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Summary

A reducing grout has been developed for closing high level waste tanks at the Savannah River Site in
Aiken, South Carolina. The grout has a low redox potential, which minimizes the mobility of Sr¥,
the radionuclide with the highest dose potential after closure. The grout also has a high pH which
reduces the solubility of the plutonium isotopes. The grout has a high compressive strength and low
permeability, which enhances its ability to limit the migration of contaminants after closure. The
grout was designed and tested by Construction Technology Laboratories, Inc. Placement methods
were developed by the Savannah River Site personnel.

Plans are to place this grout into Tank 20, the first tank to be closed, in several stages. The first layer
will be placed in liquid form using multiple entry points. The dense grout will lift the waste sludge,
which is less dense, off of the tank bottom and will spread it into a pattern across the tank. The loose
waste sludge will then be immobilized by blowing the powdered grout in dry form into the tank. The
dry particles will hydrate, incorporating the water into the grout powder. The grout will then be
poured from the center tank location to form a domed cap which fully encapsulates the waste in the
grout layers. The remainder of the tank will then be closed using controlled low strength material.

Work is still ongoing to develop techniques for placing grout. Grout in other tanks may be placed
similarly to Tank 20 or may be placed using newly developed methods.

Introduction

Waste Tanks 17F and 20F of the F-Area high level waste tank farm system are the first waste tanks
scheduled for closure. The tanks were formerly used to store salt concentrate processed from the
242-F evaporator system as part of processing low heat waste from F-Canyon facility. The salt form
was comprised mostly of sodium nitrate. Waste removal was conducted on Tank 17F in 1988 and
Tank 20F in 1986. Spray washing of the walls, ceiling, and bottom was conducted on each of these
tanks as part of the waste removal effort. Residual amounts of insoluble sludge remains in each tank.
Approximately 1000 gallons of sludge remain in Tank 20F. Tank 17F has less than 5000 gallons of
sludge remaining, and plans are to remove most of this before closure. .

The Tank Closure Plan' prescribes that the closure method is to fill the tank and void spaces with a
flowable backfill material. Residual sludge has been evaluated for long term environmental impact
and the performance assessment is summarized in the Tank 17F and Tank 20F closure modules.”?
A chemically reducing grout has been designed to be placed on the bottom of Tank 17F and 20F to
immobilize the residual waste.

Immobilization is accomplished through two methods. First the waste is maintained in a chemically
reduced state which ensures certain species remain as an insoluble oxide or sulfide. In particular,
Te* becomes relatively insoluble under reducing conditions. _Tc” is the radionuclide that produces
the highest doses in Tank 17F and 20F tank performance evaluations. The grout is also highly
alkaline, which reduces the solubility of the plutonium isotopes.

' DOE, 1996, Wastewater Closure Plan for F- and H-Area High-Level Waste Tank Systems, Revision 1.
I DOE, 1997, Closure Module Tank 7 System, Revision 0.
3 DOE, 1996, Closure Module Tank 20 System, Revision 0.
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Secondly, the waste shall be entrapped in the grout form through strategic pIaceme.r'xt of the grout
mix. This method of encapsulation has not been credited in the performance assessment but is
considered added assurance in stabilization of the waste form.

A grout development and emplacement testing program was enacted to first design a rugged grout
form and then develop a practical means of insta]ling the grout in the waste tank. This report
summarizes this program and provides a technical basis for the use of this grout in Tanks 17F and
20F. If the performance evaluations for future tanks show that they also need grout with reducing
and alkaline properties, then this report may provide the technical basis for those tanks also.

Program Objectives

Tank Description

Tank 17F and 20F are steel-lined single-shell cylindrical tanks with a 1.3 million galion
capacity, concrete walls, and a concrete domed roof without internal support columns or
beams. There are no internal cooling coils. Seven (7) tank openings (or risers) are accessed
from the tank top. Six (6) 24-inch internal diameter openings are located at 60° azimuth
positions with the centerline of each riser located approximately five (5) feet from the edge
of the tank. The seventh riser is located at the tank center. The distance from the ceiling at
the tank center to the tank bottom is approximately 36 feet. The height of the walls is
approximately 28 feet.

Residual Waste Description

A residual heel of sludge material remains in each tank bottom. Samples of the siudge
appears to be typical of previous sludge samples on other tanks. Tank farm sludge typically
is between 10-40 wt% water with a specific gravity of roughly 1.8 and is composed mostly
of iron and aluminum compounds (oxides and hydroxides). Tank 20F samples revealed a
significant amount of sodium compounds (nitrate, nitrite, oxalate, sulfate, carbonate, and
hydroxide). Compounds of manganese and fluoroaluminates (in the form of cryolite) were
also identified.* Tank 17F revealed similar compounds but the oxalates, sulfates, carbonates,
and cryolite were orders of magnitude lower than that discovered in Tank 20F S Fission
products in small quantities exist in each tank. Radionuclides of concem are technetium
(T¢™), selenium (Se™), and plutonium. These and other compounds were evaluated for
migration in the fate and transport modeling conducted for each tank as part of the closure
modules.

4P. D. d'Entremont and J. R. Hester, WSRC-TR-96-0267, March 17, 1997.
i M. S. Hay, WSRC-RP-97-066, January 28, 1997.
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Performance Requirements and Acceptance Criteria

The reducing grout must accomplish the following functions:
¢ Provide a chemically stable condition in which key waste constituents will be
immobilized.
¢ Provide a mechanically binding condition in which the waste is entrapped and in
contact or close proximity to the chemically reducing matrix.
e Capable of installation from above the tank top.
The chemical reduction coupled with mechanical entrapment provides a more stable
condition for long term disposition of the waste.

Chemical Stabilization

A chemically reducing and alkaline will reduce the mobility of the radionuclides of
concern. The environmental performance evaluation conducted in the tank closure
modules for Tanks 17F and 20F assumed that the first backfill added to these tanks
would be reducing and alkaline.

Reducing agents have been added to the grout in the form of sodium thiosulfate (in
aqueous form) and ground blast furmace slag. The presence of sulfides provides a
chemically reducing environment where the oxidation potential (E,) is less than
0 mV. This environment is maintained to chemically reduce technetium, selenium,
and certain other constituents of concern. For example, a reducing grout with
E, <0 mV will reduce Tc” to Tc™ and consequently precipitate the Tc™ as TcS.
Thus, the reducing environment greatly reduces the mobility of Te® The grout is
alkaline because it is a cement based material that naturally has a high pH. Studies
have shown that Pu compounds are relatively insoluble at high pH conditions. ®

Mechanical Entrapment

The grout must be placed in such a manner in which any residual waste form will not
accumulate in any one location and that grout/waste incorporation is encouraged.
This ensures that the residual waste is in close proximity or in direct contact with the
chemically reducing environment. Furthermore, the grout must also be strong
enough to withstand a subsequent overburden so that long term subsidence is kept to
a minimum.

Placement

The grout must be flowable to allow a near level placement. The near level
placement ensures that the reducing agent is deployed properly over the bottom of
the waste tank. Furthermore, the leveling capability along with strategic placement
locations prevents accumulation of residual waste in any one particular location.

¢ 1. R. Cook, SRT-WED-96-0223, August 5, 1996.
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Chemically the reducing grout is required to set. A set time less than 72 hours is
desirable to facilitate expeditious installation, The setting occurs as the unhydrated
cement pozzolonic and other hydraulic components (e.g. slag and silica fume) react
with water to form insoluble phases. These components form the matrix that binds
the sand aggregate into a solid, cohesive material.

Table 1 is a tabulation of the performance requirements and the acceptance criteria
for the grout material.

TABLE 1. PERFORMANCE REQUIREMENTS AND ACCEPTANCE CRITERIA

Requirement Measurable Acceptable Comiments
Property Performance Range
Chemical Stabilization
Alkalinity pH >9.5 pH units
“Chemical Reduction Oxidation Potential <0 mV

Mechanical Entrapment.

Full incorporation of
grout with the
residual waste

Visual observation

No residual waste
after final reducing
grout placement.

Placement method
verified by field test

Residual waste
distributed over large
surface area

Visual observation

Residual waste not
located predominately
in one general area
and area of residual
waste after first grout
placement must be
greater than 25% of
total area of tank
bottom.

Placement method
verified by field test

Compressive Strength

Compressive strength
after 72 hours of
placement

500 psi

50 psi is required to

'| comply with the Tank

20 Waste Closure
Module, however,
>500 psi after 3 days
was observed by
Construction
Technology
Laboratories.

Placement

Flowability

Flow cone

<20 seconds

Japanese specification
Kodan 304

Set time

Compressive strength

>500 psi in 72 hours

See above
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Regulatory Requirements And Program
Regufatory Background For Tank Closure

DOE intends to remove from service those HLW tank systems that do not meet the
standards set forth in Appendix B of the SRS Federal Facility Agreement (FFA).
DOE, the U.S. Environmental Protection Agency (EPA), and the SCDHEC signed
the FFA pursuant to Section 120 of the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) for the comprehensive environmental
remediation of SRS; the agreement became effective in August 1993. After wastes
are removed from individual tank systems, they will be closed under, then removed
from, the industrial wastewater permits that regulate their operation.

Regulatory Program For Tank Closure
High Level Waste Tank Closure Program Plan

This Program Plan is the mechanism for managing HLW tank system closures.
This document is the highest level Tank Closure Program document. The
Program Plan, first completed in December, 1996, is a living document and is to
be updated annually.” The Program Plan includes:

e a general description of the tank system closure program

e adescription of the roles of the regulator community in the tank closure

®  process

¢ rationale for the tank closure sequence (which tanks first) - waste
removal schedules
a description of the process for field investigations and remedial actions
monitoring of soils surrounding the tank groupings as they are closed
method for modeling impacts to the environment

Industrial Wastewater Closure Plan For F-And H-Area HLW Tank Systems

The purpose of this document is to set forth the general protocol by which DOE
intends to close the F- and H-Area HLW tank systems at SRS to protect public
health and the environment in accordance with South Carolina Regulation
R.61-82, "Proper Closeout of Wastewater Treatment Facilities." This plan
presents the environmental regulatory standards and guidelines pertinent to
closure of the tanks and describes the process for evaluating and selecting the
closure configuration (i.e., residual source term and method of stabilizing the
tank system and residual waste material). The plan also describes the integration
of HLW tank system closure activities with existing commitments to remove
waste from the tanks before closure and ultimately to remediate the F- and H-
Area Tank Farms. This document was approved by SCDHEC and EPA in July,
1996.

' DOE, High-Level Waste Tank Closure Program Plan, December 1996.
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The specific objectives of this plan are as follows:

e Identify the resources (e.g., human populations, land use, natural and
cultural resources) poténtially affected by contamination remaining in
the tanks after waste removal.

e Describe the relationship between the HLW tank system closure
activities and the SRS FFA (Section IX.E) and present the logistics for
integrating tank closure activities with the requirements of the
agreement.

e Describe the methods DOE will use to remove wastes from the tank
systems and stabilize the tank systems and residual waste material.

¢ Identify the Federal and South Carolina environmental requirements and
guidance that apply to the tank closure (e.g., groundwater, surface water,
and air emission limits).

e Describe the methodology of using fate and transport modeling to
calculate potential exposure concentrations or radiological dose rates
from residual wastes in the tank systems.

» Provide the methodology for apportioning environmental standards,
through the use of groundwater transport segments as an estimate of
contaminate flow, to derive specific performance objectives and other
criteria for individual tank systems such that the closure of all F- and H-
Area tank systems will comply with environmental standards.

¢ Describe the methods by which DOE will use tank-specific performance
objectives and other criteria to select appropriate options for waste
removal and closure of individual tank systems and the method for
obtaining regulatory approval for those options.

The process outlined in this plan is intended to comply with the requirements of
South Carolina R.61-82, and be consistent with the requirements of the Resource
Conservation and Recovery Act (RCRA) and CERCLA, under which the F- and
H-Area Tank Farms will eventuaily be remediated. Thus, evaluation and
selection of a proposed closure configuration by the process described in this
plan will be consistent with evaluation against the following CERCLA criteria
[40 CFR 300.430(e)(9)]: (1) overall protection of human health and the
environment; (2) compliance with applicable or relevant and appropriate
requirements (ARARs); (3) long-term effectiveness and permanence; (4)
reduction of toxicity, mobility, or volume through treatment; (5) short-term
effectiveness; (6) implementability; (7) cost; (8) state acceptance; and (9)
community acceptance.

Tank 20 And Tank 17 Industrial Wastewater Closure Modules For The HLW
System

Thus far two Modules have been developed for closing out specific tank
systems. Tank 20 Module has been approved by SCDHEC, Tank 17 Module is
pending SCDHEC approval. The purpose of these tank specific closure modules
is to set forth the plan by which we intend to close the system in accordance with
SC Regulation R.61-82 and in a manner consistent with the ultimate remediation
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of the HLW tank farms under the SRS FFA. Because the moduh;s tier from the
general closure plan and the Program Plan, its objectives are consistent with
those two documents. )

Modeling Summary

Fate and transport modeling was performed for all of the tanks in the F-Area Tank
Farm to support the closure of Tanks 20F and 17F. This modeling estimates
potential human health and ecological impacts of residual contamination remaining
in Tanks 20F and 17F after closure. It also estimates the groundwater concentrations
and dose levels at the groundwater outcropping ( seepline), which is the established
point of exposure.

The modeling assumed (1) use of a reducing grout for isotope stabilization; (2}
institutional control for 100 years and subsequent industrial land use; (3) the area
immediately around the F-Area Tank Farm remains in commercial/industrial use for
the entire 10,000-year period of analysis; (4) the area of commercial/industrial land
use extends between Fourmile Branch and Upper Three Runs in the vicinity of the F-
Area Tank Farm. .

It has been determined that the collective impacts from closing every tank in the F-
Area Tank farm are below the various regulatory performance objectives. For
example, the Tank 20 contribution to the maximum F-Area tank farm dose from
drinking groundwater at the seepline is 0.0055 millirem per year out of a total impact
of 1.9 millirem per year. This is well within the performance objective of 4 millirem
per year.

Grout Design

Construction Technology Laboratories, Inc., (CTL) of Skokie, Illinois, was tasked to develop
a reducing grout for use in Tank 20F which could later be applied to Tank 17F. CTL focused
primarily on developing a reducing grout that had the following attributes:

Reducing conditions and alkalinity

Flowability, seif leveling capability

Compressive strength

Cohesiveness and avoidance of segregation

Low water/cement ratio, low permeability

Chemical composition to incorporate constituents of concern
Engineering properties (adequate strength, appropriate setting time)
Minimal bleeding to encourage aspiration of sludge water

Three different formulations of grout were tested by CTL. The basic constituents of each
mix were held constant. The variable ingredient was the type of cement. The amounts of
cement were adjusted to correct for flowability. CTL recommended a mix design that used
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Type V cement as its base. All mixes satisfied the performance characteristics however, the
Type V cement excelled in fluidity, sulfate and oxalate resistance. Refer to Appendix A.

Formulation

TABLE 2. REDUCING GROUT INGREDIENTS ON A CUBIC YARD BASIS*

Reducing Grout Ingredient Amount

Type ¥ Cement (ASTM C150) 1353 Ibs
Water (ASTM (94) 86.4 gallons
Sand (ASTM C136 passing the following screens): | 1625 Ibs

s No. 4 mesh 100%

e No. 16 mesh 70-95%

e No. 30 mesh 40-75%

¢ No. 50 mesh 20-40%

e  No. 100 mesh 10-25%
Ground Blast Furnace Slag (ASTM C989 Grade 209 Ibs
100 or better) :
Silica Fume (ASTM C1240 added in slurry form) | 90 lbs
Sodium Thiosulfate (Technical Grade) 2.1 lbs
High Range Water Reducer (ASTM C494 Type F) | 175 oz. {fluid)™
Set Retarder (ASTM C494 Type C or D) 56 oz (fluid).

* Manufactured to within the tolerances of the batching facility.
** Amounts considered nominal and are adjusted in the field to achieve the
desired flow cone measurements

Cement

The mineralogical composition of the Type V Portland cement used for Tanks 17
and 20 is as follows:

TABLE 3. TYPE V CEMENT CHEMICAL COMPOSITION

Chemical Max.
Compound Formula Abbreviation Remarks Wt %
Tricalcium 3Ca0-58i0, C,S Initial compound to hydrate and provides - 38
Silicate the mix with the initial set and strength
Dicalcium 2Ca0-8i0, C,S Hardens siower than C,S and is 43
Silicate predominately responsible for the strength
gains at ages beyond one week
Tricalcium 3Ca0-ALD, CA Has high heat of hydration and provides 4
Aluminate some early strength. Gypsum added during
the cement grinding process slows down
the hydration rate. Cement mixes with low
C,A are resistant to sulfate exposure,
Tetracalcium 4Ca0-ALGy C.AF Aids in the manufacturing of cement by 9
Aluminoferrite | Fe,0, lowering the clinker temperature. It
participates in the hydration process but
aids little strength.
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When these compounds react with water, new compounds are formed:

C,S:  2(3Ca0-8i0,) + 6H,0 — 3Ca(OH), + 3Ca0-28i0, 3H,0

C,S:  2(2Ca0-8i0,) + 4H,0 — Ca(OH), + 3Ca0-28i0,3H,0

C;A:  3Ca0O-Al,0, + 3CaSO,2H,0 + 26H,0 — 3Ca0-Al,0;:3CaS0,-32H,0

C,AF: 4Ca0-ALO,Fe,0, + 2Ca(OH), + 6CaSO,2H,0 + 50H,0 —
3Ca0-ALO,;3CaS0,-32H,0 + 3Ca0-Fe,0,-3CaS0,-32H,0

The Type V cement chosen for Tanks 17 and 20 is resistant to sulfate attack, and
possesses a low heat of hydration (and thereby reducing the formation of undesirable
phases). The cement shall comply with ASTM Spemﬁcatlon C150 (1995) Standard
Specification for Portiand Cement.

Ground Blast Furnace Slag and Sodium Thiosulfate

Slag has been shown to possess chemically reducing properties that are favorable for
technetium reduction and for plutonium and selenium.! In addition, the finely
ground slag reacts in high alkaline conditions to form calcium silicate hydrate, which
decreases permeability, adds strength, and promotes densification. The slag utilized
for the reducing grout shall comply with ASTM Specification C989 (Revision A-94)
Standard Specification for Ground Granulated Blast Furnace Slag. Sodium
thiosulfate (Na,S,0,-H,0) was included in the mix design to create immediate
reducing conditions. These conditions established by the sodium thiosulfate will
continue until the suifides from the slag become available.

Silica Fume

CTL recommended silica fume to be added in a slurried non-densified form to
provide a fine particle size constituent. The fine particle size improves flowability in
low water to cement ratios. Silica fume is also used to improve cohesiveness and
reduce segregation potential. The silica fume shall comply with ASTM
Specification A1240 (Revision A-95) Standard Specification for Silica Fume for Use
in Hydraulic Cement, Concrete, and Mortars.

Sand

Fine mortar sand is added to each mix as a volumetric stabilizer and is used
primarily to reduce shrinkage. Because of the relatively large particle size and
resultant low relative surface area, sand is essentially an inert material used for filler.
The sand selected had strict criteria on particle size. This was necessary to maintain
grout fluidity. The sand shall comply with ASTM Specification A136 (Revision A-
95) Standard Test Method for Sieve Analysis of Fine and Coarse Aggregates.

¥ Langton, 1987.
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Admixtures

A highly flowable grout is desired with minimal excess water. This was
accomplished by using dispersing additives. A high range water reducing agent
(commonly known as superplasticizers) was added to maintain grout flowability and
cohesiveness. The superplasticizer used for the Tank 17F and 20F reducing grout
shall comply with ASTM C494 Type F. Also, a set retarding agent will be used to
slow the hydration process to allow for a more manageable placement. This
admixture shall comply with ASTM C494 Type A or D. CTL reported that the set
retarder also helped maintain grout fluidity. The admixtures will be added at doses
greater than that used for routine construction concrete. ASTM Specification C494
(1992) is entitled Standard Specification for Chemical Admixtures for Concrete.

Grout Properties
Redox Potential

The redox (or oxidation) potential (E,) for the grout is designed to be less than
0 mV.? The addition of ground blast furnace slag and sodium thiosulfate provides
free sulfides available for reduction with metal cations, specifically plutonium,
selenium, and technetium. CTL test results demonstrate the oxidation potential to be
less than -90 mV.

Alkalinity

High pH conditions are provided by the calcium hydroxide which is a byproduct of
the cement hydration reactions. Cured cement is therefore naturally alkaline. The
radionuclides of concern are more soluble at low pH conditions, therefore an
alkaline environment has been provided assure greater insolubility with these
species. CTL tests demonstrate the pH to be greater than 12.

Self Leveling and Fluidity

The reducing grout must be fluid to ensure level distribution in the waste tanks. The
grout was initially designed to be poured from the center riser of each tank and
allowed to flow to the outer edges. This approach has since been revised to permit
multiple pour locations, however the grout must be flowable nonetheless. The grout
mix was tested by CTL to show the mix can flow unimpeded for 42%; linear feet at
the expected delivery rate. A special flow cone test was used to determine grout
fluidity and homogeneity. The resuits from the Japanese Kodan 304 flow cone test
must be below 20 seconds (and ideally 8 seconds) to ensure proper spreading. It was
also shown that the grout possesses strong thixotropic flow behavior with the grout
mounding up and then slipping to initiate flow. This "stick and slip" flow behavior -

? I. R. Cook, SRT-WED-96-0230, August 28, 1596.
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is especially evident when pouring onto a unobstructed surface such as from the
center riser of a waste tank.

The Type V cement based grout was primarily chosen because of its relative
inertness to the presence of oxalates and sulfates. Tank 20F was sampled and shown
to have high concentrations (>10 wt%) of oxalates and sulfates. Sulfates are
considered a set accelerator which would adversely affect flow properties. The
oxalates would form calcium oxalate crystals which have a tendency to stiffen the
grout mix. CTL reported that the Type V cement based grout was more resilient to
these contaminants and provides a more amenable installation.

Compressive Strength

The reducing grout has a cement to water ratio and a high cement to filler ratio,
therefore, the compressive strength for the material is very high. After three days of
curing, lab tests show that the compressive strength exceeds 3000 psi; and after
7 days of curing, strength exceeds 5000 psi. The final strength of the material will
approach and possibly exceed 10,000 psi.

Cohesiveness

The grout has been designed to minimize segregation and enhance cohesiveness.
This has been accomplished by selecting constituents that have fine particle sizes.
The small size particles are less likely to separate out under free flowing conditions.
The grout has the consistency of paint which is chiefly attributed to the fine
constituents. Testing at CTL has confirmed that segregation does not occur from
free fall drop heights of greater than 20 feet. Testing has also shown an insignificant
degradation in compressive strength from drop heights greater than 20 feet. Refer to
Appendix B for the test results.

Permeability

A low permeability grout is qualitatively desired for waste encapsulation but not
considered a modeled parameter in the fate and transport modeling for offsite
~ releases. A low permeability material prevents inadvertent moisture intrusion,
however, testing for permeability was not conducted.

Chemisorption Capacity and Stabilization

CTL reports that the chief hydration product, calcium silicate hydrate
(Ca0-28i0,3H;0), is a material with a high surface area that can significantly
reduce the mobility of metals via chemisorption (Appendix A).

Set Time

The set time for the reducing grbut must be slow enough to maintain flowability
during installation but rapid enough to permit multiple layering within a week's time.
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CTL has reported, through the use of set retarders, that the grout will not
significantly set during the first fe_w hours of installation. But the grout will be
sufficiently hard in three days to permit additional lifts.

Bleed Water

Bleed water is the amount of excess water that floats to the surface of a grout or
concrete pour. During routine construction activities, bleed water is not considered a
major concern. It is simply drained off. However during tank closure, bleed water
management is a logistical problem because any bleed water would have to be
considered radioactively contaminated. The reducing grout for tank closure has been
designed to essentially eliminate the formation of bleed water,

Heat of Hydration

The hydration reaction is an exothermic reaction emitting large amounts of heat.
Because of the dense nature of grout, heat cannot rapidly escape and is allowed to
build up within the volume of grout. CTL tests have shown that the peak
temperatures in a 2 foot grout mat have exceeded 180°F. This heat eventually
dissipates. Such heat is not considered a problem from a tank structural or grout
integrity perspective. The heating expands the grout. During cooling, shrinkage
occurs causing microcracks to form. Fate and transport modeling assumes a
permeable grout membrane, and therefore the presence of cracks (or no cracks) is
not germane.

Grout Installation

Specification Development

SRS Specification No. C-SPP-F-00038 was developed for Tank 17F and 20F backfill
materials. The specification incorporated the design requirements for the reducing
grout as well as any testing/verification requirements to ensure quality control. Any
parameter that may affect the final composition has been incorporated into the
specification. The specification has been written to be used by an off-site batching
plant or an on-site continuous feed volumetric plant. This allowed procurement
flexibility for competitive bidding without sacrificing product quality.

A sole subcontractor has been procured for fumishing Tank 17F and 20F backfill
materials. George L. Throop Co., of Pasadena, California, has been selected to
provide the reducing grout and the other backfill materials for Tank 17F and 20F
closure.

Batch Plant Design and Operation
G. L. Throop Co., located a batching/continuous feed plant approximatéjly 100 yards

northwest of the F-Area Tank Farm. The grout is manufactured using a continuous
auger feeder. Raw materials is metered onto a conveyor line where they are mixed
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in an auger. The output is intended to have fully mixed grout material. A 4-inch
diameter header is fed from the pumping hopper at the grout plant to Tanks 17F and
20F. Co

Placement Method

The initial plan for grout placement was to pour the material through the center riser
of each tank. However CTL testing has shown that the grout displaces the sludge
such that any loose sludge floats on top of the grout. Projections are that if the grout
were poured through the center riser of the tank, most of the residual sludge in the
tank would end up on top of the reducing grout within a few feet of the tank wall.
This is an undesirable location for the contaminants after closure, especially in a
tank such as Tank 20F that has on the order of 1000 gallons of waste sludge. A more
desirable location for the contaminants would be to have the contaminants spread
across the tank floor and completely incorporated in the grout layer.

On March 19-20, 1997, in a test in a 24-foot diameter simulated tank at the Central
Shops Facility, it was successfully shown that the distribution of contaminants after
closure can be improved by pouring the grout into the tank in more than one location
and by pouring the grout in two lifts with an addition of a dry grout mixture between
lifts. Grout was alternately poured through six opposing locations then center
poured for a total of seven simulating the location of the seven risers in Tanks 17 and
20. After the first lift, dry grout was sprinkled on top of the lift, and then a second
lift was poured the next day. The simulated sludge was effectively incorporated
within the grout layer (30% incorporation on the first lift, 65% incorporation within
the dry grout, and 5% in the second lift)."

This method has proven to be a successful method of grout placement for tank
closure and plans are to use it in Tanks 17F and 20F. Other methods of placement
are being investigated that may be used in other tanks. For example, it may be
possible to push all the sludge to one point in a tank {or 2 few points) for easier
removal. Also, if the amount of sludge in the tank is reduced, other placement
methods become viable, for example, immobilizing the sludge with dry grout before
the first pour. |

Tank Modifications

To pour from seven locations on each tank, access holes must be made available
from the tank top. Tank 20F does not have access to the W and NW risers. Access
is unavailable for the SW on Tank 17F. Therefore, 8-inch diameter core drills were
made in the vicinity of these risers.

' Caldwell and Langton, WSRC-TR-97-0101, April 9, 1997.
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Delivery System

A multiple header system was designed to permit delivery of the grout into each of
the access holes. The 4-inch diameter header was fed to a diversion box located on
the tank superstructure. Each access hole is set up with a downcomer and delivery
pipe which is fed into the diversion box. Construction workers connect a flexible
hose from the main grout header to the appropriate access hole delivery nozzle.
When each location has been completed, construction crews will disconnect the
flexible hose and reconnect it to another location. This will continue until all of the
reducing grout is placed. '

The dry .grout material will placed initially from the center riser using a shot pot
blower system. A temporary ventilation system will be rigged to the tank to
maintain tank vacuum for contamination control.
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Conclusion

A reducing grout has been designed for use in the closure of Tanks | 7F and 20F and other tanks need
a reducing, alkaline grout. The grout has been shown to chemically and mechanically bind up the
residual waste in the tanks. Techniques to deliver the grout to Tank 17F and 20F have been
¢ sveloped to entrap any remaining loose sludge, and work is ongoing to define how grout should be
poured in subsequent tanks. The methods planned for Tanks 17F and 20F use standard construction
practices and equipment. Comparison of the grout properties to the Acceptance Criteria are as

follows:

TABLE 4. PERFORMANCE REQUIREMENTS AND ACCEPTANCE CRITERIA

Measurable Acceptable
Requirement Property Performance Range Test Results
Chemical Stabilization A
Alkalinity pH >9.5 pH units >12 pH units
Chemical Reduction | Oxidation Potential <0 mV <90 mV

Mechanical Entrapment

Fult incorporation of

Visual observation

No residual waste

Full incorporation

grout with the after final reducing verified by field tests
residual waste grout placement.

Residual waste Visual observation Residual waste not Field test verified
distributed over large located predominately | sludge spread over
surface area in one general area approximately 34% of

and area of residual
waste after first grout
placement must be
greater than 25% of
total area of tank
bottom.

tank bottom with
sludge simulant not
concentrated in any
one area.

Compressive Strength | Compressive strength | >500 psi >3000 psi
after 72 hours of
placement
Placement
Flowability Flow cone <20 seconds >8 seconds
Set time Compressive strength | >500 psi in 72 hours | >3000 psi

It is concluded that the reducing grout meets or exceeds the physical and chemical requirements for

use as a closure medium for high level waste tanks.
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CLSM

CTL

DOE

WSRC

SRS

Type  Cement
Type V Cement
Type K Cement

SEM
EDAX
pH

- Eh

CiS
C.S
CiA
C4AF
C1S,;H;

List of Acronyms

Consolidated Low Strength Material (to be added to Tank #20 over
the reducing grout)

Construction Technology Laboratories, Inc.

U.S. Department of Energy

Westinghouse Savannah River Company

Savannah River Site

Portland cement as defined in ASTM Specification C 150
Portland cement as defined in ASTM Specification C 150

A special shrinkage-compensating cement containing the Klein
component, 4Ca0-3A1;03-SO3

Scanning electron microscopy

Energy-dispersive X-ray analysis

The negative logarithm of the hydrogen ion concentration

The redox potential of an aqueous solution relative to that of the
standard hydrogen electrode

Tricalcium silicate (a cement mineral)

Dicalcium silicate (a cement min_era.l)

Tricalcium alurninate (a cement mineral)

Tetracalcium aluminoferrite (a cement mineral)

A representation for calcium silicate hydrate, a hydration product of
portland cement

C3A-3CaS04-32 H,0 Ettringite, a calcium sulfoaluminate hydrate from hydration of

GBFS
WRDA

hydraulic cement
Ground granulated blast furnace slag
Formulation of high-range water reducing admixture
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Final Report

Development of Reducing Grout for Closure of
Savannah River Site Tank #20

Abstract

Three reducing grout formulations were developed and tested for use in closure of a tank
formerly containing high-level radioactive waste at the U.S. Department of Energy
Savannah River Site near Aiken, South Carolina. All three grout formulations were shown
to possess the desired properties of high pH, low Ep, and high flowability. In addition
low permeability, adequate strength, and minimal segregation were prevalent. After careful
consideration, the grout selected was based on a composition of Type V portland cement,
blast furnace slag, silica fume, fine sand, superplasticizer, water-reducing/retarding
admixture, and sodium thiosulfate. This grout is judged to be the most "forgiving" of the
three compositions with respect to placement and stabilization requirements.

Executive Summary

Construction Technology Laboratories was subcontracted by Westinghouse Savannah
River Company (WSRC), the prime site contractor for the Savannah River Site (SRS} of
the U.S. Department of Energy (DOE), to develop a grout formulation for use in closure of
Tank 20, a steel tank containing a residue of high-level radioactive waste at the SRS. A
1000 gallon sludge waste heel remains in the otherwise empty 1.3 million gallon tank. The
grout to be developed was to have reducing properties (negative Ep), to furnish a high pH
(>9.5), and to be highly flowable, pumpable, and self-leveling. The compressive strength
at 3 days was to be greater than 500 psi. Minimum bleed water was also a desirable
characteristic. According to WSRC, the radionuclides of concern for environmental impact
are technetium, selenium, and plutonium. Cesium and strontium are of secondary concern.

CTL developed three candidate grout compositions. All three contain fine silica sand,
ground granulated blast furnace slag and silica fume. The first contains Type I portland
cement, the second a combination of Type I and Type K shrinkage compensating cement,
and the third Type V (low-C3A) portland cement. All compositions incorporate a high-
range water reducing agent and retarding admixture, and sodium thiosulfate (Na;5,03) as a
water-soluble reducing agent. The compositions were chosen for their potential, through
several different chemical mechanisms, to stabilize the various radionuclides, while at the
same time assuring the physical and engineering properties required.

A literature review was conducted during the course of the project. Although the timetable
did not permit completing this review before commencing the laboratory work, the results
of the review in large part supported the choices made.

It was not possible to work with the actual sludge waste heel from the tank because of its
radioactivity, but a simulated sludge with similar chemical and physical properties was
furnished by WSRC. Its composition was adjusted with reagent chemicals to reflect the
knowledge of WSRC on the probable actual tank contents. Because it could not be spiked
with radioactive elements, non-radioactive isotopes were chosen when possible.
Technetium and plutonium have no non-radioactive isotopes. After careful consideration, it
was decided to use molybdenum and rhenium as surrogates for technetium, and uranium
and ceriurn as surrogates for plutonium. It was judged that the chemistry of the surrogates
was as close as could be obtained to that of the actual radioisotopes.
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The grout formulations were tested for flowability using the Japanese standard flow cone
J14. A retention time of less than about 8 seconds was considered necessary for adequate
flowability. The compounded grouts were tested for flow and sludge incorporation, as
well as ability to avoid segregation. One grout was tested in a large scale pour, using a
fo:m which was 90 feet in length and 8 feet in width, with a larger circular central zone.
Tte flowability was good; however, as anticipated, the grout proved to be thixotropic.
This result underscores the necessity of maintaining a high flux of grout flow during the
actual field placement.

The grouted sludge samples were cored, and selected samples subjected to scanning
electron microscopy/energy dispersive X-ray analysis (SEM/EDAX), to detect the degree
of incorporation, physically and chemically. Selected samples from the large-scale pour
were also examined with an optical microscope. There was some incorporation of sludge
within the grout, but the degree of incorporation was found to vary with the rate of flow of
the grout.

To investigate the diffusion of the radionuclides of concern into grout assuming no mixing,
small samples of all candidate grouts were placed in beakers and covered with a thin layer
of sludge. After curing for fourteen days at 48°C, these samples were also examined using
SEM/EDAX. No evidence of diffusion was found; however, this is not surprising since
only fourteen days had elapsed. This process usually takes months even with small jons
like chloride. Therefore, no applicable comparative data resulted from these tests.

Since the most critical properties of the grouts were high pH and reducing capability, the
grouts and grouted sludges were tested for pH and Ej, in the plastic state. The pH values
of the grouts were around 12.5, with Ep, values ranging from -140 to -260 mV. Fresh
samples of grouted sludge (1 part sludge to 5 parts grout) were also adequately alkaline and
reducing; they had pH values near 14, and Ep, values in the range of -30 to -60. To
investigate which of the grout formulations was most effective in stabilizing the
radionuclides of concem, grouted sludges (1 part sludge to 5 parts grout) were mixed in a
Hobart mixer and cured for 14 days. The specimens were then crushed to pass a 9.5 mm
sieve, and subjected to sequential batch leaching using 0.1 N acetic acid and pH 5
simulated acid rain (or acidic groundwater) as leachants. A sample of sludge spiked with
calcium hydroxide and calcium sulfide (to ensure high pH and low Ep) was also batch
leached. The results showed that, in general, grout stabilization was better than mere pH
and Ep, control. For most elements, the three grouts performed approximately equivalently,
within the probable reproducibility of the tests. Surrogates for plutonium, cerium and
uranium, and also iron, manganese, nickel, and silver were well stabilized in all the grouted
siudges. Moderate stabilization was achieved for mercury, selenium, strontium, and
molybdenum, & technetium surrogate. Cesium and rhenium were stabilized to the smallest
degree in grouted sludges. However, extension of the curing time would almost certainiy
have further improved the stabilization of the elements of concern for all three grouts.

A study evaluating the thermal properties of the grouts on hydration was carried out using
conduction calorimetry followed by a thermal modelling calculation procedure. The
resulting heat transfer modeling indicates that heat buildup should not be a problem with
these grout compositions. ‘ -

It developed during the course of the project that less water could be pumped out and,
therefore, the amount of water in Tank 20 might be greater than had been assumed. To
ensure that the grout could maintain its cohesiveness with this greater amount of water, at
least to ensure that high pH and low Ep, reached the sludge, a small experiment was
conducted with 0.25 in. of sludge, covered by 1.75 in. of water, and then by 12 inches of
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grout. Ep and pH measurements verified that penetration would in fact occur all the way to
the bottom. It was also discovered that the sludge in Tank 20 contained high levels of
oxalate and sulfate heretofore unsuspected. This occasioned a new series of flow cone
tests with grout and sludge spiked with oxalate and sulfate, which caused the flow to be
geatly reduced. It was then decided to carry out another series of flow tests in forms. The
£ st form was to contain sludge as received from WSRC, with its own "as received”
supernatant liquid. The second was to contain sludge spiked with oxalate and sulfate. with
a supernatant liquid spiked with oxalate and sulfate, and also nitrite, nitrate, fluoride. and
carbonate. The final form was to contain this spiked sludge and supernatant liquid, but
subsequently treated with a 10% limewater slurry containing sodium thiosulfate and
calcium sulfide. The final treated form showed the best flow and incorporation of sludge 1n
the grout. Chemical testing for Ep and pH showed satisfactory results for all samples.

The ultimate conclusion is that all grouts would probably fulfill the requirements. although
Grout #1 could have flowability problems if the pretreatment option to precipitate oxalate
and sulfate is not exercised. Soluble oxalate and sulfate can act as set accelerators for
cement, and decrease fluidity. CTL concluded that Grout #3 is the best option, because of
its ability to function under the widest range of conditions. :

Background and Concerns
Background for Tank #20

This tank (85 ft in diameter, 35 ft in height, and with a capacity of 1.3 million gallons) is a
single-shelled cylindrical tank with 3/8 in. thick carbon steel welded plates for the walls. It
had been used for the storage of radioactive wastes derived largely from the separation of
uranium and plutonium from fission products in the SRS Canyon buildings. In this
process assemblies were dissolved in nitric acid, then these highly acidic solutions were
neutralized by the addition of sodium hydroxide before transfer to the tank. The resultis a
sodium salt waste solution/slurry with precipitated hydroxide siudge, high in iron and
aluminum, and with a pH>12. The vast majority of the fluids have been pumped out of the
tank to be incorporated in an onsite vitrification process, in the course of which the
inorganic constituents are bound in a glass. . :

There is a residue in the bottom of this tank (= 1000 gallons sludge and covered by =3500
galions supernate). Early sample results revealed some salts precipitated, including
cryolites (alkali fluoroaluminates) and sodium carbonate, but also sludge, high in iron and
aluminum hydroxides, alkali carbonates and nitrites/nitrates. From later chemical analytical
results. it has been determined that there is a high concentration of sodium compounds
(oxalate. carbonate, sulfate, and hydroxide) in the residual sludge and supernate.

Radionuclides of Concern

The actual amount of radioactive material remaining in this tank is very small. The
radionuclides of concern are plutonium, technetium, and selenium, with a lesser degree of
concern for cesium and strontium. The levels of these elements are shown in Table 1
(d'Entremont and Hester. 1996). While these concentrations aré low, they will benefit
from an aggressive control scheme optimizing alkalinity and redox conditions to stabilize
the nuclides of concern. :
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Table 1-Radioactive Eleme'nts-Tank #20

Eiement Curies/L of Total g/curie Total
sludge curies grams
Se-79 9.26 x10-6 0.035 14.3 0.5005
Sr-90 1.16 4390 0.00719 31.5641
Tc-99 265 x 104 1.0 58.5 58.5
Cs-137 0.078 294 0.0115 3.381
Eu-154 7235 x 103 27.8 0.00353 0.098134
Pu-239 11 x 10-3 4.15 16.1 66.815

Finalization of Experimental Grout Compositions

Criteria of Importance and Priorities

The following criteria were developed by WSRC as essential properties for any candidate
grouts:

Reducing Conditi and Alkalini

Modeling has shown that the radionuclides of greatest concern present in the tank include
plutonium, selenium, and technetium. All these elements are capable of several valence
states. The lower oxidation states, in general, are less soluble in water than the higher
oxidation states. It was therefore decided that the grout needed to possess chemically
reducing properties. to favor the formation of tetravalent Tc, Pu, and Se. Heptavalent Tc
and hexavalent Pu and Se tend to be more soluble and more difficult to stabilize in cement
hydration products than the tetravalent species. It is also considered essential to ensure
high pH in the system. as most of the radionuclides of concern are more soluble at low pH
than under alkaline conditions (Cook, August 1996). The high pH and chemically
reducing features of the grout are regarded as the most critical critena possessed by the
grout.

Elowabilitv, Self-leveling Capabiljty

The tank is 85 ft in diameter and 35 ft in height. There is only one convenient access to the
tank— in the center of the top. The grout will therefore have to be introduced from this
access point. It will be difficult to induce horizontal momentum on the flow of the grout,
owing to the difficulties in placing bends in the tremie pipe to be used for the introduction
of the grout. For these reasons, the grout must have a very high flowability and capability
for self-leveling. These criteria are also important, because it is essential for the grout to
reach the perimeter of the tank.

Compressive Strength

The actual compressive strength requirements of this grout are riodest (about 500 psi at 3
days). From a structural engineering point of view, it is necessary only for the material to
be able to support the weight of CLSM and strong' grout to be placed on top of it.
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Grout Properties Considered Important by CTL

Based on experience, CTL considered additional properties to be significant for the
performance of the grout. These were as follows:

Cohesiv and Avoidance of Segre

There is a likelihood that the grout wili have to "free fall” a certain distance from the tremie
pipe to the floor of the tank. Also, it will have to flow over the floor of the tank from the
center to the perimeter. A fluid grout may tend to experience segregation during these
procedures if steps are not taken to prevent it. Segregation may tend to cause the sand to
sink to the bottom of the grout, and thus be in closest contact with the sludge. It may, in
unfavorable cases. serve as a barrier between the sludge and the cement paste matrix,
thereby deterring the access of alkaline, reducing species to the sludge. Also, the
permeability of the grout may suffer, and the strength may also decrease. The grout was
therefore designed to minimize segregation, and assure cohesiveness of the material.

Low Water/Ce i w Permeabilj

Even though it is important that the grout be flowable, this fluidity must not be obtained
with high water/cement ratios. The strength, durability, permeability, and other
engineering properties of the hardened grout would all be affected by high water content.
This is particularly important since approximately 1000 galloas of sludge and about 3500
callons of liquid remain in the tank after pumping.

Chemica 0sit] corporat tituent Co

Certain elements are known to be readily incorporated into the [attice of cement hydration
products. For example, Cr3+ can substitute for aluminum in the lattice of the material
ettringite (3Ca0-Al203-:3CaS0;4:32H,0), and selenium as SeQ4= or SeO3= can substitute
for sulfur in the same material. Also, the main hydration product of cement, calcium
silicate hydrate, is a material of very high surface area that can significantly reduce the
mobility of a number of metals via chemisorption. The other hydration product of portland
cement, calcium hydroxide, is effective in maintaining a high pH.

Engineening P i uate i etti i

The question of compressive strength was discussed above. However, strength is a readily
measurabie property that can be used to reflect other parameters, such as permeability,
porosity, For this additional reason, adequate strength is a desirable goal of this grout.
The grout will have to have a setting time that will be fast enough to permit the addition of a
second lift within several days of placement of the first lift. but a setting time that is too fast
will tend to impede the flow characteristics of the grout.

Minimal Eieeding,—to Encourage Aspiration of Sludge Water

One important advantage of a low water/cement ratio in the grout is that the water that is
associated with the sludge will be more likely to be aspirated into the grout. This
desiccation of the sludge by the first layer of grout will tend to physically immobilize any
sludge which is presently on top of the grout, so that the second lift of grout can effectively
encapsulate it.

To ensure that the aspiration of sludge water occurs. it is desirable to minimize bleed water
formation on top of the grout. In a sense. this goal is concomitant with the goal of
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segregation avoidance. As a practical matter, it may be difficuli to avoid some bleeding.
but it is desirable to minimize it, if such minimization does not compromise the achievement
of the above higher-priority objectives.

T.:ial Compositions and Reasons for Choice

Blast Furnace Slag

It was decided to include blast furnace slag in all test compositions. Slag has been shown
to possess chernically reducing properties that are particularly favorable for the stabilization
of technetium (Bostic et al, 198R), and probably also plutonium and selenium {Langton,
1987 and Gilliam et al, 1990). In addition, slag can react with the calcium hydroxide
generated by the hydration of the cement to produce additional calcium silicate hydrate,
which will decrease the permeability and porosity characteristics of the hardened grout.
Slag also tends to make important contributions to later strength gain. By the action of the
high sodium content of the sludge, the slag will be activated to make earlier contributions to

strength and densification.

. Silica Fume

Silica furne is a useful component of the grout composition for several reasons. First, it
will react with calcium hydroxide to produce more calcium silicate hydrate, which will
improve the strength, porosity, and permeability of the system. Secondly, it is well known
that silica fume improves cohesiveness in mortars and grouts. Since it is necessary to have
a very fluid grout, silica fumne plays a major role in avoiding serious segregation problems.
in CTL's view, silica fumne is an essential ingredient in the grout compositions developed
and tested.

ement Co ition Varjables and Rea e \'
Basijc Ce t Chemistry

Portland cement contains as fundamental mineralogical constituents the materials C35

(3Ca0-5i0,), CaS (2Ca0-Si0,), C3A (3Ca0-Al;03), and C4AF (4Ca0-Al;05-Fe;03).

Gypsum (CaS04-2H,0) is added to contro} the setting of the calcium aluminates. When

these minerals hydrate (i.e., when they react with water), new compounds are formed:

*+ 2 CiS +6 H,0 > 3 Ca{OH); + C35;H;

*+2 C58 +4H;0 > Ca(OH); + C1S-H;3

+ C3A + 3 CaS0,42H,0 + 26 H,0 > C3A-3CaS04-32 H,0 (ettringite)

o C3AF + 2 Ca(OH) + 6 CaSQ42H;0 + 50 HyO——> CaA-3CaS0,4:32 H70 +
C:F-3CaS0432 H.O

Eitringite. its iron analog, and calcium silicate hydrate (C35;H3) have all been shown
cffective in stabilization of various metal cations. Anions, on the other hand. may compete
with sulfate for sites in ettringite or its iron-substituted analog. The metals of concern are
present both as cations (cerium. strontium, cesium) and as anions (selenium. molybdenum.
technetium. rhenium). Uranium and plutonium could be present either as oxycations or
oxvanions (as can also melybdenum, if reducing conditions are present). It was therefore
judged prudent to include candidate grout formulations that produce higher quantities of
ettringite. and also that produce lower amounts.

The amount of mixing of grout and sludge that may occur is unknown. In accordance with
the Closure Plan (U.S. DOE. 1996). mixing is not required. To the extent that such
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mixing does occur, it is desirable to provide a cement component whose hydration products
have a high likelihood of offering stabilization to the radionuclides of interest in the
cementitious matrix; to the extent that this occurs, it will yield a better stabilization than can
be achieved with high pH and low Ep, alone. Type I cements, which contain more C3A
th-..1 other types of portland cement, and Type K cements, which contain
3Ca0-3A1,03-CaSOy, have higher contents of the aluminate component which ultimately
can be converted into ettringite. Since stabilization of the elemnents of concern in aluminate
hydration products may be favorable, it was decided that these cements should be included
in some of the candidate grout compositions. One of the oxyanions of concern, selenium,
is known to produce a selenium-substituted ettringite, which has a solubility far lower than
simple pH control can achieve. Grouts with a high content of cement paste will aiso tend to
be susceptible to shrinkage and Type K cements reduce shrinkage.

If. on the other hand, a high aluminate content proves to be unfavorable, it was deemed
advisable to also include a cement with low content of aluminates. Type V cement was
selected to represent this chemistry. Another reason for selecting the Type V cement is the
lower heat of hydration characteristic of such low C3A cements. Itis desirable. as will be
discussed later, to limit the heat of hydration, to avoid too high a temperature in the final
hydrated system.

Need for Wate ducer and Supemlasticizerto E w W/C Rati

As previously stated, this grout must have a very fluid consistency, must flow and be self-
leveling, yet must have good cohesiveness and minimal segregation. At the same time, it is
desirable for the grout to have a low water/cement ratio for minimal permeability and good
strength characteristics. The simultaneous satisfaction of all these criteria dictates the need
for the inclusion of a high dosage of super plasticizer (high-range water reducing agent-
ASTM C 494, Type F). This material must be used at dosage rates considerably higher
than normal for construction concrete, and at these dosage rates, this type of admixture may
act as a retarder as well as a super fluidifier.

It was also considered of value to include a water reducer/retarder admixture (ASTM C
494-Tvpe A or D). The principal purposes of this material are helping maintain fluidity and
slowing down the generation of heat. This material is also added at a dosage rate greater
than that used in normal construction concrete.

Thermal Considerations-Heat of Hydration
Effects on Volu abjlit

High internal temperatures have an effect on the process of hydration of the portland
cement. If the internal temperature were to exceed 70°C (158°F), for example, the ettringite
already formed would decompose, and further ettringite formation would be precluded until
the temperature again was reduced below 70°C (Taylor, 1996). The formation of ettringite
after the systemn has already developed rigidity can also cause expansion and cracking.
Also. since the grout has such a high cement factor, the cooling can cause thermal cracking.
While this cracking is acknowledged to be tolerable, it does increase the permeability of the
system. In the distant future, when the rainwater percolates down through the reducing
grout. the alkalinity and reducing character of the grout would not last as long. For these
reasons it is desirable to limit heat evolution on grout hydration. In all probability.
however. the degree of any such cracking will be minor, and the net effect will probably be
inconsequential to the stabilization properties of the grout.
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Effects o ical Stabjljzation

Even in cases where the temperatures do not reach 70°C, the microstructure of the paste is
affected by the temperature. General knowledge in the industry has shown that ambient
crring temperatures around 20°C (68°F) give a better microstructure than higher
lemperatures.

Effects on Incorporation of Sludge

This is expected to be an indirect effect. If the higher temperatures speed the process of
cement hydration, the grout will thicken and harden faster, which may deter sludge
incorporation.

Grout Selection Procedure

With the above series of criteria as a guideline, the procedure described in “Procedure for
Optimization of Grout Compositions” in Appendix A was followed. The testing resulted in
the selection of three candidate formulations shown in Table 2:
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Table Z-Gr.out Formulations

Mix 1
Type | Cement, Slag, Silica Fume, Masonry Sand
lab mix, grams % by weight Lbs per.cubic yard
Type | Cement 894 28.07 1062
GBFS 165 5.18 196
Sifica Fume 120 3.77 143
Masonry Sand 1440 45.21 1710
Water 525 16.48 623
WRDA, g 33 1.04 629 oz.
Retarder, mbL 6 0.18 , 115 oz.
Nap8203 hydrate 1.9 0.0597 2.26
Total 3184.9 100
WRDA, mL 30
Unit Wt., #/ft3 140.1
Mix 2
Type | Cement, Type K Cement, Slag, Silica Fume, Masonry Sand
lab mix, grams % by weight Lbs per cubic yard
Type | Cement 760 23.91 907
Type K Cement 165 5.19 197
GBFS 165 5.19 197
Silica Fume 90 ' 2.83 - 107
Masonry Sand 1440 45.30 1718
Water 522 16.42 623
WRDA, g 29.7 0.93 564 o0z.
Retarder, mL 4.5 0.14 85 oz.
NazS203 hydrate 2.85 0.0896 3.40
Total 3179.05 100 3794
WRDA, mL 27
Unit Wt., #f3 140.5
Mix 3
Type V (low C3A Cement, Stag, Sitica Fume, Masonry Sand
lab mix, grams % by weight Lbs per cubic yard
Type V Cement 1199 33.67 1353
GBFS 185 5.20 209
Silica Fume 80 2.25 950
Masonry Sand 1440 40.44 1625
Water 639 17.94 721
WRDA. g 12.1 0.34 219 oz.
Retarder, mL 4 0.11 - 71 oz.
Na2S203 hydrate. 1.9 0.0534 2.15
. Total 3561 100 4018
WRDA, mL 11

Unit Wt., #/Mt3 148.8
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Testing Results

Large Scale Pour Test

Be-ause of the essential nature of the flowability of the grout, it was decided to provide a
reduced-scale simulation of the grout pour using a smaller cross section of a 90 ft. circle.
The details of the procedure are given in Appendix A. Grout Composition #2 was chosen
as the material for the test and unspiked sludge from WSRC described in Appendix A was
spread at several locations in the form. The extent of flow of the grout was as shown in
Appendix A. Several important conclusions from this pour were as follows:

+ The material self-leveled quite well. The maximum thickness in the middle of the
form was 4.5 inches, tapering to about 1 inch at the leading edge which was 39.6 ft
from the middle.

s There was some incorporation of the sludge in the grout. When the flow velocity
was very slow, the grout tended to flow on top of the sludge, with minimal
incorporation. When the velocity was faster, it tended to lift the sludge and fold it
back on top of the grout.

» Considering the rather small total volume of grout poured, the distance of traverse
was guite satisfactory.

+ The grout flowed well when in motion. However, it exhibited thixotropic
behavior. in that when it stopped moving, it required some force to overcome the
inertia and maintain momentum.

« The flow was better on the west side of the form, where no barriers had been
included.

In order to evaluate the cohesiveness (lack of segregation), the sludge incorporation, and
the overall grout quality, six samples of grout and grouted sludge were removed from the
monolith for examination by optical microscopy and by scanning electron microscopy/
energy dispersive X-ray analysis (SEM/EDAX). Photographs depicting the appearance of
the cores are given in Appendix B. These photographs document that there was very little
segregation. A thin paste rich layer of about 1 mum appears on the surface, but in other
respects, on a macro scale, the distribution of grout components appears quite uniform.

Vertical and Horizontal Drop Tests

The purpose of these tests was to further evaluate segregation and bleeding that might occur
as a function of the "free fall" height from which the grout was dropped. and to further
investigate the degree of sludge incorporation in grout. These tests were repeated for all
three grouts. Forms 2 ft x 2 ft by 6 in. were made of lumber and lined with high density
polvethylene sheeting. Three forms were available for each grout. In one form, grout was
introduced from a height of two ft. and in a second form, the drop height was five ft. A

. thin layer {about 1/2 in.) of sludge spiked with surrogate elements was placed in the third
form. and grout was introduced in a gentle stiream horizontally, immediately above the level
of the siudge. The form was totally filled with grout, and all forms were allowed to cure
about 7 days at ambient temperature and humidity. The forms were then removed. and the
contents were cored. The cores were split longitudinally, and half of each core was
examined visually and under the stereomicroscope.

10



WSRC-TR-97-0102

APPENDIX "A"
CTL Tank 20 Reducing Grout Report

Revision 0
Page 35

The photographs depicting the appearance of the cores are included in Appendix B, pages
1-14. In general. it can be stated that for all grout compositions, segregation was
completely acceptable. Grout 1 experienced the most segregation. and Grout 2 the least.
There was no major change in segregation of the various grouts with a 5 ft vertical drop, as
cempared to a 2 ft vertical drop. We conclude that a 5 ft drop probably would not

1 terially detract from the cohesiveness of the candidate grouts.

With respect to incorporation of sludge in the grout, Grout 2 appeared to incorporate the
sludge more effectively than did the other grouts. The photographs exhibit this difference
quite clearly. Because this testing scheme cannot completely simulate that to be used in the
actual placement, it is uncertain how much significance can be attached to these differences.

Physical Testing Properties of Grouts and Grouted Sludges

The engineering properties that were considered important for the performance of the grout
were compressive strength, setting time, and volume stability. The requirements were for
the setting time to be less than 3 days, the compressive strength to reach 500 psi in 3 days,
and for the shrinkage to be low (this latter property was not considered important enough to
forego other desirable properties just to minimize shrinkage). Appendix C details the
physical testing data obtained; all criteria were readily met.

Sludge Leaching and Sequential Batch Leaching of Grouted Sludges

Using the procedure described in Appendix A ("Procedure for Sequentiai Baich
Leaching"), the sludge was treated with calcium hydroxide and calcium sulfide to ensure
high pH and low Ep. It was subjected to leaching with distilled water, with measurement
of pH and Ep, carried out for each leaching step. The leachates were analyzed for the
elements of concern (U, Ce, Mo, Re, Se, Cs, Sr).

The sludge was mixed with samples of each of the three candidate grout compositions, at a
ratio of one part sludge to five parts grout. The grouted sludges were examined for pH and
En. After 14 days curing, they were subjected to sequential batch leaching using two
leachants — simulated acid rain (at pH 5) and 0.1 M acetic acid. The procedure for
leaching is described in Appendix A ("Procedure for Sequential Batch Leaching”). The
leachates were analyzed for the above elements. and also for non-radioactive cations (Hg,
Ag. Mn, Fe) and anions (Cl-, C103-, F-, and chromate).

The resuits, together with more detail on the leaching procedures, can be found in
Appendix D. In general, the following conclusions can be drawn:

1. Uranium is generally very insoluble in both pH/Ep, adjusted sludge and grouted sludge
- matrices. It is better stabilized in the grouts than in the sludge alone. The degree of
stabilization with all three grouts is comparable.

2. Cerium is also very insoluble in all low Ep, high pH matrices. The leachability from the
sludge is comparable to that from the grouts at higher Ep. The leachability at Ep values
greater than +200 mv is higher, with Grouts #1 and #2 outperforming Grout #3.
Therefore. to the extent that U and Ce are reasonable surrogates for plutonium, Pu would
be expected to be very well stabilized.

3. Se is very poorly stabilized in low Ep, high pH sludge. It is significantly betier
stabilized in all three grouts. In the simulated acid rain leaching, all three grouts performed
approximately equivalently. With the acetic acid leaching, below Ep, of +250, all three



WSRC-TR-97-0102

APPENDIX "A"
CTL Tank 20 Reducing Grout Report

Revision ¢
Page 36

grouts are also roughly equivalent. Above this value, Grouts #1 and #2 show lower
feachability. The grout makes an important contribution to reduce Se leaching.

4. Re is poorly stabilized in all systems. Chemically, it is rather similar to Tc in most
respects. but the reduction potential of highly mobile perrhenate ion (510 mV) is much
smaller than that of the also highly mobile pertechnetate ion (782 mV). It is therefore much
harder to reduce perrhenate than pertechnetate. A better surrogate is needed. Molybdenum
in the hexavalent state proved to be very sensitive to Ep.

5. Sris much better stabilized in the grouts than in siudge alone, irrespective of Eh. Cs
was not well stabilized in any of the systems studied. However, in the case of both these
metals, it is considered likely that longer curing of the grouts would significantly improve
retention.

Grout Diffusion Tests

- Summary

The purpose of these tests was to see whether elements from the sludge would migrate into
the grout under the “worst case™ condition of no initial mixing of the two. Overan
extended period of contact between the two, it is expected that the primary mechanism of
transport would be diffusion. The dominant transport mechanism during the exposure time
of these specimens is expected to be capillary suction of the soluble elements from the
sludge into the grout. The electron microscope examination described below thus
concentrated on the regions near the surface of each specimen, specifically on the cracks
that emanated from the surface. At least some of these cracks had formed during the curing
of the grout and could be expected to serve as conduits for elements from the sludge into
the grout. X-ray dot maps of the areas around these cracks, however, showed that if any
elements did enter the grout, their concentrations were below the minimum detection limits
of the microscope. It is concluded that a longer time period is necessary to observe the
postulated mechanisms. The discussion of the results obtained can be found in Appendix
E. .

Thermal Considerations and Heat of Hydration Tests

As has been noted earlier, it was necessary to assess the amount of heat that would be
generated in the tank by the hydration of the cementitious materials. This was to ensure
that the grout microstructure would not be compromised, or that durability problems
associated with alkali or sulfur reactions would not distress the grout physically. The heat
of hydration was determined using conduction calorimetry.

In this procedure, a cementitious sample, without sand, is hydrated under pseudo-
isothermal conditions in a very stable water bath at 23.0°C. A detailed procedure of the
steps required to obtain the data appears in Appendix A. Heat generated by the hydration
reaction is nearly simultaneously measured and removed from the sample by a very large
heat sink. Data collection began one hour after hydration was initiated. The initial heat in
the first hour usually amounts to only 5 10 10% of the total heat generated. The field
production of the grout was expected to occur at a plant where it would be transferred to
trucks for delivery. Any heat generated in this period would be lost from the material and
"would not be significant to subsequent calculations of material temperatures in the tank.
therefore. beginning data collection one hour after initial hydration was accepuable. If grout
production and delivery is planned in another manner, the impact of these assumptions on
the calculations of material temperatures in the tank will need to be re-examined.

12
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The results indicated all three grouts are substantially retarded with the earliest maximum
heat generation occurring for Grout #3 after 32 hours and the latest for Grout #1, after 83.9
hours, Complete mixing of sludge and grout accelerated the reaction significantly with the
strongest interaction between sludge and Grout #1. When mixed with sludge, the earliest
r aximum heat generation occurred with Grout #1 and sludge after 11.4 hours and the latest
fo: Grout #2 and sludge after 20.4 hours. A more detailed discussion of these
experiments, including figures. appears in Appendix G.

The time that maximurmn heat generation occurs can be adjusted somewhat by adjusting the

amount of set retarder in the mixes: some retardation of set and also a later peak maximum
is caused by the superplasticizer. Time of the maximum heat generation will decrease with
smaller doses of set retarder. Actual maximum heat generation time of the material, when

placed in the tank, will be affected by the amount of sludge and grout mixing. The time of
the maximum probably will be intermediate between the two cases at this dosage level.

Cumulative heat of hydration after 112 hours was the greatest for Grout #3. A greater
percentage of this mix was cement than in the other grouts (see Table 2), and the higher
cumulative heat, in part, is due to the higher cement content.

The findings were used in calculating the temperature profile in the tank as a function of
time, for all three grouts and for all three grouts perfectly intermixed with sludge. These
findings are given in Appendix F. Based on these results, there will be no adverse thermal
effects resulting from grout hydration for any of the three grouts.

Effects of Oxalate and Sulfate

During the course of the investigation, samples of actual Tank 20 sludge were being
analyzed at WSRC. The results became available in late August, well into the testing
program, and showed that the actual sludge in the tank had high concentrations of sodium
salts, including carbonate, sulfate and oxalate, and also nitrite and nitrate. The high
concentration of sulfate and oxalate were unexpected, as they had not been found in
samples of sludges previously analyzed by WSRC. These materials (other than the nitrate)
were not present in the simulated sludge with which the early studies had been carried out.
This raised a concern about the flowability of the grout, as calcium ions from cement
hydration could interact with carbonate, oxalate, and sulfate to precipitate slightly solubie
calcium salts, which could impact flowability. Also, sodium sulfate, and to a lesser extent
sodium nitrite and nitrate, are known set accelerators in concrete. For this reason, it was
decided to carry out two studies to investigate the extent of the problem.

Flow Cone Tests

The first of these was a measurement of the flowability using the flow cone method. Each
grout formulation was mixed with 20% of its weight of spiked sludge, spiked with oxalate
and sulfate at the 15% and 8% by mass levels determined at Savannah River. The flow
cone readings on the grouts without added sludge were as shown in Table 5 below. With
unspiked sludge. the flow cone readings for Grout 3 are also given in Table 5. With
spiked sludge, all grouts failed to flow from the flow cone, at times after mixing as shown
in Table 5. Each grouted sludge was then mixed with 250 m} of extra water. In the case of
grouts 2 and 3. flowability was restored, and acceptable flow characteristics achieved: in
the case of Grout 1, however, there was still no flow.

13
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Table 5-Flow Cone versus Time Tests for 3 Candidate Reducing Grouts

Grout 1 ' Grout 2 Grout 3
Min. after Flow Cone, Min, after Flow Cone, Min. after Flow Cone,
start Sec. start Sec. start Sec.
8 13.30 6.5 9.55 6 11.89
12 12.91 12 11.07 12 7.75
20 10.09 20 11.84 20 9.84 ¢
30 9.49 30 13.30 30 11.78 :
Grout 1 with spiked Grout 2 with spiked Grout 3 with spiked
sludge sludge sludge
Min. after Flow Cone, Min. after Flow Cone, Min. after Flow Cone,
start Sec. start Sec. start Sec.
11 NO FLOW 9 NO FLOW 10 NO FLOW

Grouts with oxalate & sulfate spiked sludge after addition of 250 ml

extra water

Min. atter Flow Cone, Min. after Flow Cone, Min. after Flow Cone,
start Sec. start Sec. start Sec.
25 NO FLOW 17 4.03 28 5.05

Grout 3
with unspiked sludge
Min. after Flow Cone,

start Sec.
9 17
16 17.75
23 21.01
31 22.45

39 24.59

Evaluatj f Pretrea tjons

The results indicated a need to consider pretreatment of the sludge prior to introduction of
the grout. It seemed reasonable to treat the sludge with a combination of caicium hydroxide
slurry. sodium thiosulfate, and calcium sulfide. Sodium sulfate is an accelerator for cement
hydration. and sodium oxalate is also a stiffener of grouts, since it precipitates insoluble
calcium oxalate. Pretreating with calcium hydroxide would precipitate most of the oxalate
and sulfate as calcium salts before grout addition, greatly diminishing interactions with the
calcium in the grout. The inclusion of the two reducing agents was reached by running a
test of the Ep, of solutions made up with various amounts of sodium thiosulfate. and then
augmenting the Na2S;03 with CaS. The Ep values of the Na;5203 by itself were not
considered low enough. The addition of small amounts of calcium sulfide had a major
impact on the Ep, as shown in Table 6. The addition of CaS used was 5 mL of saturated
solution 1o each 100 mL of sodium thiosulfate solution.

14 -
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Table 6-Reducing Potential of Sodium Thiosulfate and Calcium Sulfide

Sample Number | Gms Na»S-0s mL water Eh Ej w/CaS addn.
] 0.2600 100 134 -209
i 2 0.5846 100 120 204
B 3 1.0191 100 94 ~209
4 1.9954 100 77 -207
5 4.0753 100 61 -208
Flowability Restricti aused xalate/Sulfate - Grout # w Test

To evaluate how severe a flowability problem is posed by the oxalate and sulfate content of
the sludge, it was decided to carry out a flow and mixing test. Three trapezoidal forms. 8
ft. in length were constructed and lined with heavy-duty polyethylene. The bottom of each
form was covered with a 0.1 in. sludge layer. In the first form, considered the control, or
alternately. the simulant for a washed sludge, the siudge was unspiked, it was as received
from WSRC. Sludge procedures and analyses are shown in Appendix A. The supernatant
liquid provided by WSRC together with the surrogate (unspiked) sludge was used; a depth
of 0.6 in. was added. In the second form. the studge was spiked with the appropriate
levels of sulfate and oxalate. In this case, the supernatant liquid was also spiked with
sodium carbonate, sodium sulfate, sodium oxalate, sodium fluoride, sodium nitrite,
sodium nitrate, and sodium hydroxide. This second sludge and supernate is more
representative of the contents of Tank 20 than the unspiked sludge in Form 1. In the third
form, the sludge was also spiked. and the spiked supernate was used. In this case,
however. the system was further treated with 1.2 in. of a slurry of calcium hydroxide (10%
by mass) with added sodium thiosulfate (1%) and calcium sulfide (0.015g/ 100 mL).

It was decided to determine the pH and Ep, characteristics of the materials in the forms, to
clarify interpretation of the measurements to be made after the grout pour. The pH and Ej,
values obtained are given in Table 7 for the unspiked sludge and supernate (Form 1), the
spiked sludge and spiked supernatant liquid (Form 2). The spiked sludge with spiked
supernate, treated with modified lime slurry (Form 3, wide end and narrow end), and the
synthetic supernate itself.

Table 7-pH and E} Values for Samples Prior to Grout Addition

Sample pH{pH units) Eh. mv
Form 1 (unspiked sludge + furnished supemate) 10.35 109
Form 2 (spiked sludee and spiked supernate) 12.55 -18
Form 3 (spiked sludge and supernate. pretreated-narrow) 12.70 -101
Form 3 (spiked sludge and supemate. pretreated-wide) 12.75 -109
Svnthetic spiked supemate 12.58 -48

After all three forms had stood overnight for 12 hours, the grout pour was initiated. The
procedure involved mixing the grout in a 1 ft° mixer for 5 minutes, then pouring the grout
into 5 gallon buckets. The buckets were then emptied into a portable hopper, with a
delivery pipe situated directly over the narrow end of the forms. Grout flow was initiated,
very gently. to avoid creating unrealistic degrees of turbulence. The progress of the grout
front was monitored on a minute-by-minute basis. Table 8 below gives some of the
measurement quantities. '
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Table 8-Flowability Test to Evaluate Effects of Oxalate and Sulfate

Control Spiked Sludge Pretreated with Lime
No. of Buckets 9 9 11
grout
Flow Rate 38" in 1 min 96" in 85 sec 96" in 45 sec
66" in 2 min
77" in 3 min
88" in 4 min
96" in 5 min
Grout Thickness After 10 min After 10 min After 5 min
at 0 ft 7" 0 ft 7.5" 0 ft 6"
1 ft 7" I ft 6.75" 1 ft 6.25"
2 ft 6" 2 ft 6.5" 2 ft 6"
3ft 5.5" 3ft 6.25" 3ft 6"
4 ft 4" 4 ft 6" 4 f1 5.5"
5 fi 3.75" 51t 5.75" 5ft 5.5"
6 ft 2" 6 f 3" 6 ft 5.5"
7 ft 2" 7 ft 4" 7 ft 5.25"
8 fi 2" 8 ft 3.5" 8 ft 4.5"
CGrout Thickness After 20 min After 23 min After 15 min
at 0 ft 7.25" 0 ft 7.5" 0 ft 8.25"
1 ft 7.5" 1ft 6.75" 1 ft 8"
2 ft 7.25" 2 ft 6.66" 2 ft 7.5"
3ft 6" 3 ft 6.5" 3ft 7.25"
4 ft 4,75" 4 ft 6.25" - 4 ft 7.25"
5ft 4" 5ft 5.5" 5ft 7.25"
6 fi 2.5" 6 ft 4" 6 ft 7.13"
7 ft 2" 7 ft 3.75" 7 ft 7"
8 ft 2.5" R ft 4" 8 fi 6.75"
After 30 min
at 0 ft 8"
] ft 8"
R 2 fi 7.5"
3ft 7.25"
4 ft 7.25"
5ft 7.25"
6 ft 7.13"
7 it 7"
8 ft 6.75"

All three experiments gave distinctly different results. In the case of the control, the flow
was quite sluggish. The material developed a thickness of 7.25 inches at the feed end of
the form. and only 2.5 in. at the far end of the form. It did not successfully incorporate
very much of the sludge. A large pool of water and sludge remained on the sample for
three days; the sludge was not appreciably desiccated except at its trailing edge. The grout
flowed better, surprisingly, in the case of the spiked sludge and spiked supernatant liquid
(Form 2). Here also. there was an accumulation of sludge and water at the feading edge of
the grout advance. Here however, the grout advanced to the end better. The pretreated
sample was radically different in its behavior. The grout immediately flowed 10 the end of

16



WSRC-TR-97-0102
APPENDIX "A" Revision 0
CTL Tank 20 Reducing Grout Report Page 41

the form, and then began advancing upwards through the water, displacing lime and water
as it moved. The grout proved to be perfectly self-leveling in this case; the thickness of the
grout was nearly constant throughout the length of the form. There was no sludge floating
on the top of the grout; in other words, other than the small amount of sludge at the bottom
of the form. most of it was well incorporated within the grout. This experiment
represented the best flow and the best siudge incorporation by far. The spiked sludge
unexpectedly appeared to hinder the grout flow less than the control, and also to become
incorporated in the grout more efficiently.

With respect to incorporation of water in the three cases, the pretreated sample incorporated
water most efficiently. There was a uniform 1/8" layer of white material on the top of this
specimen after 3 days: this material was probably largely hydrated lime and a little calcium
carbonate. The sample with the spiked sludge showed a small amount of supernatant water
on the surface, but more sludge and water were incorporated here than in the unspiked
sludge sample. In this last case, the water remaining on the surface was substantial.

Cores from the 1#3 Flow Te

The three forms had roughly 6 in. to 8 in. high sides which formed a trapezoid; this defined
the bottom of all three forms and all were trapezoids with bases of 3 ft, sides of 8 ft, and 9
in. tops. After the grout was poured and hardened, 2 cores were taken in each form.
Positions of the cores were measured as the distance from the narrow end of the trapezoid
to the center of the cores. The cores had 4.25 in. diameters and were taken no closer than

5 in. from the sides and most were near the center of the forms. The poured grout was not
level and so the length of the cores varied. Next to the wide end of the form, grout depth
was measured at several places. In Form #1 (control), grout depth varied from 1.2 in. to
2.6 in.; in Form #2, containing spiked siudge, depths were between 3.5 in. and 4.0 in.;
and in the form with pretreated spiked sludge depths varied from 6.2 in. to 6.8 in. All six
cores were sawed in half; one half was used for petrographic examination and the other half
for Ep and pH measurements. Positions and dimensions of the cores are shown above the
respective Ep and pH data in Table 9.

En_and pH of Core Sections from the Grout #3 Flow Test

The half sections of the cores were sampled by taking approximately 0.25 in. slices from
the bottom and middle of each core to obtain 12 samples. Three other samples came from
sddisional slices obtained from the top of cores PSSL2, SSLA4. and WSL6 and three slices
were obtained high in the core, near the top, for cores PSSL1, SSL3, and WSLS5. These
slices were crushed in mortar and pestle to a size sufficiently small enough to pass a 3/8"
(9.5 mm) sieve. Weighed portions, each 25.0 g, of these sieved materials were placed in
eighteen 500 mL HDPE bottles along with 450 mL of deionized water and rotated for two
hours on a whee! that turns at 24 rpm. Measurement of the pH and Ep was carried out
according to the procedure in the Appendix A. The bottles were removed and the pH and
Eh of the solutions in the bottles were measured with the resuits as shown in Table 9.

These results show that Grout #3 provides a matrix with high pH (pH>11) and low Ey,
uniformly throughout the depth of the grout, and persisting when varying amounts of
sludge and grout have intermixed. The high pH and low Eh conditions are provided in the
presence or absence of oxalate and with or without pretreatment. Reducing conditions.
indicated by Ep values less than -50 myv, are provided throughout the depth of the grout
after placernent into a sludge layer. Reducing potential is approximately the same. whether
a large or small amount of sludge incorporation has occured.
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Table 9-El and pH from Extracts of Crushed Samples from
Cores Removed from the Three Forms of the Grout #3 Flow Test

Cores in Form #1 and Location of Samples for Ep and pH Tests

WSLS Core Identification * WSL6é
42.8 Distance from Narrow End, in. 73.7
5.6 10 5.9 | Range of Length of Cores. in. | 2.8 to 3.0

Saﬁgpje WSLSHIX |WSLSMIDX |WSLSBOTX [WSL6TOPX [WSLSMIDX [WSL6BOTX
Eh -96 -95 -99 -104 -94 -104
pH 11.89 11.85 11.90 11.81 11.99 11.97

Cores in Form #2 and Location of Samples for En and pH Tests

SSL3 Core Identification * SSL4
38.1 Distance from Narrow End, in. 72.1
6.0 to 6.25 | Range of Length of Cores, in. { 4.4 to 4.8

Sanmjpje SSL3HIX |SSL3MIDX [SSL3BOTX |SSL4TOPX [SSL4MIDX |[SSL4BOTX
Eh -105 -106 -104 -156 -124 -97
pH 11.93 11.94 11.94 11.98 11.88 11.92

Cores in Form #3 and Location of Samples for Ey and pH Tests

PSSL1I Core Identification * PSSL2
52.7 Distance from Narrow End, in. 88.1
5.9 10 6.2 |.Range of Length of Cores. in. | 6.2 to 6.5

Saﬁgpje PSSLIHIX {PSSLIMIDX |PSSL1BOTX |PSSL2TOPX |PSSLZMIDX |PSSL2BOTX
Enh -96 93 - -106 -114 -111 -106
pH 11.88 11.92 12.01 12.02 11.81 11.92

*- WSL denotes "washed" sludge: SSL, spiked sludge; and PSSL, pretreated spiked sludge.
Position of the slice of the core is indicated in the Sample ID by bottom=BOT. middle=MID.
high=HI, and Top=TOP. Ep, and pH samples all were extracts indicated by X.
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Petrographic Examjpation of Core Sections from the Grout #3 Flow Test

Optical microscopy with the use of the stereomicroscope confirmed the physical
observations. The studge in the pretreated sample was well incorporated, with the
exception of a very small amount that was at the bottom of the core. There was a little
1corporation in the case of the spiked sludge, but almost none in the control. These
findings are documented on pages 15-17 of Appendix B.

Conclusions and Data Analysis

Based on the combined results of all the testing carried out in the course of this project,
CTL concludes that Grout Composition #3 is the best of the three grout compositions
evaluated. All grout compositions tested have good flowability and self-leveling capability.
All grouts have the required high pH and low E}, values. All grouts can be discharged
from as much as five feet above the surface without appreciable segregation. All grouts are
believed to be able to maintain their cohesiveness through the water (1.75 in.) and reach the
sludge. All grouts have adequate strength, volume stability, and setting time
characteristics, if it is assumed that two lifts of one foot thickness will be placed, with three
days in between. All grouts have the potential to provide better stabilization than just pH
and Ep, control, if some mixing of grout and sludge occur. The principal reason Grout #3
i1s suggested is associated with its relative chemical tolerance for high sodium sulfate-
sodium oxalate - sodium nitrite conditions. Sodium sulfate is an accelerator for cement
hydration, and sodium oxalate is also a stiffener of grouts, since it precipitates insoluble
calcium oxalate. Grout #3 has the lowest content of calcium aluminates in the cementitious
constituents. Calcium aluminates are the most hydraulically reactive phase in cements, and
the most sensitive to the level and form of sulfates.

CTL also believes that the pretreatment of the sludge with lime slurry containing reducing
species such as caicium sulfide and sodium thiosulfate will help to ensure success in this
tank closure. Pretreatment is recommended to precipitate most of the oxalate and sulfate
from the supernate. Test results appear to suggest that this pretreatment is not necessary to
ensure that the sludge is maintained at high pH and low Eh. On the other hand, the grout
flowability is greatly enhanced by the pretreatment, and the sludge is clearly more
thoroughly incorporated into the grout. Although some segregation appears to result from
the extra water present in the pretreatment, it is not considered severe, and is outweighed
by the benefits.
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Standard Procedures Used in Development of Reducing Grout

The following standards were used in obtaining data for this project for Westinghouse
Savannah River Co.

Standard Methods

. Modified ASTM C 109, "Standard Test Method for Compressive Strength of
Hydraulic Mortars,"” (modified by using the composition of Grouts #1, #2, and #3
instead of the specified composition). .

. Modified ASTM C 151, "Standard Test Method for Length Change of Hardened
Hydraulic-Cement Mortar and Concrete,” (modified by demolding bars at 3 days
and following the curing and measurement schedule specified in the text and
Appendix C).

. ASTM C 191, "Standard Test Method for Time of Setting of Hydraulic Cement by
Vicat Needle."

ASTM C 939, "Standard Test Method for Flow of Grout for Preplaced-Aggregate
Concrete (Flow Cone Method)."

KODAN 304, "Method of Consistency Test for Non-Shrinkage Mortar.” (Test
from Japan Highway Public Cooperation using a J14 cone.)

U.S. EPA, SW-846, Method 311, "Toxicity Characteristic Leaching Procedure”
(TCLP). .

1a d Practice

. ASTM C 856, "Standard Practice for Petrographic Examination of Hardened
Concrete."

. ASTM D 1498, "Standard Practice for Oxidation-Reduction Potential of Water."
Standa ificati

. ASTM C 494, "Standard Specification for Chemical Admixtures for Concrete."
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Procedure for Optimization of Grout Compositions
1. A constant content of slag is chosen for all mix candidates.

2. The additional cementitious components are selected for their expected chemical
capability to stabilize various metals. A cement/sand volumetric ratio of between 1/1 and
1/1.5 is selected. A trial silica fume quantity is estimated based on the anticipated tendency
of the mix to segregate.

3. The determined amounts of sand, cement(s), slag, and silica fume are weighed.

4, A water/cementitious ratio between 0.44 and 0.48 is selected, and the water measured
out. Sodium thiosulfate (0.06-0.09% by weight of total grout) is added to the mixing
water together with a trial quantity of superplasticizer and retarder.

5. The mixing water, with additives, is placed in the mixing bowl of a Hobart mixer. The
cementitious ingredients are added, then the mixer is started at slow speed and mixed for 30
seconds.

6. The sand is added gradually over about 30 seconds, and the mixing continued, still at
slow speed. The consistency is judged during the mixing, and additional superplasticizer
or retarder are added as deemed necessary to achieve the desired flow cone reading. If
material accumulates at the bottom or on the sides of the bowl, it is scraped down with a
rubber scraper. :

7. After 5-8 minutes of mixing, the mixing paddle is removed and the grout poured into the
flow cone (J14). after placing a gloved finger at the discharge of the cone to prevent
leakage. The finger is removed, and the time required to empty the cone is determined. If
the flow cone reading is greater than 12 seconds, the batch is retumned to the mixing bow!
for more adjustments with admixtures. If the desired flow has not been achieved by 15
minutes after the first contact of cement and water, the batch is discarded and the process
repeated.

8. If a satisfactory flow cone reading has been obtained. the material is poured intoa 1 L
plastic graduated cylinder to the 800 mL mark. The cylinder is gently rocked to consolidate
the grout. The sample is allowed to set, and the bleed water determined. The material is
examined visually after hardening for segregation.

9. If the grout shows acceptable cohesion, bleeding, and flow cone readings, it is accepted.
If the material segregates, more silica fume is added, or the cement/sand ratio is further
increased at constant water/cementitious ratio. Either of these steps has been found to
reduce segregation. If the material bleeds excessively, silica fume can also help. If the
material is inadequately flowable, the content of water reducing admixtures is increased.
The water content is not increased.
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Procedure - Large Scale Flowability Test

The grout-pouring operation is conducted utilizing two double-compartment grout
pumps. Previously batched grout ingredients are charged into the mixing
compartments and mixed for approximately 5 minutes to produce uniform grout mixes
suitable for pumping.

The nominal batch size is 2 cu ft, and the grout is prepared to a flow of approximately
27 sec (ASTM C 939) or 6 sec (J 14 funnel).

Upon mixing, the grout is pumped into a receiving hopper installed on a 15-ft tall
scaffold. The hopper's discharge opening is connected to 1-in i.d. PVC vertical
tremie pipe, where the grout flows under gravity until discharged at 2 ft from the
surface. Mixing and pumping operations are synchronized to assure a reasonably
uninterrupted flow of grout in the tremie.

Upon discharge from the tremie, the grout flows into a 90-ft long trough made of
plywood and covered with polyethylene. The trough is shaped in such a manner that
its opposite sides radiate from the zone of grout discharge, roughly forming sectors of
the 90-ft diameter circle on either side. Under the circumnstances, the trough of this
shape produces the closest simulation of circular flow pattern consistent with a
moderate volume of grout.

Simulated sludge is placed on the surface of the trough at various distances from the
point of grout discharge, and the rest of the trough surface is sprayed with water to
simulate surface condition at the bottorn of the tank.
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Resul Flowabiljt

. Tabulated below is the distance from the point of discharge to the leading edge of the
poured grout at different time intervals after commencement of the pour.

Time elapsed. Distance from point of discharge to leading edge on
min west end east end

5 4'6" 4'6"
10 8'0" 83"
15 154" 2"
20 157" 15'0"
25 18'10" -*
L - b
4O w* 264"
45 306"
50%* 32'8"
55 32'8"
60*** 328"
635 348"
70 397"
end

*  End of movement of leading edge
**  Pour stopped temporarily
*** Pour resumed

. Nominal thickness of grout in place was 4 inches at the point of discharge, tapering
down to | inch at leading edges of the poured grout

A4
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Procedure for the Preparation of Sludge and Spiking

All siudge preparation began with the washed sludge provided to CTL from WSRC.
This washed sludge had been prepared for testing of the vitrification process at SRS.
All the chemical processing steps that produced the waste sludge were duplicated
except no radioactive material was used. This resulted in a cold sludge similar in
chernical and physical properties to the high level waste sludge in Tank #20 and
similar tanks. This sludge contained 13.98% solids according to WSRC; chemical
analysis of the washed sludge, provided by WSRC, appears in the table below.

This solids in the washed sludge, as received, settle out and it appears that about 50%
of the volume is clear supernatant and the rest wet solids. At CTL the sludge
container was positioned so that the wet solids from the bottom could be drawn off
and little of the supernate was withdrawn. Although the weight percent solids varied
somewhat, it is thought that the chemical analysis of the dry solids was nearly
identical. The weight percent solids (dried at 110°C) varied from 16 to 25% between

- batches drawn at different times and on standing very little supernate separated from
the damp solids.

This thickened washed sludge was used in the large scale pour test and placed at
several locations in the form, then spread out to approximateiy 0.3 in. thickness. It
was also used in Form #1 of the Grout #3 Flow test and the batch used was measured
at 22.4% dry solids. A special leveling tool was used to spread the damp sludge 0.1
in. deep over the bottom. Supernate was removed from the same 55 gallon drum
which contained the washed sludge and was used to cover the sludge in Form #1.

Spiked sludges were made from thickened washed sludge which was all obtained
before any additions. The whole batch of sludge was thoroughly mixed and then
sampled. A dry weight percent was determined and used as the basis for calculating
the amount of each compound added to the sludge in order to spike it. One batch of
sludge was spiked with surrogates for radioactive elements and other elements to
adjust the sludge to closely match a WSRC estimate of the chemical constituents in
Tank #20. Compounds of the following elements were added: uranium, strontium,
sodium, cerium, molybdenum, cesium, selenium, silver, aluminum, chromium,
cadmium, rhenium, mercury, cobalt, potassium. This surrogate spiked sludge was
used in the horizontal drop test into a 2 ft form, the making of grouted sludges prior
to the leaching experiments, the sludge leaching experiment, and the grout diffusion
experiment.

A spiked sludge was made by adding only sodium oxalate and sodium sulfate. The
batch of washed sludge that was used had been analyzed as containing 16.7% dry
solids. After the spiking additions. it was determined that the sample had 23.4% dry

_solids. This oxalate and sulfate spiked sludge was used in flow cone tests and the
Grout #3 Flow Test in Forms #2 and #3. .

An analysis of the washed sludge sample was supplied by WSRC for the containers
of sludge that they sent to CTL. The analysis is shown below in three parts. general
tests. cation and anions. and elemental analysis of the solid.
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WSRC Analysis of Washed Sludge

General Tests

pH

Density, g/mL
Total Wgt % Solids
Alkalinity, Mole/L

Cation and Anions

NHg4t
F-
COOH-
Cr
NOy
N03'
3042'
C3042'
P043'

Elements
Hg
P
Zn
Pb
Ni
B
Mn
Fe
Cr
Mg
Si
Al
Ca
Cu
Ag
Ti
Zr
Sr
Ba
Na
Se
Cd
Ce
La
K
Cs
Total Carbon

A-6

11.85
1.11

13.98

0.172

mg/L
< 100
189
< 100
1170
< 100
510
1090
< 100
< 100

Weight %
< 9.25 ppm
< 0.40
0.341
0.437
3.22

< (.01
5.77

29.23
0.193
0.329
0.95
495
3.02
0.179
0.01
0.007
0.162
0.029
0.282
341

< 0.1 -
0.0115
0.0047
0.001
0.302
0.004%
0.184
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Procedure for Sequential Batch Leaching

1. The total weight of grout materials is held at 5 times the weight of spiked sludge to be
stabilized.

2. The mix water, with rapid reducing agent (sodium thiosulfate), superplasticizer, and
retarding admixture are placed in the mixing bowl. The water is mixed for a few seconds at

low speed.

3. The cementitious materials are added with mixing during about 30 seconds. The paste is
then mixed for about ! 1/2 minutes. The mixer is stopped during this time to scrape down
any paste or water adhering to the sides of the bowl

4. The mixer is stopped, and the sand is added all at once. The mixer is then restarted and
the grout is mixed for about 2 minutes, stopping during the mixing to scrape down any
grout adhering to the sides of the bowl.

5. The grout is transferred to a smail bowl. Only very small quantities of grout may be left
in the mixing bowl. The mixing bowl is then tared, and 370 grams of spiked sludge are
weighed into the bowl.

6. The grout is rapidly reintroduced to the mixing bowl, and the sludge-grout mixture is
mixed at slow speed for at least five minutes. Care is taken to ensure that no unmixed
grout or sludge are left at the bottom or the sides of the mixing bowl.

7. The mixer is stopped, and the mixing paddle removed from the mixer. The sludge-grout
mixture is introduced into the 25.4 mm (1 inch) cube molds in two lifts. The remainder of
the specimens are cast in 100 mL plastic beakers.

8. First the cube molds, then the plastic cups are vibrated on a small vibrating table to
remove any air bubbles. The excess sludge-grout is removed from the top of the cube
molds, and all specimens are placed in the moist cabinet (100% relative humidity, 73°F) to
cure.

9. The cubes are demolded at 2 days. and returned to moist curing. Compressive strengths
are determined at 3, 7. and {4 days.

i0. The beaker samples are allowed to cure for 14 days.

11. The samples are removed from the beakers, and crushed to pass a 9.5 mm (3/8") sieve.
12. Separate samples of the crushed grouted sludges are leached with a.) Acetic acid of
appropriate concentration, starting with 0.1 N acid, b.) Groundwater simulant, pH 4.5-5,

low buffering capacity, acidified with 60% sulfuric, 40% nitric acid.

13. A sample of the spiked sludge alone is leached with water, with pH and E}, adjusted to
match those of the filtrates from the grouted sludges.

~ 4. Both grouted sludge and pure sludge san'lples are agitated in their leachants in plastic
bottles for 18 hours at ambient temperature.
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15 At the end of the leaching period, the bottles are removed and the material allowed to
set'le for roughly 30 to 120 minutes. The material in the leaching bottles is filtered through
Biichner filter funnels, using glass fiber filters, and the leachate collected. Acid-washed
glass fiber filters (0.7 um pore size) meeting TCLP criteria are used. The pH and Ep, of the
liquid are immediately measured and recorded. The solid on the filter paper and filter paper
are rerurned to the original leaching bottle: this bottle is filled with another 450 mL of fresh
leaching solution for the next day of leaching; the filter paper is removed before beginning

the agitation.

16. The filtrate is then submitted for chemical analysis.
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e o=

Proceédure for Measuring pH and Ep

B ES N

pH

1. The pH electrode is washed with deionized water and after wiping nearly dry with a
fresh laboratory tissue, is immersed in standard pH 7 buffer solution and standardized.

2. The electrode is then rinsed with detonized water, wiped nearly dry, and immersed
together with the temperature probe in standard pH 10 buffer solution for adjustment of the
slope of response vs pH in the alkaline region.

3. The electrode is then rinsed and reintroduced with the temperature probe into standard
pH 7 buffer solution, which is measured as an unknown. If the pH is within 0.05 pH
units of 7.00, the standardization is considered successful.

4. After rinsing with deionized water, the electrode and temperature probe are immersed in
the solution to be measured, and the pH measured.

5. Measurement of the pH of additional solutions is done is a similar manner after nnsing
the probes with deionized water and wiping them nearly dry between each pair of readings.

5. The sensors are then rinsed and reintroduced into the pH 10 buffer solution to ensure
that standardization has remained valid.

Eh

1. Ep measurements are made using a single body combination Ag/AgCl reference and
platinum redox electrode as an Ep, electrode. The potential of the Ep electrode, in
confunction with the temperature probe, is measured in a ferrous ammonium sulfate/ferric
ammonium sulfate standard. This solution should have a potential of +475£10 mV. Itis
then checked against a standard potassium ferrocyanide/potassium ferricyanide solution,
which should have a potential of +234210 mV. If the electrode gives the proper reading
with these two solutions, it is reading properiy.

2. Immediately before the Ep measurement of standard or sample solution, the temperture
and Ep, probes are rinsed with deionized water and wiped nearly dry with a’fresh laboratory
tssue. :

3. The Ep, electrode is introduced into the sample solution, and the potential measured.
Solutions with Ep values less than about +250 mV are considered to be reducing.

4. Immediately after measuring the potential of a series of sample solutions, the potential of
a standard solution is rechecked to ensure calibration stability.

5. Leachate Ep values are measured with minimum exposure to the atmosphere. to ensure
that atmospheric oxygen does not compromise the validity of the reading. The high content
of reducing components in grout or sludge/ grout systems make these measurements less
subject to error.



WSRC-TR-97-0102

APPENDIX "A™
CTL Tank 20 Reducing Grout Report

Revision 0
Page 55

Procedure for Diffusion into Grout

1. Each grout is mixed in turn according to the following sequence:
. Weigh out each of the cementitious materials.
. Thoroughly mix the cementitious materials in the dry state.
. Place the water and chernical admixtures (retarder and superplasticizer) into the
bowl of the Hobart mixer.
. Add the cementitious materials.
»  Mix at speed 3 (fast speed) for one minute.
. Stop the mixer and scrape down the sides and bottom of the bow| with a rubber
scraper to dislodge any dry material adhering to the bowl.
Restart the mixer and add the sand in a steady stream.
Mix two rinutes at speed 3. :
Stop the mixer and scrape the sides and bottom of the bowl.
Mix an additional minute at speed 3.

tJ

The grout is then cast into a 400 mL beaker to a level of approximately 250 mL.
3 Each beaker is covered with a square of parafilm to prevent moisture loss.
4. The beakers are placed into the laboratory oven, which has been preheated to 48°C.

5. After at least four hours of curing at 48°C, approximately 50 mL of spiked sludge is
carefully poured onto the top of each grout to avoid disturbing the grout surface.

6. Each beaker is covered with a new piece of parafilm and returmmed to the oven.
7. The grouts are left to cure at 48°C for 14 days with the siudge in place.
8. At age 14 days, the sludge is removed from the specimens and discarded in

accordance with accepted environmental procedures. The grout is removed from the
beaker. If the grout samples cannot be processed immediately, each one is placed inside a
ziplock freezer bag and frozen to prevent further diffusion.

9. Two specimens are to be sawcut from each grout sample: one near the surface and
one in the interior for comparison purposes. All cutting and polishing is to be done without
the use of agueous coolants or lubricants in order to avoid the dissolution of the materials to
be examined. The two specimens are to be approximately 1 cm cubes.

10.  One surface of each cube, chosen from those that were criginally perpendicular to
the grout surface, is to be polished using a series of successively finer polishing grits to
form a smooth surface that will not interfere with the X-ray data.

t1.  The polished surface of each specimen is to be sputter-coated with carbon to
conduct electrons away from the surface, thus preventing charging (which interferes with
the data collection). Carbon is selected in preference to gold coating because it causes less
interference in the detection of elements of lower alomic mass.

A-10
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12.  Using an electron microscope, X-ray maps of the elements of interest will be taken

at a suitable magnification to be chosen on the basis of the distance of penetration observed.
The companion specimens (from the surface and interior of the same grout sample) will be
examined together and compared. The maps will show the locations and qualitative
concentrations of the various elements. From the scale of the micrograph, it can be seen
which elements have penetrated to what depth into the grout. No attempts will be made to
quantify the concentrations of the elements in the specimen, as it is believed that after such
a short time there is little likelihood of significant penetration. If significant penetration is
indicated. and if time allows, attempts will be made to quantify elemental concentrations
using the microprobe.

A-11
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Procedure for the Conduction Calo'rimetry Measurement of Heat of
Hydration

All the cement ingredients, cements, silica fume, and blast fumace slag for each of the
three mixes, previously described, were dry blended in large quantities to insure
accurate proportions and good blending. No sand was used.

A supply of approximately 50 mL of water and admixtures was prepared with correct
proportions for each of the three grout mixes. These liquids contained water, sodium
thiosulfate, WRDA-19 superplasticizer, and Daratard 17 retarder in the proper
amounts for each mix.

Samples for an experiment were placed in a plastic bag and then heat sealed with a
plastic bag sealer. Blended cementious ingredients (cement(s), ground blast furnce
slag. and silica fume) weighing 8.00 grams were introduced first and then the correct
volume of blended admixtures and water was added by pipette when only the cement
for a grout mix was tested. If grout and sludge were being tested then sludge
weighing 20% of the combined cement ingredients and mix water solution amount
was placed in the bag first followed by 8.00 grams of cementious ingredients and
then the proper volume of mix water sojution. After sealing, the contents of the bag
was quickly and thoroughly mixed.

The bag was placed in the conduction calorimeter cell wrapped around an internal
calibration heater and placed on the heat sensors. The electrical connections were
made and then the outer shell was sealed and placed in the water bath. One hour after
mix water and cernent ingredients were combined the computer data acquisition
program was begun, after the cell had thermally equilibrated with the bath water.
Data points were obtained at 6 minute intervals over the majority of the conduction
calorimeter measurement.

A JAF Wexham Conduction Calorimeter from C&CA Services in England was used
to obtain the data utilizing their software. At the end of the run, the instrument was
calibrated using the internal heater in the cell. The millivolt output was converted to
the rate of heat generation using the constants determined in the calibration and the
Tian-Calvet equation. Numerical integration of the rate yields the total heat generated
expressed in kilojoules per kilogram.
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Procedure for the Grout #3 Flow Test into Three Forms

Objective: To determine effects of oxalates and suifates in a Tank #20 surrogate sludge and
supernate on the flow properties of grout #3, the effect of pretreatment of the sludge. and
the effect of both on the Ep, and pH of the mixture of sludge and reducing grout after it has

hardend.

1. In all three forms 0.1 in. of sludge covered the entire bottom of the form. The first form
contained washed cold sludge sent earlier from SRS to CTL. The other forms contained
washed cold sludge spiked with 15% oxalate ion and 8% sulfate ion. The added material
was calculated as a weight percent of the dried sludge.

2. Three plastic-lined trapezoidal forms were used; the sides of the trapezoid were 8 ft
Jong. the base was 3 ft wide and the top 9 inches wide. All forms were constructed with
Jumber and mounted on a 4 ft x 8 ft plywood sheet. The sides of the first form were made
with 2 in. x 6 in. lumber (actual depth 5.6 in.), the second form was made in the same
way but, in addition, had trim strips at the narrow end to increase the depth to 7 in. The
sides of the third form were made with 2 in. x 8 in. lumber with an actual depth of 7.6
inches.

3. Supernate liquid was added to all the forms to a calculated depth of 0.6 in. If the sludge
and superate depths were additive, it would total 0.7 in. In the first form the supernate
was obtained from the drum of washed cold sludge at CTL. In the other forms a synthetic
supernate, as described by Chris Langton in a 9/9/96 fax to CTL. was added: this was a
solution of 2 M sodium carbonate. 0.7M sodium nitrite, 0.17M sodium hydroxide, and
lesser concentrations of sodium salts of suifate, fluoride. nitrate, and oxalate. A minimum
of 6 hours was allowed to let the sludge solids settle after addition of the supernate.

4. A pretreatment solution was added to the third form in a volume calculated to have a
depth of 1.2 in., twice the depth of the supernate. If additive, the total depth would be 1.9
inches. The pretreatment solution was primarily a lime slurry; it was composed of
10¢/100mL of calcium hydroxide, 1g/100mL of sodium thiosulfate, and 0.015g/100mL of
catcium sulfide. This slurry was added at the narrow end of the form using a 1.5 in.
horizontal discharge similar to the manner of grout addition. A minimum of 12 hours
elapsed after addition of pretreatment solution and before addition of grout.

5. A ponable hopper, rougly 3 ft square at the top, discharged down through a valve and
then through a 90° elbow to direct the grout horizontally. This hopper was positioned at
the narrow end of each form before grout placement. Buckets of grout poured into the
hopper were counted to measure the volume of grout added. Grout was mixed in a
standard grout mixer with ingredients added in the following order: water, admixtures. and
reducing agent first. the preweighed cementitious ingredients second, and the masonry
sand last. Each batch was mixed between 3 and 5 minutes before grout was pumped.

A-13
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6. Measured volumes of grout #3, containing a fow C3A Type V portland cement as
described earlier by CTL and used in other experiments for WSRC, was added to each
form while maintaining a slow non-turbulent continuous flow by horizontal discharge
slightly above the narrow end of each form. The volume of grout was sufficient to reach
the far end of the form and have a depth there of greater than 2 inches. Grout flow was
monitored by timing the advance of the front of the grout.

7. After the grout was poured, the depth of liquid at the wide end of the form was
measured and then the forms were covered with plastic and cured for 3 days. After 3 days
the depth of liquid at the same place in the form was measured.

8. After 4 days, the material in the forms had hardend and vertical cores of the grout were
obtained at two locations in each form. Each core of material was cut into at least three
sections. Each cut section was ground sufficiently to pass through a 9.5mm sieve and 25.0
g of this ground material was placed in a S00mL HDPE bottle and 450mL of deionized
water was added. The closed bottles were placed near the rim of a wheel. The wheel
slowly rotated for a minimum of two hours. After removal from the wheel, the pH and the
Ep, of the equilibrated solution was obtained.
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Appendix B
Petrographic Examination. of
Grouts and Grouted Sludges
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(TL

PETROGRAPHIC SERVICES REPORT

Client.: Westinghouse Savannah River
Project: Reducing Grout Formulation
Contact: Mr. Dale Bignell

Submitter: F. M. Miller

Samples Recv'd: August 1996
Date: September 20, 1996

Scope of Work:

An abbreviated petrographic examination of the samples submitted was performed in general
accordance with the procedures given in ASTM C 856-83 (reapproved 1988), "Standard
Practice for Petrographic Examination of Hardened Concrete.” The samples were visually
inspected. Each sample was cut longitudinally and one of the resulting halves was lapped for
examination using a stereomicroscope at magnifications up to 45X. Freshly broken surfaces
were also studied with the stereomicroscope. The samples were examined for evidence of
segregation, cracking, and incorporation of the sludge simulant.

The results of the brief examinations are presented on the following pages with photographs
showing the lapped, longitudinally cut surfaces of the cores. The samples are identified by
grout mix number and treatment, according to the information provided.

PN T (AR

wers -Couche
Senior Petrographer

Petographic Services
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MIXT

MIX 1 SLUDGE 1: Fairly uniform distribution of constituents with only minor local variations in paste
volume and air content mostly limited to the top and bottom 0.1 to0 0.2 in. $ludge does not appear 10 be
incorporated into the grout. Vertical microcracks extend to 1.2 in. from top surface and 0.5 in. from

bottom surface.
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MIX 1 SLUDGE 3: Fairly uniform distribution of constituents with only minor local variations in paste
volume and air content mostly limited to the top and bottom 0.2 in. Sludge does not appear to be
incorporated into the grout. Vertical microcracks extend 10 1.0 in. from top surface and 0.3 in. from
bottom surface.

SRR A z 3 ‘ L : 2L -
MIX 1 GROUT 2 DROP 1: Relatively minor variations in paste volume and air content occur throughout
the core. A paste-rich layer occurs in the top 0.1 in. Approxdmately vertical microcracks extend from the
top surface to a depth of 0.3 in. and from the bottom surface to & depth of 0.4 in. .
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MIX1
GROUT
2" DROP

MIX 1} GROUT 2 DROP 2: Fairly uniform distribution of constituents with only minor local variations
in paste volume and air content mostly limited to the top and bortom 0.1 in. Air content is lower in thin
layer at each end of core. Vertical microcracks extend w0 0.6 in. from 1op surface and 0.4 in. from borom
surface, s B T o e TR ¥

A

MIXG
GROUT
" 5 DROP

e

: . ’ — R A . I
MIX 1 GROUT 5 DROP 1: Constituents are fairly uniformly diseributed with only minor local variations
in paste volume and air content, Paste-rich, low air content layer occurs in the bottom 0.3 in. of the
sample. Vertcal microcracks extend from the top surface to a depth of 1.3 in. and from the boiem surface

10 0.6 in.
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MIX
£ GROUT
=" 5 DROP

MIX 1 GROUT 5' DROP 2: Fairly uniform distribution of constituents with only minor local vanations
in paste volume and air content mostly limited to the top and bottom 0.1 to 0.3 in. Vertical microcracks
extend from top surface to a depth of 1.1 in. and from bottom surface 10 a depth of 0.4 in,

-

4=

COPRIE =5 7700 4 URES L e e TR . S
\IX 2 SLUDGE 1: The distribution of sand is fairly uniform. The sample exhibits only local variations
in the paste volume and air content. The top 0.05 to 0.1 in. 1s somewhat paste rich. Sludce is
incorporated throughout the sample but smal! clumps and stringars, shown above in swirl panzsn, are mote

abundant near the top surface and 10 in the middle third of the core. Microcracks occur throughout the Core.

[0}
i
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MIX 2 SLUDGE 2: Distribution of sand is fairly uniform. The sample shows local variations in paste

volume and air content. Sludge is incorporated throughout the sample but with greater concentratons in
the top 1.2 in. and clumps in the upper 0.5 in. Horizontal cracks occur in the upper 0.2 in. Microcracks
occur throughout. Vertical microcracks extend to a depth of 0.5 in. from the top surface.

MIX 2 SEUDGE 3: Constivents are generally uniformly dismributed with only local variations in pasic
volume and air content. A 0.15-in.-thick sand lens is present 0.2 in. below the top surface. A plasue tear
or honzonual crack is present 0.15 t0 0.25 in. below the 1op surface (arrow). Concentrations of siudee
occur mosdy near the top and middle portion of the sample. Verucal microcracks occur in the top .75 in.

bl
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MIX 2 GROUT 2' DROP 1: Fairly uniform distribution of constituents with only minor local variations
in paste volume and air content mostly limited to the top and bottom 0.1 in. Vertical microcracks extend
o a depth of 1.1 in. from top surface and 0.75 in. from bottom surface.

MIX 2 GROUT 2 DROP 2: Similar o sample shown above. Vertical microcracks extend from the
bottom surface 10 0.3 in..
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MIX 2 GROUT 5 DROP 1: The distribution of constituents is mostly uniform. Microcracks are not
observed. A 0.02 to 0.05-in.-thick paste layer is present at the top and bottom.

MIX2
GROUT
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MIX 3 SLUDGE 1: Fairly uniform distribution of the consdtuents of the grout with only minor local
variations in paste volume and air content mostly limited to the top and bottom 0.1 t0 0.2 in. Sludge is
incorporated throughout the grout with small clumps and stringers concentrated in the bottom 2.3 in.
Verdcal microcracks extend from the top surface to a depth of 0.7 in.

AMIX 3 SLUDGE 20 Similar to sample shown above. Sludge clumps and stringers showing flow luics
occur 1o the bottom 1.1 in. microcracks extend from the top surface to a depth of C.2 in.
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MIX 3 SLUDGE 3: The constituents of the grout are uniformly distributed with only minor local
-variations in paste volume and air content mostly limited to the top 0.2 in, and the bottom 0.5 in. Sludge
is nonuniformly incorporated into the grout. A thin horizontal lens occurs at a depth of 0.6 in. from the
top surface and several steeply dipping lenses occur just belo the horizontal lens, A vertical microcrack
exiends from top surface to a depth of [ in.

1at.

L L v
DL

MIX 3 GROUT 2' DROP I: The constituents are generally uniformly distributed with minor.vari:mons in
pastc volume and air coment focally. A high-paste, low-air lens occurs at a depth of about 1.5 in. below
the wop surface. No microcracks are observed.
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MIX 3 GROUT 2" DROP 2: The constituents of the grout are uniformly distributed with only minor local
variations in paste volume and air content mostly limited to the top and botiom (.2 in. A dark, eardrop-
shaped feature extends from a depression on the top surface wo a depth of 2 in. Several nearly vertcal,
hairline cracks extend up to 1 in. from the bottom surface.

MIX 3 GROUT 5 DROP 1: The constituents are generally uniformly distributed with miner variatons in
paste volume and air content mostly in the top and bottom 0.1 to 0.2 in. No microcracks are observed.
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MIX 3 GROUT §' DROP 2: The constituents are uniformly distributed with only minor local variations in
paste volume and air content mosly limited to the top and bottom 0.2 in. No microcracks are observed

SAWED 1| SLUDGE: The constituents of the grout are generally uniformly distributed with minor local
variations in paste volume and air content. A band of air bubbles occurs at a depth of 0.1 in. from the top

surface. A band of dark gray paste occurs at a depth of 0,15 to 0.20 in. from the top surface. No
microcracks are observed. Sludge does not appear 10 have been incorporated.

3
1
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wm ‘SAWED2
-+ SLUDGE

SAWED 2 SLUDGE: The constituents of the grout are uniformly distributed with only minor local
variations in paste volume and air content. A paste-rich band occurs across a portion of the bottom surface.
Miner incorporation of udge along bottom. No microcracks were observed.

oy ph " > i N 3 il . N . -
SAWED 3 SLUDGE: The constituents of the grout are uniformly distributed except in the upper 0.7 in, of
the core. Sludge appears to be incorporated mainly in a band in the upper .10 10 0.15 in. Below the
sludge band, the grout exhibits horizontal, paste-rich bands. The lowermost band, at a depth of 0.7 in.,
contains only paste and a single tine of small air voids. A horizontat microcrack passes through the center
of this band. A few short vertical microcracks are observed in the lower paste band.

N
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] .
. SAWED4

# =+- NOSLUDGE
JEn TR

SAWED 4 NO SLUDGE: The constituents of the grout are uniformly distributed except in the lower (.45
10 0.50 in. where herizontal paste-rich bands are present. The uppermost band contains only dark paste and,
locally, clusters of tiny air voids (arrow). A horizontal microcrack passes through the center of the band.

SAWED 5 SLUDGE: The constiments of the grout are uniformly distributed with minor variations in
paste volume and air content locally. The top and bottom 0.1to 0.2 in. are paste rich. Sludge appears to
be incorporated below the top surface. A few vertical microcracks are present. These extent up Lo C.3 in.
from the bottom surface.
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SAWED 6 SLUDGE: The constituents of the grout are uniformly distributed with only minor variations
in paste volume and air content. Sludge appears to be incorporated in a layer at the upper surface. No

microcracks are observed.
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Forni #1 7
Wished Sludge

EORM 1, #5 WASHED SLUDGE: Grout constituents show minor local variations with paste-rich streaks
in the upper 1.5 in, and lower 0.3 in, Air void diswibution is fairly uniform and the voids are small, A
narrow, horizontal stringer of sludge is incorporated at a depth of 0.8 in. Elsewhere, small clumps of
sludge are dispersed. Horizontal and vertical microcracks occur throughout the length of the core.
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FORM 1, #6 WASHED SLUDGE: Grout constituents are mostly uniformly distributed. The upper 0.8
in. and the lower 1 in. are somewhat paste rich. A streak of air bubbles and a horizonta! microcrack occur
at a depth of 0.4 in. from the top surface. Sludge is incorporated in clumps in the top and bottom 0.1 in,
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Form
e Spihed Siadge
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FORM 2, #3 SPIKED SLUDGE: Grout constituents show minor local variations in distribution; paste-
rich, horizontal bands. Air voids are small and fairly uniformly distributed. Occasional small clumps and
stringers of sludge are present. Horizontal microcracks occur in the bottom 1 in. and a few vertical
microcracks extend through the core.

Form #2
Spiked Siudew
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FORM 2, #4 SPIKED SLUDGE: Grout constituents are fairly uniformly distributed with local variations
in paste and air content. Smali clumps of sludge occur sporadically in the body of the core and a siringer of
sludge is folded into the botom 1 in. and top 0.5 in. of the core. Horizontal microcracks occur in the upper
and lower 0.5 in. and vertical microcracks extend inward up 10 2 in. from both the 1op and bowom surfaces.
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F o Form #3
Spikud Sladge
Prestreated

. ad : -,-_ .‘-
FORM 3, #1 SPIKED SLUDGE PRETREATED: The grout constituents are fairly uniformly distributed
with minor local variations in air content and paste volume. Stringers and small to medium ciumps of
sludge occur throughout; mostly below the top 1.5 in. Polygonal microcracks occur throughout the core.
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FORM 3, #2 SPIKED SLUDGE PRETREATED: The grout constituents are generally well dismibuted
except in the top 0.8 in, and between about 2 and 3 in. from the top surface where the paste is white and
enwapped air voids are more commen. Stringers and clumps of sludge occur throughout. Honzonu
microcracks occur in the upper and lower 2 in. Vertical microcracks occur throughout.
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Appendix C
Physical Testing Results of Grouts
and Grouted Sludges
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Westinghouse / DOE
102875
Grout #1 Compressive Strength, Total Load
Flow = 6.3 seconds 1day 3 days 7 days 14 days
U.W. =1498.8 6800 12600 24200
Tare = 733.0 6500 13300
13900
Cast Monday Aug. 12, 1996
Compressive Strength, psi
1 day 3 days 7 days 14 days
1700 0 3150 6050
1625 0 3325 0
0 0 3475 0
Avg.: 1663 0. 3317 6050
Grout #2 Compressive Strength, Total Load
Flow = 7.1seconds 1 day 3 days 7 days 14 days
U.W.=1537.0 11500 23000
Tare = 733.0 12000 23700
12700 22300
Cast Tuesday Aug. 13, 1996
Compressive Strength, psi
1 day 3 days 7 days 14 days
0 2875 5750 0
0 3000 5925 0
0 3175 5575 0
Avg.: 0 3017 5750 0
Grout #3 Compressive Strength, Total Load
Flow = 5.4 seconds 1 day 3 days 7 days 14 days
U.W.=1566.0 12700 22700
Tare = 742.8 13100 20100
_ 13400 21500
Cast Tuesday Aug. 13, 1996
Compressive Stréngth, psi
1 day 3 days 7 days 14 days
0 - 3175 5675 0
0 3275 5025 0
0 3350 5375 0
Avg.: 0 3267 5358 0
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Westinghouse / DOE
102875
Grout #2 Compressive Strength, Total Load
Flow = 5 days 7 days 14 days
UWw. = 17,800 20,900 29,000
Tae = 17,700 21,100 28,600
17,900 21,200 29,100
Cast Friday, August 2, 1996
These from a mix cast in Structures Lab with large mixer 777?
Compressive Strength, psi
1 day 3 days 7 days 14 days
0 4,450 5225 7.250
0 4425 5275 7,150
0 4,475 5,300 7,275
Avg.: 0 4438 5267 7250
Compressive Strength, Total Load
Flow = 1 day 3 days 7 days 14 days
UW. = '
Tare =
Cast
Compressive Strength, psi
1 day 3 days 7 days 14 days
0. 0 0 0
0 0 0 0
0 0 0 0
Avg: 0 0 ' 0 0
Compressive Strength, Total Load
Flow = 1 day 3 days 7 days 14 days
UW, =
Tare =
Cast Tuesday Aug. 13, 1996
Compressive Strength, psi
1 day 3 days 7 days 14 days
0 - 0 0 0
0 0 0 0
0 0 0 0
Avg.: 0 0 0 0
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Client: Westinghouse / D.O.E.
Project: Smart Grout

Contact:

Submitter;

CTL Project No.: 102875

CTL Project Mgr.: F. M. Miller
Technician: M. Morrison
Approved: W, Morrison

Date: September 12, 1996

Results of Modified ASTM C 157 - Length Change of
Hardened Hydraulic-Cement For a Mixture Identified as
"Grout #1" After Curing for 3 days in a Moist Room

Maintained at 73+3°F and 100% Relative Humidity

Length Change, %
Grout #1
Time Average
A B
4day | -0002 | -0223 | -0.112
5day | -0.002 -0.235 | -0.119
6day | -0.002 -0242 | -0.122
7 day -0.002 -0.247 | -0.125
8day | -0.002 -0.260 | -0.131
11day | -0.002 -0262 | -0.132
12day | -0.002 -0264 | -0.133
13day | -0.002 -0.267 | -0.135
l4day | -0.002 -0.269 | -0.136
17day | -0.002 -0274 | -0.138
18day | -0.003 | -0.280 | -0.141
19day | -0.003 | -0281 | -0.142
20day | -0.003 | -0.282 | -0.142
21day | -0.003 -0.283 | -0.143
24day | -0.003 -0.286 | -0.144
25day | -0.003 -0.287 | -0.145
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Client: Westinghouse / D.O.E.
Project: Smart Grout

Contact:

Submitter;

CTL Project No.: 102875

CTL Project Mgr.: F. M. Miller
Technician: M. Morrison
Approved: W. Morrison

Date: September 12, 1996

Results of Modified ASTM C 157 - Length Change of
Hardened Hydraulic-Cement For a Mixture Identified as
"Grout #1" After Curing for 7 days in a Moist Room

Maintained at 7313°F and 100% Relative Humidity

Length Change, %

Grout #1
Time Average

A B
lday | -0104 | -0.102 | -0.103
2day | -0.168 | -0.169 | -0.169
3day | 0209 | -0212 | -0211
6day | -0257 | -0262 | -0260
7day | 0263 | -0.268 | -0.266
8day | 0267 | 0274 | -02m
9day | 0273 | -0278 | -0276
10day | 0277 | -0283 | -0280
13day | -0.284 | -0.289 | -0.287
14day | 0292 | -0298 | -0.295
15day | -0294 | -0300 | -0297
16day | -0297 | -0302 | -0.300
17day | -0298 | -0304 | -0301
20day | 0302 | -0307 | 0305
21day | -0303 | -0309 | -0.306
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Client: Westinghouse / D.O.E.
Project: Smart Grout

Contact:

Submitter:

CTL Project No.: 102875

CTL Project Mgr.: F. M. Miller
Technician: M. Morrison
Approved: W. Morrison

Date: September 12, 1996

Results of Modified ASTM C 157 - Length Change of
Hardened Hydraulic-Cement For a Mixture Identified as
"Grout #1" Specimens Maintained in Moist Room

Maintained at 7313°F and 100% Relative Humidity

for Duration of Test
Length Change, %
Grout #1
Time Average
A B
4day | 0.008 0.008
Sday | 0.008 0.008
6 day 0.007 | Specimen| 0.007
7day | 0004 | Broke | 0.004
8day { 0005 | While | 0.005
11 day 0.007 |Demolding 0.007
12day | 0.008 0.008
13day | 0.010 - 0.010
l4day | 0.008 0.008
17day | 0.010 0.010
18day | 0.008 0.008
19day [ 0.010 0.010
20day | 0.007 0.007
21day | 0.007 0.007
24day | 0.008 0.008
25day | 0.009 0.009
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Cliént: Westnghouse / D.O.E.
Project: Smart Grout

Contact:

Submitter:

CTL Project No.: 102875

CTL Project Mgr.: F. M. Miller
Technician: M. Morrison
Approved: W, Morrison

Date: September 12, 1996

Results of Modified ASTM C 157 - Length Change of
Hardened Hydraulic-Cement For a2 Mixture Identified as
"Grout #2" After Curing for 3 days in a Moist Room

Maintained at 73+3°F and 100% Relative Humidity

Length Change, %
Grout #1
Time Average
A B

4day | -0003 | -0.400 | -0202
5day | -0.003 | -0.418 | -0211
6day | -0004 | -0.428 | -0.216
7day | -0004 | -0439 | -0.221
8day | -0.004 | 0487 | -0245
liday | -0.004 -0.461 | -0.232
12day | -0.004 | -0464 | -0234
13day | -0.004 | -0.468 | -0.236
14day | -0.004 | -0470 | -0.237
17day | -0.004 | -0476 | -0.240
18day | -0.004 | -0.484 | -0.244
19day | -0.004 | -0486 | -0.245
20day | -0.004 | -0.488 | -0.246
21day | -0004 | -0489 | -0.247 )
24day | -0004 | -0492 | -0.248
25day | -0.004 | -0.493 [ -0.249
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Client: Westinghouse / D.O.E.
Project: Smart Grout

Contact:

Subminer:

CTL Project No.: 102875

CTL Project Mgr.: F. M. Miller
Technician: M. Morrison
Approved: W. Morrison

Date: September 12, 1996

Results of Modified ASTM C 157 - Length Change of
Hardened Hydraulic-Cement For a Mixture Identified as
"Grout #2" After Curing for 7 days in a Moist Room

Maintained at 7313°F and 100% Relative Humidity

Length Change, %
Grout #1
Time Average

A B
1 day 0219 | 0219
2 day 0278 | 0278
3day | Specimen| -0.317 | -0.317
6day | Broke | -0361 | -0.361
7day | While | -0369 | -0.369
8day |Demolding| -0.375 | -0.375
9 day 0379 | 0379
10 day 0384 | -0.384
13 day 0390 | -0.390
14 day 0400 | -0.400
15 day 0404 | -0.404
16 day 0407 | -0.407
17 day 0410 | -0410
20 day 0411 | 0411
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Client: Westinghouse / D.O.E.
Project: Smart Grout

Contact:

Submitter:

CTL Project No.: 102875

CTL Project Mgr.: F. M. Miller
Technician: M. Morrison
Approved: W. Morrison

Date: September 12, 1996

Results of Modified ASTM C 157 - Length Change of
Hardened Hydraulic-Cement For a Mixture Identified as
"Grout #2" Specimens Maintained in Moist Room

Maintained at 7323°F and 100% Relative Humidity

for Duration of Test
Length Change, %
Grout #1
Time Average
A B
4day | 0.008 0.008
5 day 0.008 0.008
6 day 0.008 | Specimen| 0.008
7 day 0.006 Broke 0.006
8 day 0.007 While | 0.007
11day | 0009 |Demolding 0.009
12 day 0.009 0.009
13day | 0.011 0.011
14 day 0.010 0.010
17day | 0.008 0.008
18day { 0.008 0.008
19day | 0.009 0.009
20day | 0.006 0.006
21day | 0.005 0.005
24day | 0.012 0.012
25day | 0.014 0.014
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Client: Westinghouse / D.O.E.
Project: Smart Grout

Contact:

Submitter:

CTL Project No.: 102875

CTL Project Mgr.: F. M. Miller -
Technician: M. Morrison
Approved: W, Morrison

Date: September 17, 1996

Results of Modified ASTM C 157 - Length Change of
Hardened Hydraulic-Cement For a Mixture Identified as
"Grout #3" After Curing for 3 days in a Moist Room
Maintained at 7313°F and 100% Relative Humidity

Length Change, %
Grout #1
Time Average
A B
4 day -0.003 -0.406 -0.205
5 day -0.003 -0.422 -0.213
6 day -0.003 -0.432 -0.218
7 day -0.004 -0.441 -0.222
8day -0.004 -0.458 -0.231
11 day -0.004 -0.463 -0.233
12 day -0.004 -0.465 -0.234
13 day -0.004 -0.467 -0.235
l4day | -0004 | -0471 | -0237
17 day -0.004 -0.478 -0.241
18 day -0.004 -0.484 -0.244
19 day -0.004 -0.486 -0.245
20 day -0.004 -0.488 -0.246
21 day -0.004 -0.489 -0.247
24 day -0.004 -0.492 -0.248
25 day -0.004 -0.493 -0.249
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Client: Westinghouse / D.O.E.
Project: Smart Grout

Contact:

Submitter:

CTL Project No.: 102875
CTL Project Mgr.: F. M. Miller
Technician: M. Morrison
Approved: W. Morrison

Date: September 17, 1996

Results of Modified ASTM C 157 - Length Change of
Hardened Hydraulic-Cement For a Mixture Identified as
"Grout #3" After Curing for 7 days in a Moist Room
Maintained at 7343°F and 100% Relative Humidity

Length Change, %
Grout #1
Time Average
A B
1 day -0.072 -0.068 -0.070
2 day -0.073 -0.070 -0.071
3 day -0.118 0.114 | 0116
6 day -0.194 -0.184 -0.189
7 day 0205 -0.195 -0.200
8 day 0216 | -0204 -0210
9 day -0.224 -0.212 0218
10day | -0.229 -0.219 -0.224
13 day -0.238 -0.233 -0.236
14 day -0.247 -0.240 -0.244
15 day -0.253 -0.244 0249
16 day -0.255 0249 | 0252
17 day -0.256 -0.252 -0.254
20 day -0.265 -0.257 -0.261
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Client: Westinghouse / D.O.E.
Project: Smart Grout

Contact:

Submitter:

CTL Project No.: 102875

CTL Project Mgr.: F. M. Miller
Technician: M. Morrison
Approved: W. Morrison

Date: September 17, 1996

Results of Modified ASTM C 157 - Length Change of
Hardened Hydraulic-Cement For a Mixture Identified as
"Grout #3" Specimens Maintained in Moist Room
Maintained at 73£3°F and 100% Relative Humidity

for Duration of Test
Length Change, %
Grout #1
Time Average
A B
4 day 0.008 0.003 0.005
5 day 0.008 0.003 0.005
6 day 0.008 0.003 0.005
7 day 0.006 { 0.003 0.005
8 day 0.007 0.003 0.005
11 day - 0.010 0.005 0.008
12 day 0.011 0.005 0.008
13 day 0.011 0.008 0.010
14 day 0.009 0.006 0.008
17 day 0.009 0.006 0.008
18 day 0.009 0.006 0.008
19 day 0.009 0.006 ~ 0.008
20 day 0.010 0.006 0.008
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Compressive Strength of
One Inch Sludge/Grout Cubes, psi

Grout Number 3 days 7 days 14 days
1 1500 2900 3700
1500 2900 3600

1400 3000 azoo

1467 2933 3667

2 1200 2500 3100
1200 2400 3000

1200 2300 3000

1200 2400 3033

3 1300 2700 3400
1300 2800 3400

1500 2800 3300

1367 2767 3367
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Appendix D
Graphs from Leaching Tests of
Sludge and Grouted Sludges
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Appendix D-Results of Sludge Leaching and Sequential Batch Leaching of
Grout

The treated sludge, with added calcium hydroxide and calcium sulfide, and the grouted
s'dges, after curing for 14 days, were subjected to batch leaching using water, in the case
of the sludge, and simulated acid rain or 0.1M acetic acid, in the case of the grouted
sludges. The discussion of the results follows.

Sludge Leaching Test (Reducing Eh and high pH)

It is known that the grouts will provide a high pH and a low Ep, to the system, if they are in
intimate contact with the sludge. In an effort to discover the leachability of the elements of
interest from the sludge, assuming no incorporation of sludge in the grout, and assuming
only that a high pH and a low Ep, can be maintained, the spiked sludge was subjected to
sequential batch leaching using deionized water spiked with calcium hydroxide and calcium
sulfide, to simulate the actual species expected to be present in a leachate from the grout.
The amount of calcium hydroxide and caicium sulfide added were sufficient to achieve very
high pH values and low Ep, values. By comparison to the leachabilities from the grouted
sludges, the leachabilities from the siudge alone were therefore inclined to be biased low,
since the actual Ep, and pH values in the solutions derived from batch leaching of the
grouted sludges, especially those leached with acetic acid, were less favorable (lower pH,
higher Ep). The procedure for determining Ep and pH is shown in Appendix A. All
graphs for the sludge and grout leaching resuits can be found in Appendix D.The values for
Eph and pH from the sludge as a function of leach cycle are shown in Fig.1S. The leaching
of uranium from the siudge, as an example, is shown in Fig. 2S; the big jump is
attributable to an increase in E}, as can be seen in Fig. 38S.

Sequential Batch Leach Test

The procedure for this test is described in Appendix A. It involves the preparation of well-
mixed specimens of grout and spiked sludge, curing of these specimens for fourteen days,
and feaching of the crushed (-9.5 mm) samples with either 0.1 M acetic acid, which
simulates EPA's Toxic Characteristic Leach Procedure (TCLP), or with pH 5 simulated
acid rain, which is believed to simulate the groundwater in the Savannah River area. It
should be pointed out that 14 days is a very short curing time, and the stabilization of
metals is thus probably much less effective than if the system had been allowed to cure for
a longer period of time.

There were two separate reasons for the batch leach test. First, it simulated the "best-case”
mixing conditions, in that the sludge and grout were deliberately homogenized in a mortar
mixer. It would enable the determination of that level of leach protection which might be
achievable from such mixing. Secondly, it gave a "worst-case” weathering scenario, in
which the pH of the system was allowed to be reduced essentially to that of the soil (or
lower), to determine what leaching protection the decomposition products of the grout still
might afford.

In addition to analyzing the extracts for their content of the metals and anions of interest,
each leachate was tested for Eh and pH. The Ep, resuits for the three grouted sludges
subjected to simulated acid rain (SAR) leach are shown in Fig. 1 (En/pH). The comparable
data for acetic acid leaching are shown in Fig. 2 (En/pH). Figs. 3 (Ep/pH) and 4 (Ep/pH)
show the comparable data for pH. The initial testing evaluating the leaching of the sludge
alone revealed that, of the elements of interest, cesium, selenium, and rhenium were very
easily leached. Unfortunately, the grouts did not provide much protection against leaching
of these two elements. The results are not surprising for cesium, as it is always present as

D-1
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Cs!* and is not amenable to chemical reduction, nor is its hydroxide insoluble. Selenium is
present as an oxyanion, which would be expected to be fairly soluble at high pH unless
stabilized. The high Re solubility was more surprising. On the basis of the reduction
potential for perrhenate ion, it is surmised that the heptavalent (+7) Re was not reduced by
the calcium suifide added to produce a low Ep, sludge, nor by the sodium thiosulfate
acJitive. In this respect, Re was found to be a poor surrogate for Tc, since pertechnetate is
known to be amenable to reduction by blast fumnace slag (Langton, 1987 and Bostick et al.,
1988). .

The leaching of the relatively insoluble metals from the sludge vs leach cycle is shown in
Fig. 48, and for the soluble metals, in Fig. 58. Uranium and cerium, the two surrogates
for plutonium, are both very insoluble from the sludge. The uranium becomes slightly
more soluble in the later leaching stages. Cerium remains almost completely insoluble.
Molybdenum has intermediate solubility, and so is shown by itself, in Fig. 6S. The strong
dependence of Mo leachability on Ep is documented in Fig. 78. ‘

Simulated Acid Rain Leact

In the simulated acid rain leaching studies, Cs was rapidly leached (Fig. 1GS), as is Re
(Fig. 2GS), although by comparison to the sludge alone, the grouts seem to reduce
leachability slightly. The grouts reduce Sr leachability significantly (Fig. 4GS).
Dependence of Sr leachability on Ep would not be expected, as the divalent state is the only
oxidation state of interest for Sr. pH dependence, on the other hand, wouid be anticipated,
and is observed. The two elements used as surrogates for plutonium, uranium and cerium,
showed very low leachability in the simulated acid rain experiments The uranium was
significantly better stabilized in the grout than simply in the pH/E}, adjusted sludge (Fig.
5GS). However, it did show some leachability dependence on Ep. Uranium is more
difficult to reduce than is plutonium, so plutonium’s E} sensitivity may be less marked.
Cerium was well stabilized in grouted sludge and in adjusted sludge (Fig. 6GS).
Presumably, the cerium is maintained in its trivalent state, which has low solubility.

The situation with molybdenum and selenium is very interesting. Molybdenum's
leachability is strongly dependent on E}, as well as on pH (Fig. 7GS). The fact that
molydenum was better retained in the sludge than in the grouted sludges is almost certainly
a function of the lower Ej, in the sludge. In the case of selenium, the grouts significantly
reduce the leachability relative to the sludge alone (Fig. 3GS). This finding is consistent
with the known ability of selenium to substitute for sulfur in ettringite-like compounds.
However, again Ep, is a strong factor in the solubility. It appears that Mo and Se are fairly
easily oxidized, and the oxidized forms are more soluble.

Iron, nickel, manganese, and silver are well retained at high pH in sludge or in grouted
sludge. Mercury is far better retained in grouted sludge.

Leachabilities with Acetic Acid

In the case of the acetic acid leaching, the pH became quite acidic in the latter stages of
leaching. As anticipated, most of the metals were poorly retained when the pH became
low. The leachability of cerium, molybdenum, selenium, and urahium vs milliequivalents
of acetic acid added are shown in Figs.8GS-11GS. Ep, is also plotted on these graphs, and
it is striking how well the curves track one another. Re is not as well immobilized, but its
leachability still tracks Ep, as shown in Fig. 15GS. The single electrode potential
companson reveals that, as compared to Tc, Re is simply rather hard to reduce to the

D-2
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tetravalent state, and easily re-oxidized to the heptavalent state. Mo is again much more '
readily leached at higher values of Ep.

Summary

¥ specially for the earlier leaching steps, the results reveal that all grouts perform
approximately equivalently in stabilization of the radionuclides of concem. Uranium and
selenium, as well as strontium, are far better retained in grouts than in sludges with
controlled pH and Eh. Cerium is well retained in all high pH, low Ep, systems. When
present in the heptavalent oxidation state, rhenium is not well retained in any of the systems
studied, and molybdenum is also rather mobile, although better stabilized at low Ep..
These results are in part attributable to the short curing period. Cesium retention is
minimal, and probably some grout compositional modifications would be necessary to
improve retention of this element.

D-3.
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Progression of pH and Eh on Leached
Sludge with added Ca(OH)2 and Ca$
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Leaching of Uranium from Spiked Sludge
at High pH and Low Eh
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0.1 — | /
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Figure 25
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Sludge- U Leach vs Eh
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Figure 35



. WSRC-TR-97-0102
APPENDIX "A" Revision 0
CTL Tauk 20 Reducing Grout Report Page 101

Eh, mv

Maintenance of Eh,
Grouted Sludges with Acid Rain
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Figure 1 (Eh/pH)
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Maintenance of Reducing Capability
Acetic Acid Sequential Leaching
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Figure 2 {Eh/pH)
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pH

Maintenance of pH,
Grouted Sludges with Acid Rain
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Figure 3 (Eh/pH)
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Maintenance of pH,
Grouted Sludges with Acetic Acid
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Figure 4 (Eh/pH)
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Leaching of Relatively Insoluble Metals
From Spiked Sludge at Low Eh, High pH
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Figure 4S8
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Leaching of Soluble Metals from
Spiked Sludge at Low Eh, High pH
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Figure 55
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Leaching of Mo from Spiked
Sludge at Low Eh, High pH
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Figure 6S
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Relationship Between Eh and Mo
Leachability from Spiked Sludge
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Figure 7S
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Cumulative % Cs Leached

Leaching of Cs with Simulated Acid Rain
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Cumulative % Re Leached

Leaching of Re with Simulated Acid Rain
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Leaching of Se with Simulated Acid Rain
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Leaching of U with Simulated Acid Rain
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Cumuliative % Ce Leached

Leaching of Ce with Simulated Acid Rain
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Leaching of Mo with Simulated Acid Rain
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Leaching of Mo with Acetic Acid
Effect of Total Acid and Eh
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Leaching of Se with Acetic Acid
Effect of Total Acid and Eh
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Leaching of Re with Acetic Acid
Effect of Total Acid and Eh
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Appendix E
Scanning Electron Microscopy/Energy
Dispersive X-ray Analysis



WSRC-TR-97-0102
APPENDIX "A" Revision 0
CTL Tank 20 Reducing Grout Report Page 123

Appendix E-Diffusion of Sludge Components
P tion of speci

Tt.e mix proportions of the three grouts used in the test program were as shown in the
following table. Note that the sodium thiosulfate (Nap$203) was omitted from these
grouts, as it was expected to have no effect on the microstructure or diffusion properties.

Table 1E-Grout Mix Designs

Grout 1 Grout 2 Grout 3

Type | Cement, g 596 760 —
Type K Cement. g — 165 —_
Type V Cement, 9 — — 1384
Slag, g 110 165 110
Silica Fume, g 80 ‘90 80
Masonry Sand, g 1440 1440 1440
Water, g 350 522 639
Retarder, mbi 4 4.5 4

Superplasticizer, mL 20 27 11

Each grout was mixed according to the following sequence: The cementitious materials
were thoroughly mixed in the dry state in a separate pan. The water and chemical
admixtures (retarder and superplasticizer) were poured into the bowl of the Hobart mixer,
after which the cementitious materials were added. The materials were mixed at speed 3
(fastest speed) for one minute. The mixer was then stopped to allow time to scrape down
the sides and bottom of the bowl with a rubber scraper to dislodge any dry material
adhering to the bowl. The mixer was then restarted at speed 3 and the sand added in a
steady stream; mixing continued for two minutes. The mixer was stopped to allow time to
scrape the sides and bottom of the bowl, The mixer was restarted at speed 3; mixing
continued for an additional minute.

Grouts were then cast into 400 ml beakers to a level of approximately 250 ml. The beakers
were covered with parafilm to prevent moisture loss and then placed into the laboratory
oven, which had been preheated to 48°C. After at least four hours of curing at 48°C,
approximately 50 ml of spiked sludge was carefully poured onto the top of each grout to
avoid disturbing the grout surface. In the case of Grout 1 only, the retardation of set was
such that the grout had not set; thus some mixing of grout and sludge was unavoidable.
The beakers were again covered with parafilm and returned to the oven.

The grouts were leftto cure at 48°C for 14 days with the sludge in place. At age 14 days,
the loose sludge was removed from the specimens and discarded in accordance with
accepted environmentally sound procedures. The grout was removed from the beaker.
Two specimens of approximately ! cm3 were sawcut from each grout sample: one at the
surface and one in the interior for comparison purposes. All cutting and polishing was
done without the use of aqueous coolants or lubricants in order to avoid the dissolution of
the materials to be examined.

One surface of each cube, chosen from those that were originally perpendicular to the grout
surface, was polished using a series of successively finer polishing grits to form a smooth
surface that would not interfere with the collection of accurate X-ray data. The polished
surface of each specimen was then sputter-coated with carbon to conduct electrons away

E-1
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from the surface, thus preventing charging (which interferes with the data collection).
Carbon was selected in preference to gold coating because it causes less interference in the
detection of elements of lower atomic mass.

Scanning electron microscopy

Backscattered electron imaging. Backscattered electron images of the top surface
samples of the three grouts were examined at several magnifications. As can be seen from
the notations on the photomicrographs, the microscope was operated at an accelerating
voltage of 15 kV. The microscope usedhas a maximum accelerating voltage of 25 kV.
The choice of accelerating voltage represents a compromise between resolution and
contrast: higher voltages give greater contrast, but reduce the resolution because the
electron beam penetrates further into the specimen. Observation of X-ray spectra
(discussed below) of these specimens made it clear that little if any diffusion or capillary
suction of the elements from the sludge into the grout had taken place; thus it was not
necessary to examine the specimens taken from the interior portions of the grouts.

Backscattered electron images of polished specimens depict the various phases as gray
levels ranging from bright white (highest mean atomic mass) to black (lowest mean atomic
mass). In these samples the brightest material is the slag due to its iron content. The
unhydrated cement particles appear light gray; the hydration products darker gray; and the
sand particles, cracks, and air voids black. (If it were necessary to distinguish between
sand particles and voids by gray level, the microscope's accelerating voltage, brightness,
and contrast could be adjusted accordingly.)

Due to the short time of exposure to the sludge, little or no diffusion into the grout could be
expected. However, capillary action was a distinct possibility given the previously
observed tendency of the grouts to desiccate the sludge. Thus after a quick overview of the
entire specimen, the examination concentrated on the material near the cracks perpendicular
to the top surface. While there was some randomly oriented microcracking in the
specimens, many of the cracks were more or iess perpendicular to the top surface and
emanated from it, as shown for Grout 1 in Fig. 1. In this figure the top surface is near the
right edge of the photomicrograph. Note that near the surface the concentration of the sand
grains is reduced, an indication of slight bleeding and segregation of the grout. Because
preparation of the specimens involves drying, some of the cracks could have been induced
during the preparation process. However, such cracks would tend to begin at any surface,
not the top surface in particular. Thus it is likely that at least some of the cracks emanating
from the top surface initiated during the curing stage. Evidence for this is shown in Fig. 2,
which contains a crack with deposits inside. Figure 3 also provides evidence of early
cracking, since the crack has gone around, not through, the slag and cement particles.
Since cracks choose the path of least energy, they will avoid material that is stronger in
preference to weak material. As hydration proceeds the hydration products gain strength
and are no longer significantly weaker than the unhydrated slag and cement particles.

Figures 4-6 show the microstructure of Grout 2 near the top surface (on the right in these
photomicrographs) at increasing magnifications. These are similar to those of Grout 1 in
showing evidence of slight bleeding, though less than in Grout 1. This is consistent with
the observed retardation in the setting of Grout 1 as compared te the other grouts. Here,
too, most of the cracks emanated from the top surface and were oriented more or less
perpendicular to it. Figures 5 and 6 show the crack path around the slag particles. Figure
7 shows a view of Grout 3. In this case the crack may have formed during the specimen
preparation process, as it passes through a slag particle, indicating that the surrounding
material had gained some strength before the crack propagated through it. :

E-2.
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X-ray analysis.

X-ray microanalyses were performed on the polished specimens as a first step in mapping
select elements to determine the depth of penetration of the sludge into the grouts.

E!>ments for mapping were selected from analyses of grout constituents and sludge. The
X-ray microanalysis field was on the order of 1 mm2. Analyses were performed on each
specimen at or near the surface of the grout which was in contact with the sludge.

Analyses were typically performed at microcracks perpendicular to the top surface to
determine the degree of penetration of the elements from the sludge due to capillary suction.

In all cases, the major elements found in the analyses were those of the original grout
materials. High concentrations of calcium, silicon, and aluminum were noted, as expected.
These elements are attributed to the constituents of the grout. Additional elements were
also identified, as indicated in Fig. 8. Figure 8 is an X-ray spectrum of a | mm? arca near
the top surface of grout 3.

Figure 8 also indicates that some elements have multiple peaks and that many elements have
peaks of similar energy. An example of multiple peaks is calcium which has peaks at 0.35
and 3.6 kV. Silicon and tantalum are examples of overlapping peaks. These peaks overlap
in Fig. 8 at 1.75 kV. Each element has a unique fingerprint of multiple energy peaks
referred to as the K, L, and M lines (corresponding to their atomic structure). Incident
electrons of different energy levels are required to produce the K, L, and M lines. As an
example, incident electrons with a minimum energy of 125kV, 18 kV, and 3 kV are
required to produce K, L, and M lines (respectively) of mercury. Since the SEM used in
this study was operated at 15 kV, only the M-lines of mercury could be produced. Other
elements may also have similar energy peaks. For example, bromine, tungsten, and
rhenium all have L-line energies similar to the L-line energy for mercury. Many elements
have one or more peaks with minimum energy levels exceeding 15 kV, therefore could not
be observed with this microscope.

Elemental Mapping

Elemental mapping was performed to determine the location and relative concentration of
elements from the siudge within the grout matrix. Mapping assisted in evaluating whether
the elements of minor concentration are trace elements in the grout constituents or were
leached and/or diffused from the sludge. Mapping also assisted in evaluating the method of
movement of elements within the grout (via diffusion or capillary suction) and whether the
elements were prefercntially attracted to a particular component of the grout. Table 2E
presents the mapped clements, their associated energy lines, and possible overlapping
elerments ot interest. Note that a number of elements presented in Table 2E overlap. For
this reason it is important to interpret the element maps along with the corresponding
backscattered images and to possess a knowledge of the grout composition.

E-3 -
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Table 2E-Energy Lines and Overlaps of Mapped Elements

Element Energy Line Overiapping
Elements
Aluminum K
Calcium K
Calcium L C
Cerium L Ba
Cesium L
Chromium K Mn
Cobalt K Fe, Ni
Copper K
Copper L o]
lodine L Ba
lron K
Manganese K Cr
Mercury M S, Mo
Molybdenum L S, Hg
Nickel L Co,Ceo
Rhenium M Si, Sr
Selenium L
Silicon K Sr, Re
Silver L S, Hg
Sodium K Zn
Strontium L Si, Re
Suifur K Mo, Hg
Uranium M K, Ag
Zinc L Na

Elemental mapping of the grouts was primarily concentrated at cracks perpendicular to and
emanating from the top surface of the grout, where capillary suction could draw sludge
water and solids into the grout. A photomicrograph of the mapped area of Grout 2 is
presented in Fig. 9. The left side of the photo is approximately 1 mm below the surface of
the grout. A large crack runs from the top surface to the center of the grout (left to right in
the figure). Several large pores are clearly visible, as well as sand particles. Figure 10
presents the element map image. Colors of the individual elements were arbitrarily
selected. For each element, darker shades of color indicate lower concentrations, while
brighter shades indicate higher concentrations.

Upon initial examination, the sand particles in Fig. 10 are made up of aluminum, rhenium,
silicon, and strontiuin. As discussed above, overlap of the characteristic element energies,
reveals that thenium, silicon, and strontium all have overlapping characteristic energies.
Therefore, the sand particles are most likely aluminum and silicon. Within the detection
limits of the method®, diffusion of sludge elements such as cesiem, cerium, selenium, etc.
has apparently not occurred as indicated by the lack of a concentration gradient from the top
surface of the grout (left to right in the figure). Capillary suction apparently did not

* Minimum detection limits are increased by the presence of overlapping elements. Diffusion concentration
gradients or concentrations along cracks, if in existence, would be detected if there had been significant
infiltration of the sludge constituents.
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conduct sludge solids into the grout. Trace amounts of copper, manganese and iron appear
to be present in the grout constituents.

Similar findings are observed in Grout 3, presented in Figs. 11 and.12. The top surface of
ine grout (in contact with the sludge) is approximately 1 mm below the bottom of the
ligures.

The crystals noted in Grout 1 (Fig. 2) were also mapped and are presented in Fig. 12. The
crystal growths are most likely sodium, potassium, and silicon due to the bulk of the

specimen being grout.
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Figure 6 - Grout 2 top.
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Appendix F
Thermal Considerations, Hydration of Grouts and
Grouted Sludges
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Analyses to Evaluate the Heat Generation and Dissipation in
Grout and Grout/Sludge Mixes

Construction Technology Laboratories, Inc. (CTL) has performed simplified calculations to
evaluate the heat generation and dissipation of six grout and grout/sludge mixtures for use in
the Westinghouse Savannah River (WSR) underground radioactive waste storage tanks
(USTs). These analyses used data measured at CTL and data from CTL's WSR contacts.

SUMMARY AND CONCLUSIONS

Simplified one-dimensional calculations were performed to predict the maximum
temperatures within the grout for three mix designs, with and without intermixing of the
sludge material. These analyses assumed the grout was placed in three lifts, with each lift
approximately 1 ft high. Lifts were placed at 3 day intervals (at times 0, 72, and 144 hours).

Calculated maximum temperatures are based on the lift thickness, heat generation of the
grout, and assumed soil, air, and grout temperatures during placement. At the request of
CTL's WSR contacts, the temperature of the air in the UST, the temperature of the UST, the
temperature of the soil beneath the UST, arid the deep soil temperature were assumed to be
70°E. Calculations utilized measured heat of hydration data and estimated thermal properties
of the grout mixtures.

The grout temperature during placement in the UST was assumed to be 75, 85, or 95°F.
Results indicate the grout placement temperature has a small effect on the ultimate maximum
temperature within the grout. The 1-ft thick layer of grout generally cools to ambient
temperature {approximately 70°F) before significant heat is generated by the cementitious
materials in the grout. However, the grout must meet project flow cone requirements at the

placement temperatmre.

The maximum temperatures for Grout No. 1, 2, and 3 and Grout Nos. 1, 2, and 3 with
sludge, respectively, were approximately 130, 115, 110, 105, 115, and 125°F. The highest
temperatures are expetienced with Grout No. 1 because of its delayed heat generation
compared to the other grouts.

It is important to note that calculation assumptions may not replicate field conditions.
Calculations assume the air temperature within the UST remains at 70°F regardiess of the heat
generated by the grout. If the air temperature rises significantly, or the thickness of the grout
layers is increased, the grout will not cool as predicted. Calculations also assume the rate of
beat evolution from cement hydration is identical at 75, 85, and 95°F placement temperatures,
which is a simplification commonly performed using this calculation method. The calculated
peak temperature and time of occurrence are generally not significantly affected by this
assumption. -
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STRUCTURE AND MATERIALS

Information received from WSR indicated that the USTs are steel-lined single-shelled,
reinforced concrete tanks with approximate dimensions of 85 ft in diameter and 30 ft in
height. The USTs are buried under approximately 15 ft of soil. The USTs are vented,
therefore the air temperature (within the UST) is similar to that of the ambient air temperature
(above ground). Approximately 2 to 3 in. of "sludge” remains at the bottom of the USTs,
which will be intermixed/encapsulated within the grout.

Grout mix designs and measured heat of hydration data at 73.4°F for the cementitious portion
of the grout and grout/sludge mixtures are presented in the main body of this report. The
grout with sludge was assumed to contain 17% sludge. Grout mix designs were identified as
Nos. 1, 2, and 3. This nomenclature corresponds to that used in the main body of this
report.

Dr. Miller of CTL indicated that grout will be placed in one-foot thick lifts at 3-day intervals.

CALCULATION TO PREDICT CONCRETE TEMPERATURES
Assumptions

Caiculations were performed to predict the maximum temperature within the grout. Heat of
hydration of the cementitious portions (without sand) of Grout Nos. 1, 2, and 3 with and
without siudge are presented in the main body of this report. Resuits are also presented in
Fig. . Results were provided in joules per gram per hour of cementitious material with and
without sludge for a period of approximately 3 days. The heat generated for the grouts with
sludge occurred earlier and over a shorter time period than that without sludge. If data were
available for cement hydration at 85 and 95°F, it most probably would also show heat
generation occuring earlier and over a shorter time period than that at 73.4°F.

Temperature rise of the grout under adiabatic conditions was calculated using the heat of
hydration data, grout mix design, and the equation on page 189 in Chapter 15 of Design and
Control of Concrete Mixtures, Portland Cement Association (PCA) Publication EBOO1. The
specific heat of the grout was assumed to be 0.24 Bay/1b-°F.

One-dimensional heat dissipation of the grout elements were calculated in accordance with
Arerican Concrete Institute {ACI) Standard Practice on Mass Concrete, ACI 207.1R-87,
"Mass Concrete”. This finite difference method had 0.20-ft thick grout elements and
temperatures were caleulated at approximately 30 minute intervals. Thermal diffusivity of the
grout was assumed to be 1.0 ft2/day. This value is recommended in Section 5.3.4 of ACI
207.1R-87 when actual thermal diffusivity is not known. Concrete thermal diffusivities
presented in this reference range from 0.77 to 1.39 ft?/day. -

At the request of CTL's WSR contacts, the temperature of the air in the UST, the temperature
of the UST, the temperature of the soil beneath the UST, and the deep soil temperature were
assumed to be 70°F. The temperature of the air in the UST was assumed to remain at 70°F
regardless of the heat generated by the grout. The temperature of the soil beneath the UST
‘was allowed to gain heat as a result of the heat generated by the grout.
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Results

The grout temperature during placement in the UST was assumed to be 75, 85, or 95°F.
Maximum grout temperatures during the first 12 days after placement are presented for the
three grouts with and without sludge in Figs. 2 through 19. Results indicate the grout
placement temperature has a small effect on the ultimate maximum temperature within the
grout. The 1-ft thick layer of grout generally cools to ambient temperature (approximately
70°F) before significant heat is generated by the cementitious materials in the grout.
However, the grout must meet project flow cone requirements at the placement temperature.

The maximum temperatures for Grout Nos. 1, 2, and 3 and Grout Nos. 1, 2, and 3 with
sludge, respectively, were approximately 130, 115, 110, 105, 115, and 125°F. The highest
temperatures are experienced with Grout No. 1 because of its delayed heat generation
compared to the other grouts.

The highest maximum grout temperatures occur at the 95°F placement temperature for Grout
No. 1 and the Grout No. 3 with sludge mixture. Maximum temperature differences between
the center and surface of the grouts are presented in Figs. 20 and 21. The maximum
temperature differentials are 57°F and 53°F for Grout No. 1 and the Grout No. 3 with sludge
mixture, respectively. Figures 22 and 23 present the calculated maximurm grout temperatures
within individual lifts and at lift interfaces. The difference in the number of peaks in these
figures is due to the delayed heat of hydration of Grout No. 1 in comparison to that of the
Grout No. 3 and sludge mixture.

The results of these analyses are based on the heat of hydration measurements presented in
Fig. 1. These measurements were performed at 73.4°F. If the temperature during the time of
placement is increased, the heat may be generated sooner and with a higher peak. Due to the
rapid heat dissipation which occurs in the 1 ft thick lifts, the maximum grout temperatures of
the first lift may increase, however, the overall maximum grout temperature (which occurs
after placement of the third lift) would most likely decrease or remain the same.

Importance of Assumptions

It is important to note that calculation assumptions may not replicate field conditions. The
use of heat of hydration data obtained at 73.4°F but applied to all placement temperature cases
is anticipated to only slightly change the calculated maximun temperatures as noted above.
Calculations assume the air temperature within the UST remains at 70°F regardless of the heat
gcn;ratcai by the grout. If the air temperature rises significantly the grout will not cool as
predicted.
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Appendix G
Heat of Hydration by Conduction Calorimetry



WSRC-TR-97-0102
APPENDIX "A" : Revision 0

CTL Tank 20 Reducing Grout Report Page 166

Appendix G - Heat of Hydration by Conduction Calorimetry

tisat of hydration is obtained by conduction calorimetry, which is described, in general
terms, in the body of the report in the section titled "Thermal Considerations and Heat of
Hydration Tests”. The specific details are described in Appendix A, "Procedure for the
Conduction Calorimetry Measurement of Heat of Hydration".

The results of the tests showing the rate of heat evolution versus the time in hours on a
linear scale are shown in this Appendix. Data for Grout #1 with and without sludge are
shown in Fig. 1, for Grout #2 with and without sludge in Fig. 2, and for Grout #3 with
and without sludge in Fig. 3. The results indicated all three grouts are substantially
retarded with the earliest maximum heat generation occurring for Grout #3 and the latest for
Grout #1. Complete mixing of sludge and grout accelerated the reaction significantly with
the strongest interaction between sludge and Grout #1. When mixed with sludge, the
carliest maximum heat generation occurred with Grout #1 and sludge and the latest for
Grout #2 and sludge. The details described below are most easily followed by refering to
the following figures.

Grout #1 was dormant for 62 hours during which 23.2 kl/kg heat evolved; maximum heat
evolution of 4.54 kJ/kg/hr occurred at 83.9 hours when total heat evolved was 70.3 ki/kg.
After 112 hours, only 164 kJ/kg heat had been generated by hydration. This is in sharp
contrast to grout #1 and sludge which was dormant about 5 hours having released 6.23
kJ/kg, then the rate increased rapidly to 10.26 kl/kg/hr at 11.4 hours with cumulative heat
release of 45 kJ/kg. Heat released through 112 hours is roughly estimated as 204 kl/kg.
The data for Grout #1 are shown in Fig. 1.

Grout #2 had a dormant period of 16 hours which decreased to 10 hours with sludge; heat
evolved up to these times was 19.0 and 22.9 ki/kg. Maximum heat evolution occurred at
37.3 hours without siudge at a rate of 4.37 kJ/kg/hr and with sludge at 10.8 k1/kg/hr after
20.4 hours of hydration. The total amount of heat evolved when the maximum rate
occurred was 62.3 kJ/kg for the case with no sludge and 79.2 kl/kg with sludge. After
112 hours, the total heat evolved for Grout #2 alone was 240 kl/kg and it is estimated that
292 kJ/kg would evolve for this grout mixed with sludge after 112 hours. Data for Grout
#2 with and without sludge are shown in Fig. 2.

Grout #3 was dormant for 10 hours during which 9.7 kJ/kg of heat was generated and the
maximum rate of heat evolution was 4.9 kJ/kg/hr at 32 hours; cumulative heat evolved at
this time was 64.1 kJkg. Cumulative heat of hydration after 112 hours was 219.2 kl/kg.
Heat was normalized to cementitious material and a greater percentage of this mix was
cement than in the other grouts (see Table 2). The higher cumulative heat, in part, is due
to the higher cement content. When mixed with siudge, Grout #3 was dormant 7 hours
during which 10.7 kJ/kg heat had evolved. The rate of heat generated increased quickly to
13.1 kJ/kg/hr at 17.7 hours; the heat evolved during this time was 71.6 kl/kg. Itis
estimated that 289 kJ/kg heat would be evolved after 112 hours by the hydration reactions
of Grout #3 mixed with siudge. These data for Grout #3 are shown in Fig. 3.

The findings were used in calculating the temperature profile in the tank as a function of
time, for all three grouts and for all three grouts perfectly intermixed with sludge. These
findings are given in Appendix F.
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Appendix H
Literature Review,
Stabilization of Radionuclides
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U NTITI M ‘STAB D IV

by

Javed |. Bhatty and F. M. Miller
Construction Technology Laboratories, Inc
Skokie, Illinois 60077

Abstract

This report summarizes the findings from literature investigations on the stabilization of
commonly known radionuclides in cementitious systems. The cementitious systems studied
are pastes, slurries, grouts, mortars, and concretes. The topics covered in the report are the
formulations of the cement-based systems, and the mechanism of stabilization, in terms of the
metal interaction with the hydration products calcium silicate hydrate (C-S-H), calcium
hydroxide (C-H), and ettringite, and in terms of modifications in pore solution chemistry. The
degree of stabilization is discussed in terms of metal leachability from the stabilized mass as a
function of matrix composition, metal dosage, curing time, nature of leachant, pH, and
environmental changes. Selected examples have also been cited as practical scenarios. The
impact of interaction of cement and its hydration products with the wastes in the near-field
conditions, are also discussed. Particular emphasis is placed on the radionuclides of concern
for the present situation and of their surrogates, i.e., Tc, Se, Cs, Sr, Pu, U, Ce, etc.

Summary

The radioactive elements are stabilized in cement matrices by: 1) forming stable hydroxides due
to high pH, and 2) incorporation into the calcium silicate hydrate through substitution, ,
adsorption, or precipitation during hydration. The microstructure of C-S-H gel and its
modifications immobilize radioactive species by substituting for Ca into the lattice.

Several formulations that have been designed to immobilize commonly found radioactive
species, are based on ordinary portland cement (Type I/I), fly ash, and clays, and selected
modifying additives. When tested for Cs, Cm, Pu, and Sr leachability, the grouts were
comparable to the borosilicate glasses.

H-1
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Additjons of blast furnace slag in cement-clay based grouts has shown improvements in the
retention of Cs and Tc. The selective effect of slag on Tc retention, is its ability to reduce
Tc(V™) to less soluble Te(IV) due to the presence of Fe2+ and Mn in slag. .

Use of other additives such as silica fume, activated carbon, and hydrated lime in the cement-
based grouts has also been reported.

When used to contain multiple radioactive species such as Cs, Sr, and Tc, grouts composed of
slag cement and portland cement, with bentonite or silica fume behaved independently. Lower
liquid-to-cement ratio appeared beneficial. Bentonite improved the retardation of Cs
significantly, but silica fume acted adversely.

Addition of hydraulic lime in a slag-based grouts activates "gelation" or setting of the mixes.
Addition of lime to slag-fly ash grouts reportedly improved Tc retention.

In certain situations ordinary portland cement and fly ash grouts were marginally acceptable for
retention of 99Tc. Addition of slag reduced the leachability of Tc by several orders of
magnitude.

A summary of the findings on grout formulations, their ability to stabilize various radionuclides
in terms of leaching and structural durability of the matrix, reported in this review is given in
Table 15. ‘ '
General Introduction
Nuclear wastes are generally solidified in cementitious systems prior to disposal in a
subsurface environment. The radionuclides contained in the wastes are tied up in the cement
system either in the hydration products that are stable at high pH, or they are physico-
chemically incorporated in the solid matrix via adsorption and precipitation, or by forming
other products such as ﬁhosphates or carbonates, dependent upon the environment as the
system ages. The degree of stability of these species is dependent upon the solubility of the
product and the complexation of the radionuclides, and the nature of the environment. The
report deals with published work on the subject of cement-based systems used in stabilizing
radionuclides, their stability, and leaching habits as the environment changes. The
formulations of pastes, grouts, mortars, and concretes used in stabilizing various elements, and

data obtained on stability and leachability are used for elucidation of the mechanism of
stabilization.
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Cement has not only become a generally accepted primary matrix in stabilizing radioactive
wastes, but is also considered for use in other aspects of repository constructions. Glasser
[199"] has reviewed the progress on the use of portland cement and the addition of other
cementitious materials in immobilizing radioactive wastes. Supplementary cementitious
materials such as fly ash, blast furnace slag, and silica fume are frequently used to improve the
initia] packing and fluidity, and reduce permeability, of the stabilizing matrices. Silica fume,
however, generally requires a viscosity-reducing admixture to attain acceptable fluidity. The
amount of these materials may range up to 70% for certain fly ashes, 90% for blast fumace
slag, and about 10% for silica fume for appropriate application. Conditioning aids such as
sodium silicates to precipitate heavy metals and to reduce permeability, and organic polymers
as "getters” to incorporate tritium are also used as matrix modifiers. Details on the types of
supplementary cementitious materials, conditioning aids, and "getters" commonly employed in
radioactive waste stabilization, and their primary roles are summarized in Table 1.

Table 1: Supplementary cementitious materials, conditioning
aids, and getters [Glasser, 1992]

Materials Applications

Fiv ash Reduces permeability, increases mix
Y fluidity, reduces initial heat evolution

Reduces permeability, increases mix
fluidity, reduces initial heat evolution,
lowers internal Eh

Blast furnace slag

Reduces permeability, increases sorption,

Silica fume reduce segregation, reduces leaching of
calcium
.. Reduces water demand, and permeability,
Superplasticizers improves flowability
: - . Conditions borate waste and ensures set,
Calcium hydroxide and sodmm maintains high pH
hydroxide
Sodium silicate Precipitates heavy metals, reduces

permeability, accelerates hardening

Reduce solubility of specific radioactive
waste species (¢.g. Ag for jodine
structural conditioning)

Miscellaneous "getters": chemical and

Reduce permeability, "getter” for tritium

Organic polymers

According to Glasser [1992], the chemical factors associated with cementitious systems in
stabilizing wastes become more important at iater ages. Cements furnish a matrix that arises
from the C-S-H micropore network and its concomitant high surface area. C-5-H gel and
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Ca(OH); dominate the chemical properties of the aqueous phase in cement and its blends with
cementitious materials. Both C-S-H gel and Ca(OH); can undergo microstructural
modrication when exposed to high temperature environments, which can lead to changes in
their properties. Low level wastes are unlikely to emit sufficient radiation to cause significant
changes in matrix properties. Moderate-to-high level radiation causes radiolysis in the aqueous
phase in the micropores, that can lead to gas evolution causing microstructural stress and
eventual degradation of the matrix. Such microcracks probably have very little effect on
leaching, because hydrated cement normally contains flaws in the form of microcracks.
However, the larger cracks act as channels and promote movement as well as leaching of
radioactive wastes.

The role of calcium silicate hydrate, and its modifications in particular, in immobilization of
radioactive species was studied by McCulloch et al [1985]. They assessed the immobility of
the species by relating to the mineralogy of the calcium silicate hydrates. For instance,
tobermorite and xonotlite were studied, because these minerals result from hydrotherrnal
treatment of calcium silicates and are probably thermodynamically stable in cement matrices.
Clinoptilolite was studied because of its considerable ion-exchange capacity and high selectivity
for radioactive ions difficult to immobilize, such as Cs and Sr. Portland cement and high
alumina cement (HAC) blends with fly ash and blast furnace slag were also studied for
comparison. Slags and fly ash did not adsorb Cs to the same extent as clinoptilolite but their
reaction with Ca(OH); was slower. This property was considered advantageous especially in
the HAC-fly ash/slag blends, where the release of Cs bound in Ca(OH); could be effectively
suppressed in the pore system. Tobermorite and xonotlite appeared stable in the cement matrix
to potentially improve Cs immobilization by substituting for Ca into the lattice.

o s of Cementiti ce

The design of a durable radioactive waste system is considered at the fabrication stage. The
raw materials: cement, s'upplementary cementitious materials, matrix modifiers, "getters", and
the aggregates, need to be properly selected, specified, and formulated specific to any particular
application. The potential impact of waste stream constituents, active as well as inactive, needs
to be assessed for appropriate application and peak performance. There are several reports that
deal with the design and formulation of cement-based systems to stabilize the radioactive
species.
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Moore et al. [1976] have evaluated the formulation of a cementitious grout to immobilize a
number of nuclides including Cs, Cm, Pu, and Sr contained in a waste. The grout was
prep:..ed by combining the predetermined amounts of dry solids with desired volumes of
wastes. The solids consisted of a mixture of of Type I portland cement, fly ash, and clay
(Attapulgite-150 and Grundite). Modifying additives such as sugar (delta gluconoiactone or
CFR-1) as a retarder, and tributylphosphate (TBP) for easy release of air and to prevent
foaming, were also added. The grout composition is given in Table 2, as follows:

Table 2. Grouts containing cement, fly ash, clays, retarder, and
and anti-foaming additive for stabilizing Cs, Pu, and Sr
(Moore et al, 1976) .

Components Mass (%)

Cement 15.33
Fly ash 15.33

Attapulgite-150* 6.13

Grundite** 3.07

CFR-1 (sugar) : 0.02

 TBP (tributylphosphate) 0.03

Waste salts (containing Cs, Cm, Pu, and Sr) 6.11
H>0 : 53.62

* Anapulgite-150 is a trade name of a clay product from polygroskite group of clay minerals.
»% Grundite is also a trade name of a clay product from the illite group of clay minerals from
Grundy County, Illinois.

The grout was placed, cured, and tested for Cs, Cm, Pu, and Sr leachability . The leachability
performance was found comparable to those of borosilicate glasses. However, with proper
adjustments of the mix formulations, it was possible to further improve the desired properties.

Brodda [1988] designed a number of cement-based slurries to stabilize medium level wastes
containing Tc using portland cement (OPC), blast furnace slag cement (BFSC), and high
alumina cement (HAC) with and without the use of bentonite and microsilica. In the first trial,
cements-only slurries were used. Separately, 5% bentonite was added to all cements, and 15%
and 30% microsilica was added to portland cement and high alumina cements only. The
cémpositions of the slurries are shown in Table 3. A quinary brine solution (referred as Q-
brine) and distilled water were used as leachants. The Q-brine was composed of NaCl -1.5%,
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KCl -3.6%, MgCl3 -24.6%, MgSO4 -2.3%, and H,O -68.0% by weight. The-water-to
cement ratio was adjusted to 0.47.

Tzble 3. Slurries containing cement, alumina cement, slag, clay,
and microsilica to stabilize Tc (Brodda, 1988)

- Combinétion by Mass %
Components opgrOI:ABCFSC OP%roizfgsc OPC or HAC | OPC or HAC
Cements 68 64.5 57.8 47.6
Bentonite - 5 - -
Microsilica - - 15 30
‘;":{;;ﬁ:g‘ﬁ“ 32 30.4 27.2 22.4

The leachability of Tc was investigated. Data on 137Cs and 36C] were used for comparative
studies. With high alumina cement-bentonite slurry gave unfavorable results. High alumina
cement itself performed somewhat better than the high alumina cement-bentonite slurry.
Portland cement with or without bentonite showed a medium leachability. The best results
were obtained with the blast furnace slag cement where the leachability was below 0.1%.

In subsequent studies, Brodda and Mingxia [1989] used cementitious systems composed of
blast furnace slag cement, portland cement, with bentonite or Microsilica (see Table 4), to

Table 4. Cement slurries containing slag/cement, clay/microsilica,
acrylic resin, and sulfides for Cs, Sr, and Tc stabllization [Brodda and
Mingxia, 1989}

Compositions, mass %
Components [Slurry 1 [Slurry 2 [Slurry 3 |[Sturry 4 [Slurry 5 |Slurry 6
Slag or cement 68.0 66.3 64.6 64.6 63.6 69.0
Waste solution or
water 32.0 31.2 304 30.2 30.0 24.1
Bentonite or
Micrasilon : 2.5 5.0 50
Sulfide ion - - 0.17 - -
PL]_EXILITH 850 - 6 5 - 6.4 6.9
L'q“r‘gt’i‘;imc“‘ 0.47 0.47 0.47 0.47 0.47 0.35
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immobilize chlorine, cesium, strontium, and technetium from intermediate level liquid waste
(ILLW). Acrylic resin (PLEXILITH 850) and Na3S used as additives. In some cases,
port)i.nd cement was also used. The liquid-to-cement ratio was mostly 0.47 except for one
slurry where the liguid-to-cement ratio was 0.35.

Bentonite reduced the rate of leaching of Cs significantly, but had no significant effect on Cl,
Srand Tc. Microsilica hindered the stabilization of Cs, but has no effect on Cl, Sr, and Tc
release. Sulfide was expected to reduce the leachability of Tc by forming insoluble Tc3S7.
However, no significant effect was observed, because either Tc2S7 did not form at the pH of
the sturry or, because of the solubility competition, insoluble Tc also formed in the absence of
sulfide ions. Acrylic resin did not reduce the leachability of Cs significantly. A liquid-to-
cement ratio of 0.35, instead of 0.47, improved the retention of Cs by a factor of 1.5-4, which
may be due to a reduction of porosity in the specimen. Leachability behavior of the nuclides is
discussed later in the leaching section of this report.

Gilliam et al [1990] used cement-based grouts to stabilize mixed low-level radioactive and
chemical hazardous wastes. Ordinary portland cement and fly ash grouts were marginally
acceptable for retention of radioactive 99Tc, which was present in the waste as the highly
mobile pertechnetate anion. Examples of grout compositions are given in Table 5.

Table 5. Grouts containing fly ash and blast furnace slag for
stabilizing Tc (Gilliam, 1990)

Components Mass %
Siudge containing Tc 13.9 40.0 (wet) 30.0
Water 36.1 - 20.0
Portland cement (Type I/II) 24.0 20.0 24.6
Fly ash (Class F). 24.0 20.0 24.6
Blast furnace slag - 20.0 -
Reducing additive 2.0 (FeSOy4) - - 0.9 (Nas8)

The addition of ground blast furnace slag to the grout reduced the leachability of Tc by several
orders of magnitude. The selective effect of slag is belicved to be due to its ability to reduce

H-7



WSRC-TR-97-0102
APPENDIX "A" Revision 0
CTL Tank 20 Reducing Grout Report Page 178

Te(VID) to the less soluble Tc(IV) species. The use of other reducing additives (¢.g., Naz5,
Fe2*, etc.) also improved the Tc¢ retention.

In earlier similar studies, Bostick et al [1988] also used ground slag in cement-based grouts to
stabilize Tc from toxic wastes that aiso contained Pb, Cd, U, and Ni. 99Tc was present in the
waste as the highly mobile pertechnetate anion. By increasing the proportion of slag, the
effective diffusivity of Tc from the grout was significantly reduced. The slag reduces Te(VII)
to the less soluble Tc(IV) species. Other reducing admixtures such as Na3§, Fe+, and
powdered Fe, also improved Tc retention. Burns et.al [1991], also emphasized the
importance of slag addition in stabilizing Tc(VII) in the presence of gamma radiolysis of
Np(IV). Solutions of Tc(VII) are reduced to Tc(IV) by gamma irradiation when in contact with
slag-portland cement mixture under an inert atmosphere, but not when in contact with fly ash-
portland cement mix.

Langton [1987) evaluated a slag-based waste form to stabilize low level salt solutions
containing 99Sr, 99Tc, and 137Cs. Lime or cement was added to activate gelation or seiting of
the mixes. As a result of improved microstructure, the blend gave reduced leaching as
compared to portland cement-based mixes. Pumpable sturry could also be made that solidifies
after emplacement through an engineered vauit. Cr and Tc were less leachable from slag mixes
than cement-based waste form because they were chemically reduced to a lower valence state
by the presence of Fe2+ or Mn2* in the slag and precipitated as relatively insoluble phases,
such as Cr(OH)3 and TcO3. The composition of the slag-based form, also known as the
saltstone, is given in Table 6. ‘

Table 6. Slag-based form containing fly ash, and lime
or cement for stabilizing Sr, Tc, and Cs (Langton, 1987)

Components Mass %

Slag . 25

Fly ash (Class F) 25

Hydraulic lime or portland cement 4 .
Salt solution 46

Water 1314
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Tallent et al [1988] immobilized Tc and nitrate in cement-based grouts. The grounds were
mixed with Tc laden simulated wastes, cured at 60°C under moist conditions for 28 days and
testec ‘or Tc post-wash leachability. The grouts used in the investigations are given in Table 7.

Table 7. Grouts containing cements, slag, fly ash, lime and
clay to stabilize Tc (Tallent et al, 1988)

B.F. Slag | Type Ul |Class F fly| Lime Pottery
Cement Ash Ca(OH)2 Clay
70 25 . - 5
49.8 432 ] . 7
75 20 . ] 5
100 ] ) ] A
90 10 ] ] )
95 ; ; 5 ;
88 . i 5 7
47.5 - 475 5 i
47.5 . 5 5 7
18 10 47 5 ]
38 10 40 5 7

In general, Tc post-wash leachability decreased with grout fluid density, blended ground slag
content and increased mix ratio. Blends with 100% slag, and 47.5% slag:47.5 % fly ash:5 %
lime gave the best results as their Tc leachability indices were > 9.0 and 8.6 to 9.4 respectively.

Siegrist et al [1996} conducted a full-scale field demonstration to evaluate a grout for in situ
solidification of a RCRA land treatment site. The substrate silt and clay deposits were
contaminated not only with 500 ppm of trichloroethy]ene and other halocarbons, but also with
low levels of Pb, Cr, 235U, and 99Tc. The composition of the grout is given in Table 8.

H-9



WSRC-TR-97-0102
APPENDIX "A" Revision 0

CTL Tank 20 Reducing Grout Report Page 180

Table 8. Grouts containing cement, fly ash, activated carbon, and
retarder for stabilizing U, Tec, etc. (Siegrist et al, 1996)

Components - Mass %
Type I portland cement 41.3
Fly ash / 10.4
Activated carbon 17.0
Retarder <0.10
Water : 314

Some difficulties were realized in subsurface injection to attain uniform grout distribution in the
test region. Solidification occurred rapidly, though strength differed within the region because
of volume expansion. Leaching was non-detectable to acceptable low levels for all metals.

Morgan and Bostick {1992] evaluated a series of grout formulations to encapsulate organic
resins containing radioactive impurities. The formulations are shown in Table 9. The grouts
incorporated the resins with a moderate waste loading (approximately 40%) and showed good
integrity, as judged by freezing/thawing and immersion testing.

Table 9. Grouts containing slag, clay, amorphous silica, fly ash,
and silica fume combinations (Morgan and Bostick, 1992)

Blend Compositions, mass %
Components | #1 #2 #3 #4 #5 #6 #7
Blast furnace slag 75 69 70 75 69 84.5 90
Type 11 cement 10 10 10 10 10 9.5 10
Bentonite clay 15 15 - - 15 - -
Atapulgite clay - - 15 | 15 - - .
Amorphous silica - 6 5 - - - - -
Class F fly ash - - - - 6 B -
Silica fume - - - - - 6 -

Allan and Kukacka [1996] also tested a number of grouts for in situ application as barriers for
hazardous wastes containing Pb, Cr, 235U, and 99Tc (see Table 10).
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Table 10. Grouts with clay and silica fume (Allan and Kukacka, 1996)

Grout Compositions, kg/m3
{,omponents Grout 1 Grout 2 Grout 3 Grout 4
Cement 769 832 749 1361
Bentonite clay 19 20 17 12
Silica fume | - - 83 -
Sand 922 832 832 -
Water 384 399 416 544

Optimization of the physical and mechanical properties of these grouts in terms of permeability,
leach resistance, strength, and shrinkage cracking was achieved using various mix proportions.
This paper emphasized the physical properties of the grouts, as opposed to leachability criteria.

Henson et al [1991] tested two grouts containing blast furnace slag, ordinary portland cement,
and clays to encapsulate Tc-laden beaded ion exchange resin. The formulations are given in
Table 11.

Table 11. Grouts containing slag, cement, and clays to
stabilize Tc (Henson et al, 1991)
Compbnents Grout 1 (mass %) Grout 2 (mass %)
Blast furnace slag 75 75
Portland cement 10 10
Bentonite clay 15 -
Attapulgite clay - 15

The grout mixture containing 75% blast furnace slag, 10% ordinary portland cement and 15%

Bentonite clay showed f)oor wetting-drying durability behavior . However, the grout with

similar formulation but containing 15% Attapulgite clay exhibited good performance.

Vejmelka et al {1990] optimized formulation of cement-based slurries to prepare waste forms
for cementing low- and intermediate-level wastes. The investigations included the dependence

of viscosity, bleeding, setting time, and hydration heat on the waste cement slurry

composition.- From the process requirements, portland cements gave the best mixtures for

cementation. Mixtures with cement showed a lower tendency to bleed and lower viscosity than
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did the mixtures with blast furnace slag cement or pozzoléhic cement. Higher heat of hydration
helped in enhanced cementation as compared to slag-based mixtures. The studies on the
interaction of the waste forms with aqueous solutions included the determination of the Cs or
Sr reicase, corrosion resistance, and the release of actinides as a function of cement type,
additives, overall composition setting time, and samplc size.

Benischek et al [1993] reported the use of clay materials as fillers in the repository to determine
the K4 values for safety analysis in site studies. Two Austrian clays and various types of
naturally occurring and activated bentonites were used to test the sorption behavior for 137Cs
and 85Sr. The Cs and St concentrations were varied between 10-3 and 10-5 M in experiments
with the Austrian clays to determine the effects of the concentrations.

Barnes et al [1986] made use of both ordinary portland and high alumina cements and their

" modifications by adding amorphous silica to make composites for nuclear waste forms. The
silica-adjusted composites were chemically more stable than those made with as-received
cements. Leach rates were lower in the case of the adjusted cements for Rb, Cs, Ca, Sr, Ba,
La, Ce, Nd, Gd, Al, and Si. Only Na, in the case of both portland and calcium aluminate
cements, and Mg and U in the case of calcium aluminate cements, had greater leach rates in

adjusted cements.

Aattbek et al {1992] pointed out the importance of sand grain distribution on the required
properties of mortars such as fluidity, homogeneity, compaction, and shrinkage. A smaller
sand-void ratio required reduced cement paste resulting in lower heat of hydration, reduced
shrinkage and less cracking, lower water-to-cement ratio and consequently lower permeability.
It also increased point-to-point contact and improved material homogeneity.

Stabilizing Mechanism

Various researchers have come up with different explanations as to the mechanism of
radionuclide stabilization in cementitious matrices. Their conclusions are based on the systems
they studied, the composition of matrices, experimental parameters, and the curing conditions
they used. Generally, the radioactive elements such as Th, U, Np,-Pu,- Am, Tc, Nb, Sr, Cs
etc, are stabilized in cement matrices by: 1) forming discrete hydroxides due to high pH caused
by portlandite, 2) incorporation into a solid matrix (most likely the calcium silicate hydrate)
through a combination of precipitation, adsorption, or substitution during cement hydration, or
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3) forming a variety of other solid products such as phosphates and carbonates depending upon
the environments as the hydration proceeds [Serne et al, 1996].

Barnes et al [1986), demonstrated that the hydration products, calcium silicate hydrate (C-S-H)
gel or C-S-H gel + silica, and tobermorite are responsible for the encapsulation and reduced
leachabilities of radionuclides. The point was made by making use of both portland and
calcium aluminate cements and their modifications with amorphous silica additions. The silica-
adjusted composites were chemically more stable than the as-received cement. In the case of
portland cement, the amorphous silica reacted with excess portlandite to produce C-S-H gel or
C-S-H gel + silica at low temperatures, and to obtain tobermorite at equilibrium at temperatures
above ambient. In the case of high alumina cement, the objective was to be in equilibrium with
more silica-rich phases. As previously noted, the adjusted cements gave lower leach rates for
most elements. Only Na, in the case of both portland and high alumina cements, and Mg and
U in the case of high alumina cement, had greater leach rates in adjusted cements.

Atkins et al [1990) also demonstrated the adsorption of U onto the C-S-H as the uranyl ion.
However, higher loadings (commesponding to uranium/calcium ratios of 0.75 to 2) adversely
affected the formation of C-S-H or exceeded its immobilization capacity. Two phases can be
solubility-limiting for uranium: uranophane {Ca(U02)2(SiO2)}(OH)2.5H20] and hydrated
calcium uranyl oxide [CaU0Qs.(1.2-1.7)H20). At high free Ca(OH); contents, the formation
of becquerelite [Ca0.6UQO3.11H;0] also occurred.

According to Wu et al [1991], Cs partially replaces Ca in the C-S-H gel. Shi Caijun et al
[1991] reported that a variety of strontium silicate and strontium silicate hydrates are formed
when Sr is stabilized in cement matrices. SrQ-SiO3, Sr0-Si03-0.5H20, 35rO-Si02-2H20,
and 35r0-28i04-3H20 could form at 423°K by hydrothermal reaction at different molar ratios
of SrO/Si0; and depending upon the type of SiOz used. Srcould also replace Ca in C-S-H.
Merz et al [1986], found that the fixation of Cs and Sr in cement-based systems results from
their uniform distribution in the gelatinous-filled pore spaces and the degree of sorption on
selected additives, and more importantly on the porosity of the cementitious products.
Sorption and leaching of Cs in a system containing fly ash, blast furnace siag, tobermorite,
xonolite, and clinoptilolite differs with different additives (McCulloch et al, 1985]. Fly ash and
 blast furnace slag do not sorb Cs to the same extent as clinoptilolite. While slags, fly ash, and
clinoptilolite undergo reactions at different rates, tobermorite and xonolite are stable in cement.
Nishi et al [1992] examined active silica for stabilizing Cs and compared the results with those
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for slag cement, silica fume, crushed cement-glass, and synthetic zeolite. Active silica showed
pozzolanic activity in the saturated Ca(OH); solution similar to that of silica fume, and formed
C-S-H that fixes Cs, and reduces Cs leaching ratio to below 1/10 of that without reactive silica.

Morgan et al [1987] determined that the actinides U, Np, Pu and Am sorbed extensively on
cements as compared to bentonites and polyester resin. The sorptive behavior was investigated
under air-saturated conditions by batch sorption experiments. The sorption was 10-100 times .
greater for the cements studied than the bentonite or the resin. Desorption studies identified
bentonite as an ion-exchanger whereas some of the cements and the polyester resin may sorb
by irreversible chemisorption.

Hoeglund et al [1986] illustrated the effects of cement matrix composition on the sorption
behavior of the radionuclides. The sorption of actinides was high in all the concrete systems
studied. Generally, the sorption of calcium was low, due to the low exchange capacity of the
cement and the high concentration of competing cations in the pore water. The differences
among the various concrete systerns were generally minor in terms of their sorbing capacities.

According to Lanza et al [1985], resistance to the release of a radicactive element in a waste
form is limited not by the waste matrix degradation, but by the solubility limit of the different
species containing such an element. The most important parameters seemed to be the
concentration of complexing agents in the water surrounding the waste form, the Ep, of the
solution, and the pH. The predominate species of U in equilibrium with UO2 were
UQ7(CO3)3 and U(OH)s. As reported by Atkins et al [1990], U(VI) appeared stable as the
hydrous oxide, UO3.nH70, in alkaline solution. But in the presence of Ca and Si, as in
cement, a series of uranium solubility limiting phases developed. These appeared to be
uranophane, Ca(U07)2(S5i03)2(0H);.5H;0, and a hydrated calcium uranyl oxide,
CapU0s(1.2-1.7).H20. At high free Ca(OH),, becquerelite (Ca0.6UOs3.11H20) was also
noted. Other as-yet-incompletely characterized phases may also occur because of high pH.
Uranium may also be reduced to its lower valency states (U4, U%*) if reducing conditions
prevail due to the presence of blast furnace slag-cement blends or steel reinforcement.

Given that the cement hydrates are regarded as the sole products for encapsulating the
radioactive waste species, Grutzeck et al {1984] studied the chemistry of calcium aluminate
hydrates and Stratling's compound as the common cement hydrates as low-temperature,
inexpensive host phases for isolating radioactive-waste species. An I-containing analog of
calcium monosulfoaluminate hydrate {C3A.Cal7.xH>0) was also identified as a possible host
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phase. CsOH was added to formulations in the neighborhood of Stratling's compound, in
order to establish phase relations and identify the fixation ability of Stratling's compound and
its assnciated hydrates.

Barnes et al [1982] demonstrated the stability of Sr and I to be a combination of dissolution and
diffusion mechanism in a cement-based system. The Sr radiophase was Sr-powellite and the I
radiophase was I-sodalite. Sr-powellite leached incongruently indicating a combination of
dissolution and diffusion-controlled exchange of Ca for Sr. I-sodalite leaching data indicated
diffusion as dominant at short times and dissolution as dominant at long times.

Atkins et al [1990] reviewed the predictive capability of cément-based composites for
radioactive waste stabilization. Considerable progress has been made in modeling of cement-
based systems in terms of pH, Eh, and of element partition between solid and aqueous phases.
The behavior of model radioactive waste elements (I and U) indicates that both sorption and
precipitation occur, where U(VI) forms solubility-limiting compounds, e.g., uranophane.
Still, the present data are inadequate to predict many cement-waste stream interactions. Future
progress is likely to rely heavily on additional data base. Progress is underway to predict the
impact of CO2, a common groundwater component, on the performance of cement systems.
Also, the repository environment will condition chemical exchanges in cement-based systems.

Brownsword et al {1990] studied the solubility of uranium (I'V) in a number of simulated pore
waters from repository backfill concretes, and compared it to solubilities in solutions of
Ca(OH); and NaOH. The sorption of uranium was also studied on a portland cement with a
slag filler. The same cement was hydrothermally treated to simulate the temperature conditions
in the repository and the product used for comparative studies. The aqueous concentration of
uranium over the uranates formed in the presence of Ca(OH); and NaOH was constant above
pH 7 at 3 x 10-5M. In the concrete pore waters the solubility of uranium was equal to or lower
than this value. The distribution coefficient for the sorption of uranium onto the slag cement
was 2.5 x 104 mL/g, and was increased by a factor of two after hydrothermal treatment.

Atkinson et al [1990] measured the diffusion and gas transport in a variety of cementitions
materials including both structural concretes and cementitious backfills as possible repository
construction materials. Measurements were made using aqueous I, Sr, and Cs ions and
tritiated water as diffusants. The results show that the diffusion of tritiated water is more rapid
than that of other species, whereas the transport of Sr and Cs is hindered by sorption,
particularly in materials containing blast furnace siag. The transport of gas in these materials
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was very sensitive to water saturation and was extremely low in fully saturated structural
concretes. However, the cementitious backfills showed appreciable gas transport even when

almoe: water saturated.

Bayliss et al [1992] reviewed the recent data on the solubility and sorption under a cementitious
environment, along with that of the results from the thermochemical and sorption modeling.
Under conditions similar to those expected in the repository, the predicted solubility of Se is
approximately 3 x 10-8M. Experimental measurements confirm that at low redox potential the
solubility of Se was substantially less than that previously observed under an air atmosphere
and was closer to the predictions of the thermochemical modeling. The solubility of sodium
stannate was studied after heating solutions at 50, 80, and 200°K. Crystalline Sn solids were
formed at all temperatures. For solutions at 200°K the solids were identified as cassiterite.
The solubilities of all of the crystalline solids were 10-6-10-M, which are at least 5-fold lower
than that of the original sodium stannate. Distribution ratios (Rq) between 1 x 103 and 5 x 103
ml/g were measured for the sorption of tetravalent Tc onto a cementitious material.
Preliminary results from an in-diffusion experiment involving Am and an intact cement sample
agreed well (at | x 10* mL/g) with Rq values determined from previously reported batch

sorption experiments.

ics dio id

Barmes et al [1986] studied the leachabilities of Rb, Cs, Sr, La, Ce, Nd, Gd, and U from
“supercalcine with U added", SPC-2 + U, and "Savannah River sludge”, SRP, waste forms.
Both ordinary portland cement (OPC) and high alumina cement (HAC) and their modifications
with amorphous silica were used as the stabilizing matrices. The silica-adjusted composites
were chemically more stable than those made with as-received cement. See Table 12 for the
leaching rates of different metals.
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Table 12. Leach rates of different ions (G. ‘.mz.day -1) at 25°C on
25th day in normal and silica adjusted cements (Barnes et al, 1986)

lop,; | OPC + SPC-2| OPC adjusted | HAC + SRP | HAC adjusted
+ U + SPC-2 + U + SRP

Rb 3.7 3.6 . <l <l

Cs 2.6 0.9

St 8.6 3.6 | 1 <1

1a 0.4 <0.1 1 <l

Ce 0.3 0.04 10 <1

Nd 0.1 0.05 7 <1

Gd 0.03 0.008 '

U 0.036 0.086

Leach rates for all ions, except U, were lower in the case of the adjusted cements. Only U, in
the case of calcium aluminate cements, had greater leach rates in adjusted cements. Adjusting
the composition of cements with silica appeared beneficial to encapsulate nuclear waste forms.

Brodda and Mingxia [1989] studied the leaching of 36Cl, !37Cs, %0Sr, and 99Tc from
intermediate level liquid wastes (ILLW) stabilized with blast furnace slag cement using
bentonite, Microsilica, acrylic resin, and NayS$ as additives. The paste specimens were made
with either ILLW or water. The solution containing the respective radionuclides was used
when the pH was adjusted to 8. The samples were cured in desiccators for more than 90 days
over the liquids respectively used for their preparation at room temperature. The samples were
leached with distilled water and Q-brine. After 250 days the sequence of leachability from
additive-free specimen in Q-brine was Cl > Cs>>Sr >Tc, and Cs>CI>>Sr >Te in water. Cl
and Cs leaching is diffusion-controlled, whereas Sr and Tc leaching is chemically controlled.
Bentonite reduced the the leachability of Cs significantly, but had no significant effect on Cl, Sr
and Tc. Microsilica adversely effected the leachability of Cs, but had no effect on Cl, Sr, and
Tc release. Figures 1 show the leaching behaviors of Sr, Tc, Cs ions from the additive-free
blast furnace slag cement prepared with ILLW and water respectively, and using Q-brine and
distilled water as leachants. Figure 2 shows leaching from the additive-containing blast furnace
slag cement prepared with ILLW and using Q-brine as the leachant.
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Na;38 was added to check whether Tc leachability could further be reduced by precipitation of
insoluble Tc2S7. NaS was added after adjusting pH at 8 to precipitate all insoluble sulfides.
No sirnificant effect was observed with Naz$ addition. Although sulfide was expected o
reduce Tc leachability by forming stable Tc2S7, the pH level of the cement slurry did not
appear favorable, as no data are available for the stability of Tc,S7 at pH 8 or above. Table 13
shows the accumulated Tc fraction leached from the cementitious matrices containing sulfides.

Tabie 13. Total Tc leached from the blast furnace slag cements
matrices containing additives with and without sulfides

Additives % Tc leached
Bentonite 0.032
Bentonite + Sulfide 0.033
Microsilica 0.025
‘Microsilica + Sulfide 0.050

Moore et al [1977] evaluated the leaching of Sr, Cs, Pu, and Cm from a hydrofracture grout
using the International Atomic Energy Agency test method or its modification. The leaching
varied with the square root of time if the leachant was replaced more than once per day, but
was inhibited when the replacement was made less often. The leaching of Sr or Cs from the
grout varied directly with drying while curing and inversely with the time of curing. In
general the leach rate followed the order Cs > Sr > Cm > Pu as shown in Figure 3. The
amount of leaching as a function of time was also dependent on the leachant type and varied in
the order: distilled water > tap water > grout water.

The grout provided leach rates comparable to those obtained for wastes incorporated into
borosilicate glass. For instance, the data showed that at short times the fraction of Cs leached
from the glass was slightly less than the grouts. At long durations, the trend reversed.
Comparison of Cs leaching from the grout and borosilicate glasses is shown in Figure 4. The
credibility of laboratory results with simulated waste was substantiated by a short-term
continuous leach test made on a fragment of a core sample of hydrofracture grout. The
modified effective diffusivities of 10-11 1o 10-10 cm?/s (equivalent to a leach rate of the order of
107 g/cm? day) for Sr and Cs were comparable to the laboratory data.

In an earlier study, Moore et al [1976] used Grundite clay in hydrofracture grout for improved
Cs retention. Grundite (while satisfactory) was least effective. However, the leach rate for Cs
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was decreased by the addition of Grundite, pottery clay, or locally available Conasauga shale.
These additives were in the order of increasing effectiveness with respect to Cs retention.

Godbee et al (1975) used a derived modified effective diffusivities, De, in comparing the the

amounts leached from a 55-gal drum of grout assuming two different forms for the drum to

simulate a semi-infinite and a finite medium respectively. The calculations showed that the
drum approximated a semi-infinite medium for a few years if the D, was approximately

1 x 109 cm/sec and for > 3000 years if the D, was approximately 6 x 1018 cm?/sec.

Serne et al [1996], determined the leachability of Nd, U, Th, and Sr in cement slurries ina
CO,-free atmosphere. The aliquots of the crushed cement samples doped with these ions were
equilibrated with deionized water at pcpp+ (hydrogen ion concentration in molarity units)
between 7.5 to 12.5 to predict the leachabilities. Nd concentration level decreased with the
increase in pcy+ from 7.5 to 9.0 where the Nd(OH)3 appeared to be the controlling solid
phase. U concentrations in the aliquot decreased by two orders of magnitude. Data suggests
that CaUQs is the likely controlling solid. The concentration of Th was at or below the
detection limit over the entire range of the pecr+ covered, and the likely contrelling solid
appears to be ThO,. Apparently, Sr does not enter appreciably into the solid matrix of cement
and does not form insoluble compounds in carbonate-free environments.

Scheetz et al [1985) examined the physical properties of cement-based waste forms to evaluate
the extent of waste loading that might be feasible and still maintain a leach-resistant, strong,
monolithic object. For a minimum compressive strength of 21 MPa, waste loadings of 40 to
60 % were possible. With 30 and 70 % waste loading, the leach rates for Cs and Sr were
found comparable to those found for glass and ceramic waste forms. ‘

Nishi et al [1992] studied the effect of active silica (a natural acid clay composed of cristobalite
and quartz) for its applicability as Cs adsorbent in slag cement-based waste forms containing
spent ion exchange resin. Other additives tested for comparison were silica fume, zeolite, and
cement glass. Since active silica carried the Cs exchangeable silanol group

(-SiOH) originally, the Cs distribution coefficient was remarkably high (> 104). It increased
in saturated Ca(OH); solution due to formation of new silanol groups. As a result, when
active silica was added to the forms containing slag cement, the Cs leaching ratio was reduced
to below 1/10th of the value obtained without active silica. A comparison of Cs-leaching
between active silica and other additives used is given in Figure 5. '
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Wau et al [1991] reported a decrease in Cs leachability when using alkali-activated slag cement
(AASC) as compared to the ordinary portland cement (OPC) in waste-forms cured at 298°K.
Unde- identical condition high alumina cement (HAC) performed better than both. When cured
at a high temperature of 343°K, the alkali-activated slag cement was best of them all. However,
the leachability of Cs increased with increase in temperature and curing time (see Table [4).

Table 14. % Leachability of Cs with time (Wu et al, 1991)

Cements | Temperature 3-day 7-day 28-day
AASC 298 °K 345 496 7.33
QOPC 8.57 11.3 15.6
HAC 2.17 2.59 3.44
AASC 343 oK 8.6 11.7 14.1
OoPC 21.7 255 26.5
HAC 23.6 24.2 25.1

The leachability values were calculated using the following equation:
Leachability (cm) = (a/A)F/V), where;

a, = mass (g) of Cs leached at sample time
A = mass (g) of Cs in specimen

F = surface area of the specimen

V = volume (cm?) of the specimen

Similar leachability trend is also observed with Sr is leached from AASC waste form under
identical curing conditions [Shen, et al, 1994].

Bostick et al (1988) compared the leachability of Tc in waste sludge using conventional
portland cement and fly ash grouts (50:50 mix), and cement, fly ash, and ground blast furnace
siag grouts (33:33:33 mix). Slag addition reduced the effective diffusivity of Tc significantly.
The effect of slag was arributed to its ability to reduce Tc(VII) to the less soluble Tc(IV}
species. Leachability indices for Tc as a function of loading and curing time in both grouts
clearly show the stability effect of slag addition (Figure 6). Cumulative leaching of Tc froma
grout that had 40% Tc containing sludge filtrate, 20% each of slag, ‘cement, and fly ash, is
shown in Figure 7. The plot should be linear for a diffusion-controlled release, but it actually
biphasic. The larger Tc release that occurs in‘the initial 1 to 2 days could be attributed to some
kind of surface phenomenon, or, more likely, it may simply be due to two oxidation stages of
Tc leaching at different rates. Guppy and Atkinson [1989] correlated the leachability of Tc to
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redox conditions in cement-based stabilizing matrix. Slag cements showed greater reducing
capacity than the ordinary portland cement, but naturally the reducing capacity fell as leaching
proceeded. However, the oxidation potentials were relatively high and insensitive to leaching,
suggesting that the reducing species present were unabie to remove contamination. For slag
cement, the apparent solubility of Tc was < 10-9 mol/L, but was > 2 x 10-5 mol/L for ordinary
portland cement.

Amini et al [1993] examined the leaching behavior of c-emitting radionuclides (U and Am)
from zeolite-L and the zeotype (SAPO-34) in a Flexcrete-cement matrix by static and dynamic
methods. Synthetic groundwater and 0.005M CaCly were used as leachants. The leaching
rates of UO»2+ were higher by approximately 10 orders of magnitude than those of Am3+ for
both zeolite-L and SAPO-34 in the cement matrix. The static and dynamic leaching rates of
UO,2* for SAPO-34 in CaCl, and synthetic groundwater were 10 orders of magnitude lower
than those for zeolite-L. SAPO-34 showed good selectivity for U at pH 2-3.5 and zeolite-L
was effective for Am3+. Distribution coefficients of Am3* and UO72* increased with the
equilibrium pH.
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Table 15. A summary of grout formulations to immobilize different
radionuclides, and their leachability & durability characteristics

Metals| Grout formulations Leaching/durability |Reference

T 1. Slag-cement, high alumina 1. Slag-cement blends 1. Brodda, 1988

cement (HAC), bentonite, and
misrosilica

2. Slag or cement, bentonite or
microsilica, sulfides, and acrylic
resin

3. Type I/II cement, Class F fly

reduced Tc leachability

. Sulfides did not reduce

Tc leaching

. Slag, and reducing

2. Brodda and
Mingxia, 1989

3. Gilliam, 1990

ash, slag, reducing additive additives reduced Tc
(Fe?+, sulfide) leachability
4. Slag, fly ash F, hydraulic lime | 4. Reduced Tc leaching 4. Langton,
or cement compared to cement- 1987
based rnixes

5. Slag, cement, bentonite and
Attapulgite clays

6. Type I cement, fly ash, activated
carbon, retarder

7. Cement-fly ash; cement-fly ash-
slag

8. Slag, Type I/ cement, Class F
fly ash, lime, and pottery ash

5. Bentonite reduced the

wetting/ drying durability;
Attapulgite clay improved
it

6. Reduced Tc leaching to

low and non detectable
levels

7. Slag reduced T¢

leachability

. 100% slag, and 47.5%

slag: 47.5% fly ash: 5%

5. Hensen et al.,
1991

6. Siegrist et al,
1996

7. Bostick et al
1988,

8. Tallent et al
1988

lime reduced Tc
leachability
9. Slag, Type /Il cement, . Improved integrity, 9. Morgan and
bentonite, Attapulgite clay, Class |  freeze/thaw durability of Bostick, 1992
F fly ash, amorphous silica, the stabilized form

silica fume
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Table 15. A summary on grout formulations....... (continued)....
Metals| Grout Formulations Leaching/Durability |Reference
Cs | 1. Cement, fly ash, Attapulgite and | 1. Reduced Cs leaching as | I. Moore et al.
Grundite clays, sugar, comparable to 1970
tributylphosphate borosilicates
2. Slag or cement, bentonite or 2. Bentonite significantly 2. Brodda and
microsilica, sulfide, and acrylic reduced Sc leachability Mingxia, 1989
resin )
3. Slag, Class F fly ash, hydraulic | 3. Reduced Sc leaching 3. Langton,
lime or cement more than the cement 1987
4. Alkali activated slag cements 4. In reducing Cs leaching ] 4. W, et al
(AASC); portland cements, high | HAC performed betterat | 1991,
alumina cement (HAC) 298°K, but AASC was
best at 343°K
Sr | 1. Cement, fly ash, Attapulgite and | 1. Reduction in leaching 1. Moore et al.
Grundite clays, sugar, comparable to 1977
tributylphosphate borosilicates
2. Slag or cement, bentonite or 2. Sr leachability is not 2. Brodda and
microsilica, sulfide, and acrylic much effected Mingxia, 1989
resin
3. Slag, Class F fly ash, hydraulic | 3, Reduced Sc leaching 3. Langton,
lime or cement : compared to cement- 1987
based mixes
Pu | 1. Cement, fly ash, Attapuigite and | 1. Reduction in leaching 1. Moore et al.
Grundite clays, sugar, comparable to 1977
tributylphosphate borosilicates
U 1. Type I cement, fly ash, activated | 1. Reduced U leaching to 1. Siegrist et al,
carbon, retarder [ow and non-detectable 1996
levels
Cm | 1. Cement, fly ash, Attapulgite and | 1. Reduced Cm leaching as | 1. Moore et al.,
Grundite clays, sugar, comparable to 1970
tributylphosphate borosilicates
Np, Rb,| 1. Portland cement, calcium 1. Modified calcium 1. Barnes et al,
La, Nd,| aluminate cement, modified aluminate cement reduced | 1986
Gd, Ce| calcium aluminate cement Np, Rb, La, Nd, Gd, Ce
leaching
General | 1. Portland cement, sand, 1. Optimizing of strength, 1. Allan and
| bentonite, silica fume leach resistance, Kukacka, 1996
shrinkage resistance,
reduced permeability,
were achieved through
varying the mix
proportions
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Leached‘Fraction {%)

Leached Fraction (%)

Figure 1.

Q-Brine Leachant ) Water Leachant

0 8 16 0 8 16

Leaching Time (days®®) Leaching Time (days®?)
—a&— Prepared with ILLW - —&— Prepared with Watar

Sr, Te, and Cs Leaching from BFC with and without ILLW into Q-Brine and
Water (Brodda and Mingxia, 1989).
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(Brodda and Mingxia, 1989).
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Pu*

Product of Fraction of Isotope Leached
and Volume/Surface i ‘o
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Figure 3. Product of the Cummuiative Fraction of Isotope Leached and Volume to
Surface Ratio for Camentitious Grouts Cured for 4 Weeks (Moore et al, 1977).
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Figure 4. Comparison of the '’Cs Leached from Borosilicate Glass and Cementitious
Grout as Predicted by Mass Transportation Phenomena (Moore et al, 1977).
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Figure 5. Effect of Cs Adsorbants on Leaching Curves from Cementi'tious Resin Forms
(Nishi et al, 1992),
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Figure 6. ANS-16.1 Leachibility Indices for **Tc as a Function of Sludge Waste Loading
in Grouts Prepared with Two Different Blends (Bastick et al, 1988).
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Figure 7. Cummulative Fraction of "*Tc Leached from Slag-Cement Grout (Bostick
et al, 1988).
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Note This iz 2 Preliminary Drall Doceanent 4/15/97

Su:n'mary and Report of January and March Demonstratibns
of Sludge and Grout Mixing for WSRC '

I. Summary

Construction Technology Laboratories, Inc. (CTL) was subcontracted by Westinghouse
Savannah River Company (WSRC), the prime site contractor for the Savannah River Site
(SRS) of the U.S. Department of Energy (DOE), to demonstrate the degree of mixing
between the reducing, flowable grout #3 and 2 simulated sludge representative of the heel
in Tank 20F, a stee! tank containing a residue of high-level radioactive waste at the SRS. It
was anticipated that under the right conditions this hi_gh cement content reducing grout
would mix with the type of sludge slurry present in Tank 20F at SRS. It was also thought
necessary to pretreat the sludge slurry with hydrated lime to precipitate and remove
chemical species thar could adversely interact with calcium in the hydrating cement A
January demonstration of grout poured into a hydrated lime pretreated sludge slurry at CTL
indicated there was very little mixing between grout and sludge. What litde mixing that did
occur, estimated at about 20% of the sludge, appeared to occur due to three effects. Some
mixing occured adjacent to the vertical walls of the form, other mixing appeared to occur
due to the rapid delivery rate of the grout entrapping sludge as the front advanced, and a
considerable degree of mixing occured as the grout met the end wall of the form and folded
back on the sludge pooled on top of it. '

Evaluation of these results led to the canclusion that more mixing might occur when the
sludge was not pretreated and, therefore, about one-third of the liquid would be present in
the form. The form for the March demonstration was also redesigned so the side walls
angled out at 45 de to decrease wall effects, Other changes had the sides aligned at 10
degrees to one an following the radii of a circle whose focus was the pour point for
the grout and another change was a substantial reduction in the t flow rate 1o simulate
the planned flow rate into Tank 20F. Two cases were ined in back to back forms with.
adjacent mixing areas. On one side the cold sludge closely simulated the chemical
composition of the Tank heel, and the other side a dewatered and somewhat thicker sludge
was placed on the bottom of the form. This sludge was at the saturation concentration of
the salts it contained and, upon standing, a Jayer of crystals formed on the surface.

Grout was slowly introduced into both forms simultancously, increasing the rate slightly as
the grout level increased and taking roughly 7 hours from start to finish. Observation on
removal of hardened sections of the grout indicated a very minor amount of sludge mixing
and entrapment where the bottom and the walls of the form met. The very minor
discoloration of the plastic liner and the bottom of the grout seemed-to indicate the grout
pushed the sludge shead as effectively as a squeegee moving water across a floor. Due to
the slow flow rate, there seemed to be little mixing as the grout met the end of the form.
The grout was retarded and continued to flow quite well over the seven hours of the pour.
After the end of the pour, the grout depth on both sides varied from 21.5 in. deep to about
9 in. near the end of the form, 42.5 ft away from the point of grout introduction.
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Sampling was planned with more cores and samples ncar the ends of the forms where the
sludge had been relocated. Sections of cores were taken that were between 2.5 and 4 in.
long so there would not be too great a variation of sample weight. Measurement of percent
insolble material has a very small range indicating good distribution of paste and aggregate
and i1ttle segreganon. The roughly 3% nickel in the sludge and added copper were used as
tracers and presumed to be insoluble bydroxide solids. Analysis for copper and nickel
indicated that in the middle sections of the cores, there was virwally no shudge intermixed.
Copper detected in the top and bottom core sections may have been due 10 some grout
sludge mixing, but also could have resulted from an exterior coating of sludge. No more
than 30% of the tracer metals are mixed in the t and probably much less. Quantitative
estimates of ponded sludge indicate that 60 to of the tracer metals remained on top of
the sludge. Visual appearance of the cores indicate less mixing of sludge and grout in the
March compared to the January demonstration. Preliminary conclusions indicate very lintle
mixing has occured although there is some entrapment of siudge within the grout.

In a separare experiment, segregation of the grout with drop height was examined usin
strength as an indicator of change. Little change of strength occured with drop beight for
samples directly under the grout sream. Somewhat away from the stream, les were
lower in strength at 15 and 23 ft drop heights. Grout can be introduced from at least 23 ft
and lower strengths and segregation should not be substantially affected

1. Background and Information from the January Demonstration

In 1996, CTL performed a number of experiments to develop 3 formulations of reducing
grout for both their physical and chemical characteristics. Physical characteristics of the 3
t formulations were very similar; all were flowable, nearly self-leveling, and retained
owability over several hours while exhibiting minimal sand segregation from the
cementitious paste over the same time period. All cgrouts had high pH, adequate reducing
;wopmies. and comparable ability to stabilize the chemical species of interest. Grout #3,
ormulated with Type V portland cement, was recommended because of its effectiveness
under the widest range of conditions.

By mid-1996, additional information had been obtained on the chemical composition of the
heel in Tank 20F indicating that it contained a substantial amount of sodium oxalate,
carbonate and sulfate. Experiments indicated if good mixing occured between a sludge
with this chemistry and grout #3, then the grout would lose nearly all of its flowability.
Pretreatmnent of the sludge with a 10% lime slurry, which also contained reducing agents
(sodiurn thiosulfate and a small amount of calcium suifide), was considered necessary to
precipitate the chemical species that caused the loss of grout flowability. In mid-September
1996, a small scale expeniment was performed pouring grout into fretru:ed sludge
contained in a form about 8 feet long and widening from 0.75 to 3 feet. Grout was slowly
introduced into the pretreated sludge and good flow as well as good mixing and self-
leveling was observed. Some concern was expressed that this small scale experiment may
not accurately represent the behavior of the sludge and grout which would occur in the
acrual Tank 20F pour. i

CTL was asked to perform a large scale demonstration to simulate introduction of the grout
in the center of the tank and into a lime pretreated sludge. The form was roughly in the
shape of a bowtie with a roughly circular 10 ft diameter center section and two long arms
37.5t long. The arms were 4 ft wide at the opening from the center circle and increased
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in width to 8 ft a1 the ends, 42.5 ft from the center of the circle; all walls were 2 ft high and
perpendicular to the base of the form. The form was double lined with 6 mil polyethylene

lastic sheets, which were one piece and continuous with no joints. The sheets were

old:d carefully into the form with no staples to make, hopefully, a leak proof form.
}VSRC provided the cold sludge and CTL obtained chemicals, then mixed the chemicals
into the sludge to simulate the composition of the hee! in Tank 20F. In addition to
chemicals added to simulate the tank sludge, copper suifate pentahydrate was also added 10
convert into an insoluble tracer which could be used to measure the degree of mixing
berween studge and grout after the pour was completed. A description of the mixing
procedure to make this sludge can be found in Appendix A.

Since the sludge separates on standing, the barrels were remixed and then immediately
poured into the form, distributing the sludge uniformly from end to end. An unsuccessful
attempt was made 1o clear the center circle of sludge solids and leave only supemate in the
center. The combined sludge and supemnate was calculated to be 1.4 in. deep from the
volume of the siudge and the area of the form. A ten weight percent hydrated lime shurry
was made with the added reducing chemicals used previously; the volume made was
sufficient to be 2 in. deep in the form. Preparation of the lime slurry is described in
Appendix A. Immediately after mixing, the hydrated lime siurry was pumped uniformly
into the siudge in the form, distributing it uniformly from end to end. The pretreated
sludge with an approximate combined depth of 3.4 in. remained in the form for over 24
hours before grout was added to the form. ‘

It was desired to sample by coring promptly after the grout had hardened in the form,
therefore, no retarding admixture was used in the t #3 mix design. Laboratory
experiments indicated similar flow properties would be achieved over the planned two hour
length of the pour with such a modified mix design. Grout #3 was mixed at a commercial
ready-mix plant and delivered by ordinary ready-mix trucks to CTL. These trucks
discharged the grout into the hopper of a concrete purmping and boom truck. The boom
was outfited with a 4 in. outtet pipe which discharged vertically 5 fi over the focus of the
center mixing circle of the form. rate of grout delivery was 17.4 cubi¢ yards per hour,
which was about 172 the rate expected from the grout mixer at SRS but allowed enough
time for smooth transitions from one truck to the next for the demonstration. A brief
interuption occured when one truck was late, however, it did not seem to significantly
affect the flow of grout.

During the January demonstration, the grout pouring into the form containing the pretreated
sludge indicated specific flow m:rm Within the center circle there were two quiet areas
of low flow; those areas were ded by the circumference and the imaginary extension
of the walls of both arms. The grout flowed smoothly out the two arms but was
significantly affected by the wall. A substantial portion of the sludg was pushed ahead of
the advancing front of grout. The grout flow proceeded to both en of the form. After the
grout hardened and cores were taken, it was clear that lintle mixing had occured in the center
circle and in the first 25 ft from the center of the circle. Further from the center than 25 ft,
some mixing occured against the side walis and additional mixing was appareat near the
ends of the form. A considerable volume of sludge remained on top of the grout at either
end of the form. A rough calculation of this volume of pretreated sludge on top of the
grout determined that about 80% of the original sludge was there and the other 20% was
encapsulated, covered, or mixed with the grout.

For the March demonstration, the flow rate was decreased to match the amount of grout
flow expected from the op site grout plant and prqponioned to fill the form at the same rate
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of inches per hour expected when grout was actually placed in Tank 20F. The form was
redesigned with the side walls of the arms angled out at 45 degrees to the bottom to
decrease wall effects. The center circle was replaced with two half circles, separated by a
partiion, so two different scenarios could be evaluated, one in cach arm of the form. The
west arm had werzer sludge, similar to that used in January; the east arm had dewatered
sludge. No pretreatment was used for either arm for the March demonstration.

III. Qualitative Flow Behavior of Grout and the Interaction with Sindge

During the March demonstration, the grout flowed reasonably smoothly in spite of the on
and off operation of the ball valves (described below) to obtain the planned slow flow rate.
Most of the sludge was pushed ahead of the grout although a layer of sludge was observed
berween the grout and the walls near the grout front. The depth of sludge in front of the
advancing grout front was periodically measured and kept increasing as the grout flowed
toward the end of the form. The grout appeared to be advancing in the same manner on the
two sides; it flowed under the siudge as might be expected from the difference in density
between the two materials. After a few hours, the grout was no longer advancing at a
;tieady rale and instead would stop advancing for awhile and then surge ahead for a short
stance.

After the grout had hardened then some sections lifted out, and cores removed, very little
sludge was observed-on the bottom of the form under the grout. Brown material did not
appear to be mixed into the hardened grout material. A thicker sludge layer was seen under
the grout at the juncture between the wall and bottom of the form, probably duc 10 a wall
cffect. Somewhat more sludge was observed under the grout at the very end of the form,
especially in the two corners. A small degree of mixing was seen in the cores taken very
close to the end of the form, but considerably less than seen in cores from the January
demonstraticn.

The Pour set-up for Grout Delivery:

Grout was discharged from ready mixed trucks into the hopper of a grout pump and then
pumped into two hoppers. Distribution into the two forms was done using twin-hoppers,
with plastic outlets. Ball vaives were connected to the hoppers to control the flow of grout.
The pipes from the discharge ends of the ball valves were then connected to diaphragm
valves and a pipe to further fine-tune the flow to the required rate. There was 12-15 inches
of piping between two valves. The two pipes discharged the mortar to each semi-circle
section of the forms from where the grout flowed towards their farthest ends. As described
previously, the sludge was prepared and processed according the specified procedures
placed in both the east and west arms of the forms, two days before the pour. Dams were
erected at the neck of the semi circle connected to the forms to avoid the sludge moving to
_the semi circles. Just before the pour the dams were removed.

The first truck arrived at 9.07.

The grout flow and pH from the truck was measured before the start of the pour to assure
proper flow. The flow and pH were acceptable. '
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The grout was discharged to a pump through a coarse sieve to remove any large junk
pieces. if any. The grout was pumped directly to the hoppers (one was filled after the
other). The grout was discharged through the pipes to the semi-circle at a specified rate by
conuolling the valves. Two pumps were made available to be used simultaneously for
efficient operation and to avoid delays for unforeseen reasons.

In order to achieve the required flow the following valve sequence was administered, using
the diaphragm: :
9:37AM. 4mincnlminoff for30min
10:08 AM. 4.5 minon 1 min off for 20 min
10:28 AM. Sminonlminoff for15min

The diaphragm valves did not work satisfactorily and were removed at 10:43. Then the
valves were replaced with straight open piping and the following sequence was followed
with the bali valves:

10:48 AM. 3Iminon2minoff for15-20 min
11:05AM. 3minon3minoff for40min

The second truck arrived at 11.45%

The grout flow and pH from the truck was measured before the start of the pour to assure a
proper flow. The flow and pH were acceptable.

12:05 AM. Ore grout pump got stuck; some chunks were found in the grout.
There was a brief hold up.

Only one pump took turns for both the hoppers. The rate of flow was increased to
compensate for the lost time. The valve sequence was adjusted as follows:

12:35 AM. 3 min on 1 min off for the remainder of the truck
The third truck arrived at 13.45

The grout flow and pH from was measured before the pour. The flow and pH were
acceptable..

The same pump was working for both the hoppers; and the same valve sequence (i.e.. 3
min on | min off) was followed for the whole truck.

The fourth truck arrived at 15.10
The flow and pH of the grout from the truck was measured and found OK.

Since the same pump was working and taking turns for both the hoppers, the same pour
sequence (i.e., 3 min on 1 min off) was followed for this truck also.
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MONITORING OF GROUT FLOW AND DEPTH DURING THE POUR

Sludge depth was measured at each 1/2 hour during the pour. Measurements of the grout
front and sludge depth ahead of the front at three critical locations in both the east and west

forins were recorded as follows:
(Time__| ~West Form
(Hrmin)cl4d Grow Growt ") i) )
pscd front (in front () sludge shudgpe slucige
foet) from 15" ahead [72° ahead {144° ahead
from ceoter  pf gowt pox grout ot
genter end
1:00 13.3 135 (21082 [1i2492 |12n2
1.30 ] 22.3 21632 128032 11802
2.00 |[283 . 71693 |2 0432 192:;31
‘ {
230 |28.7 BT 12237 (21292 [za%
300 [31.8 2.2 Yz |3 232 |3
330 136.1 3 W32 3 2132
3:00 37. 4 24732 4 16/32
430 9.3 3 15732 3 2533 | 37.4  [§ 2132 S 1632
IS 39.9 |6 1232 $ 2632 . 8 &33 31232
5 [39.3 3 2032 s 2432 | 36.1 9 1232 9 1232
%00 [39.3 9 20032 9 2837 | 30 1 11
' 39.9 i1l 1672 T1632 |37.4 |12 12
Grout depth was also monitored once every hour(for 4 hours) starting 1:23 PM. The
th was measured at Rib #5, 10, 15, 20, 25, and 30 (end). The depth measurements in
inches are as follows:
[RIb# East Form — West Form
{ft. from
center) ‘
Y PM, R:23PM. P21 PM. R:23I PM
0(4) 15178 J161/4a |19 2
$(104) . 113 14 1634 |19 1388 11434 117 19172
10 (16.87) wva (1212 IS 1712 _l1ows (13 1512 1712
15(232) |8 1012 |13 1§3/4 17718 1012 11312 [151/4
20(29.7) S8 8 11374 |1al/4 534 312 |12 15
25 (36.1) 9 12 1/4 101/4 |13
30 (42.57) 9 3/4 12 V4
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IV. Sampling Plan for the March Demonstration

The grout flowed smoothly out of the mixing arca and into each of the long segments of the
forms. Flow was somewhat affected by the walls but less than in the previous test. A
substantial portion of the sludge was pushed ahead of both advancing fronts of grout on the
wetter side as well as the dewatered side.

The contaminant or tracer in this demonstration is clearly more abundant toward the ends of
the forms (the last 7 ft) and less abundant near the center. The sampling plan described
below is a combination of two categories of samples: judgment samples where elevated
tracer levels are expected, and well spaced samples near the centerline, where low tracer
levels are expected. Before samples were obtained, a survey was taken of the last 7 ft at
the end of each form, measuring the depth of clear supernate, depth of damp sludge, and
thickness of grout. The area of the form, further than 7 ft from each end, essentially
contains grout, which may be mixed with a small amount of sludge, but the grout is not
covered with either supemate or sludge. After the measurcments were taken, representative
s,amplescl _ kolﬂhe siudge remaining on wp of the grout were taken and analyzed for copper

anag nckel.

Twelve of the 20 cores that were obtained forﬂpa and nickel analysis were located
within 10 ft of the two ends of the farm. A of twenty cores (with 3 3/4 in. to 4 in.
diameters), ten from each side, were obtained. Sarmples were taken awe from the walls,
avoiding locations closer to the wall than 20% of the width of the base of the form atthe
sample location. Eight cores will be obtained further than 10 ft from the two ends of each
form and none within the semicircular mixing area. Locations of all 20 cores have been
numbered and their positions are indicated on the attached drawing which is drawn to scale
and also indicates the width of the sloped sides.

In areas where significant wet sludge covers the grout, it may be impossible 1o properly
sample the cylinder of sludge above the core location. Since the sludge should be
homogencous throughout its volume, composite sludge samples taken from each end for
analysis, combined with the survey of the area of sludge covering the grout, should
provide comparabie information as a sludge sarnple directly above a grout core. The clear
supernate was stirred up before the composite sludge samples were obtained, then the bulk
of the siudge was removed to expase the grout for coring.

The cores of hardened grout from both sides of the form had lengths between 9 and 20 in.
and were sliced into samples of roughly equal volumes. From cores 1,2, & 3,1wo 3 in.
high samples were taken, one from the mid-point of the core and the other from the bottom.
From cores 4 & S, three adjacent sections, each about 3 in. high, were cut off and labeied
BOT, MIDBOT, and MIDTOP. From the remaining S cores on each side, 4 roughly equal
sections were cut off, some as short as 2 in. The total number of samples prepared for
analysis of the coppet and nickel tracer metals was 64. .
Each section of core was dried at 105° C then broken up, crushed, and pulverized to pass a
50 mesh sieve. This well homogenized powder was then sampled and digested in acid to
prepare a solution for atomic absorption flame analysis.
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V. Sample Analysis of the Grout for Copper and Nickel Tracers

Samples which are identified as T1 through T4 are grout samples obtained from the ready

mix trucks and should contain only background levels of copper and nickel. Preliminary
teview of the results and a conservative approach has been taken and no mixing of sludge
into grout is considered to have taken place unless copper levels are >22 ppm and nickel
levels are > 7 ppm. It appears there has been only a small amount of sludge present on or
in the gmutinplgebotmmsecﬁonofmecoresandnzarmcendoftheformssomsludge is
present on or in the grout in the top section of the cores, At the ends of either form, there
appears to be no mixing of sludge into the two middie sections of those cores. These
samples are identified as 8, 9, & 10 E (from the east end) or W (from the west end) to
indicate the cores from which they were cut and have MIDTOP or MIDBOT suffixes to
indicate samples from the middle sections of the cores.
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Mﬂllﬂl‘dﬂm Engineering,

CTL;

Testing and Materiais Technology

5420 Qit Orcharg Moad, Skole, Hinols 60077-1030
847/ 965.7500  800/322-2CTL  Fax: B47/ 983-6541

Client:
Project:

Contact:
Submitter;

Date recv'd: 10-Jan-97

Date andyud.

Westinghouse Savannah River Co  CTL Project No: 407594
Building 719-4A, Room 129 CTL Project Mg Pres West
Mo05202 An.nlyst:

Dale Bignell

Pres West

Date reported: 14-M

REPORT of CHEMICAL ANALYSIS

Construction Technology Laboraterias, Ing,

Sample Identification
CILID Client 1D
924247 1E-Mid
924248 1E-Bot
924249 Z2E-Mid
924250 2E-Bot
924251 3E-Mid
924252 3E.-Bot
924253 4E-Mid
924254 4E-Mid-Bot
924255 4E-Bot
924256 SE-Mid
624257 SE-Mid-Bot
924258 SE-Bot
924259 6E-Top
924260 6E-Mid-Top
‘924261 6E-Mid-Bot
924262 6E-Bot

Analyte

Cuppm Nippm ZInsol
155 - <] 3442
238 <3 32.58
15.6 <4 34.68
19.8 <3 35.32
150 <3 3573
220 T <3 3597
154 <3 35.70
16.1 <3 32.78
194 <3 34.58
160 . <3 33.63
184 7.65 3341
294 12.0 3340
20.2 3 3231
19.0 . 854 3222
15.7 6.7 32.14
25.3 3.63 3540
Chicago/Skokie

wxﬂn?-y v M2

Seattle/Tacoma
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Client:

CTL Prj No: 407594

Page:

Sample Identification
CTLID

924263
924264
924265
924266

924268
924269

924270

924271

924272
924273
924274
924275

924276
924277
924278
924279

924280
924281

2

Cliept ID

7E-Top
7E-Mid-Top
7E.-Mid-Bot

TE-Bot

SE-Top

- 8E-Mid-Top

8E-Mid-Bot
SE-Bot

9E-Top
9E-Mid-Top
9E-Mid-Bot

9E-Bot

10E-Top
10E-Mid-Top
10E-Mid-Bot

10E-Bot

1W-Mid
1W-Bot

Wﬁﬁnghm Savannah River Co

Analyte .

Cu.ppm Nippm Sinsol
153 A 35.02
13.1 a4 36.53
14.0 < 33.34
133 <3 35.00
573 1.72 36.55

159 <3 34.89
14.7 A3 36.31
8.1 6.16 34.99
262 <3 35.09
189 5.62 33.13
10 be rechecked £55 33.12
322 14.81 32.69
24.7 <3 32.46
17.3 <3 38.58
15.8. <4 38.27
328 <3 32.22
144 <A 34.65
21.0 <G 36.05
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Cliept:

CTL Prj No: 407594

Page:

3

Sample Identification

CILID  ClientiD

924282
924283

924284
924285

924286
924287
924288

924289
924290
924291

924292
294293
294294
294295

924296
924297
924298
924299

2W-Mid
2W-Bot

3IW.Mid
3W-Bot

4W-Mid-Top
4W-Mid-Bot
4W-Bot

SW-Mid-Top
SW-Mid-Bot
SW.Bot

6W-Top
6W-Mid-Top
6W-Mid-Bot

6W-bot

TW-Top
TWMid-Top
7W-Mid-Bot

7W-Bot-Hi

Westinghouse Savannah River Co

"~ Analyte

Cappm Nippm SInsol
14.8 <3 36.46
20.3 <3 37.06
14.7 <3 36.17
24 6.96 37.17
15.7 2.13 35.98
19.0 6.64 3589
252 1o be rechecked 36.40
17.6 1.46 35.82
16.2 4 34.15
233 <3 33.48
24.8 599 35.48
18.9 7.45 34.83
15.7 6.71 38.34

3715 158 31.43
266 A3 38.87
16.4 <3 37.10
16.6 <3 37.61
17.4 <3 38.34
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Client: Waestinghouse Savannah River Co

CTL Prj No: 4075%4

Page: 4

Sample Identification Analyte
CILID ClientID Cu.ppm Nippm
924300 TW-Bot-Lo 123.7 46.5
924301 SW.Top 33.1 9.91
924302 SW.-Mid-Top 16.1 A3
924303 §W-Mid-Bot 16.5 <3
924304 SW.Bot 264 <3
924305 9W.Top 1104 328
924306 9W-Mid-Top 17.2 <
924307 9W-Mid-Bot 18.0 <3
024308 - 9W.Bot 36.3 <3
924309 10W-Top 777 13.3
924310 10W-Mid-Top 16.8 <3
924311 10W-Mid-Bot 197 =
924312 10W-Bot 482 7.68
924313 T1 153 ]
024314 - T2 17.7 <3
924315 T3 ‘ 17.2 <3
024316 T4 17.3 <3
924515 EFSL/GR 13066 8957
924516 WFSL/GR 14966 10653
Notes:

1. This analysis represents the sample submitted on a dry basis.
2. This report may not be reproduced except in its entirety.

39.89

37.61
37.74
36.88
36.23

34.39
35.20
3347
3491

36.50
37.53
36.30
36.81

32.67
32.88
31.75
36.26
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VI. Sample Analysis of Sli:dge in the Form

Tha composite sludge slurries obtained from the material left standing in the form and on
top of the grout were dried and then acid digested for analysis. The sample from the east
form is EFSL/GR and the one from the west form is WFSL/GR. The cast sample contains
about 1.3% Cu and the west sa:zle almost 1.5% Cu by weight on a dry basis.

Measurements of the sludge depth and profiles of the grout appear in Appendix D and were
used 10 determine the volume and amount of material on the hardened grout.

VII  Measures of the Degree of Mixing

In the West form which contained the wetter shudge, it that there was linle mixing
that occured. This sludge has been prepared to simulate the sludge of the Tank 20F heel as
closely as possible. About 470 L were placed in the form and the calculated was
1.25 in. From calcuiations of sludge and grout depth, the amount of sl

on the hardened grout was within 5% of the amount of sludge placed in the form initially.
The amount of copper and nickel still on the grout has been calculated from the amount of
sludge on the grout and the copper and nickel analysis both before and after the pour. It

a that substantially all the tracer is on top in the sludge. These samples are somewhat
difficult to accurately sample and this may lead to some large uncertainties. Nickel in the
ponded sludge was within 10% of the initial amount and copper was within 20% of the
mital value. In the West form, the degree of mixing determined from changes in the
amount of sludge, as well as, from the tracer metals to be less than 20% and may be only a
few percent. -

In the East form which contained the dewatered sludge, somewhat more mixing occured
than in the other form. Starting with 275 L of sludge, about 40 L of supermnate was
ghysically removed and an estimated 20 L evaporated. This amount of liquid placed in the

‘orm was calculated to have a of 0.6 in. From volume measurements 6 days after the
pour, about 104 L or 48% of the mitial volume remained ponded on the grout. The amount
of copper was 62% and the amount of nickel was 58% of the initial amounts of these . -
metals. Again numerous i uncertainties make it difficult to accurately measure
the metal content of the s The thin layer trapped beneath the grout may contain
around 15% of the tracer metals. If copper was uniformly distributed in the bottom 3 in. of
the grout at the average concentration measured in the bottom sections of cores, it would
only consist of around 3% of the initial amount of copper.

A greater amount of mixing appears to have occured with the dewatered sludge and may be
as great as 30%. Some sludge has been trapped below the sludge but intimate mixing of
sludge and grout is probably less than 5%. A minimum of 60% of the sludge did not mix
and remained ponded on the grout

" VIII. Segregation of Grout 3 with Drop Height )

The purpose of this test was to evaluate grout segregation that might occur as a function of
the "free fall” height from which the grout was dropped, using core compressive strength
as a measure of potential segregation. If a reduction of core compressive strength was
observed, supplemental visual examination of the cores would be vndertaken. ft would
include splitting cores longitudinally, with half of each core examined visually under the
stereomicroscope. Three plastic forms, 4 ft x 2 ft by 12 in., in size, were obtained to be
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filled with grout dropped from § ft, 15 ft, and 23 ft (maximum attainable) heights. The
grout No. 3 was prepared in a two-compartment grout pump, using pre-weighed quantities
of dry ingredients, water, and superplasticizer. The grout was pumped through 1-1/2-in od
rut..er hose, secured to the hook of the overhead crane, so that the specified drop height
could be easily attained. One form per drop height was filled with grout 10 a a pomina
level of 8 inches. Upon completion of pumping, tightly fitting plastic lids were affixed to
al] forms, and the grout was allowed to self-cure at ambient temperature and humidity for
48 hours. The lids were then removed, and the contents of the forms were cored. A total
of six(6) cores per drop height was obtained, with 3 cores taken in the vicinity of the center
of the form near the point of grout discharge, and the other 3 corces taken from the
peripheral areas of the forms. The cores were moist cured for an additional 72 hours and 4
cores from each series were tested in compression at the age of 5 days, whereas the
remaining 2 cores from each form were set aside for microscopic examination.

Test results are presented in Tables on the next 3 pages. The following conclusions can be
drawn from these results:

1. Somewhat higer overall compressive strengths were achieved in the grout dropped
from 15 and 23 feet.

2. For all three grouts there appears to be a 25 to 30% reduction in compressive
strength in the core samples taken from the peripheral areas of the forms, with the
greatest reduction observed in the grouts dropped from 15 and 23 feet.

3. Overall magnitude of compressive strength su that, for the most part, the
grout mix remained materially cohesive within the range of drop heights evaluated,
and could be introduced into the Tanks at the Savannah River from elevations at
least as high as 23 feet.

It is expected that an impending microscopic examination will provide more information as
to the cause of the observed compressive soength reduction..

[X. Conclusions

Siow flowing grout poured into sludge similar to the heel in Tank 20F did not intermix in
any significant amount. The degree of mixing may be as great as 10 to 20% but, '
considering sampling and analysis uncenainties, mixing may be as low as a few percent. If
the sludge is dewntered a greater degree of mixing occurs. Based on several indicators of
mixing, around 20% mixing occured but cannot exceed 40% mixing of sludge and grout.
This mixing includes sludge entrapment in and below the agn:mt; only a small amount of
mixing is intimate mixing of sludge and grout. The flowable grout very effectively pushes
the sludge ahead of the grout front and only a small amount of mixing oceurs.

Grout #3, when delivered from drop heights from 5 to 23 fect, remains materjally
cohesive, develops satisfactory strengths without substantial variation, and could be
inroduced from elevations of at least as high as 23 feet into the Tanks at Savannah River
Site.
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Appendices

A. Procedures for Mixing Chemicals into the Sludge and
Pretreating the Sludge

Mixing Procedures for the March 5, 1997 Demonstration

Five of the 12 drums received from the Savannah Site were selected for spiking with
various chemical compounds. These five drum (#1, 3, S, 6, and 12) were selected
because they contained nearly volumes of sludge that was very close to the average.
Their respective volumes were 41.68, 43.41, 42.55, 45.15, and 43.41 gallons; the average
was 43.24 gallons.

Since, as per the program, the total sludge from these drums was to be divided into two
halves and s in the East and West forms, half sludge was mixed in open drum and the
rémaining in the as received closed drums.

The sludge for the East form was spiked in drums. The drums #1 and 3 were
transferred into two open drums and mixed. However, the sludge in drum 12 was mixed
in close and half of it transferred in an open drum afterward. The mixing of drums #5 and
6 was done in close.

The spiking of sludge (for both the open and closed drums) was done as follows.

a} 1.035 Kg cach of sodium hydroxide (NaOH) was added into all drums and mixed with

%h peed stirrer for 10 minutes,

hereafter, 4.130 Kg of copper sulfate nmhydme (CuS04.5H20) was added and

rmxed for 10 minute. drums were lcft or overnight.
c) Next day the drums were stirred for additional 10 minutes to ensure remixing and
homogenizing of sludge and the chemicals.
d) 19 Kg of sodium carbonate monohydrate (Na2C03.H20) was added to each drum and
mixed for 10 minutes. _
e) Next, 9.467 Kg of sodium oxalate (Na2C204) was added and mixed for 10 minutes.
f) 7.034 Kg of sodium sulfate was added and mixed for 5 min.
g) Lastly, to complete the spiking of sludge, the remaining 18.792 of sodium carbonate
monohydrate (Na2CO3.H20) was added and stirred for 10 minutes.

The two full drums and one balf taken from the drum #12 were transported next to the

East forms mﬁﬂ sit for several hours (nearly 72 hours). The supematent (about 3 inches

of clear liquid) was removed from one full and one half-full drum. The remaining sludge

(thick in nanre) was remixed with the stirrer and spread in the bottom of the East form and
left uncovered 1o permit more dewatering by evaporation.

The remaining two full and one half drums (all closed) were transferred next to the West
Form a day before the pour. The sludge in the drums were remixed and spread on the
bottom of the West form.
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Mixing Procedures for the January 31, 1997 Demonstration
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WSR Grout Demonstration Project

Sludge Mixing Procedures

Approximately 475 gallons of spiked sludge were produced by adding various dry chemical wo
405 gallons of unspiked sludge/supernatant over a period of 7 w 9 days prior to the placement
of the grout. The unspiked sludge/supernatant was in eight S5-gallon stainless steel drums.-
Approximately 60 gallons of unspiked supernatant was removed from these drums and stored
for later use (such as rinsing of drums after transferring sludge). The remaining
sludge/supernatant was thoroughly mixed for a period no less than 15 minutes with a drum
mixer to produce a unspiked mixed sludge. Spiked sludge was produced from the unspiked
mixed sludge in 10 batches in open-top 55-gallon steel drums. In each batch the following
chemical constituents were added to approximately 38 gallons of the unspiked mixed sludge.
These chemical additions were calculated based on 405 gallons of unspiked sludge/supernatant
and did account for the tzmporarily removed supernatant.

Material Addition Chemical Formula | grams per batch of
sudge '

Sodium Hydroxide NaCH 859

| Sodium Nitrate NaNO3 854
Sodium _Nitrite NaNO, 6,851
Sodiym Carbonate Anhydrous Na,CO+ 5,929
Sodium Sulfate Na,S04 6.554
Sodium Carbonate Monohydrate | NaCO3-H20 _28.198
Sodium Fluoride NaF 429
Sodium Oxalats Na,C04 8,768

Dry chemicals were typically added to the sludge in the order presented. Berween additions, the

sludge was mixed with the drum mixer for 3 minimum of 2 minutes. In addition. 6 liters of .
—M CuSO4 solution were added to the individual batches at various stages of dry chemical

addition. After a minimum 5 minute final mixing. the spiked sludge was transferred back into

the stainless steel drums. Between batches. the open-top drums were rinsed with the unspiked

supernatant to remove remaining material. The rinse supemnatant was added to the stainless steel
drums containing the spiked siudge.
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After al! mixing and transferring of sludge was complete, approximataly 450 gallons of spiked
sludye was even!fr distributed in 9 stainless stec] drums. An additional 25 gallons of unspiked
supernatant remained for rinsing of the stainless steel drums after the spiked sludge was
transferred co the formwork.

Sludge Placement Procedure

Spiked sludge was placed in the formwork 3 days before the placement of the grout. The
sludge from each individual batch was evenly distributed across the formwork to ensure even
mixing of the individual siudge batches. The empty stainless sieel drams were rinsed with the
unspiked supernatant to remove remaining material. The rinse supernatant was distributed
across the sludge in the formwork. After all transferring of sludge and rinsing of the drums,
approximately 15 gallons of unspiked supernatant remained.

Approximately 2 days before the grout placement. an anempt was made to move the shudge

from the center portion of the formwork. leaving mainly supernatant. A 1/8 10 1/4-in of
supernatant had separated from the sludge. Moving the sludge mainly caused the layers to
remix. howcver. limited amounts of sludge appeared to be pushed out of the center area. The
remaining 15 gatlons of unspiked supematant was added to the center of the formwork as the
last cffort to further move the sludge from the center. This process appeared to remix the sludge
and supernatant to produce a thinner siudge.

Lime Slurry Mixing and Placement Procedures

Culeulations indicated that approximately 660 gallons (2.498 liters) of lime slurry were required
for this demonstration. For ease of preparation and placement, the lime sharry was divided into
14 batches of approximately 47 gallons each. The following chemical constituents were used in
the lime slurry: :

Material Addition grams per liter of grams per batch of
slurry - slurry
Ca(QH), 100 17.848 ’
Cas 0.16 26.8
Nal5303 10 1,785
Water 957.59 170.887
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Dry materials were batched into separate sealed containers over a period of 5 to 7 days prior to
the grout placement.

Lime Slurry Placement Procedures

The lime siurry was placed on the sludge in the formwork 2 days prior 1o the placerhent of the
grout, The lime sturry was distributed across the entire surface of the sludge.

As described above. 14 barches of lime slurry were produced. All mixing was performed in 2
single 55-gallon stee) drum. The appropriate amount of cold tap water was added to the 55-
gallon stee} drum. The water was stirred with a suspended sump pump and drum mixer. The
dry materials were added to the water over a period of 2 10 3 minutes to produce the lime slurry.
The lime slurry was mixed for a period of 5 minutes. then the sump pump was used to transfer
the lime slurry through a 15-ft long 3/4-in. diameter hose to the sludge. The lime slurry was
distributed across the entire surface of the sludge.
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B. Batch Plant Mixing of the Grout
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C. Analysis of Starting Materials apd Angust 1996 Grouat
Poured into Pretreated Sludge
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StructurslVArchitectural Engineering,
Testing and Materiais Technology

3420 Oid Orchand Road, Sikolde, Mnols 80077-1030
B47/085-7500 800/ E23-3CTL  Fax: B47/ 9858541

Client: Waestinghouse Savannsh Rlver Co  CTL Project No: 407593
Project: Bullding 719-4A, Room 129 CTL Project Mgr.: Pres Waat :
M05202 Analyst: % ~
Contact: Dale Bignell Approved: Ob
Submitter; Pres West Date analyzed: 1-Jan to 3-Feb-97
Date recv'd: 14 to 29-Jan-07 Date raported;  4-Feb-37
REPORT OF CHEMICAL ANALYSIS
cd [~} N zn nacl, Res.
CTLID Description REmM Rpm pam |m %
923354 WSRCPHITV 0.89 30.1 2a.91 283
923355  WSACPHIMS  0.07  2.92 5.60 11.0
923356 WSRCPHIGES 0.12 8.90 <1’ 19.5
923357 WSRCALTGBS 0.34 6.08 <1 <0.3
923358 WSRCPHISF 0.39 23.8 <1 211
923359  WSRCPHFS  o.11 19.8 45.68 37.8
923360 WSRCPHRGES 0.61 9.19 18.38 47.8
923361 WSRCPHZTV 1.49 33.1 21.0 308
8923362 WSRCPHREF 0.64 14.2 <1 224
923459 WSRCPRDMW  <0.03 <0.5 <1 2.9
923460 SFPHhSSL 55.2 1210 22710 atas
923461 SRPH2WSL 95.8 1813 30876 as74
923462 PHIGROUT3A 2.79 13.2 6.85 129 52.31
823463 PHIGROUTS 0.14 12.9 1.08 137 54.91
923484 PSSLIMIDA <0.05 17.7 1.85 124 54.10
923465 PSSL1BOT 3.0 15.2 10.45 117 54.18
923466 PSSLITOP <0.05 19.7 318 139 22.03
923487 PSSL2BOTA 0.37 12.5 10.28 124 54.80
823564 SRAPH2SSL <0.05 4225 3723 214
Notes:

1. This analysis represents the sample submitted on a dry basis.
2. This report may not be reproduced except in its entirety.
3. The analysis was performed by flame atomic absorption spectrosc

Construction Tachnology Laboratorias. Inc,

opy-
Chicapo/Skokie Denver Seattle/Tacoma
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D. Measurements of Grout and Sludge after the Pours
The profile lines inder the form drawings indicate the depth of hardened grout.
The graph indicates the temperature reached within the March grout during curing.
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E. Petrographic and Photographic Evaluation of Sample Cores.
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