
a curve-fitting parameter rather than an estimate of a fundamental
equilibrium value, that is, low interaction (low Ks) with the solid cannot
be accurately measured and must essentially be viewed as zero interaction
(K =0.0).

The opposite case of strong interaction with the solid (high Ks) is
not so easily handled. A small change in either A, or Af can make a large
change in the estimated K, and, for the cases where only a small fraction

of what was present leached, NEWBOX had difficulty distinguishing between
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slow leaching klow D) and equilibrium (high K), especially with the large
deviations in experimental data. Unlike the kinetic constant (D), the
equilibrium constant (K) is sensitive to the accuracy of both A, and Af.
The measured quantities are the sludge concentration corrected for losses
during preparation and leachate concentration. If the amount leached is
small compared to the amount calculated to remain in the sample, the
confidence is high in the obvious qualitative conclusion of a strong
interaction, but a large error is associated with the quantitative
estimate of K. For example, a strong interaction is implied whether K is
100 or greater.

Basically, the kinetics (i.e., how fast equilibrium is approached) is
dependent on D and is relatively independent of the final equilibrium
value. For a given D, the model prediction of the amount leached varies
little with K until the equilibrium amount leached for each K is
approached. The experimental data verified this predicted behavior.
NEWBOX analysis of the early (i.e., short leach time) data while
significant changes were still occurring in the leachate concentration
gave a D insignificantly different from the D estimated using all of the
data, even when equilibrium appeared to have been achieved. O0f course,
the estimated Ks were totally different, being zero for the early data and
dictated by the approach to equilibrium in the latter case. This
observation supports diffusion control as the leaching mechanism and lends
confidence in the Ds estimated by NEWBOX.

Two values for D estimated by NEWBOX are suspicious. One is for
chloroform for Vendor A and is related to the low release observed in this

case and NEWBOX's difficulty in handling such a case. Leaving both
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paramefers unknown, NEWBOX suggested a leachability index of 12 with a
negligible K. Reviewing the data suggested that equilibrium may have
occurred at the observed concentration. Using the graphical estimate of
equilibrium as input, NEWBOX suggested a leachability index of 11. Nome
of the other data give such a high index. The reported correlation
between D and K does suggest a leachability index of 9 for a K of 628, but
a leachability index of 11 suggests a K of 10,000 or more.25.26
Considering the strange behavior of chloroform for the other products
makes these estimates even more suspect. It may be that the estimate for
A, was erroneous or changing for chloroform, which would lead to incorrect
estimates of D and K. Until more is known about what is truly happening
with chloroform, the parameter estimates must be viewed with suspicion.

The other suspicious D is that for acetone for Vendor C. In this
case, the leachate concentration apparently came immediately to a
relatively constant concentration with a large standard deviation. This
constant concentration implied an equilibrium with a fairly high K, but
the rate at which equilibrium was established implied a leachability index
of 5. One reason this value is suspect is that the leachability index for
a species in water (i.e., no grout barrier) is about 5. The waste form
with its attendant geometric barrier and interaction potential (K) cannot
have a leachability index as low as water. Still the observed behavior
was an equilibrium established almost immediately. More frequent analysis
may have detected a more gradual rise to equilibrium. If the estimates of
the leachate and solid concentrations are accepted, then K was accurately

estimated for acetone for Vendor C, but D must be left unknown.
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The point is that, in general, the estimates of leachability index are
considered to be fairly accurate, but that the Ks, while truly indicating
strong or weak interactions, are more inaccurate, especially at the two
extremes of high and low.
5.2 EXTRAPOLATION OF LEACH DATA

The mass-transfer parameters (i.e., diffusion and distribution
coefficients) discussed in the previous section can be used to predict the
long-term release of the constituents over time. The diffusion
coefficients are used in determining the rate of constituent release from
the waste form until it achieves or approaches equilibrium with the liquid
medium (e.g., groundwater), while the distribution coefficients are used
in determining the equilibrium concentration of the released constituents
in the liquid medium. In reality, these parameters would be incorporated
into a risk assessment (or equivalent) model deemed representative of the
actual site conditions, which, in turn, involves the use of complex
hydrogeological models. This type of approach was beyond the scope of
this project.

However, in order to provide the reader with an example of how this
data can be used, a simplified extrapolation of the data to site
conditions is presented in this section. It cannot be overemphasized that
this presentation is only an example and is not meant to predict actual
site behavior. However, the authors believe that this example provides
the reader with a qualitative feel for the type of performance that can be
expected if this technology is applied to the site and provides guidance
as to which site characteristics can affect the release of constituents of

interest.
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Tﬁe leachability indexes in Table 29 range from 6.0 to 9.4 and K
ranges from O to 628. To bracket the expected performances, two sets of
parameters (LI = 6 and K = 0 and LI « 9.4 and K = 628 taken from Table 29)
were used in the model to estimate long-term release at the two extremes.
A leachability index of 6.0 and K of 0 gave a fast release with no
equilibrium to prevent total release, even in stagnant situations. If a
limited amount of leachate is assumed, extrapolation to the large
dimensions of the site must be carefully checked to ensure that solubility
limits are not exceeded. A leachability index of 9.4 and K of
628 gave the slowest release rate and lowest equilibrium release that
could be expected.

The dimensions of the leaching waste form are part of the diffusion
model, so extrapolating from the small laboratory sample to the dimensions
of the sludge lagoon was a relatively straightforward process. The
dimensions of the sludge lagoon are reported as 6070.5 m® (1.5 acres) with
the depth of contamination contained within 4.57 m (15 ft), giving a
volume for remedial action of 27,754 m®, Table 30 summarizes the volume
increase observed by mixing the homogenized RAFB sludge into cementitious

Table 30. Estimated volume increase by mixing the sludge into
grout (measured sludge density: 1.46 kg/L)

Vendor A Vendor B Vendor C Vendor D

Sludge wt % in grout 41 10.2 62 75
Grout density, kg/L 1.61 1.62 1.22 1.39
Grout volume/sludge volume 2.21 8.84 1.93 1.40

Volume increase 121% 784% 93% 40%




114
waste forms dﬁring this study. The volume increased from a low of 40% for
the highest sludge loading of 75 wt % for Vendor D to a high of 784% for
the low waste loading of 10.2 wt % for Vendor B. Economics and a
practical need to minimize this volume increase will likely result in a
formulation with a higher sludge loading than 10.2 wt %. On the other
hand, the higher sludge loadings resulted in a weak physical product,
perhaps so weak that the waste form will not be impervious to bulk water
flow. To guard against this possibility, the sludge loading will likely
be restricted to 40 or 50 wt %. For the purposes of this extrapolation, a
volume increase of 120% was assuﬁed (i.e., a grout volume of 61,059 m).
Assuming a proportionate increase in the sides of the square (assumed)
enclosing the original 1.5 acres and the depth, the grout monolith
dimensions were projected to be an area of 10,300 m?® (2.5 acres) to a
depth of 5.96 m (19.5 ft) to accommodate the assumed volume increase.

The surface area of the proposed monolith is about 23,000 m?. Of
more importance is how much of this surface area will be in contact with
water for leaching. For extrapolating, the entire surface area was
assumed immersed and leaching. This is not a realistic assumption for
actual field conditions since most, if not all, of the monolith will not
likely be immersed in water. However, this assumption allows a model
prediction of leaching behavior if the entire sludge lagoon were mixed
into a grout monolith and leached in a manner similar to the laboratory
leach tests.

Figure 18 illustrates the predicted leaching for a Leachability Index
of 6 and 9.4 if a constituent concentration of zero is maintained at the

monolith surface, that is, dynamic leaching or the flow of water is
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sufficiently rapid so as to allow mo significant accumulation of the
constituent in the water. (This is the same behavior predicted for a K of
zero for the same indexes.) 1In this case, leaching is controlled entirely
by D and neither K nor A, is an important factor, meaning that the
fraction leached at any given time will be the same regardless of the
starting or equilibrium concentrations. The model assumes all of the
contaminant is leachable (i.e., any sorption is reversible). The
equilibrium distribution observed in this study would not have
distinguished between reversible and irreversible sorption, or
disappearance of the species by chemical reaction. Thus, all of the
species must be assumed available for eventual release. The time span of
70 years was selected to be consistent with anticipated regulatory
extrapolations. The two leachability indexes bracket the values listed in
Table 29. For a leachability index of 6, 7 wt % would be leached within
10 years and about 20 wt % after 70 years. Less than 1 wt % would be
leached in 70 years for an index of 9.4. The water concentrations during
leaching depend on the original mass of the contaminant in the monolith at
the start of leaching and the amount of water. Obviously, the higher the
index the better, but no regulatory criteria govern this parameter for the
VOCs. Listed in Table 29 (counting only the time delay for Vendor B) are
8 indexes between 6 and 6.9, 14 between 7 and 7.9, 4 between 8 and 8.9,
and 4 between 9 and 9.4. Thus, indexes between 7 and 7.9 predominated.
Among the four vendors, no single compound was limited to a Leachability
Index as low as 6 with 1,2-DCE having the lowest collective index of all
the compounds at 7.2 (i.e., selecting the highest index listed for each

compound and comparing demonstrates that the lowest index for these eight
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compouﬁds among the four vendors is 7.2). For this site, some compounds
will not be of regulatory concern in a technical sense (e.g., the
regulatory limit for MEK is so high and the site concentration so low that
a low index for this compound would not be a problem). Thus, a lower
index for this compound would be acceptable in order to achieve a higher
index for some other compound presenting more of a risk. The VOCs with
the highest reported site maximums were TCE at 130 mg/L, 1,2-DCE at 100
mg/L, and PERC at 59 mg/L, with none of the rest being greater than 20
mg/L. PERC has the highest indexes listed in Table 29 (i.e., the most
immobilized species of the eight) and no TCLP limits exist for 1,2-DCE,
making TCE the compound of most interest for this site. Vendor C's
product had an index of 6.3 for TCE, but the other three indexes were
close to 8 (7.7, 7.9, and 7.8, respectively, for A, B, and D).

Figure 19 illustrates the importance of the equilibrium distribution
coefficient on leaching if the water volume for leaching is limited
(static) or the flow of water is sufficiently slow so as to allow
significant accumulation (i.e., "high" concentration) of the constituent
in the water. Both curves were calculated using an index of 9.4, but the
upper curve assumed dynamic leaching just as in Fig. 18 (note the
difference in scales for the per cent leached between Figs. 18 and 19).
For the static leach calculation, the amount of water was limited to the
same basis as the static leach tests—a volume (mL) of water equal to ten
times the monolith surface area (cm?) that is leaching. Thus, the
monolith was assumed immersed in 2300 m® of water over the entire time

span. This is a direct extrapoclation of the laboratory static leach test
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to sité dimensions and longer times. The initial ameount of contaminant
in the entire volume of the sludge lagoon is important for this
extrapolation, since an approach to equilibrium is involved. The original
sludge lagoon volume was assumed to be at the highest reported
concentration of any of the contaminants (130 mg/L for TCE; see
Table 1), giving an A, of 3.61 Mg (another extreme assumption compared to
actual site conditions). While dynamic leaching continues throughout,
leading to 0.4 wt % leached after 70 years, static leaching quickly
approaches equilibrium at less than 0.006 wt %, Figure 20 expands the
scales for the static leaéh case, illustrating how the amount leached
levels off in less than a year. The shape of the static curve would be
similar for different values of K, but the percent leached at equilibrium

would be different. The equilibrium percent leached is defined as:
Equilibrium percent leached = 100(A, - Af)/A,. (4)

Rearranging Eq. (2) and solving for the equilibrium percent leached

yvields:

1- V|

Equilibrium percent leached = 100 . (5

Thus, the equilibrium percent leached is a function of only K and the

ratio of the volume of leachate to the volume of the porous solid body
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being leached. Figure 21 illustrates this dependence as a function of K
for constant values of Vi/Vg. The bottom curve was calculated for the
case extrapolated to the site wifh a Vi of 2300 m® and Vg of 61,059 md.
The static leach test had a V1/Vy of 12.6. Note that for a Vi/Vq ratio of
0.04 the percent leached at equilibrium is relatively insensitive to Ks in
the hundreds. Only a few percent would be leached at equilibrium for a K
as low as 1.0. With such a large disparity in volumes, the monolith
should retain more of the species dissolved in its pore solution than is
dissolved in the external water. Figure 21 does not reflect this
realistic limit since 100% leaching was allowed in the calculation.
(Realistically, leaching is limited to about 10 wt % for the proposed
static leaching of the monolith). Thus, the affinity of a waste form for
the species is important not only in helping to retard the rate of release
but also in limiting the maximum water concentration in stagnant
situations. (Note the difference in scale for each case: 20 wt % for an
index of 6 and 0.4 wt % for an index of 9.4 for dynamic leaching, or a K
of zero, and 0.006 wt & for an index of 9.4 and K of 628.)

Figure 22 illustrates the declining leach rate with time for all
three cases. Note the initial rapid decline in rate followed by a fairly
constant rate. The static leach rate with the large K quickly approached
a negligible value, orders of magnitude below the other two cases. The
two curves for dynamic leaching give the maximum leach rate at any given
time for the selected indexes and monolith.

Figure 23 illustrates the effect of breaking the monolith up into
1000 pieces of egual size for dynamic leaching with an index of 9.4. The

surface area would increase by an order of magnitude and the amount
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leached in 70 years would increase by an order of magnitude from 0.4 wt $
to 4 wt %. In other words, breakup of the monolith will not necessarily
lead to unacceptable increases in leaching. For the case calculated, the
increase in leaching was proportionate to the increase in area, but the
ratio of the number of pieces after breakup to the number before was equal
to the ratic of the areas (and amountyleached) cubed.

Groundwater velocities were reported for the site, and this
information was combined with an extrapolation for dynamic leaching to
generate an estimate of the level of groundwater concentrations that might
be expected if the monolith were immersed in this groundwater. The
velocities were converted into an estimate of volumetric flow rate of
water that might reasonably be expected to come into contact with the
monolith and disperse the contaminant. The projected underground area of
the monolith was assumed to be a reasonable estimate of the amount of
water involved (i.e., the amount of water that would have flowed through
the lagoon if the monolith was not present and the lagoon was immersed as
assumed for the calculation). This simple approach is not intended to
replace more sophisticated hydrogeological models but to give a ballpark
estimate. The projected area is about 1000 m?. The reported velocities
of 30.5 to 244 m/year (100 to 800 ft/year) refer to the groundwater
velocity through a porous media (soil) (i.e., most of the projected area
will be occupied by soil). A reasonable void volume for porous media is
40 vol %; thus, assume 40% of the projected area is water, leading to a
volumetric flow rate from about 12,000 to about 100,000 m®/year. Dividing
the extrapolated leach rate by these two volumetric flow rates and

converting to the proper units led to the estimated concentrations with
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time downstream of the monolith plotted in Fig. 24. The extrapolated

leach rate in this case was generated for a leachability index of 8 and a

sludge lagoon concentration of 130 mg/L, both reasonable values for the

VOC of most interest, TCE. (Note that the TCLP limit for TCE is 0.07

mg/L.)

The assumptions used to make these extrapolations are summarized
below:

1. The leaching behavior for the monolith over 70 years is similar to
that observed in the laboratory over several weeks. The laboratory
behavior was bracketed with a leachability index and K of 6.0 and 0 to
9.4 and 628.

2. A sludge volume of 27,753 m® homogeneously contaminated with 130
mg/L of the given species requiring treatment.

3. A volume increase of 120 vol % during treatment.

4. A time range of 70 years was selected to be consistent with
anticipated regulatory extrapolations.

5. The grout monolith was completely immersed in water, and leaching was
from the surface only (i.e., no water flow through the monolith).

6. For static leaching, the water was limited to 2300 m® and was well
stirred.

7. For dynamic leaching, the surface concentration was kept at zero.

8. For Fig. 24:

a. Maximum leach rate (by assuming zero surface concentration),
b. Water available for leaching limited to the projected area
underground of the monolith, and

c. A leachability index of 8.
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Collectively, this analysis shows that the most desirable grout
formula would be characterized by low diffusivities (corresponding to high
leachability indexes) and high distribution coefficients. 1In addition,
the analysis indicates that release from a solidified lagoon is dependent
on such site-specific parameters as monolith geometry, degree of monolith
contact with water, and both the volume and flow rate of the water in
contact with the monolith.

6. ENGINEERING EVALUATION

Results presented to this point have focused on laboratory-scale
studies which addressed the ability of commercially available grout
formulas to retard the release of VOC. Ultimately, for successful
application to the RAFB site, grouting technology must meet all regulatory
and performance criteria applicable to the site. Toward this end, a
subcontract was I1ssued to Automated Sciences Group, Inc., and EBASCO
Services, Inc., to perform an engineering evaluation which addressed these
issues. Specifically, the engineering evaluation was to (1) identify
applicable regulations and performance requirements and assess thelr
compatibility with grouting technology, (2) determine the availability of
commercial grouting equipment and its compatibility with identified
regulations and performance requirements, and (3) provide a preliminary
estimate of the cost of implementing the technology at the site. The
resulting evaluation is presented in Appendix A. Pertinent highlights of
the evaluation are summarized as follows:

The regulatory requirements that govern activities at the RAFB NPL
site are those defined by the Comprehensive Environmental Response,

Compensation, and Liability Act (CERCLA) and its amendments, the Superfund
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Amendmeénts and Reauthorization Act (SARA). SARA establishes the use of
applicable, relevant, and appropriate regulations (ARARs) to set guidance
criteria for cleanup and risk assessment standards at NPL sites. The
Resource Conservation and Recovery Act (RCRA) and Clean Air Act (CAA) are
possible ARARs that may be used at the RAFB site. CERCLA does not require
environmental permits to be issued in order to leave remediated waste on-
site. Under existing permits, RAFB is allowed to release up to 100 tons
per year of VOCs, and they are currently releasing about 60 tons per year
of VOCs. A conservative estimate of the maximum amount of VOCs in the
sludge lagoon is less thar 15 tons.

There are no standard-performance specifications for solidified or
stabilized wastes; however, some typical criteria that can be used are
that the treated material should pass the TCLP test and that the
permeability of the treated waste should be about 1 x 107 to 1 x 1077
cm/s or less. The use of on-site solidification/stabilization
technologies has been accepted by the EPA as viable remedial actions for
Superfund sites as well as for sites requiring RCRA closure. The Pepper
Steel and Alloy, Inc., Superfund site was remediated using an out-of-
ground solidification/stabilization technology. The Superfund Innovative
Technology Evaluation (SITE) Program evaluated the use of Hazcon's
solidification/stabilization process and concluded that this technology
can immobilize heavy metals in a cost-effective manner.

There are in situ processes available for the remediation of the RAFB
site. In situ methods vary widely, while the number ¢f commercial vendors
offering these services is very limited. Only one of the vendors, ENRECO,

has demonstrated extensive experience in stabilization of hazardous wastes
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by in situ methods; however, their particular process is potentially the
least feasible for the RAFB site. Other in situ vendors either have had
no experience remediating hazardous waste sites or have not used their
proposed process equipment on a hazardous waste site to date.

Out-of-ground processes have been demonstrated to be the most capable
in treating high-solids wastes. Contaminated soils and dry-waste solids
are the types of materials found at the RAFB site. Effective out-of-
ground process units are widely available from commercial vendors to treat
these types of wastes. The lagoon is bordered on two sides by a swamp.
Integrity of the excavation and water infiltration could be major
concerns. VOC emissions from an out-of-ground process may have to be
controlled.

Assuming that a grout can be successfully developed and its cost is
reasonable, there is potential for this site to be remediated using in
situ solidification/stabilization for less than an estimated $5 million.
If an out-of-ground process can be successfully used at the site with its
supporting operations, the cost of remediation could be about $3 million.
Costs for design, procurement, site closeout such as capping and
monitoring well installation, and maintenance of the site will add to
these above projected costs.

7. SUMMARY AND CONCLUSIONS

The main objective of this project was to establish whether continued
consideration of grouting technology as a remediation option for the RAFB
sludge lagoon was justified from the standpoint of technical performance
of the cementitious waste forms, current regulatory guidelines, and

estimated economics of implementing this approach at the site. Evaluation
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of the waste-form technical performance involved extensive laboratory
study, while regulatory requirements and cost estimates were performed
by Automated Sciences Group, Inc., and EBASCO through a subcontract.

Few regulatory guidelines and criteria were found that were directly
applicable to this evaluation, although regulatory agencies reserve the
right to accept or reject a chosen alternative. Grouting technology is a
recognized remediation technology and has been approved by regulatory
agencies in the past. It is the method of choice for wastes contaminated
with metals (which are the predominant contaminants in the sludge lagoon)
and is recognized as the best demonstrated available technology (BDAT) for
wastes of this type. 1In addition, this techmnology received regulatory
acceptance for remediation of a soil-waste contaminated with lead and PCB
at the Pepper Steel site closure in EPA Region IV. Thus, although
specific regulatory guidance applicable to evaluating the technology has
not been found, there is a historical precedence to indicate regulatory
acceptability.

Although grouting technology is generally accepted for wastes
containing metals, the same cannot be said for wastes containing organics.
The generally accepted method for dealing with organic wastes is
destruction by some technique, such as incineration, which is the BDAT for
organic wastes., Standard remediation techniques for wastes containing
both metals and organics, such as in the lagoon, represent a nebulous
category of wastes from a regulatory point of view, and the BDAT for
wastes of this type has not been established. Wastes that are primarily
contaminated with metals coupled with trace quantities of organics, such

as the lagoon wastes, would, from a technical and economic point of view,
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be more amenable to treatment by grouting rather than by incineration. In
determining the applicability of grouting technology to such wastes, a
critical question is: Does the resulting waste form sufficiently retard
the release of the organics to meet protection of human health and
environment objectives?

Consequently, the principal focus of this study was to assess the
leachability of VOCs from the waste form. Toward this end, grout recipes
from four commercial vendors, believed to be representative of the
commercially available technologies, were obtained; samples were prepared;
and the release of VOCs was evaluated in a series of static and regulatory
(EP-Toxicity and TCLP) leach tests. Significantly, this study determined
the VOC losses that occurred during the sample preparation procedure and
corrected for these losses in determining the VOC content of the final
grout product and its subsequent impact on interpretation of resulting
leach data. Previous studies have often been deemed inconclusive by not
accounting for these losses.

Although definitive regulatory guidance on the definition of
acceptable leachability has not been found, a survey of case histories of
previous applications of this technology to other sites indicates that
meeting the regulatory criteria for a nonhazardous waste based on TCLP
leach results may be a requirement. TCLP results have been presented for
waste spiked with 1,2-dichloroethene, acetone, 2-butanone,
trichloroethylene, tetrachloroethylene, chloroform, benzene, and
chlorobenzene. Significantly, one waste form met the criteria for a
nonhazardous waste based on TCLP for all constituents, despite spiking to

levels approaching or exceeding site maximums. Trichloroethylene and/or
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tetrachloroethylene were the two constituents that exceeded the TCLP
limits for the other waste forms, and these waste forms would have passed
if the TCLP extract concentration was corrected proportionately by the
ratio of the maximum, or average, site concentration to the spiked
concentration. Consequently, the data indicate that grouting technology
can meet these criteria if it is applied to this site. Furthermore, the
data also indicate that TCE can be viewed as the key constituent which
should be monitored at the site to evaluate the effectiveness of this
remediation option.

Evaluation of the VOC losses during grout sample preparation, as well
as losses observed during acquisition of the site sample used in this
study, clearly indicates that significant VOC losses will occur upon
application at the site of any remediation option involving exhumation of
the waste (e.g., out-of-ground grouting or incineration). That is,
removal of VOCs from the waste and required treatment of these VOCs will
predominantly occur during the exhumation step rather than during
treatment of the material following exhumation (e.g., grouting or
incineration). The authors believe that the concerns associated with this
release of VOCs during implementation of the grouting option, both in
terms of total amount released to the environment and safety concerns
associated with worker exposures, can be minimized by application using in
situ grouting techniques rather than the out-of-ground techniques. This
belief is based on the fact that in situ application with its associated
punching or drilling of holes through the overlying clay layer will
facilitate the control of VOC release to the air environment as §ompared

with bulk excavation. Therefore, it is recommended that in situ grouting
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be utilized instead of the out-of-ground techniques. Preliminary cost
estimates for in situ application to the lagoon are on the order of $5
million. It must be recognized that, although numerous in situ techniques
are commercially available, their application to waste remediation has
been extremely limited. Consequently, application of in situ grouting
technology to the sludge lagoon must be considered a demonstration of this
technology.

In the evaluation of the static leach data, significant data scatter
was observed. This data scatter was believed to be due primarily to the
inadequacies of standard ahalytical techniques applied to this complex
chemical matrix. These inadequacies will impact the evaluation of any
remediation alternative, and the reader should be aware of this.
Basically, these analytical techniques were developed specifically for
analyses of water contaminated with trace quantities of organics and, in
the majority of cases, were not developed to address the case of multiple
organics at differing relative concentrations in the presence of waste
sludge or grout. However, as these techniques represent standard,
approved methods (by regulatory agencies such as EPA), they were used
throughout this study.

Although some physical properties of the waste forms were measured
and reported (all four formulations tested resulted in a monolithic
product), the technical performance was evaluated mainly from the
standpoint of the VOC-immobilization potential of the waste form as
determined by static leach tests. Immobilization, in this sense, means
retention of VOC or retardation of release to the leachant. Cementitious

waste forms provide immobilization by a combination of a physical barrier
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to diffﬁsion and a chemical affinity for the species. Consequently,
the leach data were used to determine both a diffusion coefficient and
distribution coefficient for each of the species evaluated. The
distribution coefficient is a measure of the chemical affinity of a specie
for the waste form. The diffusion coefficient is a measure of the mass-
transfer resistance to release of the species from the waste form.
Diffusion coefficients were reported as leachability indexes, which is the
negative logarithm of the diffusion coefficient.

Because of the data scatter, a greater degree of confidence in the
diffusion coefficients (leachability indexes) was achieved as compared
with the distribution coefficients (see discussion in text).

Consequently, the majority of the conclusions derived from the evaluation
of the leach data are based on the leachability indexes. Simple diffusion
through water of a species would correspond to a leachability index on the
order of 5. A leachability index of & denotes the presence of a physical
barrier that is measurably retarding the movement of the species [note
that leachability index utilizes a logarithmic scale, and an increase in
the index of one unit (e.g., increasing from 5 to 6) corresponds to a
factor-o0f-10 decrease in the diffusion coefficient]. Although there are
no EPA requirements with respect to leachability index, NRC requires a
minimum leachability index of 6 for each radionuclide prior to disposal

of low-level radioactive waste contained in a waste form. In general, the
leachability indexes increase as the effectiveness of the physical barrier
is increased up to index values between 7 and 8. Experience suggests that
indexes above 8 denote alteration of the species to a less mobile form

(e.g., through chemical conversion of the species to a different form or
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strong chemical/physical interaction between the species and a constituent
in the waste-form matrix), in addition to the presence of a physical
barrier. For example, many metals contained in a cement-based waste form
routinely exhibit leachability indexes greater than 8 because of the
chemical alteration of the metals in the waste-form matrix to a relatively
insoluble hydroxide form.

Not surprisingly, the leachability indexes obtained in this study
varied from vendor to vendor and from compound to compound. However, the
majority of the indexes obtained were between 7 and 8. Significantly,
three of the four products tested resulted in a leachability index close
to 8 (7.7 to 7.9) for the identified key component, TCE.

The fact that the majority of the indexes obtained were less than 8
(a few were in the range between 6 and /) suggests that the dominant
mechanism for retarding release is the creation of a physical barrier. As
such, it is recommended that only grout formulas and implementation
techniques that result in a monolithic product be considered. A
monolithic product represents a more cohesive physical structure than a
granular product and, hence, reduces access to the waste constituents by
groundwater (the principal mechanism of contaminant release and transport
to the environment).

This study has demonstrated that commercial grout formulations are
available for retarding (i.e., controlling) the release of VOCs at the
levels present in the sludge lagoon. 1In some cases, leachability indexes
above 8 were obtained. As discussed previously, this would suggest that
for some constituents, an alteration of the constituent to a less mobilg

form, in addition to the creation of a physical barrier, is achievable
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with available commercial technology. Improvement over the indexes
presented in this report may be possible upon formula optimization
necessary to meet all of the sites objectives and constraints.

Although the data presented in this report indicate that grouting
technology should receive continued consideration as a remediation option
for the RAFB sludge-lagoon waste contaminatedvprimarily with metals and,
to a lesser extent, organics, the reader is cautioned against
extrapolating these conclusions to other wastes/sites. As discussed
previously, retardation of many of the organic constituents appears to be
primarily due to the creation of a physical barrier. Assuming that the
reported fraction of constituents released remains constant when applied
to different waste VOC concentrations (a standard assumption in the
absence of confirmation data), one can easily see that, at some higher VOC
concentrations in the waste, this fractional release will result in
unacceptable leachate concentrations,

8. DOCUMENTATION
This report contains a summary of all data pertinent to the study.
Additional raw data are contained in ORNL Technical Notebook Nos.:
A-103015, A-103290-G, A-103417-G, A-103418-G, and A-103059-G.
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APPENDIX: ENGINEERING EVALUATION REPORT

This appendix contains a report prepared by Automated Sciences Group,

Inc., and EBASCO Services, Inc.
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TSD Treatment, Storage, and Disposal
voC Volatile Organic Compaurnds
WWIP wastewater treatment plant
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EXECUTIVE SUMMARY

The on-site solidification/stabilization cf hazardous waste has the
potential to provide a regulatory acceptable axd cost effective remedy for
hazardous waste sites. Oak Ridge National labcratory (ORNL) is conducting a
study for Robins Air Force Base (RAFB) to evaluzte the technical feasibility
of using on-site solidification/stabilization vith commercially available
grouts to cartain volatile organic campaunds (WoCs) arnd heavy metals at the
Zone 1 sludge lagoon adjacent to Landfill No. 4. This site is identified as
a Superfund site on the Natiomal Priority List 'NPL). This porticn of the
stixdy is to evaluate regulatcry issues, ewineering feasibility, and
prepare estimated costs associated with using T71s technology at the Sludge
Lagoon. This report contains an analysis c¢i in situ and out-of-groud
solidification/stabilization technologies.

The requlatory requirements that govern activitias at the RAFB NPL site are
those defined by the Camprehensive Envirormenta’ Response, Campensation, and
Liability Act (CERCIA) and its amendments, wTe Superfund Amerndments and

Reauthorization Act (SARA). SARA establishes the use of applicable,
relevant, and appropriate regulations (ARARs) <= set guidance criteria for
cleamup and risk assessment standards at FL sites. The Resource

Conservation and Recovery Act (RCRA) and Clean 2ir Act (CAA) are possible
ARARs that may be used at the RAFB site. CERCIA does not require
enviromental permits to be issued in order tc leave remediated waste on-
site. The release of WOC frum the site during r=mediation does not seem to
be a problem fram a regulatory stardpoint regar<:ng the total amount of VOC
that can be released from a facility. RAFB Is allowed to release up 100
tons per year of WOC, and they are currently r=zleasing about 60 tons per
year of VOC. A conservative estimate of the reximum amount of VOC in the
sludge lagoon less than 15 tons.

There are no standard performance specificztions for solidified or
stabilized wastes; however, same typical criter:z that can be used are that
the treated material should pass the EP Tocity test and that the
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permeability of the treated waste should be about 1 x 1075 to 1 x 1077 /s
cr less. The use of on-site solidification/stabilization technologies have
been accepted by the EPA as viable remedial actions for Superfund sites as
well as sites requiring RCRA closure. The Pepper Steel & Alloy, Inc.
Superfund site was remediated wusing an out-of-ground
solidification/stabilization technology. The Superfund Innovative
Technoloegy Evaluation (SITE) Program evaluated the use of Hazoon's
solidification/stabilization process and concluded that this technology can
immobilize heavy metals in a cost effective manner.

Wastes treated by solidification/stabilization processes mist not only
oomainthewastecorﬁtiwe:mstoanacceptabledagreeasprmsedbxthe
product must be able to meet requirements for its lorg term emplacement.
Grout developed in a laboratory enviroment can meet these needs but this
character must be reprcducible by full scale hardware in a field setting.
Product design parameters such as strength, swell, consolidation, creep
potential, etc. must be set as well as leachability or rate of release of
toxic species.

There are in situ processes available for the remediation of the RAFB site.
In situ methods vary widely while the rumber of cammercial verdors offering
these services is very limited. Only one of the verdors, Enreco, has
demonstrated extensive experience in stabilization of hazardous wastes by in
situ methods; however, their particular process is potentially the least
feasible for the RAFB site. Other in situ verdors either have had no
experience remediating hazardous waste sites or have not used their proposed
process equipment on a hazardous waste site to date.

Out-of-gramd processes have been demonstrated to be the most capable in
treating high solids wastes. Contaminated soils ard dry waste solids are
the types of materials fooxd at the RAFB site. Effective aut-of-grourd
process units are widely available from commercial vendors to treat these
types of wastes. The lLagoon is bordered on two sides by a swamp. Integrity
of the excavation and water infiltration could be major concerns. VOC
emissions from an out-of-ground process may have to be controlled.

ES-2
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Assuming that a grout can be successfully developed ard its cost is
reasonable, there is potential for this site to be remediated using in situ
solidification stabilization for less than $5 million. If an out-of-grourd
process can be successfully used at the site with its supporting operations,
the cost of reediation could be about $3 million. Costs for design,
procurement, site closeout such as capping and monitoring well installation,
‘and maintenance £ the site will add to these above projected costs.
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1. INTRODUCTION

The ILandfill 4/Sludge Lagoon at Robins Alr Force Base, Georgia, (RAFB) was
placed on the Superfund National Priority List (NPL) in August 1987. The
sludge lagoon occupies a 1.5 acre cormer of the 45-acre lamdfill site.
This shallow sludge lagoon was used by RAFB from 1968 to 1978 for the
disposal of various industrial wastes such as chlorinated and aramatic
solvents, aircraft paint strippers, amd electroplating solutions amd
sludges. The sludge lagoan, located adjacent to a swamp, has been
backfilled for closure. Based on the Remedial Investigation (RI), the
criginal excavated lagoon and the urderlying peat layer are contaminated -
with heavy metals and volatile organic campounds (VOC) with the VOC being
concentrated in the peat layer.

(2M Hill performed the RI in 1986 and also prepared a draft Feasibility
Study (FS) to evaluate options for the permanent remediation of the lagomn.
The FS identified exhumation, thermal treatment, and off-site disposal of
the resicduals as the only permanent remediation option available. The cost
for this exhumation cption was estimated to be $20 million. As an interim
solution, a pump and treat (air stripping) process was proposed for removing
VOC from the groundwater. The purp and treat option was estimated at
$500,000 for capital equipment and $600,000/year for cperating costs for an
indeterminable mumber of years.l:?

To explore a more cost effective, permanent, remediation option, RAFB
contracted Cak Ridge National laboratory (ORNL) through the Hazardous Waste
Remedial Action Program (HAZWRAP) to evaluate the technical feasibility of
using an on-site solidification/stabilization technology as a permanent
remediation option for the RAFB sludge lagoon site. This action was
prompted by the successful application of an on-site
solidification/stabilization techmology for remediation of the Pepper Steel
ard Alloy, Inc. Superfizxd Site in Florida and its acceptance by EPA Region
Iv.3
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The acbjective of the ORNL grout study fcr RAFB is to establish the technical
and regulatory feasibility £for applying an on-site
solidification/stabilization technology Zor the permanent remediation of the
RAFB sludge lagoon. The program is divided in five subtasks:

1. Perform a screening study to determine if camercial grout recipes are
available that potentially will retard the release of VOC and heavy
metals at the RAFB sludge lagoon;

2. Develop laboratory quality assurance quality cantrol (QA/QC) procedures
which address the loss of VOC during sample handling amd testing:

3. Assess the camercial availabilizy and performance of grouting
equipment for delivery of potentially viable grout recipes for waste
solidification/stabilization;

4. Determine the likely site performance criteria for remediation of the
RAFB sludge lagoon; ard

5. Evaluate the overall applicability <f grouting equipment/grout recipes
for the RAFB sludge lagoon site iIncluding cost estimates for the on-
site solidification/stabilization cczions.

Artamated Sciences Group, Inc. (ASG), a’ong with its subcontractor, EBASCO
Services Inc. (EBAS(D), was retained by ZAZWRAP to provide support to ORNL
for Subtask 3, 4, ard 5. The cbjectives cf the ASG/EBASCO pruject presented
in this report are to:

1. Evaluate regulatory and performance requirements for on-site
solidification/stabilization of the =AFB sludge lagoon site;

2. Review the application of on-site solidification/stabilization
technologies at other Superfund sites:

1-2
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3. Assess the availability of verdors and process options for perfcrming
on—-site solidification/stabilization of the RAFB sludge lagoon site;
and

4. Determine the approximate costs for on-site solidification
/stabilization options at RAFB sludge lagoon site ard identify issues
that could affect cost and performance of this remedial option.

The information presented in this report was obtained from various
publications including vendor literature, personal comunication with
verdors and regulatory agencies, and general knowledge and experience in
waste management, remediation, ard on-site scolidification/stabilization
processes possessed by the authors.
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2. STITE DESCRIPTION

The Sludge lagoon is a 1l.3-acre area located on one cormer of the 45-acre
landfill site. The general site configquration is shown on Figure 2.1. The
sludge lagoon is a 6-ft deep, unlined earthen pit which was formed by
excavation, with the excavated soils used to form a berm around the lagoon.
The lagoon was used fram 1968 to 1978 for disposal of industrial waste
primarily from electroplating and paint stripping ooerations. Upon
campletion of its intended use, the pit was closed by back filling with
soil in 1978. The original berm aroud the pit is still evident on two
sides; however, the berm on the cother two sides blends in with the soil cap
used to cover the entire landfill. Most of the site description information
in this section was obtained from previous studies prepared for RAFB. 176

The boundaries of the sludge lagoon within the landfill site were
tentatively determined by an electramagnetic (EM) survey in July, 1986. The
landfill was largely formed by the filling of a swampy area and was
subsequently used for the disposal of general refuse, construction debris,
limited amounts of putrescible waste, and reportedly, same industrial waste.

The close proximity of the landfill/lagoon to the underlying groundwater
could enable same interactions between the landfill contaminants and the
underlying groundwater. The general subsurface corditions at the
landfill/lagoon site are shown in Figqure 2.2. The landfill/lagoon
apparently lies campletely above the peat/clay layer which characterizes
typical swamp-type geology of the area. Borings indicate that the peat/clay
layer may also be discontimous. The groudwater flow appears to be
slightly upward in an easterly direction. The peat layer and potentially
the bottom of the sludge lagoon are below the groundwater table during most
of the year.

The principle contaminants foud in the lagoon consist of heavy metals and
VOCs. The VOC consist primarily of trichlorcethylene (TCE) and the
principle heavy metal contaminant is chromium (Cr).  Borings into the
peat/clay layer below the lagoon indicate that VOCs are concentrated in the
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peat layer. The physical rroperties of two sludge samples taken from the

lagoon are shown below:

159

Parameter - Sample 1 Sample 2
Moisture 40.8% 54.4%
loss on Ignition 10.2% 8.5%

Ash 49.0% 34.1%
Density 1.44 g/cc 1.28 g/cc
Ash Density 0.91 g/cc 0.86 g/cc
Flammability Yes No

2.1 REMEDIAL INVESTIGATION CQONCILUSIONS

The general conclusions from the Gi2M Hill Remedial Investigation which
could affect on-site solidification/stabilizaticn remediation are listed
below.

The descriptions of the Sludge lagoon depicted in 1968 and 1971
ergineering drawings provided by RAFB pe.rsonne.l were consistent with
field conditions encountered during this stixdy. Those descriptions can
therefore be used to evaluate sludge lagoon remediation criteria (e.q.,
volumes of material, placement of control systems, etc.).

The peat/clay bed underlying the landfill and lagoon appeared to be
laterally persistent with a 5~ to 14~ft thickness and an estimated
permeability of 10~% cm/sec (based on previous field tests).

Groudwater flow generally parallels surface water flow (i.e., radially
away from the landfill and toward the channelized ditch to the north of
the site, east to Hannah Road, or sauth toward the swampy area).

No consistent groundwater gradient was measured across the peat/clay
bed. Gromdwater level measurements did imdicate an upward gradient in
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the aguifer zones urderlying the peat/clay bed, most notably fram the
deeper zane to inmtermediate zone.

Grourdwater elevations and the abserved gradients indicate that, at
best, the peat/clay bed acts to create semi-confining aquifer
corditions in the zane underlying the bed.

The peat/clay stratum samples were campressible. This could result in
significant settlement after installation of a cap or additional
placement of fill.

The underlying sand stratum has a high hydraulic conductivity, measured
in the laboratory at 6 X 1074 to 9 x 107> ysec and estimated from
field tests to be 1072 to 107° au/sec.

Existing cover materials exhibit laboratory permeability of 2 x 10—5 to
5 x 10°° an/sec and a field permeability of 1 x 1074 to 3 x 107¢

cn/sec.

Surface cracks and gas migration (methane and non-methane organic
campourds) were cbserved in the existing cover raterial.

VOCs were the major category of cortaminants found throughout the site.
Mhigherlevelsofmkereobservedintheslui;elaqoonthanin
the landfill sediments. The VOCs were most concentrated in the peat
bed for both areas.

VOCs were found at the landfill and lagoon perimeter in the groundwater
zane just underlying the peat/clay bed. The highest levels were found
near the sludge lagoon, indicating the sludge lagoon as the major
source cf VOCs.

Metalsuexefammraxghartthesitebftmmdetectedatmdxhigher
levels in the sludge lagoon. EP Toxicity test results did not
demonstrate leachable metals in soil amd sediment samples.

2~5



()
te

tn

[
i

161

Cadmium, chromium, and lead concentrations in grourdwater samples above
the peat/clay bed exceeded Maximum Contaminant Levels (MCIs) in areas
surrording both the landfill arnd lagoon. The MCIs for these metals
are: cadmium (10 ppb), chramium (50 ppb), and lead (50 prb).

Non-VOC organics were found mainly in the sludge lagoon area but were
also prevalert in the lardfill. PCBs amd pesticides were found at both
sites, but pentachlorcphenol was found only in the landfill.

Cyanide was detected in both the landfill and sludge lagoon borings
but only in the perimeter wells adjacent to the sludge lagoon. Cyanide
was detected in the deeper upgradient well at the highest reported
level and also at Hannah Road in several deeper wells (60 and 100 f£t).

Based on the groundwater flow patterns indicated in this study and the
presence of contaminants in groundwater just beneath the peat/clay
layer, a groundwater plume is migrating fruom the lamdfill/lagoon area
in an eastward direction. No conclusive data exist which demonstrate
the plume has reached Hamnah Road. A low level of TCE contamination
was found in shallow groundwater at Hannah Road (well LF4-18) near the
drainage channel, but it is not certain whether or not this originated
from the sludge lagoon/landfill source. The cyanide found upgradient
of the site, and at several deeper wells at Hamnah Road, 1s not
consistent with expected migration pathways based on the current
urderstarding of groundwater flow.

Based on groundwater samples for the deeper zone wells, contaminants
werepr&entbeneathmelagomareatoatleastsoftbutmttoloo
ft.

Cortaminants were detected at the wells considered upgradient of the
lardfill and sludge lagoon. This oould indicate either a separate
contaminant source or a groundwater flow pattern influenced by puamping
fram water supply wells on RAFB. |

2-6



162

19. The maximm concentrations abserved for the contaminants at the zite

are:
Cortaminants Concentration (pxam)
VOCs 375
Metals 7,832
Pesticides and KCBs 11
Rase Neutral Acids 744
Organic Acids 219
Cyanide 1

2.2 SITE VISIT CEBSERVATIONS

A site visit at the RAFB landfill 4/Sludge lagoon site was conducte: cn
March 21, 1989, 1in order to better evaluate any factors that might efiact
the implementation of an on-site solidification/stabilization resedfial
option. A sumnary of the cbservations follow:

o Access to the sludge lagoon is tightly controlled. The facility lies
within a restricted entrance military base. The waste lagoorn ard
landfill are isclated and surrournded by a fence with a locked =zze.
Much of the lagoon is also bordered by swamp area.

o The sludge lagoon appears to have been constructed by excavating zzi
within the lagoon area. Excavated soil was then used as reta: g
berms for the perimeter of the lagoon. The top of the berm is ne=-ly
the same grade of the landfill area but is several feet above the
swamp level. The berm appears to form only an immediate buffer beT.zen
the swamp and the lagoon or the landfill and the lagoon.

o The capped area arnd berms are about 1.5 acres in size with the em:ire
cap depressed. Several hours of heavy rain had occurred on the mor-g
of the site visit evidenced by mumerous low pocket areas of stand.ng
water on the cap. The cap is breached several ft deep in a 10 X ZI-£t
area near the northern end of the lagoon. An area near the northzast
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end -of the lagocn the cap is erxded by several 2 X 2-ft chamnels froe-
surface water drainage to the swzp.

The 10 X 30-ft breached area corains a few dozen, small, scrub trees.
Otherwise, only scrub grasses exist on the cap.

The cap is littered with occasional asphalt chunks (10 X 10-in.) ard
cther debris. A limited excz.ztion in the northwest comrmer of the
lagoon encountered debris such 2s pipes, hoses, and filters, but no
large durable debris. A past ™M survey indicated a mmber of metal
abjects.

Access to utilities such as «ater and electricity appears to be
available from the adjacent -istewater treatment plant (WWIP) and
garbage/trash processing areas. Adegquate secure areas for processing
equipment, storage, amd off:2e trailers are available for a
solidification/stabilization ocpemztien.

According to the June 26, 1988, M Hill sampling effort, the fill is
stratified. The first 5 ft of 7ill consists of soil and a grey/white
WHTP sludge. Fill at the S- to 8~ft level consists of a dark,
oily/grainy waste. Below the 8 £ levels ‘a peat layer is urderlain by
a marl clay. Substantial emissizs were noticed through measurement by
Draeger tubes once the dark, oil. ‘grainy waste was encountered.

The current RI for the landfill is nxw being conducted and will not be
available for review until Noverrer 1989. The potertial impact cof the
leachate on the treated waste will therefcre not be known until then.
The swamp area is expected to be naturally acidic. leachate from the
landfill is also likely to be ac.iic.

Excessive water infiltration to zhe lagoon area could likely result if
excavation of the site is necessa-y.
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3. REGCIATCEY ISSUES AND REQUIREMENTS

3.1 GENERAL

The regulatory reguirerents associated with using on-site
solidification/stabilization techniques, either in situ or out-of-grourd,
for the remediation of hazardous waste sites are very limited. The
solidification/stabilization ¢f waste cantaining heavy metals in a grout
matrix is an accepted practice; however, the use of this technique to
stabilize organics, including VOC, is still in the develommental stages.
Research being conducted by the federal goverrment and private campanies to
develop admixture grouts that can be used to stabilize materials containing
VOC looks pramising for minimizing the leaching of the VOCs froum the
stabilized material. Accermance by EPA Region IV of an aon-site
solidification/stabilization r=mediation technigue at the Pepper Steel &
alley, Inc. Superfurd Site in Tlorida prampted RAFB to consider the possible
application of this option for <he remediation of the sludge lagoon. There
are several advantages to using on-site solidification/stabilization as a
remedial action at this site. This technique will allow the waste to remain
in place ard on-site which «ill minimize waste hardling and worker and
public exposure. On-site sol:dificationystabilization can also provide a
cost effective, permanent renedy. Uncertainties associated with the
application of on-site solidification/stabilization technologies are the
lack of acceptable performance criteria amd verification procedures.

This section addresses severa. regulatory issues that must be considered
when on-site solidification/stabilization grouting techniques are proposed
for hazardous waste remediation.

3.2 APPLICARIE REGUIATIONS

The sludge lagoon is identified as a NPL site in accordance with the
requirements of the CERCIA and its amendments, the SARA as defined in 40
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Ccde cf Federal Requlations (CFR) 300-302. The site is also identified by
the State of Georgia as being subject to corrective action authority under
the RCRA. The Envircrmental Protection Agency (EPA), in a final policy (54
FR 10520) issued March 13, 198%, stated that they would, in most cases,
prefer to address sites under CERCIA, with an interagency agreement that may
includethestateasaparty.7 Aninteragencyagreerentiswrrentlybein;
developed by the EPA Region IV and RAFB.

In addition to the requirements of CERCIA that must be addressed when
selecting a remedy, this site may require that sections of the CAA be
reviewed because of the potential to release VOCs during the implementation
of the remedial action.

3.2.1 CERCIA Requirements

CERCIA identifies the use of such technologies as grout curtains for
grourdwater control and solidification/encapsulation for the remediation of
soils contaminated with hazardous materials/wastes. These technologies are
addressed in 40 CFR 300.70. SARA, a CERCIA amerdment, states in Section
121.b. that the remedial action must reduce the mability of the hazardcous
constituents. The technology of in situ solidification/stabilization with a
grout is designed to reduce the mobility of contaminants along with
providing a cost effective remedial option. Section 121.d.4 of SARA allows
for the use of techmologies that can attain equivalent standards to proven
remedial methcds.

CERCIA does not require that federal, state, and local envirormental permits
be issued in order to leave the remediated material on the site. This is
identified in 40 CFR 300.68(a)(3). The remedial alternmative must meet the
requirements that are established in the interagency agreement and the
record of decision (ROD).

SARA establishes the use of applicable, relevant, and appropriate
requlations (ARARs). It is the establishment of ARARS that may require the

3=2
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selected remedial action to meet certain recuirements that are applicakle <o
RCRA and the CAA.

3.2.2 RCRA Requirements

The primary area of RCRA that might apply to this project is the standards
in 40 CFR 261.24 that define the leachate concentration levels at which
specific heavy metals became a hazardous waste. The EP Toxicity test is
used to extract leachates from sludges arnd solid materials., As discussed
previously, the lLamdfill 4/Sludge Lagoon site is currently being requlated
under CERCIA authority, and a RCRA permit is not required in order to leave
the remediated waste on-site. Section V of the RAFB Part B Permit, issued
by the Georgia Envirommental Protection Division (GAEPD) in September, 1988,
addresses the NPL site arnd the need for corrective action.

3.2.3 CAA Requirements

No permit will be required to release VOCs during implementation of the
remedial action. RAFB irdicated in an air permit application filed in 1988
that they were releasing approximately 60 tons of VOCs per year with the
allowable limit being 100 tons. This limit was established by the GAEPD for
RAFB since the Base is located in an attaimment area and no specific
emission requirements are available for the cperations that are performed at
RAFB.8

It is anticipated that, during implementation of a solidification/
stapilization technique, same amount of VOCs will be released. The amount
of VOCs that may be released during remediation can not be realistically
estimated. Howaver, an extreme case estimate indicated that the air
emission standards at the base would not be exceeded. The extreme case
calculations were based on the assumption that 375 pom of VOCs (the highest
observed site cancentrations) are evenly dispersed in the entire waste
volume of the lagoon. The waste volume calculation assumes that the area of
the lagoon is 1.5 acres, remediation to a depth of 15 ft, and a soil density
of 80 lbs/cu ft, therefore establishing that there is about 36,000 cu yds of
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waste to be remediated. Using this waste volume amd assiming the 375 pm
VOC level is uniformly distributed throughout the material, 12 zons of WCs
are calculated to be present. If all 15 tons of VOC were relzased durirg
remediation RAFB would not exceed the limit of 100 tons per vsar based on
the current release of about 60 tons per year.

3.3 PFRFORMANCE REQUIREMENTS FOR. SOLIDIFICATION/STABILIZATION FROCESSES

No stardards for testing stabilized/solidified wastes have bee~ developed.®
Due to this lack of stardards, performance requirements will vzry from site
to site. Same of the camman criteria used to evaluate solidifi=d waste may
include the EP Toxicity test for leachate extraction, permeabil:zy standards
of less than 1 x 10-7 ows which are acceptable for soil limers used in
lardfill construction, and evaluation by a risk assessment thz: the remedy
provides adequate protection of public health, wesl.fare, and
ervirorment.19:11 Rased on informaticn in the Enforcement Decision Document
for the Pepper's Steel & Alloy, Inc. Superfund 3ite, the
solidification/stabilization agert must undergo a development and testing
program that demonstrates that the mixture exhibits szatisfactory
performance. Satisfactory performance will have to be determi—ed by the EPA
on a case by case basis since there are no standards availablz. Table 3.1
presents same examples of minimum suggested specificaticns and  test
procedures for solidified waste that are to be placed in lardZills.® The
suggested permeability specification of 1 x 107> aw/s in Tables 3.1 is not
asstrirgentasﬁntdismssedmﬂaemmsmmuo:dmnt,a
perxeabﬂityof1x10”7tolx10“5cm/sistlmsarameoverwhidx
performance of solidified waste may be fourd acceptable; howsver, it is
this kind of requirement that must be determined on a case by case
basis.9, 11

Permeability is a measure of a solids ability to permit the passage of
water. The appropriate value will not only be site specific, bt dependent
on the desired performance specifications. It can be shown tat when the
permeability of the stabilized/solidified waste is at least two orders of
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Table 3.1 Example cI izecifications for Solidifiecd waszex
“haracrteristic Recommended Value
Leachability For Major toxic components leachability is greacer

Risk assessment

Ingineering design

ree liguid content

Reactivity

Ignitcabilicy

3iological activicy

w

trengch

'ty

erczeabilizy

Durabilicy

lizy

Fnvsical stabi

-
al

than 6 using ANS 16.1.
procedure test

Must pass the EPA extrac:tio

Maximum :t:ssible concentration tesct.
Solid wszz2 leaching procedure. Uniform leaching
procedurs

No liqui:z zxuded under maxioum loading gropesed in
tandfill Zesign.

Nonreac:tive.

Nonpyroi-~ Flash point above 60°C using
ASTM D-53: or D3278-7

No micrz:zial growth observed using ASTM CG21 or GI2.
Greater z-an 50 psi using ASTM 22166-66 or CL09.
Less tham 1 X 10°° cm/s when measured using upilow
triaxial :-rocedure.

As requirzd by site design. Measured using

ASTM D5€I-57 and ASTM D559-57.

Will not zllow unacceptable settlement under landfill

design ccrnditions.

*M. John Cullinane,
No. 2, 29 (1989).

2

-

Vol

Jr. and Larry Jones, Hazardous Materials Control

N
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magnitude less than that of the swrouxding host scil, then grourndwater
preferentially flows around the waste rather than through it. Preliminary
field permeability measurements on the peat/clay layer (the least permeable
of the lagoan strata, see Section 2.1) indicate a permeability of 1074 a/s;
thus, for groundwater to preferentially flow around the
stabilized/solidified waste, the field permeability of the waste would need
to be 10~ an/s. Typically, laboratory permeability measurements are one to
two orders of magnitikde less than those observed in the field.
Consequently, a reasonable permeability specification for application to
this site may be 106 an/s in the field or 1078 am/s in the laboratory.l?

Field QA/QC procedures will need to be developed in order to verify waste
solidification/stabilization.” The procedures should include guidance on
sampling, testing, acceptable tests results, and ways to remedy problems
that might occur during an on-site solidification/stabilization remediatiaon,
whether it is an in situ or cut-of-grourd process.

3.4 REGULATORY ACCEPTANCE OF SOLIDIFICATION/STABILIZATION TBECHNOLOGIES FOR
NPL SITE REMEDIATION

The EPA has accepted the use of out-of-groud solidification/stabilization
as a remedial action to be implemented at several Superfund sites. Table
3.2 identifies 16 NPL sites on which technology is the recammerded remedial
action as defined in the ROD for each of the sites. The Pepper Steel &
Alloy, Inc. site is the only site that remedial action has been corpleted
using the out-of—gramrd scolidification/stabilization technology. To date no
NPL site has been remediated using in situ solidification/stabilization.
Discussion on seven of the NPL sites identified on Table 3.2 are presented
in the following sectians.

3.4.1 Pemxrer's Steel & Alloy, Inc.

EPA Region IV accepted the use of a grouting technique to stabilize the
waste at the Pepper's Steel & Alloy, Inc. Superfund Site in Dede County,
Florida. It was the acceptance of using stabilization at a Superfund site
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Teble 3.2 Sumnary of Superfund Sites Using Solidification/Stebilization

Contaminants

Site Name/ EPA1 2 3 4 5 6 7 8 9 Waste Generating

Location Region ROD® Date Pb”  Cr’ Cd”  vOCT PCB 1CE Other MNedia Operation

Pepper's Steel & Alloy 4 3-12-86 X X X X X Soil, Sediment, Manufacturing- -Batteires,
Medley, fL Groundwater fibergless Boats, and Auto Repnaiis
Chemical Controi Corp. 2 9-25-87 X X X Soit Hazardous Maste XSD1“ tociiaty
tlizabeth, NJ

Liquid Disposal, Inc. S 9-30-87 X X X X Soit, Groundwater Camercial Lignd Wete froinesator
Utrca, M

tields 8rook 5 9-30-86 X X X X X _ Sediment various Industrial Sources
Ashtabula, OH

York Oil Company 2 2-9-88 X X X Soit, Sediment 0il Recycliing

Moira, NY

Commencement 8ay i0 12-30-87 X X X X Soil Coal Gasification Process
Tacoma, WA

Northern Engraving Corp. 5 9-28-87 X X Soil, Groundwater, Ketal finishing Process
Sparta, Wl Sludge

independent Nail Co. 4 9-28-87 X X X Soil, Sediment Marwifactur ing--Plating
Beaufort, SC

Gold Coast Oil Corp. 4 9-11-87 X X X X Soil, Groundwater Solvent Recycling

Kiam, FL

Gould, Inc. 10 3-31-88 X X Soil, Sediment Battery Manutuctur tng
Portiand, OR

Sapp Battery 4 9-26-86 X X X Soi1t, Scdiment, Lead Reciaimer

Alford, FL Groundwater

Gerger (C8M O1i) Site 4 6-1-87 X X X X Soil, Grourxdwate: Waste 01l fnceneration

Rantowles, SC

Sur face Water

0LT
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Table 3.2 Suwnary of Superfund Sites Using Solidification/Stabitization (contiwed)

Contaminants ,
, 1
Site Name/ EPA 2 3 ‘ 5 6 7 8 9 Maste Generating
Location Region  ROD® Date Pb”  Cr” €d° VvOCT PCB" TCE Other Media Operation
Mowbray £rngineering 4 9-25-86 X X Soil Transformer Repair
Greenvitle, AL
Sand Springs Petra-Chemicat é 9-29-87 X X b3 Studge, Soit, Otl Refinery, Solvent Recycl ing,
Complex Surface Water Iransformer Repair
Sand Springs, 0K
Marathon Battery 2 9-30-86 X X . Sediment, Surface Sattery Manufscturing
Cotd Spring, NY Water
Western Processing 10 9-25-85 X X X X X Soil, Sediment, Waste Recycling
Kent, WA Groundwater,
Surface Water

1. €PA--Environmental Protecction Agency

2. ROD--Record of Decision

3. Pb--tLead

4. Cr--Chromium

5. Cd--Cadmium

6. VOC--votatile Organic Compounds

7. PCBs--Polychiorinated biphenyls

8. 1ICE--Irichioroethylene

V. Others- This may v lixds pny e o more of following contmmtnanta: AT LBee, copyst | mangancoe, s outy, 2inc, antimony, tonnpeo i f1ed ol gais

compounds, pesticides, base-neutial extractobles, ond non specifred metols,

10.

1SD--Treatment, Storage, and Disposal

11
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that influenced RAFB to pursue the study cof in situ stabilization as a
remedial alternative. This site was contaminated with PFCBs and heavy
metals. The heavy metal contamination was primary lead with concentrations
in the soil as-high as 98,000 ppm (9.8%). This is a considerably higher
heavy metal contamination than is present at the sludge lagoon on RAFB which
has abaut 7,800 pom (0.78%) heavy metal concentration with the primary metal
being chromium. The Enforcement Decision Document stated the this type of
remedy was consistent with CERCIA, the Nationmal Contingency Plan, ard a
cost-effective remedy that provides adequate protection of public health,
welfare, and the ervirormment.l® This site has been remediated using the
out—cf~graund solidification/stabilization technology.

3.4.2 Chemical Control Corp.

The Chemical Control Corp. Superfurd Site, located in Elizabeth, New Jersey,
will use fixation (solidification) to treat about 18,000 cu yds of scil
contaminated with heavy metals, organics, pesticides, and VOCs. This site
is located in EPA Region II and the ROD is dated September 23, 1987.

3.4.3 Licguid Disposal, Inc.

This Superfurnd site, located in EPA Region V, is in Utica, Michigan. The
site 1s contaminated with barium, lead, cadmium, PCBs, semi-volatile
organics, and VOCs. The remedial action will eamploy the use of
solidification/fixation and air stripping of groundwater. The ROD is dated
September 30, 1987.

3.4.4 Fields Brook

This site in Ashtabula, Ghio, is contaminated with arsenic, chramnium,
mercury, PCBs, tetrachloroethylene (PCE), TCE, other VOCs, and zinc. The
remediation of this site involves the thermal treatment of 16,000 cu yds of
soils and the solidification and on-site disposal of 36,000 cu yds of
contaminated soils. The date of the ROD was September 30, 1986.
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3.4.5 Yerk 0il Caxary Site

This site in Moira, New York, is cortaminated with metals, PCBs, phenols,
ard VCCs. The ROD, dated February 9, 1988, identifies this site to be
remediated by using on-site solidification of about 30,000 cu yds
contaminated soils followed by on-site disposal of the treated residuals.

3.4.6 Commencement Bay—-Nearchore/TiZe Flats

The FROD, dated December 30, 1887, aXdresses souwrce control of on-site
contamination through excavation of cootaminated soils and stabilization of
these soils in a polymer/cement matr:x. The stabilized matrix will remain
on-site and be capped to reduce surfzce water infiltration. The soils are
contaminated with lead, polycyclic zramatic hydrocarbons (PAHs), amd VCC.
This site, also Xnown as the Tacame Tar Pit Site, is located in Tacama,

wWashington (EPA Region X).

3.4.7 Northern Bgraving Corp.

This site in Sparta, Wisconsin, is being remediated by excavation ard
solidification of scils arnd sludges -ontaminated with inorganics, metals,
ard TCE. The solidified material will be capped with RCRA cover ard
moniteored for proper closure. The waste sludges are from a plating
operation and may be similar to the site at RAFB. The ROD is dated

September 28, 1987,

3.5 SUPERFUND INNOVATIVE TECHNOLOGY T ALUATION (SITE) PROGRAM

The primary purpose of the SITE Procram is to enhance the develogment ard
demonstration and thereby establishn the commercial availability of
innovative - technologies applicable to Superfund sites. The SITE Program
evaluated the use of the HAZON solidification technclogy on waste fram the
Douglassville, Permsylvania Superfund Site. The HAZOON process mixes the
hazardous waste with cement, a propristary additive called Chloranan, ard

3-1i2
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water, This process is an am-—cf-grouod solidificatiany/stabilization
technique. The (hloranan is claimed to neutralize the inhibiting effect
that organics normally have on the hydration of cement. The conclusions
drawn fram this. project indicate that: A (1) the process can solidify waste
high in organics (25%); (2) heavy metals were immobilized with leachate
reductions in excess of a factor cf 100 in many instances; (3) organic
contaminants, VOCs and BA (base newtral/acid) were not immobilized for the
most part, although instances where mmabilization of organics occurred were
abserved in same studies outside the SITE Program; (4) a large volume
increase can be expected where ncisture cantents of the wastes are low
(average of 120% increase during the Jemonstration Test); (S5) the solidified
material shows good structural res:lts with high unconfined campressive
strengths and low permeabilities; 4) microstructural results irndicate a
potential for degradation over the long term; and (7) the process is
econamical. 1l

3.6 RMRA STITES USING ON-SITE SOLIDIT_CATION/STABILIZATION

The an-site solidification/stabilizazion of hazardous wastes at RCRA sites
has been accamplished using both {7 situ and out-of-grourd technologies.
Table 3.3 lidentifies several of the sites, along with the major
contaminants, that have been remedizted using solidification/stabilization.
In addition to the data an Table 3.3, brief summaries are provided on three
of the sites.

3.6.1 Ciba Geigy—McIntosh, Alabama

Ciba Geiqy disposed of herbicide, pesticide, amd other chemical and
treatment process residuals for more than 30 years into approximately 20
lagoons on-site. In situ solidification/stabilization was chosen as the
remediation method for same 450,000 +wd3 of the waste. Dry grout injection
units were used to inject and mix the grout. Throughout the operation,
perimeter air monitoring alarms were not affected. Spot checking at the
solidification/stabilization process equipment revealed airborme contaminant
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Table 3.3

Sunmary of RCRA

s Using Soliditicatron/Stabitization

Site Name/ lPA‘

Contaminants

GLT

Waste Generating
{ocation Region Technoloyy I'h? (Ir‘ lid“ V(N;') l'(;ltb 1 TN} / mru-«“ Media Operntion
Ciba Geigy/ 4 In Situ X Liquids, Sludges Chemical manufacturing,
Mcintosh, AL processing pharmaceuticals, pesticides
herbicides

Martin Marietta/ 6 In Situy X X Sludges fuels operation
Pascagoula, LA processing
Chevron Facility/ 9 In Situ X X Liquids, Sludges Pesticides and herbicides
San Francisco, CA processing manufacturing
Amoc o/ 5 Qut-of-grouxd X X X X X tiguids, Sludyes Petroleum processors
Wood River It processing
ugl/ 4 Out - of - ground X Studges fnorganic materials
Charlotte, KC processing manufacture
otd/ 5 In Situ X X X X X X Ligquids, Studges Deep well injection
Vickery, OH processing facilyty
Etger/ 4 In Situ X X X X Sludges/Soils Ceramic production facitity
lupelo, MS processing
MBTA/ 1 Qut-of-ground X X X X Soils Smelting operation
Boston, MA
Marathon Steel/ 8 Out-of - ground X X X X Stag/Soils Smelting/ore refining
Colorado
otin Corp./ 4 Qut-of -ground X X Sludges/Sail Chemicals manufacture
Al aboma

1. EPA--Environmental Protection Agency

2. Pb--tead

3. Cr--Chromium

4. Cd--Cadmium

S. VOC--Volatile Organic Compourxis

6. PCUBs--Polychiorinated biphenyls

7. ICE--Irichloroethylene

8. Others--This may inctude sny one or more of the following contaminants: oarsenic, copper, manganese, mercury, zinc, entimony, nonspect fied ofyanie

compounds, pesticides, base-ncutral extractables, and non-specifivd metals.
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levels requiring OSHA level C personal protection. Those supperting the
operation a distance from the process units required only the emergency
availability of level C protection.

3.6.2 Martin-Marietta Facility—Pascagoula, Iouisiana

Emissions at this facility were not considered to be a potential problem
from a health and safety standpoint. A slurried grout injection system was
used on these organic comtent process wastes and VOC and odor emissions were
not found to be a concern. A

3.6.3 Chevron Facility——San Francisco, California

The wastes to be processed were high water content petroleum sludges with
arcenic comtaminants as the principal concern. Quicklime was the major
camponent of the grout reagent used in this in situ stabilization process.
A temperature rise to over 200°F was found after reagent injection. The
solidified waste was moved to a separate landfill area. However, the waste
remained too hot for safe equipment handling purposes for more than eight
hours afterward. Off-gassing was not documented but apparently was not a

concermn.
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4. SOLIDITICATION/STABILIZATION PROCESSES

The general objectives of solidification/stabilization for on-site
remediation are to provide for the isolation of the waste from groundwater
and the physical and/or chemical entrapment of the waste, to destroy the
waste species of concern by reaction, ard to provide a stable base for the
application of a closure cap. For the RAFB lagoon site, the primary
bjective of the solidificaticn/stabilization process will be to provide for
isolation of the heavy metals and VOC fram the groundwater. Because of scme
carcern for the release of VOC during remediation operations it is desirable
that the technology provide for the cartairment of VOC within the waste
mass if practical.

The technology of solidification/stabilization for on-site remediation can
be divided into two general categories: (1) in situ and (2) out-of—grourd.
The following sections describe general requirements of
solidification/stabilization processes and discuss the technologies
applicability to the RAFB lagoon site.

4.1 General Requirements

The successful and cost effective remediation by solidification/
stabilization relies on evaluation and design of a successful grout and
obtaining a suitable hardware system to blerd the grout and waste together.
Grout ard hardware requirements must be matched with each other.

4.1.1 Binders/Grouts /Reagents

Materials used to solidify and stabilize wastes are varicusly called
binders, grouts, and/or reagents. For this document, the term grout will be
used. Develomment of the grout to be used at the RAFB lagoon site is a
task being addressed separately.
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Grogts can be cementitious, pozzolanic, thermoplastic, cr reactive. Highly
specialized equipment able to contxol the pressure and temperature of waste
and grout could be required for same grouts. This Is generally not the
case. For puaposes of this study of solidification/stabilization
implementation, hardware, and costs of implementation it will be assumed
that the grout will be blended into the waste at site ambient conditions.
Grout blerds imtroduced uder ambient conditions are dmxinant in use in the
industry and are most cost effective.

The pozzolanic/cementitious grouts will likely be ford to be successful in
controlling the RAFB site waste. Such grouts are widelr available frum the
construction and utility industries, usually geogrami:zally local, amd in
the high volumes needed.l? Their costs are relatively low and the methads
of delivery and storage well developed.l?

In solidification/stabilization ocperations, grouts are Zelivered in either a
slurried or dry form into the hardware's zone of mixing. The method of
delivery is grout dependent upan hardware design, but most process units can
be modified to accept either a pneumatic system of Zry injection or wet
injection. Wet injection usually improves the efficisncy of blerding the
waste and grout especially for a high solids content waste.

Same grouts can became highly exothermic once wetted and cambined with
waste. This temperative effect must be considered in tm2 choice of hardware

and harndling of the waste and treated residual.

4.1.2 Product Design

The treated waste product must not only contain the wastz constituents to an
acceptable degree as processed, but the product must be able to meet
requirements for long-term emplacement. Grout develooed in a laboratory
envirorment can meet these needs. However, hardware systams which blend the
wasteardgmztmstbeabletoreprodlx:einthefieldaproductwith
characteristics the same as that produced in the laborazory. These product
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design requirements and how they can be affected by the nardware system used

are as follows:

Strength:

Free Liquid Comtent:

i

Provide for sufficient campressive strength to
support the maximm overburden expected for the
landfill cell.l4

The verdor hardware must achieve a homogencus mix
of waste ard grout to allow for the reproduction in
the field of the strength ard character foud in
the bench laboratory sample. This is especially
important if the strength < the bench scale
product is only marginal. The grout mix strergth
may or may not be easily ad cost effectively
supplemented by the additian of an inexpensive
admix.

The water content of the grout waste mix will also
tend to greatly influence final setting strength of
the treated product. High water content can leave
voids in the treated product resulting in low
strength. ILow water comtert can also leave
unreacted grout, again resulting in low strength
voids in the product.

Shauld allow no fluid expulsice after curing under
the maximm vertical pressures expected in the
landfill cell.l4 As with strength, a
non-hanogenous  processing outcare will leave void,
weakened areas and a place fcr pore liquids to
accumlate,

A high pH terds to reduce metals solubility in
water minimizing the potential for metals migration
fram the solidification/stabilization mass.

4-3



Swell Volume:

Creep Potential:
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Poor hardware nixing can leave untreated areas cf
waste with resultant undesirable leachate
character.

The raising of the lagoon waste pH from its present
pH of 5 to the potential pH 9 to 12 range will not
involve the costly pretreatment operations that

could occur in more acidic lagoons.

The volume of the waste is expected to expard from
the grout and water addition as well as frm the
reaction between the grout and waste which fellows.
In situn mixing hardware also displaces the
campacted waste and soil further expanding the
treated volume. out—of—ground units with the
operations of excavation, processing, and
reamplacement can produce a treated product with an
even greater swell volume.

Volume swell is desirably minimal especially in an
in situ application. For an in situ application a
30% grout load rate can typically produce a low 15%
swell volume result. Swell volume results from an
aut—of-ground unit are typically slightly hizher.
A low 15% to 20% swell volume is likely accertable
for leaving the waste mass in the lagoon area.

Time deperdent deformation under stress. The
treated product will deform to a degree once
emplaced. This deformation potential should be
taken into account in the final design to insure
the overall integrity of the landfill.l4

Again, hardware capable of reproducing an
acceptable, similar character, bench scale product
should be used.



Consolidation:

Campaction Qurve:

Permeability, Ieaching
Potential pH Stability:

Bicdegradation:
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Expected reduction in velume as the product cures.
This is usually a function c¢f£ the ocverburden
pressure of the landfill. This consolidation
should be incorporated into the fimal design such
that the elasticity limits of the landfill cap are
not exceeded.

For art-of-ground processing only. A relationship
between the dry unit weight and the water content
of the treated product.

This should be established sach that during
processing an optimal as possible ratio of the two
can be produced to allow for the most effective
reemplacement of the treated procuct.

These are most influenced by grous design. However,
the verdor hardware used must be capable of
reproducing a product similar in character to the
bench scale treated product to stay within these
performance parameters.

Organic camponents such as platt roots, sewage
sludge, and trash in major propertions could affect
the lorng term stability of the grout.

Grubbing of the site can remove most near surface
debris. A preprocessing separation operaticn may
also be needed if such material s foud in major
amoutts more than a few feet below the surface.

See Figure 4.1 for a summation of these product design concems . 14
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Fig 4.1. Leac-ate generation and transport mechanisms.
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4.1.3 YVOC _Conitrol

VOC loss may or may not. bhe a concerm at the RAFB site.
Solidification/stabilization processes involve blending operations where
waste and grout are mixed ard new waste surfaces are exposed. Exposing the
waste surfaces increases the possibility of VOC release. In addition, most
graut formulations react exothermally with the liquid and waste being
processed. A considerable amount of heat can be generated during the
blerding operation and for same time after as the mixture cures. A
temperature rise to over 200¢'FT, sustained for several hours, has occcurred in
past operations where highly excthermic blemds have been used. This heat
rise prurbt&s the release cf "OCs.

In the past, the level of XC losses in a field solidificationy/stabilization
operation have only been rarzinally addressed and documented. Part of this
lack of rescurce data is a r=sult of the low mumber of sites containing VOCs
that have been remediated by solidification/stabilization. Ilack of data is
also attributed to the fact That VWCs, while present in the waste, were not
measured for during many processing operations.

Protocols to control VOC lxss from a sample in the laboratory during
solidification/stabilization bench scale testing are not standardized.
Thus, either VOC loss has been ignored during testing or methods to control
or measure the loss have been differert from study to study. Therefore,
most bench scale testing datz has not been useful for interpretation of VOC
losses in field operations.

In situ VOC control during rrocessing has an advantage over out-of-—grourd
processing because it minizizes the exposure of waste surfaces during
processing. In in situ processing there is no need for preprocessing
ocperations such as sizing cr 3ebris removal either further recycling waste
surface exposure and potential VOC emissions. The primary route of VOC loss
during in situ solidificatior/’stabilization processing is believed to coour
throogh VOC entrairment in the grout feed stream. If dry grout feed
ocperatians are employed, pneratic systems are used to convey and inject the

4~7
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™It into the in-place waste. Through the cambination of the mixing effect
and heat rise, VOCs are mabilized in this injected air. The injected air
escapes, carrying with it volatile species to the atmcsphere.

Slurrying the grout prior to injection appears to eliminate the problem
with air entrairment of VOCs. The ability to inject a slurried rather than
a éry groat is within the capabilities of the verdors reviewed for this
study. Liquid outflow of the grout/waste mix from the area of processing
can then become a problem source of VOGs. The outflow of grout/waste
procact should be minimized if possible to reduce VOC losses by this route.
Past solidification/stabilization preojects where VOCs have been monitored
cr include:

Basin F—Rocky Mountain Arsenal-—Denver, Colorado

A 400,000 yd3 lagoon of wastes was solidified by an out-of-ground
process operation. The wastes in the basin were generated over
several decades by military operations to produce chemical
reagents for battlefield use anmd by private campanies
marmufacturing herbicides and pesticides. This area has been
described as the most polluted square mile on the planet. During
the entire operation, an extensive in-place set of air monitoring
equipment was operated on the perimeter of the site as well as
comtinual mobile checking within the site. No dangerous levels of
contaminants were foud to exit the site during this
solidification/stabilization operation.

Ciba Geigy—McIntosh, Alabama

Ciba Gelgy disposed of herbicide, pesticide, and cother chemical
and treatment process residuals for more than 30 years into
approximately 20 lagoons on-site. In situ
solidification/stabilization was chosen as the remediation method
for same 450,000 yd3 of the waste. Dry grout injection units were
used to inject and mix the grout. Throuwghout the operation,
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perimeter air monitoring alarms were nct affected. Spot checking
at the solidification/stabilization process equipment revealed
airborme contaminant levels. OSHA level C personal protection was
required at the process units. Those sigorting the operation a
distance from the process units required anly the emergency
availability of level C protection.

Martin-Marietta Facility-——Pascagoula, Iouisiana

Emissions at this facility were not considered to be a potential
problem from a health and safety standpeint. A slurried groat
injection system was used on these organic camtent process wastes
ard VOC and coder emissions were not found o be a concern.

Chevron Facilitv—San Francisco, Califerniz

The wastes to be processed were high “ater comtent petroleum
sludges with arsenic cortaminants as e principal concern.
Quicklime was the major component of the grout reagent used in
this in situ stabilization process. A <amperature rise in the
waste/grout mix to over 200°F was fowd after grout injection.
The solidified waste was moved to a separate lardfill area.
However, the waste remained too hot for safe equipment handling
purposes for more than eight hours afterwa-d. Off-gassing was not
documernted but apparently was not a concert.

Petroprocessors—Iouisiana

At Petroprocessors, operations had  to be ceased due to
uncontrollable and unacceptable levels of OC emissions.

The site was a former solvents reclamation site. Unacceptable
levels of HKCB's (hexachlorocbutadiene, h»exachlorobenzene) were
released as the material was exposed during excavation. Threshold
Limit Values (TLV) on the perimeter alarms that were affected had

49
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been set at a conservative 1/42nd. A foam system was used at the
site to control emissions loss but did not effectively solve the
emission problem. 12

In past operations, both solidification/stabilization and other treatment
operations, VOC controls have been used. The more successful cnes used have
been:

Misting/Spraying: Fine water sprays ard limewater sprays and
slurries have been used to control emissions on a project. The
system is relatively easy to set up and inexpensive to operate.
The mist or spray effectively "knocks down' emissions at their
scurce. Limewater content sprays also can physically "knock down'
emissions, neutralize acidic camponents of the emission, and coar
the source waste thereby reducing the level of further emissions
by a physical barrier. The added calcium cortent of the lime is
also of benefit to same grout blends.

Foams:  The many VOC foams on the market appear to work
effectively. Specifically, the 3M Corporation FX 9161, 9162, 9163
foams and extenders. There are high density foams made especially
to VOC organic waste applications. They provide a nearly
impermeable barrier to VOCs. Foams are relatively easy to apply
arﬁcanbemixedwithextezﬁerstolastcver24ha1rspe:
application. Costs can be relatively low campared to the project
total cost.

Tenting/Absorption/Flaring: Tenting the process area of the site
has been used effectively in the past. The entrapped VOC can be
passed through an adsorption media such as activated carbon cr
through a gas flare for cleaning the air. Costs can be high ard
workability of the project can be detrimentally affected.

Most literature references VOC controls as cbjectionable odor corsrol
operations undertaken for aesthetic rather than health and safety reasons.
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It is therefcre not possible to project VOC losses for the RAFB operation on

the basis of WC loss in past operations or from a bench scale study.

Past operations- have, however, shown that VOC losses cbserved, measured as
health ard safety program data on solidification/stabilization sites, have
been very low even with high VOC concentrations in the waste being treated.

4.2 1IN STTU PROCESSING

In situ processing of wastes has been widely -sed in the treatment of low
viscous sludge type wastes. High solids content wastes have typically been
treated by out-of-grourd process systems.  The RAFB lagoon waste is
primarily a high solids, scil type waste.

The technology to process high solids content waste in situ has been
recently developed. In situ grouting for starilization of clean soils has
been done for many years within the construction industry to improve the
load bearing properties of soils. This high solids technology has been
adapted for use in waste remediation primarily for the construction of
cartoff walls arourd a site. It also appears o be suitable for waste ard
grout blemding at a site.

In situ technologies temd to have the aZvantage over azt-of—grmfd
processing. Little or no waste preprocessing 1s required to remove debris
or to reduce waste particle size. An additional advantage is that the
lagoon dees not have to be excavated. The disadvantages are a lower mixing
effect, difficulty in corrtrolling reagent loading and reducing particle size
ard the general problems associated with the remote, blind processing of a
waste.

Verification of treatment of an in situ treated waste is primarily done by
coring the treated mass. Typically a preset grid and required number of
samples is determined for examination. Failuwe of a sample or rnumer of
samples can require that the volume be retreated. Considerations for
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retreatment such as curing time and analytical turmarourd time must be taken
into account.

There are four basic processes available to in situ bklend waste and grout.
These processes and their applicability are discussed in the following
sectians.

4.2.1 Trenching

Sane of the largest operations to date have been done by backhoe type
equipment. Primarily the work has involved only the solidification or
absorption of liquids amd not the true stabilization of the waste. Grouts
are typically "dumped" on the waste mass surface or low presswre injected
ard worked into the waste with a backhoe bucket or specialized rzck mounted
arms attached to an excavator, Thorough mixing in a high sclid waste
supstrate is difficult to effect. The open pit excavation effect can also
lead to a high VOC loss campared to other in situ operations. Ixamples of
this process are Enreco and Envirite,

4.2.2 low Pressure Injection

Low pressure injecticn is only viable for low viscous type wastes. It
relies on the natural diffusion of grout into the waste with same added
benefit due to movement of the injectors. This would not be vizkle at the
RAFB site. An example is Exwirite PF-5.

4.2.3 High Pressure Injection

High pressure injection relies on the introduction of grout into the waste
at a very high velocity thereby impinging on the soil/waste ard shattering
it, reducing the particle size of the waste and sanewhat uniformly
distributing the grout within the waste.

Processing with the Halliburton system is slow and expensive corpared to
octher methods but appears to provide a very good level of mixing. Outflow
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of excess grout/wzste from the area of mixing a processed with their type
unit may be an insummountable problem also.  An example is the Halliburton
CCP precess.

4.2.4 Auger-Paddle Process

The auger-paddle process has been adapted from the construction industry
where it has been used for improving the strength of soils. Grout is low
pressure injected inzo the waste ard a series of auger flights breaks the
waste/soil in place. Rotating, shaft mouatted paddles mix the waste amd
grout together.

The mixing effect =z-d ability to affect a reduction in particle size are
very gocd. This caild be the most viable in situ process for use at the
RAFB site. Examples are GEO~CON and SMW.

4.3 OUT-OF~GRCUND FROCESSING

Out-of-ground solidification/stabilization technology has been widely
developed and used Ior over 15 years. Out-of-grournd processing relies on
proven technology alfapted from the chemical and camedity mamufacturing
process industry. Frocessing can be done in either a batch or contirmuous
mode typically using zixing units such as rikbon blenders, shear bar mixers,
pug mills amd other rugged blending units.13:16 The aut-of-ground
solidification/stabi’ization process market is well developed and highly
campetitive. Marry verdors are able to supply hardware and service
capabilities to meet specific process needs.

Out-of-ground processing has the advantage carpared to in situ processing of
high power imput to achieve very efficient mixing, particle size reduction,
ard hamogeneity. Ot of ground processing also has high comtrol of grout
loading and other process variables that can affect the quality of the final
treated product.
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4.4.1 Formulatior ‘aboratcries

o

Wastech laborzTories - OGak Ridge, Tennessee

To date, the Pepper Steel and Alloy, Inc. Superfund site is the only
project Wastech have had known direct involvement with. Wastech is
owned by Bellamy Brothers of Atlanta, Georgia. Wastech has Mo
camercial verdor preference.

Silicate Technc.ogies Corporation - Scottsdale, Arizona

Silicate Techrclogies' (STC) major project to date has involved the
remediation cf the Marathon Steel site for which they provided the
grout design. STC utilized a processing system for this project that
made use of t-ck-mounted concrete mixers. While not directly used by
them, STC has a preference for In situ work by the low pressure
injection/auger-paddle system.

IWT - Wichita, “ansas
RMC Laboratoriss - West Plains, Missouri

Both laboratcriss work closely together and have been irmvolved in
formulation att=pts for a mmber of projects. The Hialeah, Florida,
PCB stabilizat:m demonstration is one example. IWT has a prefererce
for low pressur= injection/auger-paddle technology for in situ process
purposes., RMC zppears to have no preference.

Additional :information on formulation laboratories and
binder/grout/resgent sources is enclosed in Appendix A.
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4.4.2 In Situ Technology Vendors

Information is provided for these vendors on the following data forms.

Halliburton
SMA Seiko
Geo~Con
Enreco

Tane KW
Errvirite

0O 0O 0O 0O O @O
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IN STIU TECHNOIOGY

VENDCR NAME: Hallim:rton Industrial Services Division
PROCESSING SYSTEM: High pressure injection

NAME OF TECHNOLOGY: CCP Jet Grouting System
‘Campagnia Consclidament ¢ Pali)

HANDLING CAPACTTY,/UNIT: 60 yd3/day

OSTS: Would not ucte directly. Costs believed to be in the $150/yd?
range.

TECGHNICAL:
Advarttages Disadvantages
o Very high rmixing effect o Low processing rate
© Very high parzicle size ¢ High waste/grout cutflow,
reduction eiiact approaches 100% of volume

0 Relatively high cost
o Potentially high VOC
mobilization due to
waste/grout ocutflow

GENERAL DESCRIPTION:

There are three Lkasic steps used in the CCP process: drilling, colum
formatiaon, repetiticr.

First, a flush drill :zipe with a special bit attached to it is used to drill
to the desired dep=-. Drilling is done by the force of drilling fluid
forced through the tit cutting and displacing scil and rock.

Next, the bit is closed to flow and grout is forced out laterally through
jets immediately abcve the bit. Grout jetting pressure varies but is
typically between 4,000 and 6,000 psi. The drill pipe is rotated
contimicusly and withérawn at about 1 ft per mimrte.

The grout slurry exizing the jets at its very high velocity impinges on the
soil and shatters it for same distance from the jets. 'Ihegraxtslun'yls
then uniformly mixed nto the waste.
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The Z.ameter of area affected is deperdent upon factors such as waste ard
soil =/pe, jetting pressure, jetting time, nozzle diameter, grout density
and r—ational speed. Typical range of effect is 24 in. to 48 in. diameter
areas. Halliburton claims the area of effect is quite predictable so waste
of groct is minimized.

There is a disadvantage in the major amouwnt of outflow or overflow loss of
grout and waste from the process area. Losses are roughly equal in volure
to the volume being treated. This "carryout" or emtraimment of grout/waste
mix ca:ld make this unit unfeasible for use on this site.

OPERATNG EXPERIENCE:

'Ihec:::mitisaproductofanItaliancmpany)cmasOCPItaliaardits
Rrazilian coauarterpart, Novatecna. The unit was developed in 1978 ard
theref-re has roughly a 10 year operating history. Its primary use has been
in rering jet colums for stabilizing footings, tunnels, dams, placing
tiebacrs, etec.

Hallib:v<en is currently the only licensed U.S. user of this technology.
Hallim~ton will lease this equipment only with operational oversight by
their =ployees.

VENDOR TONTACT INFORMATION:

Don McCzbe, District Manager
Houstos, TX

(713) +z6-8288

(409) :2z6-8191

Lindse. Lee, Sales Coordinator
1415 Lacisiana St., Suite 2300
Houstor, ™ 77022

(713) £22-6073

(800) 2:3-5883

The OC= ~ardware units are warehoused at Halliburtons Houston lecation..
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IN STIU TEGHNOLOGY

VENDOR NAME: SMW SEIKD, INC.
PROCESSING SYSTEM: Low pressure injection/auger-paddle mixers
NAME OF TECHNOLOGY: SMW Technique

HANDLING CAPACITY/UNTT: 100 to 300 yd3/day

QOSTS: Projected $80 to $150/yd> of waste treated

TECHNICAL:
Advantages Disadvantages
0 Average process speed 0 Moderate particle size
0 Good mixing effect reduction effect

O No present hazarious waste
site experience

GENERAL DESCRIPTION:

The SMW SEIKD hardware unit consists of three to four overlapped auger-
paddle shafts mounted on a crane. GBEO-CON uses this similar design as their
DM technology unit. Auger-paddle sizes range up to 40 in. in diameter with
an equivalent zone of mixing effect by them.

SMW Seike has, as part of Seiko Kogyo of Japan, been operating in the United
States since 1986. The equipment has been proven on over 1,000 construction
projects. MW Seiko equipment has the advantage over the Halliburton
equipment in that grout overflow is minimal.

MW Seiko will allow contractors to lease their equipment but only with
cperational oversight by one of their engineers on the project.

OPERATING EXPERIENCE:

Seiko has no ocperating experience on hazardous waste sites to date.

They have although operated this equipment over a 17 year period on more
than 1,000 constrixction projects.
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- VENDOR CONTACT INFORMATION:

David Yang, Envirormmental Project Manager
Osamu Taki, President
© (415) 591-9646

1000 Martin Parkway, Suite 350
Redwood City, CA 94065

Hardware system is warehoused (or would originate) from the Ios Argeles
area.

4-20



196
IN STTU TECHNOLOGY

VENDOR NAME: GBEO-CON Inc.

PROCESSING SYSTEM: Low pressure injection/auger-paddle mechanicals
NAME OF TECHNOLOGY: D&M (Deep Soil Mixing) System

HANDLING CAPACTITY/UNIT: D&M - 80 to 200 yd3/day

COSTS:  $80 to $150/yd3 of waste treated on fixed price lump sum contract.

TECHNICAL:
Advantages Disadvantages
O Average process speed o Mcderate particle
0 Good mixing effect size reduction effect

0 Same waste/grout ocutflow
in area of processing

GENERAL DESCRIPTION:

[SM System - The deep soil mixing system makes use of a crane supported set
of leads which gquide a series of hydraulically driven mixing paddles ard
augers. Grout is fed into the waste to be treated through the center of
each shaft. The auger flights break the soil locse ard lift it to the

mixing paddles which blend the grout with the waste.

As the augers advance to a greater depth, the waste and grout are further
mixed by the additional mixing paddles aon each shaft. When the desired
depﬂuisreaduedu\eam}ersamwiuﬁmmmﬁthemixirgprmsisrepeated
on the way up to the surface.

OPERATING EXPERIENCE:

GEO—Con, Inc. has been in operation as a geotechnical construction campany
for 10 years.

The one large solidification/stabilization project they have accamplished
is in Vickery, OH where a 240,000 yd? lagoon was treated. This work was
done using backhoes as mixing equipment and not by use of their DSM or SSM
systems.
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The DsM is regularly used on construction projects to shere excavations,
fourdations, install tiebacks, etzz. A pilot scale version of the D&M has
been used for demonstration purposes at the Hialeah, Florida, PCB site to
solidify/stabilize same of the waste. . At least two projects have imvolved
the installation of cutoff walls at waste sites. Treatment of an entire
site waste volume has not yet been done with the DEM equipment.

VENDOR CONTACT INFORMATION:

Jeffery J. Goldin, Marketing Manager
(412) 856~7700

P.O. Box 17380
Pittsburgh, PA 15235

Offices in Texas, California, and Florida also. Equipment warehoused in the
Pittsburgh, Pennsylvania area.
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— STTU TEGRCLOGY

VENDOR NAME: GEO—CON Inc.
PROCESSING SYSTEM: Iow pressure in‘ection/auger paddle mechanicals
NAME OF TECHNOLOGY: SSM (Shallow Scil Mixing) System

HANDLING CAPACTTY/UNIT: 100 to 300 d3/day

COSTS: $80 to $120/ydS of waste treated on fixed price lump sum contract.

TECHNICAL:
Advantages ' Disadvantages
© Average process speed 0 Mcderate particle size
o Potentially very good VOC comtrol reduction effect
© Precise grout loading capacility 0 Slow process rate campared

to aut—of-ground technology

GENERAL DESCRIPTION:

S5M System - The shallow soil mixirnc system utilizes a crane-mounted mixing
system. The auger ard paddle mixig head is enclosed in a bottam—opened
cylinder to allow for a near clesed-system mixing of the waste and grout.
Treatment grouts can be introduced dry or in slurry form by an injection
system separate from the mixing unit. Due to the closed nature of the
system, grout lcading rates can be —uch more precisely controlled than with
other in situ systems. Also, because it is a closed system, VOC emissions
will likely be less and will be -cre easily controlled than that of other
systems.

OPERATING EXPERIENCE:

GEO-Con has a moderate amount of experience operating on hazardous waste
sites. The one large project they were involved in used backhoes as the
mixing equipment to solidify a 240,200 yd3 lagoon. The SSM system is a
recently designed piece of equiprent which has not been tested full scale on
a waste site yet but appear to be promising for the remediation of the RAFB
site.
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o ENDCR CONTACT INFORMATION:

Jeffery J. Goldin, Marketing Manager
(412) 856-7700

P.0. Box 17380
Pittsburgh, PA 15235

Offices in Texas, California, and Florida also. Equipment warehoused i
Pittsburgh, Pennsylvania area. i e
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2 SITY TECHNOLOGY

VENDCR NAME: ENRECD Corporation
PROCESSING SYSTEM: Low pressure injection/rack mounted rake arms
NAME OF TECHNOLOGY: In Situ Solidification Unit
Soil Mixing Unit
HANDLING CAPACITY/UNIT: In Situ Solidification Unit

500 to 800 yd3
Soil Mixing Unit - 300 to 600 yd3

CoSTS:  Willing to bid projects con a lump sum, fixed price unit basis.
Costs rarnge from $40 to $90 yd3.

TEGINICAL:
Advantages Disadventages
o Potential low cost o Need for same excavation of
0 Fast processing site
0 No waste/grout outflow o Low mixing effect

© Negligible particle size
reduction effect

o Likely greatest potential to
mobilize VOC's of all
in situ processes

GENERAL DESCRIPTICN:

ENREQO uses rack mounted injectors attached to an excavator arm to treat
hazardous wastes. Injection of the grout is at the forward end of each
series of injector amms. During injection the excavator moves the injector
arms in a reciprocating motion to blerd the grout and waste together. Zome
of mixing is limited to 7 ft or less from the surface.

The Soil Mixing System is a heavy duty version of the above system with
shorter, reinforced injector arms. Injection and mixing are accamplished in
much the same way, but the effective depth of mixing is limited to 5 ft or
less from the surface.

To accamplish in situ solidification/stabilization of impoundments greater
than a 5- to 7-ft depth, ENRECD treats wastes in layers. lLayers 5- to 7-ft
deep of wastes are treated, and the cured waste is pushed to the side. The
untreated volume is then treated.
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o CPZRATING EXPERTZVTE:
ENRECDO corporation has treated wastes on over 180 projects with 80 of them
irvolving hazardois wastes. ENRECD has been in operation since 1982 ard is
the largest solidification/stabilization campany in terms of reverues.

Work has included projects as large as 200,000 yd3 of both organic amd
inorganic species. '
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Lv STTU TEQDIOLOCY

- VENDCR NAME: Tone Boring Co.

PROCESSING SYSTEM:

NAME OF TECHNOLOGY: Teone PCW System
Tone B4 System
Tone BWN System

HANDLING CAPACITY/UNIT:

aoSTS:

TECHNICAL:

Advantages Cisadvantages

¢ Much literature search has
turmmed up docauments on the
system but no known U.S.
based contacts or

GENERAL DESCRIPTION:
Innovative boring and in situ machinery of various types. Develogment has

been in Japan. Equipment would not appear to have any advantages for
implementation over cther currently available equipment from other vendors.

OPERATING EXPERIENCE:

VENDOR CONTACT INFORMATION:
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=1 STTU TECINOLOGY

VENLOR NAME:  ENVIRITE
PROCESSING SYSTEM: Low Pr&ssule Injection
NAME OF TECHNOLOGY: PF-5 system

HANDLING CAPACTTY/UNIT: 100-200 yd3/day

COSTS: Treatment costs are $25 to $60/yd’

TECHNICAL:
Advantages Disadvantages
6 Low cost o low mixing effect
o Easy to implement process o Cannct process high
on liquid sludge wastes solids/viscous materials

GENERAL DESCRIPTTION:

The Emvirite system is a collection of approximately five low pressure
injection tubes. Injected grout is dispersed into the waste mostly by
diffusion and some movement of the injection tubes by the excavator or
backhoe to which they are attached.

The Ervirite system is applicable to low viscosity sludges and liguid
lagoons. The system would not be effective at the RAFB site.

OPERATING EXPERIENCE:

N/A

VENDOR CONTACT INFORMATION:

Edward Shuster, Marketing Manager
(404) 876-8300 _

1447 Peachtree St., N.E.
Suite 810
Atlanta, GA 30309
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4.4.3 Out-of-Cround Process Technoloqy Verdors

Information is provided for these vendors on the following data forms.

Aces~-Envirosafe
Chemfix
ChemMet
Stablex

Hazcon

GHM

Qaltec
Solidtek

SRS

O O 0 0 0O 0 0O 0 o
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OUT—CF—2P00ND. TECHNOLOGY

VENDOR NAME: Aces-Drvircsafe

PROCESSING SYSTEM: Pugmill

NAME OF If:HNOLocY: ETI System

HANDLING CAPACITY/UNTT: 300 yd3 to 1,000 yd3/day

COSTS: $40 to $80/yd> of waste to be treated

TECNICAL:
Advantages Disadvantages
o Fair mixing capability 0 Mixing capability lower than
0 Greater than average process speed most pugmill systems

o Relatively large unit for
the site size

o Fair grout loading control
GENERAL DESCRIPTICN:
Evircsafe uses a pugmill system adapted fram a large scale concrete
production mill. Wwhile production rate may be higher than most, the desired
mixing effect may not be as good as other aut-of—ground pugmill systems.
OPERATING EXPERIENCE:
The Envirosafe process has existed in one form or ancther for 13 years. The
solidification/stabilization group is backed by an effective hazardous waste
service organization with much relevant experiernce.
VENDOR OONTACT INFORMATION:

John J. Oolussi
(215) 962-0800

900 East 8th Avermie, Suite 200
King of Prussia, PA 19406-0956
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TT=CF-GROCND TECHNOLOGY

TNDOR NAME: Chemfix Technologies, Inc.
PROCESSING SYSTEM: Pugmill

NAME OF TECHNOIOGY: Chemfix process
HANDLING CAPACTTY/UNIT: 300 to 800 yd3/day

OSTS:  $50 to $50/yd® for high solids content wastes

TECINTICAL:
Advantages Disadvantages
o Excellent mixing effect © Not much experience in
o Precise contrel of grout loading using cther its own

proprietary grout
O Wastes must be screened of
debris greater than 2 in.

GENERAL DESCRIPTION:

The Chemfix process erploys the use of a highly medified, dual-rotor,
pagrnill to generally achieve an excellent dispersion cf grout within the
waste and achieve particle size reduction at the same time. Processirg
needs usually require waste streams to be free of damaging debris and of no
greater than a 30% to 40% solids content. This specification would likely
require Chamfix to add largeamamts of water to the waste to get it into a
form suitable for processing.

OPERATING EXPERIENCE:

Chenfix has operated its equipment for 15 years on a numwer of waste sites.
The largest project to date involved the solidification/stabilization of
400,000 yd® of an oily sludge waste at the Wood River, Illinois, site.
Chemfix has not routinely processed soils or high scolids content materials
without amendment of them first by addition of water.
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VENDOR QONTACT INFORMATION:

Sonja B. Maruel, Custamer Service Rep.
(800) 334-5353 :

Suite 610, Metairie Center
Metairie, IA 20031
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OT-OF-GROUND TEGNOLOGY

VENDOR NAME: ChemMet
PROCESSING SYSTEM:

NAME OF TECHNOLOGY: Chem-Met Fixation

HANDLING CAPACITY/UNIT: 300 to 800 yd3/day

QOSTS: $60 to $100 yd3

TECINICAL:

Advantages

VENDOR CONTACT INFORMATION:

W. R. Hartman
(313) 282-9250

18550 Allen Road
Wyandotte, MI 48192
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Disadvantages

0 Process is not portable.,
Cannct be considered for
RAFB site.
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QUT~CF=GROND_ TEGRIOLOGY

VENDOR NAME: Hazoeon

PROCESSING SYSTEM: Batch-encleosed auger
NAME OF TECHNOICGY: Hazcon Process
HANDLING CAPACITY/UNIT: 200 to 800 yd3/day

COSTS:  $40 to $60 yti3 of waste processed

TECHNICAL:
Advantages Disadvantages
o High control of grout leoading © Fair mixing effect
o0 Good materials handling experience o Fair particle size
0 Relatively low cost reduction effect

0 Open system VOC
control would have to be
added

GENERAL DESCRIPIION:

Hazcon operates a batch process system with enclosed auger flights to mix
the grout ard waste blend. Since it is a batch systen, grouat loading can be
tightly controlled. It is also an open batch system, so VOC control would
be difficult. Hazcon material handling capabilities have been shown to be
better than most on past projects.

OPERATING EXFPERIENCE:

Hazcon has been in operation for five years and has operated on a mumber of
small to medium sized sites.

Hazcon has demonstrated its ability to handle viscous oily sludges with its
equipment as a participant in the Superfurd Innovative Technology Evaluation
(STTE) program.

VENDOR CONTACT INFORMATTION:
Ray Furderburk, President
(800) 227-6543

P.0O. Box 1247

Brookshire, TX 77423
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QUT—OF—GROUND TECGHNOLOGY

ENDOR NAME: Qualtec, Inc.

PROCESSING SYSTEM: Pugmill

NAME OF TECHNOIOGY: Qualtec Solidification/Stabilizaticn Process
HANDLITNG CAPACITY/UNIT: 300 to 800 yd3/day

COSTS:  $40 to $950 yd3/day

TECHNICAL:
advantages Disadvantages
o Good mixing effect o In present configuration
o Fair grout lcading control groat is dry fed only

o Relatively unsealed process
system, therefore, little
VOC control capability
GENERAL DESCRIPTICN:
Qualtec uses a modified road stabilization unit with pugmill mounted on a

nobile frame. They alsc have immediate access to materials processing
equipment to screen debris and size waste.

OPERATING EXPERIENCE:

Qualtec's experience is limited to ome site in Miami, Florida, where same
100,000 yd3 of PCB and metal bearing waste was stabilized. The project was
the first Superfund site to be treated by a solidification/stabilization
process.

VENDOR CRNTACT INTORMATION:

Fred G. Mallins, V.P.
(407) 775-8300

11300 U.S. Highway 1, Suite 500
Palm Beach Gardens, FL 33408

Qualtec's equipment is located at its South Florida location.
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OUT~OF ~GROUND LOGY

TDTOR NAME: Solidtek Systems, Inc.

PROCESSING SYSTEM:

NAVE OF TECHNOIOGY: Solidtek System

HANDLING CAPACITY/UNIT:

cETSs:

TZHENICAL:

advantages Disadvantages

o System is not portable,
therefore, cannot be
considered for the RAFB
site.

G zRAL DESCRIPTION:

OFZZATING EXPERIENCE:

VIZOOR CONTACT INFORMATION:

Bi.l Risch
(42+) 361-6181
P.C. Box 888
57Z. Cook Road
Mc—ow, GA

4-36



212

OUT~CF~CROUND TECHNOLOGY

VENDOR NAME: Separation and Reccvery Systems, Inc.
PROCESSING SYSTEM: Enclosed series of pugmills

NAME OF TECHNOLOGY: SRS 0ily Sludge Fixation Process
HANDLING CAPACTTY/UNIT: 100 to 500 yd3/day

COSTS: Treatment costs are $50 to $100/yd3. SRS will guote on a
firm, fixed-price basis of waste to be treated.

TECHNICAL:
Advantages Disagdvantages
o Excellent VOC control o Higher than usual 00G
o Excellent mixing effect processing cost

GENERAL DESCRIPTION:

The process uses two sequential steps to treat the wastes. A transportarle
treatment unit includes two pugmills and refrigerationy/activated carbon
units.

If the waste contains volatile organics, a totally enclosed system is used
that can recover volatile organics using refrigeration and activated carborn.

The waste is processed in out-of-ground pugmill units. Unlike other
systems, the waste is mixed in two separate operations with its grout. Ore
grout is added and mixed with the waste in a pagmill. Then a second grout
or preparation is added, and the grout/waste is mixed again in ancther
pugmill. The uncured product can be paped to its emplacement area fecr
curing.

OPERATING EXPERIENCE:

The process originated in France ard has been camercially available for 10
years.

The process units have been used to treat tarry acid sludges cantaining 20%
to 40% organics. The units have also treated oily sludges of high water

content fram a refinery surface impoundment.

SRS typically uses their own in-house developed lime based binder. It
appears to have been successful in use on the above two operations having
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achieved such perfcrmance pararmeters 2s below detectable limits on TCLP
constituents and permeabilities of 1 x 10732 cm/sec.

VENDOR CONTACT INFORMATION:

Joseph De Franco, President
(714) 261-8860

16901 Armstrong Averue

Irvine, CA 92714-4962

Equipment based in Irvine, California location.
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4.5 IST O IMPLEMENTATION

Table +.1 summarizes those venders whose process technology is potentially
viable for use at the RAFB site.

A site scenario of a potential of 36,000 yd® of waste to be treated to a
maximz depth of 15 ft was costed. All treated waste was to be left in the
lagoon.  Binder/grout/reagent cost was estimated to be $25 per cu yd of
waste o be treated. Allsu;:portcostssuchashealtha:ﬂsafety,
constriction management, etc. were estimated and included. The final cost
given zer technology does not include the project close aut costs of capping
the sizz, monitoring well installation, etc. Costs of maintenance of the
cap, a.Though necessary, would likely be negligible.
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Table 4.1

Swmmnary of Solidificatyon/Stabibizatyr

‘rocess Data and Cost Estimates Associated with the RAFB Site

RAFB Sludge {agoon

L]

Technology Vendor Commerciat Depth Processing Processing Remediation Support Cost (2)

Name Limitation Capacity Costs Time Costs (1) Estimate

413] (cu yd/10hr day) (% per cu yd) (days) ($THQY) ($THOU)
In Situy
Low prennn e tnjection/ EHRLLO Sobl Mining tnit % tu / 3uo $40 to WY 140 ZUOV 2,604
rack mounted rakes (Litts)
low pressure tnjection/ Envirite PF-5 11 150 $25 to 360 N/A H/A N/A
rack tubes
Louw pressure injection/  GEO-CON SSM 30 150 $80 to $120 230 260 3,900
auger -paddie
Low pressure injection/  GEO-CON oSK > 100 1090 380 to 3150 380 400 4,600
auger-paddie o
=
High pressure injection Halliburton CCP JET Grouting >100 60 $150 620 660 6,000 V1
Low pressure injection/  JIST Deep Soil Method »100 100 $80 to 3150 380 400 4,600
auger/paddie
Low pressure tnjection SMMd Seiko SMW Technique >100 100 $80 to 3150 380 400 4,600
Out-of - Ground
Pugmilt ACES Enviro-  E11 Solidification System 500 $40 to 380 90 170 2,400
safe

Pugen {1 Chemf ix CT1 System 500 $50 to $90 v0 170 2,700
Pugmi L Hazcon Advanced Solidification 500 $60 to 360 90 170 2,000
Enlosed auger OHM Pugmi L 500 340 to $80 90 170 2,400
pugmi it Quattec Pugmi L1 500 $40 to 390 90 170 2,560
Pugmi il series SRS SRS Process 300 $50 to $100 140 280 3,000

-
Inchudes reagents and processing.



Key to Table 4.1

(1) Support Costs

Support costs on a per Zay basis are projected as follows:

In Situ

Health & Safety
laboratory Aralytical
Construction Management
Site Security

Additionally (Enreco) oily

Excavation/Zazxfilling
GW Pop & Trest

at~of~-Crouod

VOC control is not incl ded.

Health & Safezy
lLaboratory Aralytical
Construction Management
Site Security
Excavation/Bazxfilling
Materials Precrocessing
G4 Pop & Tre=2=
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$ 500
200
400
A
$1,100/day

$ 300/day

___200/day
$1,600/day

$ 500

200

600
Existing

350

300

200
$2,150/day

contrel during the precsect is estimated.

(2) Cost Estimate

o

o

Mobilization Cemabilization Costs/All Systems

Typical costs of processing for each vendor ($ per cu yd)

averaged

36,000 cu yds s the estimated volume to be

treated

Reagernt cost s estimated at $25 cu yd of waste

treated

Does include 211 support costs

$ 30,000

Does not include close-aut costs such as capping of the

site, monitor:ng well installation, etc.

A cost of less than $100,000 for effective VOC

is

NOTE: All costs are stidy estimates except for "Typical Cost of Processing!

ranges which were qucted by vendor representatives.

4-41
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This section addresses same additional concerns that were raised during the
ergineering feasibility and regulatory issues study.

o) The relatively soft nature of the peat/clay stratum beneath the lagoon
sugests that remedial solidification/stabilization activities or
trenching activities could be campromised by soil instability. In

- addition, the relative camressibility of the stratumm could create
significant settling of the final fill due to the greater overburden
expected from the treated waste.

The present cap on the lagoon provides adeguate support to walk across
or di‘ive an avutampile across it. The wide load distribution of an in
situ unit and the fact that the load is not distributed over the area
being processed makes it appear the lagoon area can safely support
remediation activity. Standard penetration tests and a limited mumber
of borings should be done to support this assuretion.

The peat/clay stratum beneath the lagoon has the potential to be
extremely conpressible. Additional borings shauld be taken in the
lagoon area to show adequate detailed stratigraphics of camposition.
Consclidation tests would then be done on these borings. Once the
consolidation potential is known, the amount of settlement can ke
controlled by structurally stabilizing the peat/clay stratum during
remediation usirg the solidification/stabilization process unit and/or
by design and construction of the cap to campensate for settlement.

o] The amount of swell volume the site can handle needs to be addressed.
Swell volume is the amowutt of expansion expected of the fimal treated
product. Typical swell volume of a solidified/stabilized waste is less
than 20% and the lagoon could accammodate this increase. The actual
swell volume cannot be predicted until a grout is formulated for use.
Excessive swell volume could make it impractical to place all the

5-1
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treated product within the lagoon site. The cansolidation of the
peat/clay lagoon bottam, the design of the fill, and the design of the
cap could accammodate same increase.  An expansion of the fill could
also potertially be needed.

Same processing equipment will be crane mounted. The crane height
could exceed 50 ft for the duratiaon of the project. This could be a
problem due to the proximity of the sludge lagoon to the flightline.

The lagoon waste is stratified into distinct zones of widely varying
waste character. One grout formila may not be capable of treating each
waste character. If this 1is found to be the case, either
solidification/stabilization equipment capable of hamcgenizing the
volume being treated should be selected for use or vendor equipment
capable of injecting and mixing different grouts at specific levels
should be used. Each of the in situ vendors surveyed can meet the
hanmogeneity requirement or the specific zone grout injection
requirement.

The use of multiple processing units is feasible and should reduce the
length of time needed to remediate the site.

Field verification of in situ techniques are limited and would require
sufficient core sampling of the monolith for confidence in the
hanogeneity of the products or demonstrations of other techniques.

The use of in situ technologies for waste stabilization has not been
widely demonstrated, thus the application of this techmology at the
RAFB site may need to be considered a demonstration.

out-of ground process methods would require the excavation of the
waste. The rate of water infiltration into the excavation must be
determined. The cost of shoring and water treatment may be a
significant design consideration and cost.
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The rate of water infiltration could be predicted wrough modeling of
the site_ for the artificial conditions created by excavation. These
would be predicted by doing pump tests or slug tests on water wells.
Also potentially acceptable but less precise would be using
stratigraphic information to predict the hydraulic caductivity of the
soils/aquifer.

For shoring needs the excavation would have to be stdied as to slope
stabilization needs, wall flotation, etc. for design. OSHA
requlations would also have to be addressed.

5-3
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6. SIMMARY

An engineering application and regulatory feasibility study was performed to
evaluate the use of on—-site soclidification/stabilization techniques, both

in situ and aut-of-ground, for permanent remediation of the RAFB sludge
lagoon. Potential regulatory issues were addressed concerning the use of
this type of remedial technology, along with a background review of
Superfux sites where solidification/stabilization is the selected remedial
altermative. The technology was also evaluated from an engineering
applicaz:zn stardpoint to consider the use of in situ or out-of-grourd

processig at the site.

The rec. atory evaluation considered the impact of CERCIA, RCRA, and CAA on
the use of solidification/stabilization techniques. CERCIA amd its
amendme-zs, SARA, allow for the use of innovative technologies and these
requlatizms also discuss the use of such techniques as grout curtains and
slurry »z1ls. RCRA and CAA are considered to be ARARs and same of their
requiree~ts are applicable as clean-up standards. The release of VOCs
during —plementation should not present a campliance problem since the
estimated maximmm concentration of VOCs an the site is no more than 15 tons.
The EPA -~as approved the use of solidification/stabilization as a permanent
remedy I:r a mmber of Superfund sites. One site, the Pepper's Steel &
Alloy sizs in Miami, Florida, is the first Superfund site to be remediated
using tris technology.

The encieering evaluatian locked at the use of both in situ and out-of-
ground sclidification/stabilization techniques for use on the RAFB site.
Both of =hese techniques have the potential to successfully process the
site's wastes; however, each of the techniques do have same limiting
factors. In situ techniques have not been used to date on Superfurd sites,
thus the use of this technique may have to be cansidered a demonstration
project. aAn out—of-ground technique has been used on a Superfurd sites.
Additiona. information would need to be cbtained on the RAFB site in order
to determine if soils could be excavated to depths of over 15 ft in this
swampy arsa and what problems if any would arise.

6-1



221

Assuming that a grout can be successfully developed and its costs is
reasonable, there is potential for the site to be remediated using an
on-site solidification/stabilization technique. While in situ processing
is the preferred implementation technique, this is a soil-like, high solids
site which may require an out-of-ground processing capability to adequately
blend the grout and water together. The estimated cost for using an in situ
technique is less than $5 million and the cost of aut-of-ground techniques
would be about $3 million. These costs do not include design, procurement,
site closeout such as capping and monitoring well installation, and
maintenance of the site.

. 6-2
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