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ABSTRACT 

Electric utilities, technology providers, and EPC firms are all actively investigating the 
use of brine encapsulation as a technically and environmentally feasible approach for 
the management of wastewater and onsite byproducts such as fly ash. Many sites are 
currently investigating the viability of volume reduction technologies, such as thermal 
evaporators, but to date few solutions exists for responsible disposal of the resulting 
brine.  While many have suggested that brines can be combined with fly ash for landfill 
disposal, a uniform approach to testing the viability of the concept has not been 
established.  This paper will present a recommended methodical approach for testing 
encapsulation mixes for their transport, deposition, geotechnical, and environmental 
acceptability properties.  While the recommendations presented here are by no means 
comprehensive, they are based upon ongoing projects and lessons learned for both 
bench scale and field scale evaluations and are intended to be updated over time as 
more is learned in this emerging field of research. 
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DISCLAIMER OF WARRANTIES AND LIMITATION OF LIABILITIES 
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Neither EPRI, any member of EPRI, any cosponsor, the organization(s) below, nor any 
person acting on behalf of any of them: 

(a)  makes any warranty or representation whatsoever, express or implied, (i) with 
respect to the use of any information, apparatus, method, process, or similar item 
disclosed in this presentation, including merchantability and fitness for a particular 
purpose, or (ii) that such use does not infringe on or interfere with privately owned 
rights, including any party's intellectual property, or (iii) that this paper is suitable to any 
particular user's circumstance; or 

(b)  assumes responsibility for any damages or other liability whatsoever (including any 
consequential damages, even if EPRI or any EPRI representative has been advised of 
the possibility of such damages) resulting from your reliance on or use of this paper or 
any information, apparatus, method, process, or similar item disclosed in this paper. 

Organization that prepared this paper: 

Electric Power Research Institute (EPRI) 

 

INTRODUCTION 

Electric generating units (EGUs) are facing challenges with the management of onsite 
wastewater streams as well as solid coal combustion products (CCP) such as fly ash 
and gypsum.  Many EGUs are dealing with the management of flue-gas desulfurization 
(FGD) wastewater to comply with effluent limitation guidelines (ELG1). At some sites, 
water treatment technologies, such as physical chemical and biological treatment, may 
be a viable solution. However, at other sites approaches to minimize wastewater flows 
through reuse opportunities as well as volume reduction technologies, such as 
membranes and thermal evaporators, are being evaluated to minimize or eliminate 
wastewater discharge. To achieve effective discharge elimination however, many sites 
will still need to be able to purge a waste stream, ranging from cycled up wastewaters to 
highly concentrated brines with a heavy load of precipitated salts.  To date, few proven 
solutions to the disposal of the waste streams are available.  However, brine 
encapsulation2 holds promise.  If successful implementation of brine encapsulation can 
be achieved, there are several potential advantages3: 

• Management of both CCP and FGD waste water in one integrated system 
• Increased landfill geotechnical stability 
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• Significant reduction of leachate generation from a disposal facility 
• Immobilization of constituents of concern found in both FGD brine and CCP 
• Mitigation of landfill fugitive dust related issues 

THE ENCAPSULATION PARADIGM 

While moisture conditioning fly ash with wastewater sources for onsite landfill disposal 
has been presented as a viable option, successful sequestration of constituents of 
concern from a concentrated brine, requires a more methodical and holistic approach.  
Beyond just testing the mixing of ash and wastewater at the benchtop, one must 
consider the full spectrum of the technologies that make up the overall process train. 
This includes considerations relevant to how the encapsulated material will be mixed, 
transported, and deposited, to how the landfill will be managed to ensure long term 
environmental acceptability. The range of moisture content is a key factor in determining 
the available equipment options and test work required for implementing an 
encapsulation process. The moisture content may range from the dryer end of the 
spectrum, where the term ash conditioning is generally used to the high moisture 
content end of the spectrum where the material is more accurately described as a 
paste. Many other site specific factors such as topography as well as upstream and 
downstream process infrastructure limitations will influence the design of the process 
but these factors are beyond the scope of this paper. 

This paper seeks to present lessons learned and recommendations on how to execute 
a successful brine encapsulation study from ongoing studies throughout the power 
industry. The goal is to provide guidance and recommendations on how to conduct the 
necessary bench scale and field testing required to design and implement brine 
encapsulation at coal-fired power plants.  

BENCH SCALE VS. FIELD SCALE TESTS 

While bench scale studies provide extremely valuable information on how to implement 
a successful approach, they are only a starting point.  To date, there has not been 
enough work done to prove that sufficient data on material transportation, deposition, 
and long term leachate quantity and quality can be gained from bench scale studies.  
Therefore, the following sections will outline the recommended steps to follow for both 
bench and eventual field scale studies.  These areas include: 

• Understanding index properties of raw materials  
• Bench scale mix designs and testing of cured mixes over time  
• Physical, chemical, and mineralogical analysis of cured encapsulation monoliths 
• Field/pilot scale testing  
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INDEX PROPERTIES 

The first phase of any testing program of this nature, either bench or field scale, is to 
acquire representative raw materials that reflect as closely as possible what field 
conditions will be.  Raw materials can include:  

• Fly ash (Class F or C) - primary solid component for brine encapsulation 
• Bottom Ash – filler material 
• FGD gypsum - filler material 
• Quicklime (CaO) – binder option 
• Portland cement – binder option  
• Wastewater or brine - liquid component (may contain suspended solids) 

CHARACTERIZATION OF SOLID RAW MATERIALS 
Lime is a relatively inexpensive binder commonly used in soil stabilization as well as 
sulfite cake stabilization at many EGUs.  Portland cement may be used for this purpose 
as well. Brine encapsulation work to date has shown lime to be the most effective binder 
for achieving encapsulation, however due to variability in chemistry between sites, the 
use of other binders should be considered. 

Once raw material sources have been identified, understanding the physical, chemical, 
and mineralogical characteristics (index properties) of the respective components will 
inform the development of mix designs in the next stage of testing. If both bench and 
field scale studies are to be performed, effort should be taken to collect and maintain 
representative materials for use in all tests. This practice will mitigate any potential 
effects of material variability when comparing test results from different mix designs. It is 
thus important to gather enough raw materials at the onset of testing to avoid needing to 
acquire more materials in the middle of the study that will invariably have different 
chemical and physical characteristics. 

This index property database will also help with interpreting the results of chemical and 
mineralogical analyses of the cured encapsulation mixes in later stages of the research 
program. Table 1 provides recommendations for index testing of the solid raw materials. 

 

 

Table 1: Recommended Raw Material Index Tests  
Index Test Raw Material Recommended Test Procedure 
Particle Size 
Distribution Ash, Cement, Lime ASTM D422, and or Laser Diffraction 

Specific Gravity  Ash, Cement, Lime ASTM C188, and or Helium 
Pycnometer 
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Loss on Ignition 
(LOI) Ash, Cement, Lime ASTM D7348, or TGA up to 750 °C 

(minimum) 
Free Lime Content Ash ASTM C114 
Major oxide content Ash, Cement X-ray Fluorescence (XRF) 
Mineralogy Ash Quantitative X-ray Diffraction (XRD) 

 

To demonstrate the importance of index testing, Figure 1 below shows how chemically 
variable fly ash samples can be. The figure shows a plot of calcium oxide content (CaO) 
vs. primary oxide content (SiO + Al2O3 + Fe2O3) obtained from 209 individual XRF 
analyses. The data were compiled from literature4 and show a general trend of 
decreasing calcium content with increasing primary oxides. Each data point represents 
a sample from a different source and has a unique combination of these elements - 
among other chemical and physical characteristics.   

 

 

Figure 1: Chemical variability of fly ash samples. CaO content vs. primary oxide 
content (SiO + Al2O3 + Fe2O3) for 209 ash samples. Class C ash: CaO > 20% 
(typically), primary oxides 50% - 70% (ASTM C618). Class F ash: CaO < 20% 
(typically), primary oxides > 70% (ASTM C618). Data taken from Yeboah, 2014. 
 

Fly ash samples can exhibit a wide range of primary oxide and calcium content. 
Calcium in ash can be correlated to the free lime (un-hydrated CaO) content. Free lime 
as well as alumina hydrate rapidly and can affect early age setting of the encapsulated 
mix. As such, it may require some initial trial and error to develop bench-scale mix 
designs that will work at the pilot scale and eventually in full-scale. 
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CHARACTERIZATION OF BRINE  
The objective of the brine analysis is to establish sufficient information to achieve the 
following objectives: 

• Establish that the analysis is of good quality by way of an ion balance check. 
• Capture the chemical composition of both the solid and liquid phases of the 

brine. 
• Conduct a brine speciation computation using geochemical software. 

Accurate chemical analysis of a brine can be difficult to obtain due to the extreme 
amount of dilution that may be required for analysis as well as interferences between 
constituents in the brine.  Accurate analysis of the brine slurry can require separation of 
the slurry into solid and liquid phases prior to analysis.  An example of a series of 
concentrated brine samples is shown in Figure 2. In this case the samples have a clear 
separation of solids (precipitates) and concentrated liquid.  

 

Figure 2: Example of a series of FGD brine samples obtained from a thermal 
evaporation pilot trial 
 

A Total Suspended Solids (TSS) analysis is required to recombine the results into 
concentrations in the "as received" slurry. Table 2 summarizes the recommended tests 
to aid in planning a brine characterization study. The ultimate end goal of the brine 
characterization is to provide data for a mass balance calculation of the laboratory scale 
(and later field scale) encapsulation tests from initial mixing, through curing and 
eventually remobilization of constituents.  
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Table 2: Recommended Index Tests for FGD Brine General Properties 
Index Test Recommended Test 

Procedure 
pH Standard lab pH probe 

(calibrated) 
Density/Specific Gravity Hydrometer 

Total Dissolved Solids (TDS) APHA Method 2540D or 
similar 

Total Suspended Solids (TSS) APHA Method 2540C or 
similar 

Full elemental analysis of brine liquid and precipitate 
fraction with ion balance Various methods 

Mineralogical analysis of brine’s precipitate fraction Moisture Content, XRD and 
XRF 

 

BENCH-SCALE MIXING AND TESTING 

Bench-scale encapsulation testing should involve the development of several mix 
designs.  Mix design studies may vary widely between sites and will depend on the 
site’s goals, materials available, brine concentration and chemistry, as well as landfill 
availability, distance and operations.  For any mix design study, however, physical, 
geotechnical, mineralogical, and leachability tests of these mixes both in the short term 
(as soon as the mix is homogenized in the mixer), and over time (up to 1 year at a 
minimum) as the mix hydrates and hardens are essential. The goal is to understand 
how the fresh material behaves, and to be able to better understand how a fully 
hydrated encapsulated deposit would behave over time in a landfill. It is important to 
note that brine encapsulation mixes are not inert – both brine and ash are chemically 
reactive in the system and the addition of lime as a binder makes the system especially 
reactive. As such, the physical properties of the material begins to change as soon as 
the components are mixed together and it begins to set. Ideally the setting process is 
slow enough to allow for good mixing, transportation to the disposal site, and deposition 
of the material before it becomes too stiff. 

 

SHORT TERM FRESH UNCURED MATERIAL TESTING 
For any encapsulation mix, a key initial property to be measured is the density or 
specific gravity of the material.  This provides a key reference parameter that will vary 
with changing moisture content, mix raw materials, and sample reactivity.  The optimum 
way to measure material density will vary depending on the consistency of the material 
being tested.  
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Slump tests combined with moisture content of the slump material for each mix provide 
a fundamental and basic dataset that is valuable for providing distinction between dryer 
moisture conditioned samples and flowable paste samples.  In addition, the data 
produces a valuable reference chart (slump vs. moisture content), that can be used 
again during pilot scale tests. Figure 3: shows the slump vs. moisture curve for a FGD 
brine and fly ash (class F) paste with lime.   

 

Figure 3: Moisture vs. Slump curve for FGD wastewater, fly ash, and lime paste. 
 

Based on previous and ongoing paste technology testing, the target slump range for this 
type of technology is between 7 and 10 inches (using a standard 12” slump cone).  For 
a dryer moisture conditioned encapsulation mix, a slump of 2-4 inches is typical. Figure 
4: shows the slump measurement of a paste mix. For brine encapsulation approaches 
such as paste technology, whereby the encapsulated mix is fluid enough to be pumped 
to the disposal location, slump testing is and essential first step in understanding the 
rheology of the fresh paste at the bench scale. The design of the pumping and 
deposition system for the full-scale technology will depend on this information.  For 
dryer encapsulation mixes that will be trucked or conveyed to the landfill, conveyance 
testing may also be needed as well as testing for proctor density to help better 
characterize material deposition. 
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Figure 4: FGD brine, fly ash (Class F), lime paste  

Mix Design: FGD brine 37.4%; Fly ash 58.1%; Lime 4.5% 
Slump 10 in. / Mud Balance 119 lb/ft3 / pH 11.2  

 

For a fresh paste mix, detail rheological characterizations can be conducted using a 
digital rheometer. Conducting this kind of testing periodically over the first 30 minutes to 
an hour after the mix is prepared will show how the setting process is affecting the 
consistency and flowability of the fresh paste in the short term.  

Rate of hydration testing by calorimeter can also be conducted on fresh mixes to 
understand the reaction kinetics of the hydration processes occurring in a particular mix 
design.  This in turn allows for a deeper understanding of reaction chemistry and assist 
in quantifying differences that may be observed in the setting of various mix designs. 

In all brine encapsulation mixes, the intent is that the waste brine will be chemically 
consumed into hydration reactions within the material.  In some situations, testing may 
be needed to examine the extent and rate at which water is consumed into an 
encapsulation mix.  The paint filter test is typically used for this test and measures the 
amount of free liquid that evolves from a material.  Both dryer encapsulation mixes as 
well as flowable pastes can be engineered such that the fresh mix will pass the paint 
filter test.  Figure 5 provides an example of a flowable paste mix passing the paint filter 
test. 
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Figure 5: Paint filter test for a fresh FGD brine, fly ash (Class F), lime paste  
Mix Design: FGD brine 27%; Fly ash 71%; Lime 2% 

 
 

INTERMEDIATE AND LONG TERM CURED MONOLITH TESTING 
Once a viable encapsulation mix has been prepared, typically samples are either 
compacted into or poured (paste) into cylinder molds and capped.  The mix should be 
cured in appropriately sized molds and placed in a temperature regulated environment, 
which is standard practice in geotechnical laboratories.  Typically, standard 3 by 6 inch 
or 2 by 4 inch concrete molds with caps are recommended. It is important to take time 
at the beginning of the testing program to determine how many molds will be required to 
accomplish all testing for each encapsulation mix design.  Due to the variability of 
materials and the set time required for encapsulation mixes, it is often difficult to try and 
generate additional cylinders later. 

The physical properties of encapsulation samples should be monitored during the curing 
process.  Table 4 summarizes the recommended testing at the bench scale for 
encapsulation mix designs. During the curing process both volume changes (due to 
shrinkage or swelling) and mass changes (mainly due to water loss during drying) may 
drive density changes while the formation of secondary reaction products gradually fills 
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the pore spaces in the solidifying matrix thus increasing the strength and decreasing the 
hydraulic conductivity of the material. 

Table 3: Applicable Bench Scale Tests for General Properties Applicable to Brine 
Encapsulation   
Testing Recommended Test Procedure 
Slump ASTM C143 
Density Mud balance or similar 
Viscosity Standard laboratory rheometer 
Bleed Water Test EPA Method 9095B - Paint Filter Test 
Paste pH Standard lab pH probe (calibrated) 
Rate of Hydration ASTM C1679 - Isothermal Calorimetry 
Compressive Strength Gain Pocket penetrometer while paste is still in the mold 
Unconfined Compressive 
Strength ASTM D2166-13 

Hydraulic Conductivity ASTM D5084-10 
Porosity ASTM C642/ ASTM C1754 

 

The decrease in hydraulic conductivity of the material should be measured over time, 
along with the increase in strength.  A pocket penetrometer can be used as a quick 
compressive strength test while the encapsulation mix is curing in the molds during the 
initial week of curing. This test can be done periodically until the mix has gained 
sufficient strength to be removed from the mold and tested for unconfined compressive 
strength and hydraulic conductivity. Figure 6 shows an encapsulated paste sample 
(same batch as the sample in Figure 4) after unconfined compressive strength testing 
on the 14th day of curing. The figure also lists the pocket penetrometer data collected 
over the first 7 days of curing, as well as the average unconfined compressive strength 
for days 14, 28 and 90, and average hydraulic conductivity on days 3, 28 and 90 for this 
mix design. Unlike concrete, testing should be conducted on samples well past 28 days 
of curing due to the tendency of reactions to proceed much slower.  This can be 
observed in the data in Figure 6 which shows an order of magnitude change in hydraulic 
conductivity and strength between 28 and 90 days of curing.  
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Figure 6: FGD brine, fly ash, and lime paste sample after unconfined compressive 
strength test on day 28 of curing. Additional pocket penetrometer, compressive 

strength, and hydraulic conductivity test results for the same sample are 
summarized in the text to the right of the image. 

 
Chemical characterization of the cured monolith should be carried out such that a full 
elemental analysis of the monolith is obtained.  This assist in creating a constituent 
mass balance for understanding leaching from an encapsulation monolith.  Like the 
complexity of brine analysis, care must be taken in an analysis that a reasonable ion 
balance is achieved and that anionic species such as chloride and sulfate are properly 
quantified.  In addition to wet chemical techniques, XRF may be of assistance in 
determining elemental composition. 

Mineralogical characterization is carried out by conducting tests that range from 
identification of crystalline mineral phases (by XRD) to more detailed investigations 
aimed at understanding poorly ordered (amorphous) phases formed because of the 
geochemical transformations occurring during the curing process. The nature of ash 
materials is such that a large component of the cured encapsulated monolith consists of 
amorphous phases which limits the characterization that can be obtained from 
conventional XRD techniques. These amorphous phases can be investigated by using 
advanced solid phase analytical techniques such as QEMSCAN (Quantitative 
Evaluation of Minerals by SCANning electron microscopy: Figure 7). Employing these 
techniques gives the researcher insights into the fate of the encapsulated wastewater 
solutes and provides a basis for understanding future leaching potential by incorporating 
the results into geochemical models. A more detailed description of chemical and 
mineralogical characterization of encapsulated monoliths is reported a separate paper5. 

Pocket Penetrometer. (T/ft2) 
Day 01: 0.00 
Day 03: 0.00 
Day 05: 1.10 
Day 07: 1.75 
 
Unconfined Compressive Strength. (lb/in2) 
ASTM D2166-13  
Day 14: 14.8 
Day 28: 65.9 
Day 90: 598.1 
 
Hydraulic Conductivity. (cm/sec) 
ASTM D 5084-10 
Day 03: 3.6 x 10-6 
Day 28: 1.6 x 10-7 
Day 90: 1.6 x 10-8 
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Figure 7: A QEMSCAN analytical system used for the characterization of cured 
monoliths 
 

Thermogravimetric analysis (TGA) is a method of thermal analysis in which changes in 
physical and chemical properties of materials are measured as a function of increasing 
temperature (with constant heating rate), or as a function of time (with constant 
temperature and/or constant mass loss)6.  In the context of brine encapsulation this 
method can be used to track the formation of minerals that form during the curing 
process, consumption of CaO, and measurement of LOI; among other properties.   

Leaching tests are conducted to understand what the quality and quantity of leachate 
will be from a landfill containing encapsulated material.  While some research7 has been 
performed to date, due to the monolithic nature of encapsulated material, little leaching 
data at either the bench or field scale has been collected.  Doubt remains if any of the 
existing bench scale leaching tests provide a true characterization of the leachate that 
will be produced in an actual landfill.  However, several tests are available to the 
researcher: 
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• TCLP: The Toxicity characteristic leaching procedure (TCLP) is a sample 
extraction method that produces a leachate for chemical analysis to simulate 
leaching in a landfill environment and requires crushing of the monolithic material 
prior to testing. TCLP is a regulatory test meant to establish whether a material is 
fit for disposal in a subtitle D or subtitle C landfill.  As such, it is not expected to 
be an appropriate test for determining the leachate quality that may be expected 
from an encapsulated monolith. 

• SPLP: The Synthetic Precipitation Leaching Procedure is a United States 
Environmental. Protection Agency (USEPA) test. The primary difference to TCLP 
is the use of a different leaching (extraction) solution and assumes an acidic 
rainfall condition and attempt to predict chemical mobility. As with the TCLP test, 
the SPLP test is not designed for assessing the effectiveness of encapsulation of 
solutes in a monolithic waste. 

• Leaching Environmental Assessment Framework (LEAF) Methods. Of the 
newly available LEAF methods, only one, 13158, is applicable to encapsulation 
monolith testing.  All the other tests are designed for a granular material and thus 
may not be applicable. Work is underway to adapt the LEAF 13149, originally 
envisioned for flow through a column of granular material, for testing of a 
monolith. 

Bench leaching tests alone should not be used to make decisions on the effectiveness 
of an encapsulation mix.  Field lysimeter testing should also be employed to verify the 
accuracy of bench scale leaching data. 

FIELD AND PILOT TESTING 

Based on the outcome of the bench scale work (as well as many site factors not 
covered by this paper) field and pilot tests will likely be required to investigate and 
demonstrate the feasibility of the planned encapsulation process. A primary goal of field 
scale testing is to better understand material transportation, deposition and long term 
performance. 

Generally speaking, there are three available transport methods for the encapsulation 
material after the mixing step. These are pumping, conveying, or trucking.  As briefly 
described above, the moisture content of the material is a key factor to consider when 
choosing a transportation and deposition approach.  However, it is important to consider 
the relative advantages and disadvantages of all three transport methods.  For 
encapsulation mixes such as paste that are pumped, there are three broad deposition 
strategies that may be considered: single-point discharge, multi-spigot configuration, or 
central cone formation. The paste deposition strategies are dependent on material 
properties, site topography, permitting, and closure requirements. For dryer moisture 
conditioned encapsulation options the material may be transported by truck or conveyor 
and compacted in place. 
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A number of field and pilot scale testing activities are recommend if the design of an 
encapsulation facility is to be successful in light of the process selection considerations 
described above. The following four testing activities are described here: 

• Mixing and transportation testing 
• Flow loop testing (paste pumping) 
• Deposition testing 
• Flume deposition studies (paste) 
• Lysimetry & long term performance 

Mixing tests are conducted to observe how well dry materials are wetted to achieve the 
objectives of the test program.  Different types of mixers, blade configurations, mixing 
speeds and other parameters can be examined to ensure homogenous mixing is 
achieved.   Many different equipment options exist for mixing materials and are beyond 
the scope of this paper. Figure 7 shows a grout mixer used in the current research. The 
mixer allows the operator to control the intensity and duration of mixing and the 
resultant mixture can be poured out for slump testing and preparation of molds for 
curing. 
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Figure 7: A field scale mobile grout mixer used for preparing flowable materials 
for testing 
 

For paste transportation, flow loop testing is the primary test carried out for pipeline 
system design at a pilot scale.  Figure 8 shows a pilot scale flow loop under 
construction.  A flow loop measures pressure loss through a pumping and pipeline 
system at varying flow rates and moisture contents. A series of tests is carried out for 
each paste sample density starting with lower flow rates, increasing incrementally to the 
maximum flow rate, then back down to the lower flow rate.  This data provides a flow 
curve for ramp up and ramp down conditions, which in turn provides data to assess the 
rheological properties of the paste (shear thinning/thickening or time dependent 
properties).  Paste density targets (typically five separate densities) are established 
prior to testing to cover the range of expected conditions, which provide an assessment 
of pump efficiency at increasing slurry densities.  Bench scale slump testing is essential 
to provide planning for field flow loop testing. 
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Figure 8: A Flow loop test under construction10. These tests are typically required 
where the encapsulation solution call for the implementation of a paste 
transportation method. 
 

Flume deposition tests are pilot-scale tests that can provide data for design of paste 
deposition systems (Figure 9). Among other applications, flumes have been used to 
study the flow behavior and beach formation processes of soil slurries, including 
thickened mine tailings and paste.  Flume testing is complementary to pilot-scale 
process and transport testing.  Paste generated for flow loop testing may be deposited 
directly into a flume at the completion of pumping to observe deposition behavior. 

There is no accepted standard or typical flume configuration or flume testing method. 
Other authors 11,12 describe and compare some flume types, flume testing methods and 
results. Tests carried out in a flume are not considered to be a scaled version of 
commercial-scale behavior. It is difficult or impossible to scale all aspects of the 
commercial system within a flume, including flow rate, environmental conditions, and 
process variability.  Rather, the flume provides a means of understanding the physical 
processes of deposition in a controlled environment and can provide general 
quantitative relationships13. Flume tests can also be used to compare actual paste flow 
behavior to models14. 
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Figure 9: Example of equipment used for deposition testing. Empty flume (left) 
and paste discharge with in-situ rheology testing during deposition. 

 

Lysimeter tests are conducted to better quantify the quality and quantity of runoff and 
drainage water (leachate) that would result from the exposure of an encapsulated 
monolith landfill. The equipment can be relatively simple with sample collection systems 
fitted to collect surface runoff after rainfall events and leachate over the testing period 
(Figure 10). The science of lysimetry is a specialized field and covers many topics not 
suitable for this paper. The researcher is therefore advised to consult with specialists in 
this field to discuss the objectives of the research. The data collected for the lysimeter is 
used in combination with the mineralogical and chemical characterization data to 
develop contaminant transport models for predicting potential future mobilization of 
encapsulated solutes. This test is recommended for assessment of the success of 
wastewater encapsulation as it represents a more realistic environment than any of the 
bench scale leaching tests described earlier. 
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Figure 10: Filling of a tote lysimeter (left) and subsequent monitoring (right) of 
runoff and drainage quality and flow 
 

CONCLUSIONS 

The field of brine encapsulation needs more research from the power industry.  While 
this paper seeks to provide guidance, it is not to be considered comprehensive.  As 
research progresses, new and more applicable tests may well be developed.  The 
testing described in this paper covers a wide range of expertize and specializations and 
therefore calls for multidisciplinary input to achieve an effective brine encapsulation 
solution. 
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