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Summary 
\ A reducing grout has been developed for closing high level wa@e tanks at the Savannah River Site in 

' Aiken, South Carolina. The grout has a low redox potential, which minimizes the mobility of Si", 
the radionuclide with the highest dose potential after closure. The grout also has a high pH which 
reduces the solubility of the plutohium 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 blobing the powdered grout in dry form into d e  tank. The 
dry particles will hydrate, incorporating the water into the grout powder. The grout will then be 
poured fiom 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 fiom 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 sIudge remains in each tank. 
Approximaiely 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 materid. 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 r&ucing 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, 
Tcw becomes relatively insoluble under reducing conditions. ,TcW 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 Pianfor F- and H-Area High-Level Waste Tan& Systems, Revision 1. 
* DOE, 1997, Closure Module Tank 27 System, Revision 0. 
DOE, 1996, CZosure Module Tan& 20 System, Revision 0. 

' 

.- 
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Secondly, the waste shall be entrapped in the grout form through strategic piacement of the grout 
mix. This method of encapsulation lias not beencredited in the performance assessment but is 
considered'added assurance in stabilization of the waste form. 

A grout development-and emplacement testing prokam was enacted to first design a rugged grout 
form and.then develop a practical means of installing 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 fiture tanks show that they also need grout with reducing 
and alkaline properties, then this report may provide the technical basis for those tanks also. 

I 

i 

Program Objectives 

Tank Description 

Tank 17F and 20F are steel-lined single-shell cylindrical tanks with a 1.3 million gallon 
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 
fiom the tank top. Six (6) 2Pinch internal diameter openings are located at 60" azimuth 
positions with the centerline of each riser located approximately five ( 5 )  feet fiom the edge 
of the tank. The seventh riser is located at the tank_center. The distance fiom the ceiling at 
the tank center to the tank bottom is approximately 36 feet. The height of the walls i s  
approximately 28 feet. 

I 

Residual Waste Description 

A residual heel of sludge material remains in each tank bottom. Samples of the sludge 
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 foim 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: Fission 
products in small quantities exist in each tank. Radionuclides of concern are technetium 
(Tc?, selenium (Se'4, 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. 

. 

~~~ ~ 

' P. D. d'Entremont and J.'R Hester, WSRC-TR-96-0267, March 17,1997. 
'I$. S. Hay, WSRC-RP-97-066, January 28,1997. I .  

.. 
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Performance Requirements and Acceptance Criteria 

The reducing grout must accomplish the following functions: '4 . 
Provide a:chemically stable condition in Ghich 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. , 
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 I 

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 thiosuIfate (in 
aqueous form) and ground blast h a c e  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 Tcw 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. 

Mechanicd 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 groudwaste 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. 

2. 

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 tar;k Furthermore, the leveling capability along with strategic placement 
locations prevents accumulation of residual waste in any one particular location. 

* -  

. J. R COO~,  SRT-WED-96-0223, . ,  AUwt  5,1996. 
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Requirement 

Chemically the reducing grout is required to set. A set time less than 72 hours is 
desirable tol 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 @soluble 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. 

Measurable Acceptable Comments 
Property ~ Performance Range 

\ 

TABLE 1. PERFORMANCE REQUIREMENTS AND ACCEPTANCE CRlTERU 

......- 
Set time 

- 
___1_- 

~ Kodan 304 
Compressive strength >500 psi in 72 hours See above 

I._.___....__.....""._.._______ -__. 

I I 

Mechanical EntraDment . 

grout with the 
residual waste 
Residual waste 

-".... .... ..".............".._.- 
distributed over large 
surface area. 

.... ............... .... ..."...... ...... -.............., 
Compressive Strength 

, 

-__.. .................... 
Compressive strength 
after 72 hours of , I 

placement , . 
~ 

\No residual waste 
after final reducing 
grout placement. 
Residual waste not 
located predominately 
in one general area 
and area of.residua1 
waste after first grout 
placement must be 
greater than 25% of 
total area of tank 
bottom. *-.-____) 
>500 psi 

. 

Placement method ' 
verified by field test 

Placement method 
verified.by field test 

I .  

............................ 

50 psi is required to 
comply with the Tank 
20 Waste Closure 
Module, however, 
>SO0 psi after 3 days 
was observed by 
Construction ' 

rechnology 
Laboratories. 

Placement 
Flowability I Flow cone . I aosecands . I Japanese specification 

I 
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Regulatory Requirements And Program 
\ 

Regulatory 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 FederaLFacility Agreement (FFA). 
DOE, the U.S. Envirorupental 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 S@;  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 Dwember, 1996, is a living document and is to ' 

be updated annually? The Program Plan includes: 

/ 

0 

0 

0 process 
9 

0 

a general description of the tank system closure program 
a description of the roles of the regulator community in the tank closure 

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

I 

Industrial Wasthater Closure Plan For &And H-Area HL W Tank Sys rems 

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 S&S to protect public 
health and the environment in accordance with South Carolina Regulation 
R61-82, "Proper Closeout of Wastewater Treatment Facilities." This plan 
presenk the environmental regulatory standards and guidelines pertinent to 
closure of the 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 fhe integration 
of HLW tank system closure activities with existing commitments to remove 
waste from the tanks before closure and nltimately to remediate the F- and H- 
Area Tank Farms. This document was approved by SCDHEC and EPA in July, 
1996. 

t 

! 

' DOE, High-Level Wmte Tank Closure Program Plan, December 1996. 
, 
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The specific objectives of this plan are as follows: 
8 

I 

8 

8 

Identify' the resources (e.g., human populations, land use, natural and 
cultural resources) potentially' affected by contamination remaining in 
the tanks after waste removal. 
Describe .the relationship between the HLW tank system closure 
activities, and the SRS FFA (Section =.E) and present the logistics for 
integrating tank closure activities with the requirements of the 
agreement. , .  

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). 
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 t m q ~ o r t  segments' as an estimate of 
contaminate flow, to derive specific peiformance objectives and other 
criteria for individual tank ,systems such that the closure of all F- and H- 
. k e a  tank systems will comply with environmental standards. . 
Describe the methods by which DOE will use .tank-specific performance 
objectives &d other criteria to select appropriatq options for waste 
removal and closure of individual tarik 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 R61-82, and be consistent with the requirements of the Resource 
Conservation ahd Recovery Act (RCRA) and CERCLA, under which the F- and 
H-Area Tank Farms will eventually 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 v o l y e  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 HL W 
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 

I 

. 

\ 

- 

- 

I 
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, .  

of the HLW tank farms under the SRS FFA. Because the modules tier from the 
general closure plan and the Program Plan, its objectives are bonsisteit with 
,those two documents. \ .  . (  

1 

i 

Mo-deling Summary , e  

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 commerciaVindustria1 use for 
the entire 10,000-year period of analysis; (4) the area of commerciallindustrial land 
use extends between F o u d l e  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 alotal impact 
of 1.9 millirem per year. This is well within the perfohance objective of 4 millirem 
per year. 

. 
, 

Discussion 
1 

. I  

Grout Design , . I  

I 

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: i 

Reducing conditions tkd alkalinity 
, Flowability, self leveling capability 
Compressive strength 

\ Cohesiveness and avoidance of segregation 
Low water/cement ratio, low perheability 

Engineering properties (adequate strength, appropriate setting time) 
' Chemical composition to incorporate co-nstituents of concern 

. Minimal bleeding to encoukge 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 

. 

I .  

u 

' .  
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Reducing Grout Ingredient 
Type VCement (ASTM C150) 
Water (ASTM C94) 
Sand (ASTM C136 passing the following screens): 

, -  

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. 

Amount 
1353 lbs 
86.4 gallons 
1625 Ibs 

Formulation 

TABLE 2. REDUCING GROUT ~ G R E D I E N T S  ON-A CUBIC YARD BASIS* 

Cement 

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

TABLE 3. TYPE v CEMENT CHEMICAL COMPOSITION . 

. 



./ 
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When these compounds react with water, new compounds are formed: 

. C,S: 2(3CaO*SiO;) f 6H20 -+.3ca(OH), + 3Ca0-2SiO2-3kI2O 
1 

C2S: 2(2Ca0.Si02) f 4H20 + Ca(OH), + 3Ca0.2Si02*3H20 
I 

C;A 3CaO.AI2O3 + 3CaS04.2H20 + 26H20 + 3CaO-A1203.3CaS04.32H20 

C4’M: 4Ca0.Al,02-Fe203 + 2Ca(OH), + 66aSo4-2H20 + SOi120 + 
3Ca0.A1203.3CaS04.32H20 + 3CaO~Fe,O3~3CaSO,~32H2O 

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 Specification C150 (1995) Standard 
Specification for Portland Cement. 

Ground Blast Furnace Slag andsodium Thiosuvate 

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 dag 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 f i r  Ground Granulated Blast Furnace Slag. Sodium 
thiosulfate (Na2S203.H20) was included in the mix design to create immediate 
reducing conditions. These conditions established by the sodium thiosulfate will 
conhue until the sulfides fkom the slag become avaiIabIe. I 

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 h e  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 essgtially 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 Tat Method for Sieve Analysis of Fine and Coarse Aggregates. 

I 

\ * 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. CJ'L reported that the set 
retarder also helped rnaintain'grout fluidity. The admixtures will be added at doses 
greater than that used for routine construction concrete. ASTM Specification C494 
(1992) is entitled Standard Specifcation for Chemical Admixtures for Concrete. 

Grout Properties 

Redox Potential 

The redox (or oxidation) potential (Eh) 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. 

I Alkaliniry' 

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 

. 
I '  

, ,  

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 results from the Japanese Kodan 304 flow cone test 
must be below 20 seconds (and ideally 8 secoQds) to ensure proper spreading. It was 
,also shown that the grout possesses strong thixotropic flow behavior with the grout 
,mounding up and &en slipping to initiate flow. This "stick and slip" flow behavior 

J. R Cook, SRT-WED-960230, August 28,1996. 

. .  
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is especially evident when pouring onto a-unobstructed surface such as fiom 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 (>lo 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 repo~rted that the Type V.cement based grout was more resilient to 
these contaminants and provides a more amenable installation. . . 

. 

\ 
.. 

1 

, 

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. AAer 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 l0,OOO 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. Testhg at CTL has confirmed that segregation does not occur from 
fiee 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. 

I 

. 

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 , 

(Ca0.2Si02.3H;O), 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 grout must be slow enough to maintain flowability ' 
during installation but rapid enough to permit multiple layering within a week's time. 

I 



WSRC-TR-97-0 102 
Revision 0 

Page'l6 

GTL has 'reported, through the use of set, retarders, that the grout will not 
significantly set during the first few hours of installation. But the grout will be 
sufficiently hard in three days to perhit 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 contambated. 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 backfrll 
materials. The specification incorporated the design requirements for the reducing 
grout as well as any testinglverification 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 furnishing Tank 17F and 20F backfill 
materials. George L. Th;oop Co., of Pasadena, California, has been selected to 
provide the'reducing grout and the other backfill materials for Tank 17F and 20F 
closure. I 

Batch Plant Design and Operation 

G. L. Throop Co., located a batchinglcontinuous feed plant approximately 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 b e  mixed 



WSRC-TR-97-0 102 e 

Revision 0 
Page 17 

in an auger. The output is intended to have fully mixed grout material. A 4-inch 
diameter header is fed fiom the pumping hopper at the grout plant to Tanks 17F and . 
20F. . .  \ 

1 

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 ofthe 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 successllly shown that the distribution of contaminants after 
closure. can be improved by pouring the grout into the tank iri 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 .&y. The simulated,sludge was effectively incorporated 
within the grout layer (30% incorporation on the'fust 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 i t 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 a few points) for easier 
removal. Also, if the amount of sludge in the'tank is reduced, other.placement 
metho& 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 
fiom the tank top, Tank 20F does not have access to the W and NW risers. Access 

made in the vicinity of these risers. 

,. 

- 
+ 

. ,  

' 

\ 

' 

is unavailable for the SW on Tank 17F. Therefore, 8-inch'diameter core drills were ~. . .  . 

. -. 

, .  

. .  
' * lo Caldwell and Langton, WSRGTR-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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Requirement. 

\ 
Conclusion ' 

A reducing grout has been designed for use in the closure of Thnks 17F 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 
ixeloped ioentrap 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 cpnstruction 
practices and equiprqent. Comparison of the grout properties to the Acceptance Criteria are as 
follows: '.F ~ 

t 

Measurable Acceptable 
Property * Performance Range Test Results 

TABLE 4. PERFORMANCE REQUIREMENTS AND ACCEPTANCE CRITERIA 

Alkalinity PH 
Chemical Reduction Oxidation Potential 

.......................... ..... ........... .....,.......... ....................................... >12 pH units ............ ............. ........................ ..... .... _......-__.....- .... .... >9.5 pH units- 
<O mV <-90 mV 

Full incorporation of 
8groutwiththe' , 

residual waste 
Residual waste I 

distributed over large 
surface area 

..........,.I...... ....................... 

.. Flowability Flow cone <20 seconds 
Set time Compressive strength 5500 psi in 72 hours 
.....I.... 

- .  

-............ >8 seconds 
>3000 psi 

......... ......................... 
Compressive Strength 

I 

Placement 

Visual observation 

__.,......__.__......- 
Visuiil observation 

Compressive strength 
after 72 hours of 
dacement 

No residual wastq 
after final reducing- 
grout placement. 
Residual waste not -* 
located predominately 
in one general area 
and area of residual 
waste after fmt grout 
placement must be 
greater than 25% of 
tofal area of tank 
bottom. 
>500 psi 

... 

Full incorporation 
verified by field tests 
................................... ....... 
Field test verified 
sludge spread over 
approximately 34% of 
tank bottom with 
sludge sirnulant not 
concentrated in any 
one area. 

__I___. .... ...........I....... 
>3000 psi 
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' I  
List of Acronyk 

' i  

CLSM 

CrL Construction Technology Laboratories, Inc. 
DOE U.S. Department of Energy 
WSRC 

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

Westinghouse Savannah River Company 

Portland cement & de&ed in ASTM Specification C 150 
Portland cement as defined in ASTM Specification C 150 
A special shrinkage-compensathg cement containing the Klein 
component, 4cao-3~203~s03 

I 

I SRS Savannah River Site 
Type I Cement 
Type V Cement 
Type K Cement 

SEM Scaiming electron microscopy 
EDAX Energydispcrsive X-ray analysis 

PH 
Eh I 

The negative logarithm of the hydrogen ion concentration 

standard hydrogen electrode 
c3s Tricalcim silicate (a cement mineral) 

c2s Dicalcium silicate (a cement mineral) 
C3A Tricalcium aluminate (a cement mineral) 
c4AF Tetracalcium aluminofemte (a cement mineral) 
C3S2H3 A representation for calcium silicate hydrate, a hydration product of 

portland cement -. 
C3A.3CaSO.g32 HzO Ettringitc, a calcium sulfoaluminate hydrate from hydration of 

hydraulic cement 
GBFS Ground &anulated blast furnace slag 
WRDA Formulation of high-range water reducing admixture 

The redox potential of an aqueous solution relative to that of the 

I 

- .  . I  

. '  
4 

, <  .. 
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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 Riyer Site near &en, South Carolina. All three grout formulations were shown 
to possess the desired properties of high pH, low Eh, 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-reducinglretarding 
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 Westinghquse 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 fornulation for use in closure of 
Tank 20, a steel tank containing a residue of high-level radioactive waste at the SRS. A 
IO00 gallon sludge waste heel remains in the otherwise empty 1.3 W o n  gallon tank The 
grout to be developed was to have reducing properties (negative Eh), 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. 

Cl'L 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 (lowX3A) portland cement. All compositions incorporate a high- 
range water reducing agent and retarding admixture, and sodium thiosulfate (Na2S2O3) 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 l i t e m  review w e  conducted during the course of the project. Although the timetable 
did not permit completing this review before commencing the laboratory work, the results 

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 sumgates for technetium, and uranium 
and cerium 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. 

of the review in large part supported the choices made. t. 

. ,  
. I  
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The grout formulations were tested for flowability using the Japanese standard flow cone 
514. 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 
fmm which was 90 feet in length and 8 feet in width, with a larger circular central zone. 

, The 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, &d select4 samples subjected to scanning 
electron microscbpyknergy dispersive X-ray analysis (SEhMDAX) ,  to detect the degree 
of incorporation, physically and chemically. Selected samples from the large-scale pour 
were also examined with an optical microscope. Then 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 ofthe 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 
SEMEDAX. 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 ions 

' like c%Ioride. Therefore, no applicable comparative data resulted from these tests. 

Since the most critical properties of the grouts were high pH aid reducing capability, the 
. grouts and grouted sludges were tested for pH and Eh in the plastic state. The pH values 
of the grouts were around 12.5, with Eh values ranging from -140 to -260 mV. Fresh 
samples of grouted sludge (1 pait sludge to 5 parts grout) were also adequately alkaline and 
reducing; they had pH values near 14, and Eh values in the range of -30 to -60. To 
investigate which of the grout formulations was most effective in stabilizing the 
radionuclides of concern, 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 raip (or acidic groundwater),as leachants. A sample of sludge spiked with 
calcium hydroxide and calcium sulfide (to ensure high pH and low Eh) was also batch 
leached. The results showed that, in general; grout stabilization was better than mere pH 
and Eh control. For most elements, the thrte grouts pcrfomed 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 
sludges. Moderate stabilization was achieved for mercury, selenium, strontium, and 
molybdenum, a technetium mgate ,  Cesium and rhenium were s t a b i i  to the smallest 
degree in grouted sludges. However, extension of the curing time would almost certainly 
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. 

I 

' 

i 

? 

It develop& during the course of the projwt that less water could be pumped out and, 
therefore, the amount of water in Tank 20 might be grcater 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 Eh 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 

, 
J 

2 -  
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grout. Eh 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 
rests with grout and sludge spiked with oxalate and sulfate, which caused the flow to be 
g.-eatly reduced. It was then decided to carry out another series of flow tests in forms. The 
ilrst 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 in 
the grout. Chemical testing for Eh 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 result is a 
sodium salt waste solution/sluny with precipitated hydroxide sludge, 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 (= loo0 gallons sludge and covered by =3500 
gallons 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 nitritednitrates. 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 actua€ amount of radioactive material remaining in this tank is very small. The 
radionuclides of concern aie plutonium, technetium, and selenium, wi$ a lesser degree of 
,concern for cesium and strontium. The levels of these elements are shown in Table 1 
(dEntremont and Hester. 1996). While these concentrations ar6 low, they will benefit 
from an aggessive control scheme optimizing alkalinity and redox conditions to stabilize 
the nuclides of concern. I -  
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Element 

Se-79 
S r - 9 0  
TC-99 
cs-137 
Eu-1 54 
Pu-239 

Table' 1-Radioactive Elements-Tank' #20 , .  
Curies/L of, 

sludge 
9.26 ~ 1 0 . ~  

2.65 x 
1.1.6 

,0.078 
7.35 x 10-3 
1.1 x 10-3 

Total 
curies , 

0.035 ' 

4390- 
1 .o 
294 
27.8 
4.15 

g/curie , 

* 14.3 
0.0071 9 

58.5 
0.01 15 
0.00353 

16.1 

Total 
grams 
0.5005 

,58.5 
3.381 

0.098134 
66.81 5 

31 .S641'_ 

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 Conditions and Alkalinity 

Modeling has shown that the radionuclides of-greatest concem 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 dificult 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 mork 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 criteria possessed by the 
L zrout. 

Flowabilitv, Self-levelinp - -  CaD ability 

The tank is 85 ft in diameter and 55 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. 

' 

. .  
e ,  

I 

Compressive Strength .~ 

The actual compressive strength requirements of this grout are Godest(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 stronggrout to be placed on top of it. ' 

\ 

\ 

. .  

c 
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Grout Properties Considered Important by CTL 

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

-. Chhesiveness and Avoidance of Segregation 

There is a likelihood that the grout will have to "free fall" a certain distance from the tremie 
pipe to the floor of the tank. Also, it will have to flow over +e 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 detemng 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 w8s 
therefore designed to minimize segregation, and assure cohesiveness of the material. 

Low WaterlCement Ratio, JAW Penneabiliv 
> 

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 lo00 gallons of sludge and about 3500 
gallons of liquid remain in the tank after pumping. 

Chemical Composition. to Incorporate Constituents of Concern 

Certain elements are known to be readily incorporated into the lattice of cement hydration 
products. For example, Cr3+ can substitute for aluminum in the lattice of the material 
ettringite (3CaO.Al203.3CaS0~32H20), and selenium as SeO4= 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. 

En pineerin p Properties (Adea uate s t r e u o  priate Settinv Tim e) 

I 

The question of compressive strength was discussed above. However, strength is a readily 
measurable 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 $e 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. 

I 

Minimal Bleeding. to Encourage Aspiration of Sludee Water 

. One important advantage of a low waterkement ratio in the grouf is that the water that is 

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 sensewthis goal is concomitant with the goal of 

' associated with the sludge will be more likely to be aspirated'into the grout. This 

5 
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\ 
segregation avoidance. As a practical matter, it may Ge difficult 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. 

Trial Compositions and  Reasons for Choice 

Blast Furnace Slag 
, I  

It was decided to include blast furnace slag in all test compositions. Slag has been shown 
to possess chemically reducing properties that are particularly favorable for the stabilization 
of technetium (Bostic et al, 1988), 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. 

I 

, SilicaFume , 

Silica fume 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 fume plays a major role in avoiding serious segregation problems. 
In CTL's view, silica fume is an essential ingredient ie the grout compositions developed 
and tested. 

Cement ComDosition Variables and Reasons (Twe I. T v ~ e  K. Tvue V) 

, 

Basic Cement Chemisq . . 

I 

'I 

. 

Portland cbment contains as fundamental mineralqgical constituents the materials C3S 
(3CaO-SiOz), C2S (2CaO6iO2), C3A (3CaO.A1203), and C4AE (4CaO-AI203.Fe203). 
Gypsum (CaS0~2H20) is added to control the setting of the calcium aluminates. When 
these minerals hydrate (Le., when they react with water), new compounds are formed: 

2 C3S + 6 Hz0 -> 3 Ca(OH)2 + C3S2H3 
2 C2S + 4H20 -> Ca(OH)2 + C3SzH3 
C3A + 3 CaSO4-2H20 + 26 H20 -> C3A;.3CaS0~32 H20 (ettringite) 

- 

. .  
CjAF -4- 2 Ca(0H)z + 6 CaSO4.2HzO + 50 H20---> C3A:3CiS0~32 H20 + 

. C<F.3CS04d32 HzO . .  

Ettrinsite.'its iron analog, and calcium silicate hydrate (C3S2H3) have all been shown ' .- t 
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 

.oxyanions (as can also molybdenum, if reducing conditions are present). It was therefore 
judged prudent to include candidate grout formulations that produce hisher quantities of 
ettringite, and also th'at 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 notrequired. TO the extent that such 

I 

- .  
, ' ). 

, _  
' ,  . , 
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. I  

mixing does occur, it is desirable to provide a cement componentwhose 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, mid low Eh alone. Type I cements, which contain more C3A 
th:.i other types of portland cement, and Type K,cements,'which contain 
3Ca0.3Al203.CaS04, have higher contents of the aluminate component which ultimately 
can be converted into ettringite.. Since stabilization of the elements 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 also tend to 
be susceptible to shrinkage and Type K cements reduce shrinkage. 

I ' 

' 

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. It is 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 Water Reducer and SuDerplasticizer to Ensure LAW W/C Ratio 

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 watedcement 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/r$qder admixture (ASTM C 
494-Type A or D). The pencipal purposes of this material are helping maintain fluidity and 
slowing down fhe 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 Volume Stability - 

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 system 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 achowledged 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. 

, *High internal temperatures have an effect on the process of hydration of the portland 
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\ Effects on Chemical Stabilization . 
I 

Even in cases where the temperatures do not reach 7O"C, the microstructure of the paste is 
affected by the temperature. General knowledge in the industry has shown that ambient 
ciqring temperatures around 20°C (68°F) give a better microstructure thy higher 
temperatures. 

Effects on Tncoruoration of Sludoe 

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 Df Grout Compositions" in Appendix A was followed. The testing resulted in 
the selection of three candidate formulations shown in-Table 2: 

.- 8 
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Table 2-Grout Formulations 

Mix 1 
Type I 

Type I Cement 894  28.07 

Cement, Slag, Silica Fume, Masonry Sand 
lab mix, grams % by weight 

GBFS 165 5.18 
Silica Fume 120  3.77 
Masonry Sand 1440 45.21 
Water ,525 16.48 
WRDA, g 3 3  1.04 
Retarder, mL 6 0.1 9 
Na2S203 hydrate 1.9 0.0597 
Total 31 84.9 100 
WRDA, mL 3 0  
Unit Wt., #/ft3 140.1 

Mix 2 
Type I Cement, Type K Cement, Slag, Silica Fume, Masonry Sand 

Type I Cement 760 23.91 9 0 7  

GBFS 165 5.1 9 1 9 7  
Silica Fume 9 0  2.83 1 0 7  
Masonry Sand 1440 45 .-30 1718 
Water 522  16:42 623  
WRDA, g 29.7 0.93 564 02. 
Retarder, mL 4.5 0.1 4 85 oz. 
Na2S203 hydrate 2.85 ' 0.0896 3.40 
Total 3179.05 . 100 3794 
WRDA, mL 2 7  . 
Unit Wt., #/ft3 . 

lab mix, grams % by weight Lbs per cubic yard 

Type K Cement 165 5.1 9 197' 

Lbs per.cubic yard 
1062 

196  
143  

1 7 1 0 .  
623 I 

629 '02. 
. 115 02. 

* 2.26 

140.5 

Mix 3 
Type V (low C3A Cement, Slag, Silica -Fume, Masonry Sand 

Type V Cement . 1199 33.67 1353 '. 

GBFS 185 5.20 209 

Masonry Sand 1440-  , 40.44 1625 
Water ' 639 '1 7..94 7 2 1  

Retarder,' mL 4. 0.1 1 -71 02. 1 

Na2S2Q3 hydrate. ,1 .9 0.0534 2.1 5 

lab mix, grams % by weight Lbs per cubic yard 

'Silica Fume 8 0  .2.25 ~ ' 9 0  

WRDA, g 12.1 . ' 0.34. 219 OZ. ' 

. . Total * 3561 ' . 10.0 .4018 
WRDA, mL - 1,l 

' Unit Wt., ~ f t 3  I . 1.48.8 
I .  

9 
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Testing Results 

Large Scale Pour Test 
I 

Benause of the essential nature of the flowability of the grout, it w s  decided to provide a 
reduced-scale simulation of the grout pour using a smaller cross section of a 90 ft. circle. 
The details of theaprocedure 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. . 

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. 

I 

~ 

Considering the rather small total volume of grout poured, the distance of traverse 
was.quite 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 maipin 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 (SEMEDAX). 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 mm 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 degee 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 
polyethylene 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 112 in.) of sludge spiked with surrogate elements was placed in the third 
form. and grout was introduced in a gentle stream horizontally, ihediately above the level 
of the sludge. The form was totally filled with grout, and all forms were allowed to cure . 
about 7 days at ambient temperature and humidity. The foms were then removed. and the 
contents were cored. The cores were split longitudinally, and half of each core was 
esamined visually and under the stereomicroscope. 

10 . 
: . 
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I .  

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 
ccapared to a 2 ft vertical drop. We conclude that a 5 ft drop probably would not 
III iterially 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 ' t 

I 

Using the procedure described in Appendix A ("Procedure for Sequential Batch 
Leaching"), the sludge was treated withcalcium hydroxide and calcium sulfide to ensure 
high pH and low Eh. 1t.was subjected to leaching with distilled water, with measurement 
of pH and Eh 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 gout. The grouted sludges were examined for pH and 
Eh. 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 
1e;lchates were analyzed for the above elements, and also for non-radioactive cations (Hg, 
Ag. Mn, Fe) and anions (Cl-, ClO3-, F-, and chromate). 
The results, 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 p w h  adjusted sludge and grouted sludge 

stabilization with all three grouts is comparable. 

2. Cerium is also very insoluble in all low Eh, high pH matrices. The leachability from'the 
sludge is comparable to that from the grouts at higher Eh. The leachability at Eh values 
greater than +200 mv is higher, with Grouts #1 and #2 outperfoping 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 Eh, high pH sludge. It is significantly better 
stabilized in all three grouts. In the simulated acid rain leaching, all three grouts performed 
approximately equivalently. With the acetic acid leaching, below Eh of +250. all three 

. matrices. It is better stabilized in the grouts than in the sludge alone. The degree of 

11 . 
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' grouts are $so rouFhly equivalent. Above this value,:Grouts #I and #2 show-lower 
leachability. The grout makes an impmtant 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 
srt d e r  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 Eh. 

5. Sr is much better stabilized in the grouts than in sludge 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 
1 

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. Over an 
extended period of contact ktween 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 

concentrated on the regions near the surface of each specimen, specifically on the cracks I 

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 pe,riod is necessary to observe the 
postulated mechanisms. The discussion of the results obtained can be found in Appendix 
E. 

, , 

' 

sludge into the grout. The electron microscope examination described below thus I . -  

.. 
Thermal Considerations and Heat of Hydration Tests 

As has been noted earlier, it was necessaxyto assess the amount of heatthat would be 
generated in the tank by the hydration of the cementitious materials. This was to ensure 

associated with alkali*or sulfur reactions would not distress the grout physically. The heat 

In this procedure, a cementitious sample, without sand, is hydrated under pseudo- . 
isothermal conditions in a very stable water bath at 23.0". 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 only5 to 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 acceptable. If grout 
production and de.1ivery.k planned in another manner, the impact of these assumptions on 
the calculations of material temperatures in the tank will need to be re-examined. 

8 .  

, that the grout microstructure would not be compromised, or that durabiIity problems 

- of hydration wis determined using conduction calorimetry. ' 

t 

- ' 

- 

, .  . 
. .  
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The results indicated all three grouts are substantially retarded wiih the earliest maximum 
heat generation occurring for Grout #3 after 32 hours and the latest for Grout #I, after 83.9 
hours, Complete mixing of sludge and grout accelerated the reaction significantly with the 
strongest interaction between sludge and Grout #l. When mixed with sludge, the earliest 
IT Aximum heat generation occurred with Grout #1 and sludge after 1 1.4 hours and the latest 
for Grout #3 .and sludge after 20.4 hours. A more detailed discussion of these 
experiments, including figures, appears in Appendix G. 

The time that maximum 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 usedin calculating the temperature profi'le 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, @ere 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 &en 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 canied out. , 
This raised a concern about the flowability of the grout, as calcium ions from cement 
hydration,could inteiact with carbonate, oxalate, and sulfate to precipitate slightly soluble 
calcium salts, which could impact flowability. Alsd, 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 forniulation 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 wasthen mixed with 250 ml 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. 

, 

. 
. ,  

I .  
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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. 

1 1  NO FLOW 9 NO FLOW 10  NO FLOW 

/ .  . \  
Table 5-Flow Cone versus Time Tests. for '3 Candidate Reducing Grouts 

. 

Min. after FlowCone, Min. after Flow Cone, 
start Sec. start sec. 
.25 ' NO FLOW 17  4 . 0 3  

I 

Min. after Flow Cone, 
start Sec. 

. 2 8  a 5 . 0 5  

Grout 3 
with unspiked sludge 
Min. after Flow Cone, 

start Sec. 
9 1 7  . 
16 17.75 
2 3  21 -01 
3 1  22.45 
3 9  24.59 

Evaluation of Pretreatment Solutions 

The results indicated a need to consider pretreatment of the sludge prior to introduction of 
thegout. It seemed reasonable to treat the sludge with a combination of calcium hydroxide 
slurry, sodium thiosulfate, and calcium sulfide. Sodium sulfate is an accelerator for cement 

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 Eh of solutions made up yith various amounts of sodium thiowlfate, and then 
augmenting the Na~S203 with Cas. Ge'Eh values of the Na2&O3 by itself were not 
considered low enough. The addition of small amounts of calcium sulfide had a major 
impact qn the Eh, as shown in Table 6. The addition of CaS used was 5 mL of saturated 
solution to each 100 mL of sodium thiosulfate solution. 

. hydration, and sodium oxalate is also a stiffener of grouts, since it precipitates insoluble 

- 

t 

14 : 
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Sample Number Gms NaST03 mL water 
1 0.2600 100 
2 0.5846 100 

4 1.9954 100 
5 4.0753 ' 100 . 

- 
3 1.0191 ' 100 ' 

_. . 
Table' 6-Reducing Potential of Sodium Thiosulfate and Calcium Sulfide 

Eh Eh w1CaS addn. 
134 -209 
120 -204 
94 , -209 
77 -207 

.61  -208 

, Flowabilitv Restriction Caused bv OxalatelSulfate - Grout #3 Flow 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 
alternaiely, the simulant for a washed sludge, the sludge 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 sludge 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 24 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 wi-th 1.2 in. of asluny of calcium hydroxide (10% 
by mass) with added sodium thiosulfate (1%) and calcium sulfide (O.O15g/lOO mL). 

It was decided to determine the pH and Eh characteristics of ihe materials in the forms, to 
clarify interpretation of the measurements to be made after the grout pour. The pH and Eh 
values obtained are given in Table 7 for the unspiked sludge and supernate (Form l), 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 Eh Values for Samples Prior to Grout Addition 

After all three forms had stood overnight for 12 hours, the grout pour was initiated. The 
procedure involved mixing the grout in a 1 ft3 mixer for 5 minutes, then pouring the grout 
into 5 gallon buckets. The buckets were then emptied into a poitable hopper, with a 
delivery pipe situated directly over the nanow 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. 

. 1 5 -  
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Table 8-Flowability Test to Evaluate Effects . \  of Oxalate and +Ifate 

All three experiments gave 9stincrly different results. In the caseof 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 the4eading edge of 
the grout advance. Here however, the grout advmced to the end better. The pretreated 
sample was radically different in its behavior. The gout immediately flowed to the end of 

, 
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. _  

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 
erout was nearly constant throughout the length of the form. There was no sludge floating 
Gn the top of the grout; in other words, other than the small amount of sludge at the bottom 

rzpresented the best flow and the best sludge 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 resgct 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 IittIe 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 Grout #3 Flow Test 

* 

of the form, most of it.was well incorporated within the grout. This experiment i 

I 

, 

~ 

, .  

The three forms had roughly 6 in. to 8 in. high sides which formed a trapezoid; this defined 
the bottom of all three fonns 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 nmow 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 sludge, 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 Eh and pH measurements. Positions and dimensions of the cores are shown above the 
respective Eh and pH data in Table 9. \ 

i 
0 

E-, and DH 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 
tlrrc barom and middle of each core to obtain 12 samples. Three other samples came from 
additional slices obtained from the top of cores PSSL2, SSW, and WSL6 and three slices 
were obtained high in the core, near the top, for cores PSSL1, SSL3, and WSL5. These 
slices were crushed in mortar and pestle to a size sufficiently small enough to pass a 318%' 
(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 wheel that turns at 24 rpm. Measurement of the pH and Eh 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 results as shown in Table 9. 

These results show that Grout #3 provides a matrix with high pH (pH>ll) and low Eh , 
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 Eh values less than -50 mv, are provided throughout the depth of the grout 
after placement into a sludge layer. Reducing potential is approximately the same, whether 
a large or small amount of sludge incorporation has occured. 

I 

' 17 . 
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Core Identification * WSL6 
Distance from Narrow End, in. 73.7 
Range of Length of Cores, in. 2.8 to 3.0 

I 

ID 
Eh 
PH 

s Table 9-Eh and .pH from Extracts of Crushed Samples from 
Cores Removed from the Three Forms of the Grout #3 Flow Test ' 

WSLSHIX WSLSMIDX. WSLSBOTX WSL6TOPX WSL6MIDX WSL6BOTX 

-96 -95 -99 -104 -94 -104 
11.89 11.85 11.90 11.81 1 1.99 11.97 

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

SSL3 Core Identification * 
38.1 Distance from Narrow End, in. 

6.0 to 6.25 Range of Length of Cores, in. 

S S U  
72.1 

4.4 to 4.8 

Sample 
ID* 
Eh 
PH 

'gp: 
Eh 
PH 

PSSLlHIX 

SSL3HIX SSL3MIDX SSL3BOTX SSLATOPX SSL4MIDX SSL4BOTX 

-105 -106 -104 -156-- -124 -97 
1 1.93 11.94 . 11.94 11.98 ~ 11.88 1 1.92 

-96 
1 1.88 

PSSLl Core Identification * 
52.7 Distance from Narrow End, in. 

5.9 to 6.2 .Range of Length of Cores, in. 

PSSL2 
88.1 

6.2 to 6.5 

*- WSL denotes "washed slu&ge: SSL,'spiked sludge; andPSS-L, pretreated spiked sludge. 
Position of the slice of the core is indicated in the Sample ID by bottom=BOT. middle=SlID. 
high=HI, and Top=TOP. Eh and'pH samples all were extracts indicated by X. . 

PSSLIMIDX PSSLIBOTX PSSL2TOPX PSSL2MIDX 

-93 . -106 . -114 - 1 1 1  
. 11.92 12.01 12.02 11.81 ' 

- ,  
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' Petrographic Examination of Core Sections from the Grout #3 Flow Test 

Optical microscopy with the use of the stereomicroscope confirmed the physical 
observations. The sludge in the pretreated sample was well incorporated, with the 
r-xception of a very small amount that was at the bottom of the core. There was a little 
illcorporation 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 Eh 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 Eh control, if some mixing of grout and sludge occur. The principal reason Grout #3 
is 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 calcium sulfide and sodium thiosulfate will help to ensure success in this 
rank 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 
fl owability 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 

?'he following standards were used in obtaining data for this project for Westinghouse 

Standard Methods 

, Savannah River Co. , 

Modified ASTM C 109, "Standard Test Method for Compressive Strength of 
Hydraulic Mortars," (modified by using the composition of Grouts #I, #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)." 

from Japan Highway Public Cooperation using a J14 cone.) 

, 

0 KODAN 304, "Method of Consistency Test for Non-Shrinkage Mortar." (Test 

U.S. EPA, SW-846, Method 31 1, "Toxicity Characteristic Leaching Procedure" 
(TCLP). -. 

I 

Standard Practices ,, 

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

ASTM D 1498, "Standard Practice for Oxidation-Reduction Potential of Water." 0 

Standard Specifications 
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 cementhand volumetric ratio of between 14 and 
V1.5 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@), slag, and silica fume are weighed. 

4. A waterkementitious'ratio between 0.44 and 0.48 is selected, and the water measured 

water together with a trial quantity of superplasticizer &d retarder. 
' out. Sodium thiosulfate (0.06-0.09% by weight of total grout) is added to the mixing 

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 (J 13), 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 

8 the flow cone reading is greater than 12 seconds, the batch is returned to the mixing bowl 
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 into a 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 cementhand ratio is further ., 
increased at constant waterkementitious ratio. Either of these steps has been found to 
reduce segregation. If the material tileeds 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. 

A-2 
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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 

The nominal batch size is 2 cu ft, and the grout is prepkd 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 dischgge opening is connected to 1-in i.d. PVC vertical 
tremie pipe, where the grout flows under gravity until discharged at 2 f t  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 9 0 4  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, roughlyforming sectors of 
the 90-ftdiameter circle on either side. Under the circumstances, the trough of this 
shape produces the closest simulation of circular flow pattern consistent with a 

.* , 

. I  suitable for pumping.. . 
. I  

, 

- ,  

9 

. moderate volume of grout. 

Simulated sludge is placed on the Surface of the tiough 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 bottom of the tank. . 

A-3 

. '  



WSRC-TR-97-0 102 
APPENDIX "A" Revision 0 
ChL Tank 20 Reducing Grout Report Page 49 

- Results of Flowabilitv Test 

b 

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

Time elapsed. ' Distance from point of discharge to leading edge on 
min - -  westend east end 

4'6" 4'6" . * , 5  
10 I 8'0" 8'3'' 
15 15'4" 1.1 '2" 

15'7" 15'0" 20 
. 25 18'10'' 

30 25'8'' . 
35** 26'4" 
40*** 26'4'' 
45 30'6". 
50** ' 32'8" 
55 32'8". 
60*** 32'8" 
65 34'8" 
70 39'7" 
end 

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

,* 

2 .  

Nominal thickness of grout in place was 4 inches at the point of discharge, tapering 
down to 1 inch at leading edges of the poured,grout . 

I 
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Procedure for the Preparation of Sludge and Spiking 

All sludge preparation began with the'washed sludge provided to CTLfrom 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 
chemical 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 draw9 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 1 lO'C) varied from 16 to 258 between 

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

I 

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

Spiked sludges were made from thickened washed'sludge which was kl 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 thesludge in order to spike it. One batch of 
sludge was spiked with surrogates for radioactive elements and other-elements to 
adjust he sludge to closely match a WSRC estimate of the chemical constituents in 
Tank #20. Compounds of fhe 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 thegrout 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 detefinined that the sample had 23:48 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. 

e .  

' ' 

b An analysis of the washed sludge sample was supplied by U'SRC 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. 

A-5 
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WSRC Analysis of Washed Sludge 

General Tests 

Density, @mL 1 . 1  1 
PH 11.85 

Total Wgt 95 Solids 13.98 
Alkalinity, MoleL , 0.172 

mg/L 
< 100 

189 
< 100 
1170' 

< 100 
510 

1090 , * 

< 100 
<IO0 , -  

, ,  

. .  

Elements Weight % 
Hg 
P' 
zn ', 

Pb 
Ni 
B 

Mn 
Fe 4 

' Cr, I 

Mg 
Si 
,A 

. <9.25ppm 
< 0.40 . 

0.341 
0.437 

' 3.22 , 
< 0.01 

5.77 
29.23 

" 0.193 . 
0.329 , 

0.95 
4.95 

- Ca . - 3.02 
c u  0.179 
Ag 0.01 - 
T i .  0;007 

0.162 
\ 0.029 

Zr 
Sr 
Ba . 0.282' 
Na 3.41 . , 
Se . < 0.01 - 
Cd 0.01 15' 

, .  . , -  

' Ce I . 0.0047 
L a .  0.00 1 

0.302 

Total Carbon ' 0.184 
. 0.004% 

IS 
. c s  

A-6 
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, .. 

Procedure for Sequential Batch Leaching 

1. The total weight of grout materials is heId 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 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 small 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 fixing paddle removed from the mixer. The sludge-grout 
mixture is introduced into the 25.4 (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 dernolded a! 2 days, and returned to moist curing. Compressive strengths 
are determined at.3, ?,.and 14 days. , 

IO. The beaker samples are allowed,to cure for 14 days. 

1 1. 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 609 sulfuric, 40% nitric acid. 

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

\ 

' . 

14. Both grouted sludge and pure sludge samples are agitated in their leachants in plastic 
: bottles for 18 hours at ambient temperature. . 

. .  
I A-7 t 
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15 At the end of the leaching period, the bottles are removed and *e material'allowed to 
secle for roughly 30 to 120 minutes. The material in the leaching bottles is filtered through 
Buchner filter funnels, using glass fiber filters, and the leachate collected. AcidTwashed 
glass fiber filters (0.7 pm pore size) meeting TCLP criteria are used. The pH and Eh of the 
liquid are immediately measured and recorded, The solid on the filter paper and filter paper 
are returned to \the original 1eacGng 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. : 

. .  

A-8 . I 
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1. The pH electrode is washed with deionized water and dter wiping nearly dry with a 
fresh laboratory tissue, is immersedin standard pH 7 buffer solution and standardized. 

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

, 3. The electrode is then iinsed 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. 

3. 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 rinsing 
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. 

il 

f 

Eh 

1. Eh measurements are made using a single body combination Ag/AgCl reference and 
platinum redox eIectrode as an Eh electrode. The potential of the Eh electrode, in 
conjunction with the temperature probe, is measured in a ferrous ammonium sulfate/femc 
ammonium sulfate standard. This solution should have a potential of +475flO mV. It is 
then checked against a standard potassium ferrocyaniddpotassium ferricyanide solution, 
which should have apotential of +234flO mV. If the electrode gives the proper reading 
with these two solutions, it is reading properly. 

2. Immediately before the Eh measurement of standard or sample solution, the temperture 
and Eh probes are rinsed with deionized water and wiped nearly dry with a-fresh laboratory 
tissue. 

3. The Eh electrode is introduced into the sample solution, and the potential measured. 
Solutions with Eh 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 Eh values are measured with minimum exposure to the atmosphere. to ensure 
thafatmospheric 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. 

I '  

t 

- 
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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 chemical a&nixtures (retarder and superplasticizer) into the 
bowl of the Hobart mixer. 
Add the cementitious materials. 

0 Mix at speed 3 (fast speed) for one minute. 
Stop the mixer and scrape down the sides and bottom of the bowl with a rubber 
scraper to dislodge any dry material adheiing to the bowl. 
Restart the mixer and add the sand in a steady stream. 
Mix two minutes at speed 3. 
Stop the mixer and scrape the sides and bottom of the bowl. 
Mix an additional minute at s e d  3. 

I 

2. 

i 3. 

The grout is then cast into a 400 mL beaker to a level of approximately 250 mL. 

Each beaker is covered with a square of parafilm to prevent moisture loss. ' 

4. 

5. 
carefully poured onto the top of each grout to avoid disturbing the grout surface. 

The beakers are placed into the laboratory oven, which has been preheated to 48OC. 

After at least four hours of curing at 48"C, approximately 50 mL of spiked sludge is 

6. Each beaker is covered with a new piece of parafilm and returned to the oven. 

7. The grouts are left to cure at 48OC for 14 days with the sludge in place. 

8. At aze 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 aqueous 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. 
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. 

, 

One surface of each cube, chosen from those that were originally perpendicular to t 

1 1. 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 i s  selected in preference to gold coating because it causes less 
interference in the detection of elements of lower atomic mais. 

A-IO 
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13,. 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 we 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. I€ significant penetration is 
indicated, and if time allows, attempts will be made to quantify elemental concentrations 
using the microprobe. 

h. 

- ' I  

b 

I 
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Procedure for the Conduction Calorimetry Measurement of Heat of 
Hydration 

All the cement ingredients, cements, silica fume, and blast furnace 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 Dmtard 17 retarder in the prober 
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 208 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 solution: 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 cement 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 
cdibrated using the internal heater in the ceII. The millivolt output was converted to 
the rate of heat generation using the constants determined in the calibration and the 
TianSCalvet 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 

1 -  

Objective: To determine effects of oxalates and sulfates 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 Eh 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 
long, the base was 3 ft wide and the top 9 inches wide. All forms were constructed with 
lumber 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 Iiquid was added to all the forms to a calculated depth of 0.6 in. If the sludge 
and supernate depths were addi-tive, it would total 0.7 in. In the first form the supernate 
wasobtained 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 sulfate, fluoride, nitrate, and oxalate. A minimum 
of 6 hours was allowed to let the sludge solids settle after addition of the supemate. 

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 
1Og/lOOmL, of calciu'm hydroxide, 1g/1OOmL of sodium thiosulfate, and O.O15g/lOOmL of 
calcium 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 portable 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. 

. I  
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6. Measured volumes of grout #3, containing a low 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 i d  vertical cores of the &out were 
obtainea 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 23.0 
g of this ground material'was placed in a 500mL HDPE bottle and 45OmL 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' 
Eh of the equilibrated solution was obtained. 
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Appendix B 
Petrographic Examination: of 
Grouts and Grouted Sludges 

. -  
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PETROGRAPHIC, SERVICES REPORT . .  

Client.: Westinghouse Savannah River 
Project: Reducing Grout Foryulation 
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 perfomed 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 providd 

L. J. %wers-Couche 
Senior Petrographer 
Peuographic Services 

.' 
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MIX 1 SWDGE 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 to 0.2 in. Sludge does not appear to be 
incorporated into the grout. Vertical microcracks extend to 1.2 in. from top surface and 0.5 in. fiom 
bottom surface. 

MIX 1 SLUDGE 2: Similar to sample shown above. Sludge does not appw. to have been incorporated. 

2-1 . 
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MIX 1 SLUDGE 3: Fairly uniform distribution of constituents with only minor local variations in paste 
volume and air content mbsrly limited to the top and bottom 0.2 @. Sludge does not appear to be 
incorporated into the grout. Vertical microcracks extend to 1.0 in. from top surface and 0.3 in. fiom 

' bottom suface. , 

MIX 1 GROLT? DROP 1: 'Relatively minor variations in paste volume and air content occur throughout 
h e  core. A paste-rich layer occurs in the top 0.1 in. Approgmately vertical micrccracks'extznd frbm the 
top surface to a depth of 0.3 in. and from the bottom surface to a depth of 0.4 in. 
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MIX 1 GROUT 5' DROP 2 Fairly uniform distribution of constituqts with only minor local variations 
in paste volume and air content mostly limited to the top and bottom 0.1 to 0.3 in. Vertical micrpcracks 
extend fior *an c.*cforn tn a Annrh nf 1 1 in and frnm hnrtnm wrfme tn a death Of 0.4 h. c 

5 

in the paste volume and air content. The top 0.05 to 0.1 in. is somewhat paste rich. Sludge is 
incorporated throughout the-sample but smdl clumps and srricgers, shown above in swirl panen. arc mcrr' , 
abundant near the top surface and to in the middle third of die :@re. 3licroctacks cccur'throughou: be cox. 

I 

I 
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MIX 2 SLUDGE 2: Distribution of sand is fairIy uniform. The sampIe shows local variations in paste 
volume and air content Sludge is incorporated throughout the sample but with greater concentrations in 
the top 1,2 in. and clumps in the upper 0.5 $t. Horizontal cracks occur in the upper 0.2 in. hlicrocracks 
occur throughout Vertical microcracks extend to a depth of 0.5 in. from the top surface. .- 

in pitsic 511s 2 
volume and &content. A 0.15-in.-thick sand lens is present 0.2 in. below the top surface. A Fls& t a  
or horizontal crack is present 0.15 to 0.25 in. below thz lop surface (arrow). Concentrations of sludgc 
occur moslly near the top andmiddle portion of the sample. Vertical microcracks occur in ihe top 0.T ir.. ' 

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

\ 

I 
- 

lux 3 
bouom 

, 
G R O W  2 DROP 1:. Similar to sample shown above. Vertical microcncks extend from ch 
surface to 0.3 in.. 

. .  
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.-- . . - ; e  .... . -. ._... . - . .*. d . .: 
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 lay~er is present at the top and bottom. 

..; . 
. . . . . .  , .  

. .  . .  

:*". . 
I .. 
- . ,  . . 

< ,  . . . .  
i :- '"- 
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MIX' 2 GROL! 5' DROP 2 Similar to sample shown abve. 
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' MIX 3 SLUDGE 1: Fairly uniform distribution of the constituents of the grout with only minor local 
variations in paste volume and air content mostly limited tb the top and bottom 0.1 to 0.2 in. Sludge is 
incorporrited throughout the grout with small clumps and Saingefi concentrated in,the bottom 2.3 in. 
Vertical microcracks extend from the top surface,to a depth of 0.7 in. 

1 

, 

XiIX 3 SLLDGE 2: Similar to sample shown above. Sludge clumps and stringers showing f l o ~  lL?cj 
occur in the bottom 1.1 in. microcracks extend from the top surface to a depth of 0.2 in. ' 

. *  



. 
U'SR 

APPENDIX "A" 
CTL Tank 20 Reducing Grout Report 

.. -, . 
i . .  

.i 

E-9 

I .  

.C-TR-97-0 102 
Revision 0 

Page 70 



WSRC-TR-97-0102 
APPENDIX~A" . Revision 0 
CTL Tank 20 Reducing Grout Report Page 71 

1 

MIX 3 GROUT 2' DROP 2: The constituents of the grout are uniformly distributed with only minor local I .  

variations in paste volume and air content mostly limited to the top and &nom 0.2 in. A dark, teardrop 
shaped feature extends from a depression on the top surface to a depth of 2 in. Several nearly vertical, 
hairline cracks extend up to 1 in. from the bottom surface. 

MIX 3 GROLT 5' DROP 1: The constituents are generally unifoqnly dismbuted with minor variations in 
paste volume and air content mostly in the top and bottom 0.1 to 0.2 in. KO microcracks are observed. 

.. -. 
B-10' ' 
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MIX 3 GROUT 5' DROP 2 The constituents are uniformly distributed with only minor local variations in 
paste volume and air content mostly limited to the top and bottom 0.2 in. No microcraclrs are observed 

I 
.I 

?-- 

. SANED 1 SLUDGE I IIG CUIIJUCUGIIW w ulG puui are generally U I I U ~ ~ U U ~  wauiuuLLIv .vith minor local 
vhlions in paste volume and air content. A band of ar 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. Sc 
microcrack are observed. Sludge does not appear to have been incorporated. I 
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fG- && 
SAWED 2 SLUDGE The constituents octhe grout are uniformly disaibuied with only ininor local 
variations in paste volume and air content. A paste:rich band occurs across a portion of the bottom surface. . ~~ ' - 3  8 - -  : . . . -  

I- 

L 

5 

+* r 

SAR'JZD 3 SLUDGE The constituents of the grout are uniformly distribut@ except in the upper 0.7 in. of 
the core. Sludge appears to be incorporated mainly in a band in the upper 0.10 to 0.15 in. Below the 
sludge band, the grout efibits horizontal, paste-richbands. Thelowermost band, at a depth of 0.7 in., : 
contains only paste anda single line of small air voids. A horizontal microcr&k passes through the cenw 
of this band. A few short venical microcracks are observed in the lower paste band. 
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SAWED 4 NO SLUDGE: .The coktituents of the grout are Uniformly dismiuted except in the lower 0.45 
to 0.50 in. where horizontal paste-rich bands are present f i e  uppermost band cqntains only dark paste and, 
locally, clusters of tinv air voids larrow). AhorizonraI mirocrack passes through the center of theband. - 

SAB'ED 5 SLL ___. _ _ _ _  _________._ _ _  ___ ~ 

paste volume and air contentloally, The top and bottom 0.l'to 0.2 in. are paste rich. Sludge appears to 
be incorporated below the top surfade. A few verticalmicrocracks are present. These extent up to C.3 in. 
from the bottom surface. 

~~~. _ ~ . ~  . ~~~ ~ 'variationsin , 

B-13 
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..I , - 
d .  

. . . .  
. . . . . , . . 

. . .  .. *. . . 

. 1  

. 1 .  

i'. 

e .  

. :  - .  . . .  1 - . - .  

. .  

. ..,: I .  

A' . . .  . 2. 

SAWED 6 SLUDGE ?he constituents of the bout are uniformly dismbuted with only minor variations h paste volume and air content Sludge appears to be incorporated in a layer at the upper surface. No . 
microcracks are observed. 

.' 5-16 
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. .  

FORM 1, #5 WASHED SLUDGE Grout constituents show minor local variations with paste-rich sneaks 
in the upper 1.5 in. and lower 0.3 in. Air void distribution is fairly unifonn,aild the voids are small. A 
narrow, horizontal stringer of sludge is i ~ c o r p o d  at a depth of 0.8 in. Elsewhere, smaU clumps of 
sludge are dimrsed. Horizontal and vertical microcracks occur throughout the length ofthe core. - 

I 

FORM 1,  #6 WASHED SLUDGE Grout constinrents 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 horizontal microcrack occur 
at a deplh of 0.4 in. from the top surface. SIudge is incorporated in clumps in the top and bottom 0.1 in. 
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r- .-- ... 

._ . . -- 

- .  
. C.. 

FORM 2, #3 SPIKED SLUDGE: _Grout constiients show minor l d  variations in distribution; paste- 
rich, horizontal bands. Air voids & small and fairly unifarmly distributed. Occasional small clumps and 
stringers of sludge are present. Horizontal micrqcracks occur in the bottom 1 in. and afew vertical 
microcracks extend rhrough the core. 

FORY 2;#4 SPIKED SLUDGE Grout constituents'are fairly uniformly distributed with local variations 
in paste and air content Small clumps of sIudp occur spbradically in the body of the core and a smngcr of 
sludge is folded into the bottom 1 in. and top 0.5 in. of the core. Horizontal microcracks occur in the uppcr 
and lower 0.5 in. and vertical microcracks extend inward up to 2 in. from both the top and bottom surfacci. 

3-1 5 
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FORM 3, #1 SPII(E'D SLUDGE PRETREATED: The grout constituents ate fairly uniformly distributed , 

with minoF local variations in aii content and paste volume. Stringers and small to medium clumps of 
~ 

sludge occur throughout; mostly be lo^ - ~ u t  the core. 
c 

1.5 

EL- &U-Y=-*i~--~-' 
-L c. . -~. - 

. , .-.-..:.-i * .i- ?-- .~ ..'. . 
..-. E.., . * 

-. .-e* . . .-e. A'. . c. 

. .  
,;. . :g 

-.: . . .  
I .  p I- :.<- 
..-. . -... . &A. 

..q . . _ .  4. 

_. --y,.si-... , -  

- ,2&;3?-:.:$ ...- .. ,- - 
FORM 3, #2 SPIKED SLL3GE PRETREATED The grout consuuenn are generally well disu%uted 
except in the top 0.8 in. and between about 2 and 3 in. from the top surface where the paste is white rt?d 
entrapped air voids are mod common. Suingers and clumps of sludge occur throughout i iorizond 
microcracks occur in the upper and lower 2 in. Vertical microcracks occur throughout 

B-17 
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Appendix C 
Physical Testing Results of Grouts 

and Grouted Sludges 
I 

I 

J 
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Westinghouse! DOE ' 
102875 

Grout #I 
Flow = 6.3 seconds 

Tare = 733.0 
U.W. = 1498.8 - 

Cast Monday Aug. 12,1996 

Compressive Strength, Total Load 
1 day 3 days 7 days 
6800 12600 
6500 13300 

13900 

. 
14days , 
24200 

Compressive Strength, psi 
1 day 3 days 7 days 14 days 
1700 0 .3 150 6050 
1625 0 ' 3325 0 

0 ' 0  3475 0 

Avg,:' 1663 0,. 3317 ' 6050 

Compressive Strength, Total Load 
- lday  3 days 7 days 14 days 

Grout ##2 
Flow = 7.lseconds 
U.W. = 1537.0 
T m  = 733.0 

Cast Tuesday Aug. 13,1996 

11500 . 23000 
12000 23700 
12700 22300 

. I .  

Compressive Strength, psi 
I .  

3 days 7 days 14 days 
0 

1 day 

-0 3000 * 5925 0 
0 3 175 4 5575 0 

0 2875 ,5750 . 

i A w  0 3017 ' 5750 ' 0 

Gmut##3 Compressive Skngth, Total Load 
Flow = 5.4 seconds lrtav 3 days 7 days 14 days 
U.W. = 1566.0 I 12700 . 22700 

13100 20100 
13400 21500 

. Tm=742.8 

Cast Tuesday Aug. 13,1996 

Compressive StrGngth,-psi 
3 days ' 7days 14 days 

' 0  0 -  3175 5675 
0 3275 5025 0 
0 3350 5375 0 

1 &Y 

t. 

, Avg.: 0 , 3267 5358 0 
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6 Westinghouse./ DOE 
102875 

, 14days 
29,000 
28,600 
29,100 

IGrout ##2 Compressive Strength,'Total Load 
Flow = Sdays . 7days 
U.W. = 17,800 20,900 
Taz = 17,700 21,100 

17,900 21200 
Cast Friday, August 2,1996 
These from a mix cast in Strucms Lab with large mixer ???? 

Compressive strength; psi 
lday I .  3days 7 days 14 days 

0 4,450 . 5,225 7,250 
0 4,425 . 5275 7,150 
0 4,475 5,300 7275 

Avg.: 0 4438 5267 7250 

' Flow= 
U.W. = 
Tare = 

%omp&ve Strength, Total Load ? day 3 days 7 days 14 days 

cast 

Compressive Strength, psi 
3 days 7 days 14 days 
0 0 0 0. 

0 0 0 0 
0 0 0 .  0 -  

1daY * ' 

0 0 0 0 ;  

Flow = 
U.W. = 
TliIt?= 

Compressive Strength, Total Load 
l & Y  . 3days.  7 days 14 days 

Cast Tuesday Aug. 13,1996 

1 day 
0 

' 0  
0 

, 

Compressive Strength, psi 
3. days 7 days 
0 0 

' 0  0 
0 0 

14 days 
0 
0 
0 .  

Avg.: 0 
I 

\ .  

0 0 0 

I 
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<- . Cl"L Project No.: 102875 
. CI'L Project Mgr.: F. U m e r  

Technician: M Morrison 
Approved: W. Morrison 
Date: September 12,1996 

, -  
I .  

s Results of Modified ASTM C 157 - Length Change of 
Hardened Hydraulic-Cement For a Mixture Identified as 
" G m t # l W  After Curing for 3 days in a Moist Room 
Maintained at 7333OF-d 100% ReIative Humidity 

. 

l ime 

p day 
5 day 

6daY 

7 day 

8 h Y  

11 day 

12 day 

13 day 

14 day 

17 day 

18 day 

19 day 

20 day 

21 day 

24 day 

25 day 

A 

-0.002 

-0.002 

-0.002 

-0.002 

-0.002 

-0.002 

-0.002 

-0.002 

-0.002 

-0.002 I 

-0.003 

-0.003 

-0.03 

-0.003 

-Oh03 

-0.003 

B 

-0.223 

-0.235 

-0242 

-0247 

-0.260 

-0.262 

-0.264 

-0.267 

t0.269 

-0.274 

_-0.280 

-0.28 1 

-0.282 

-0.283 

-0.286 

-0.287 

Av- 

-0.112 

-0.1 19 

-0.122 

-0.125 

-0.131 

-0.132 

-0.133 

-0.135. 

-0.136 

-0.138 

-0.141 

-0.142 

-0.142 

-0.143 

-0.144 

-0.145 
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Client: Westinghouse / D.OX. . CI'L Project No.: 102875 
Project: Smart Grout .- ciz Project Mgr.: €% M. Miller 
Contact: Technician: M Morrison 
Submitter ' Approve& W. Morrison 

Date: September 12,1996 
i 

> 

e Resultsof Modified ASTM C l57:Length Change of 
Hardened Hydraulic-Cement For a Mixture Identified as 
"Grout #l" After Curing for 7 days in a Moist Room 
Maintained at 73S°F and 100% Relative Humidity 

. 

- 
Time 

- 
1 day 

2 day 

3 day 

6 &Y 

7 day 

8 day 

9 day 
10 day 

13 day 

14 day 

15 day 

16 day 

17 day 

20 day 

21 day - 

A 

-0.104 

-0.168 

-0.209 

-0.257 

-0.263 

-0.267 

-0.273 

-0.277 

-0.284 

-0.292 

-0.294 

-0.297 

-0.298 

-0.302 

-0.303 

.. 

B 

-0.102 

-0.169 

-0.212 

-0.262 

-0.268 

-0.274 

-0.278 

-0.283 

5.289 

-0.298 

-0.300 

-0.302 

-0.304. 

-0.307 

-0.309 

Average 

-0.103 

-0.169 

-0.21 1 

-0.260 

-0266 

-0.271 

-0.276 

-0.280 

- 

-0.287 

-0.295 

-0.297 

-0.300 

-0.301 

-0.305 

-0.306- 

. . .  

\ 
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Client: Westinghouse / D.O.E. ' .- CI'L Project NO.: 102875 
Project: Smart Grout . CIZ'Phject Mgr.: F. M Miller . 
Contact:. Technician: M Morrison 
Submitter: Approvtd: W. Morrison 

Date: September 12,1996 
. . _  

Results of Modified ASTM C 157 - Length Change of 
Hardened Hydraulic-Ceriient For a Mixture Identified as 
*IGrout #1" Specimens Maintained in Moist Room 
Maintained at 73S°F and 100% Relative Humidity 

for Duration of Test 

~ 

Tim 

- 
4&y 

5 &Y 

6 &Y 

7 &Y 

8 day 

11 day 

12 day 

13 day 

14 day 

17 day 

18 day 

19 day 

20 day 

21 day 

24 day 

25 day 

Length cllaxIm.% 
Grout #l 

A 

0.008 

0.008 

0.007 

0.04 

0.005 

0.007 

0.008 

0.010 

0.008 

0.010 

' 0.008 

0.010 

0.007 

0.007 

0.008 

0.009 

Specimen 

Broke 

While 

kmoldin, 

- 
4vi?rage 

0.008 

0.008 

0.007 

0.004 

0.005 

0.007 

0.008 

0.010 

0.008 

0.010 

0.008 

0.0l'b 

0.007 

0.007 

0.008 

0.009 

I 
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Client: Westinghouse / D.0.k CI'L Project No.: 102875 
Project: Smart Grout - CI'L Project Mgr.: F. M. Miller 
Contact: 'Technician: M. Morrison 
Submitter Approved W. Morrison 

Date: September 12,1996 

Results of Modified ASTM C 157 - &en@ Change of 
Hardened Hydraulic-Cement For a Mixture Identified 8s 
"Grout #2" After Curing for 7 days in a Moist Room 
' Maintained at 73S°F and 100% Relative Humidity 

lime 

1 day 

2&Y 

3 day 

6 day 

7 h Y  

SdaY 

.9 day 
10 day 

13 day 

14 day 

15 day 

16 day 

17 day 

20 day 

A 

Specimen 

Brpke 

while. 

kmolding 

IB 

-0219 

-0.278 

-0.317 

' -0.361 

-0.369 

-0.375 

-0.379 

. -0.384 

-0.390 

-0.400 

-0.404 

-0.407 

-0.410 

-0.41 1 

. 

-0219 

-0.278 

-0.317. 

'-0.361 

-9.369 

-0.375 

-0.379 

-0.384 

'-0.390 

-0.400 

-0.404 

-0.407 

-0.410 
. .  

-0.41 1 

.- 

r 
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Client: Westinghouse / D.03. --' CTL Project No.: 102875 
CI'L Project Mgr.: E M. MiIler 
Technician: M. Morrison 

Project: Smart Grout 
Contact: 

Approved: W. Morrison 
' Date: September 12,1996 

Submitter: 

. -  
, 

Results of Modified ASTM C 157 - Length Change of 
Hardened Hydraulic-Cement For a Mixture Identified as 
llGrout #W* Specimens Maintained in Moist Room 
Maintained at 73B°F and 100% Relative HunWtg 

for Duration of Test. 

, 
. -  

- 
Time 

- 
4 day 

5 day 

6 day 

7 &Y 

SdaY 
11 day 

12 day 

13 day 

14 day 

17 day 

18 day 

19 day 

20 day 

21 day 

24 day 

25 day - 

A 

0.008 

0.008 

0.008 

0.006 

0:007 

0.009 

0.009 

0.01 1 

0.010 

0.008 

0.008 

0.009 
0.006 

0.005 

0.012 

0;014 

B 

Specimcr 

Broke 

While 

itmoldin 

Av&g 

- 
0.008 

0.008 

0.008 

0.006 

0.007 

0.009 

0.009 

0.01 1 

0.010 

0.008 

0.008 

J 

O.OOi? 
0.006' 

0.005 

0.012 

0.014 - 

t 

. 
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Client: Westinghouse / D.O.E. 
Project: Smart Grout 
Contact: 
Submitter: 

Date: September 17,1996 - 

. ' CI'LProject No.: 102875 
' CI'L Project Mgr.: E M. Miller . 
Technician: M.. Morrison 
Approved: W. Momson 

, 

R W t s  of Modified ASTM C 157 - Len'gtb Change of 
Hardened HydrauIbCenmt For a MxWe Identified as 

nGrout #3" A* Curing for 3 days in a Moist Room 
Maintained at 73f3OF and 100% Relative Humidity 1 

Time 

4&Y 

5 day 

6 day 

7daY 

8 dai 

11 day 

12 day * 

14 *Y 

13 day 

17 day 

.18 day 

19 day 

20 day 

21 day 

24 day 

25 day 

LengthChange,%. 
Grout #1 

< 

A - 
-0.003 

-0.003 

-0.003 

-0.004 

-0.004 
-0.004 

-0.004 

-0.004 

-0.004 . 
-0.004 

-0.004 

-0.004 , 

-0.004 

B 

-0.406. 

-0.422 

-0.432 

- 

+I41  

-0.458 
-0.463 

-0.465 

-0.467 

-0.47 1 

-0.478 , 

-0.484 

-0.486 

-0.488 

-0.489 

-0.492 

-0.493 - 
i .  

~ 

Average 

-0.205 

-Oil3 

-0.218 

-0222 

-0.231 * 

-0333 

-0.234 

-0.235 

-0.237 

-0.241 

-0.244 

-9.245 

-0.246 

-0.247 

-0.248 

-0.249 
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Client: Westinghouse / D.O.E. 
Project: Smart Grout 
Contact: 
Submitter: 

\ 

. ,  &ProjectNo.: 102875 . . 
CI'L Projict M$=: E M. M@er 
Technician: M. Morrison 
Approvtd: W. Morrison 
Date: September 17,1996 

_ .  , 

I 

' .  

, . ,  

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 M& Room 
Maintained at 7M°F and 100% Relative Humidity 

Time 
~ 

1 (lay 

2daY 

3 day 

6 &Y 

7 day 

8 &y 

9 day 

10 day 

I .  

13 day 

14 day 

15 day 

16 day 

17 day 

20 day 

A 

-0.072 

-0.073 

-0.118 

-0.194 

-om 
-0.216 

-0.224 

-0.229 

-0.238 

-0.247 

-0.253 

-0.255 

-0.256 

-0.265 

B 

-0.068 

-0.070 

-0.1 14 

-0.184 

-0.195 

-0.204 

-0.212 

-0.219 

-0.233 

.-0.240 

-0.244 . 

-0.249 

. -0252 

-0.257 

Average 

-0.070 

' -0.071 

-0.116 

-0.189 

-0.200 

-0210 

-0618 

-0.224 

4.236 

-0244 

-0.249. 

-0.252 

-0.254 
- 

-0.261 

r 

/ 

, .  
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dent :  ,Westinghouse / D.O.E. 
Project: Smart Grout 
Contact: 
Submitter: 

CIZ Project No.: 102875 
CIZ Aojcct Mgr.: F. M. Miller 

, Technician: M. Momson 
I Approved: W. Momson 

Date: September 17,1996 

' Results of Modified ASTM C 157 - Length Change of 
Hardened Hydraulic-Cement For a Mixture Identified as 

"Grout #3" S&mens Maintained in Moist Room 
'~ Maintained at 7M°F and 100% Relative Humidity 

for Duration of Test 

'Time 

12 day 

13 &y 

14 day 

17 day 

'18 day 

19 day 

20 day 

A 

0.008 

0.008 

0.008 

0.006 . 

0.007 

. 0.010 

0.01 1 

0.01 1 

0.009 

0.009 

0.009 

0.009 

0.010 

B 

0.003 

0.003 

0.003 

0.003 

0.003 

0.005 

0.005 

0.008 

0.006 

0.006 

0.006 

0.006 

0.006 

Average 

0.005 

0.005 

0.005 

0.005 

0.005 

0.008 

0.008 

0.010 

0.008 

0.008 

0.008 

0.008 

O.do8 
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Compressive Strength of 
One' Inch Sludge/Grout Cubes, 

- 8  Grout Number 3 days- 7 days 

1500 2900 ' 1 
1500 2900 
1400 3000 

1 4 6 7 ,  2 9 3 3  

2 1200 ,2500 

1200 2400 

1200 2300 
1 2 0 0  ' 2 4 0 0  

3 1300 . 2700 

psi 

14 days 

3700' , .  

- '  3600 
3700 

- 3 6 6 7  

3100 
3000 . 
3000 

' 3 0 3 3  

3400 
I 

1300 2800 * -  3400 

1500 2800 I 3300 
1 3 6 7  2 7 6 7  3 3 6 7  

=. 

-. . 

. - .  
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AppendixD \ 

' Graphs eom'Leaching Tests of 
Sludge 

. -  

and Grouted Sludges 

1 
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Appendix D-Results of Sludge Leaching and Sequeqtial Batch Leaching ,of 

Grout 

The treated sludge, with added calcium hydroxide and calcium sulfide, and the grouted 
shdges, after curing for 14 days, wen subjected to batch leaching using water, in the case 
of the sludge, and simulated acid rain or 0.1M qetic 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 Eh 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 Eh 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 calcium sulfide Mded wen sufficient to achieve very 
high pH values and low Eh values. By comparison to the leachabilities from the grouted 
sludges, the leachabilities from the sludge alone were therefore inclined to be biased low, 
since the actual Eh and pH values in the solutions derived from batch leaching of the 
grouted sludges, especially those Itached with acetic acid, were less favorable (lower pH, 
higher Eh). The procedm for determining Eh and pH is shown in Appendix A. All 
graphs for the sludge and grout leaching results can be found in Appendix D.The values for 
Eh and pH from the sludge as a function of leach cycle are shown in Fig.1S. The leaching 
of uranium from the sludge, as an example, is shown in Fig. 2s; the big jump is 
attributable to an increase in Eh, as can be seen in Fig. 3s. 

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 leaching 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. 

' 

Then were two separak, reasons for ;he batch leach test. First, it simulated the "bestcase" 
mixing conditions, in that the sludge and grout were deliberately homogefiized a mortar 
mixer. It would enable the determination of that level of leach protection which might be 
achievabfe from such mixing. Secondly, it gave a "worst-case" weathering scenario, in 
which the pH of the System was allowed to 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 metaIs and anions.of interest, 
each leachate was tested for Eh and pH. The Eh results for the three grouted sludges 
subjected to simulated acid rain (SAR) leach are shown in Fig. 1 (Eh/pH). The comparable 
data for acetic acid leaching are shown in Fig. 2 (EhfPH). Figs. 3 (EMpH) and 4 (EupH) 
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 

-. - .  
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Cs*+ and is not amenable to chemical reduction, nor k i t s  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 penhenate ion, it is surmised that the heptavalent (+7) Re was not reduced by 
the calcium sulfide added to produce a low Eh sludge, nor by the sodium thiosulfate 
adJitive. In this respect, Re was found to be a poor surrogate for Tc, since pertechnetate is 
known to be amenable to reduction by blast furnace slag (Lmgton, 1987 and Bostick et al., 
1988). 

The leaching of the relatively insoluble metals from the sludge vs I,& cycle is shown in 
Fig. 4S, and for the soluble metals, in Fig. 5s. 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 Eh is documented in Fig. 7s. 

Simulated Ac id Rain Leaches 

In the simulated acid rain leaching studies, Cs was rapidly leached (Fig. IGS), 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 Eh would not be expected, as the divalent state is the only 
oxidation state of interest for Sr. pH dependence, on the other hand, would ,be anticipated, 
and is observed. The two elements used as surrogates for plutonium, uranib and cerium, 
showed very low leachability in the simulated a i d  rain experiments The uranium was 
significantly better stabilized in the grout than simply in the p m h  adjusted sludge (Fig. 
5GS). However; it did show some leachability dependence on Eh. Uranium is more 
difficult to reduce than is plutonium, so plutonium's Eh 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. Molyb'denum's 
leachability is strongly dependent on Eh, as well as on pH (Fig. 7GS). The f k t  that 
molydenum was better retained in the sludge than in the grouted sludges-is almost certainly 
a function of the lower Eh in the sludge. In the case of selenium, the grouts significantly 
reduce the leachabilityrelative 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 Eh 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 ate well retained at high pH in sludge or in grouted 
sludge. Mercury is far better retained in grouted sludge. 

bachabilitits with Acetic 

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 urafiium vs milliequivalents 
of acetic acid added are shown in Figs.8GS-l1GS. Eh is also plotted on these graphs, and 
it is stxiking how well the curves track one another. Re is not as well immobilized, but its 
leachability still tracks Eh; as shown in Fig. 15GS. The single electrode potential 
comparison 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 heptava!.ent.state. Mo is again mych more 
readily leached at higher values of Eh. 1 

summan!' 
Lpecially for the earlier leaching steps, the results reveal that all grouts perform 
approxhhately equivalently in stabilization of the radionuclides of concern. 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 Eh 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 Eh.. 
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. 

, .  

, .  
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Progression of pH and Eh on Leached 
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Appendix E-Diffusion of Sludge Components ' . 

Preuar ation of SIX cimeni 

Ti-e mix proportions of the three grouts used in the test program were as shown in the 
following table: Note that the sodium thiosulfate (Na2S2O3) was omitted from these 
grouts, as it was expected to have no effect on the microstructure or diffusion properties. 

, Table ~ 1E-Grout Mix Designs I 

.- 

Each grout was mixed according to the following sequence: The &mentitious 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 
(fasfest 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 tko 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 p r e h d  to 48°C After at least four hours of curing at 48OC, 
approximately 50 ml of spiked sludge was carefully poured onto the top of each grout to 
avoid disnubmg 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 accoTdance with 
accepted environmentally sound procedures. The grout was removed from the beaker. 
Two specimens of approximately 1 cm3 were sawcut from each p u t  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 @e collection of accurate X-ray data. The polished 
surface of each specimen was then sputter-coated with carbon to conduct electrons away 

r 
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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. 

ctron m ' c roscw sc- d e  

Backscattered ekctron 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 used-has a -mum 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. Obseryation 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 I 

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 W e r  gray; and the 

sand particles, cracks, and air voids black. (If it were necessary to distinguish between 
sand particles and voids by gray level, thc microscope's accelerating voltage, brightness, 
and contrast could be adjusted accordhgly.) 

I 

- w ..- 

* 

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 examinatiqn 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 less perpendicular to the top surface and 
emanated from it, as shown for Grout 1 in Fig. 1. In thii eyre the top surfaceis 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. Evidepce for this is shown in Fig. 2, 
which contains a crack with deposits inside. Figure 3 also provides evidence of early 
cracking, sinct tht crack has gone around, not through, the slag and cement particles. 
Since cracks choose the path ofleast 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 w@er 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 sgngth before the crack propagated through it. 

. 
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E-2 . 

. 



3 

APPENDIX "A" 
CTL Tank 20 Reducing Grout Report 1 Page 125 

i 

WSRC-TR-97-0 102 
Revision 0 

X-ray analysis. ? 
T 

X-ray microanalyses were performed on the polished specimens as a first step in mapping 
select .elements to determine the depth of pene,tration 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 1 mm* area near 
the top surface of grout 3. 

Figure 8 also indicates that sqme 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 IC, 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 125 kV, 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 Lline energies similar to the L h e  energy for mercury. Many eIements 
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 perfonned to d e t e h e  the location and relative concentration of 
elemmts from the sludge 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 wczc pnferentialfy atmcted to a paaicular component of the grout. Table 2E 
presents the mapped elements, their associated energy lines, and possible overlapping 
elemcnts 
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. 

~ 

. 

mtaest. Note that a number of elements presented in Table 2E overlap. For 
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Table 2E-Energy Lines and- Overlaps of Mapped Elements 

Copper . I K I 
Copper L .  .cB 
Iodine I L I Ba 

Elemental mapping of the grouts was primarily concentrated at cracks perpendicular to and 
emmurating 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 appmximately 1 mm below the surface of 
the grout. A large crack NI~S from the top surface to the center of the grout (left to right in 
the figure). Several large pores arc 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 
brightefshadcs indicate higher concenktions.. 

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 rhenium, silicon, and strontium all have overlapping characteristic energies. 
Therefore, the sind particles are most likely aluminum and silicon. Within the detection . 
limits of the method', diffusion of sludge elemenh such as cesium, cerium, selenium, etc. 
has qpparently not dccuntd 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 arc increased by the presence of overlapping elements. Diffusion concentration 
gradients or concentrations along cracks, if in existence, would be detected if then had been significant 
infilmtion of the sludge constituents. 

E4 ' 
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conduct sludge solidsjnto 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 
a e  grout (in contact with the sludge) is approximately 1 mm below the bottom of the 
figures. 

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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1 

Figure 1 Grout 1 top. 

. .  

Figure 3 - C p a l  growths in Grout 1 near top. 
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Figure 3 - Grout 1 top. 
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Figure 4 - Grout 2 top. 
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Figure 5 - Grout 2 top. 

t. 

Figure 6 - Grout 2 top. 
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. Figure 7 - Grout 3 top. 
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Figure 9 - Grout2 top. 
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Figure '1 1 - Grout 3 top. 
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Analyses to Evaluate the Heat Generation and Dissipation in 
Grout and GrouUSIudge Mixes 

I 

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

. 

. 
SUMMARY AND CONCLUSIONS 

simplified one-dimensiond ~alcu~atioas were performed to predict the maximum 
temperatures within the grout f o r k  mix designs, with and without intermixing of the 
sludge material. These analyses assumed tbc 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, @e 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 w& assumed to be 75,85, or 95OF. 
Results indicate the grout placement temperature has a small effect on the ultimate maximum 
temperature within the grout. The l-ft thick layer of grout generally cools to ambient 
temperature (approximately 70°F) before significant hcat is generated by the cementitious 
materials m the grout 'Howevea, the grout must meet project flow cone requirements at the 
placemeat ternpaatme. 

The maximum temperatures for Grout No. 1.2, and 3 and Grout Nos. 1,2, and 3 with 
sludge, resptctively, were approximately 130,115,110, 105, 115, and 125OF. The highest 
temperatures arc experienced 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 7OoF reganlltss of the heat 
generated by the grout. If the air temperature rises SignificantIy, or the thickness of the grout 
layers is increased the grout will not cool as-predicted. Calculations also assume the rate of 
heat evolution from cement hydration isidentical at 75,85, and 9SF 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 recqived 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 intermixdencapsulated within the grout. 

Grout mix designs and measured heat of hydration data at 73.4'F for the ementitious 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 

Calculations were performedto 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 sludge are presented in the main body of this report. Results are also presented in 
Fig. 1. 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 wodd 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 Md 
Control of Concrete Mixtures, Portland Cement Association (PCA) Publication EJ3Oql. The 
specific heat of the grout was assumed to be 0.24 Btu/lb"F. 

One-dimensiond heat dissipation of the grout elements were calculated in accordance with 
American Concrete Institute (ACI).Standard Practice on Mass Concrete, ACI 207.1R-87, 
"Mass Concrete". This finite difference method had 0.20-ft ~ k k  grout elements and 
temperatures were caleulatcd at approximately 30 minute intervals. Thermal diffusivity of the 
grout wik 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 ft2/day. - 
At the request of C I " s  WSR contacts, the temperature of the air in the UST, the temperature 
of the UST, the temperature of the soil beneath the UST, andthe deep soil temperature were 
assumed to be 70°F. The temperature of the air in the UST was ksumed 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. 

r . .  
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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. R d t s  indicate the grout 
placement temperaturt has a small effect on the ultimate maximum temperatme within the 
grout. The 1-ft thick layer of grout generally cools to ambient temperature (approxhately 
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 becausc of its delayed heat generation 
compared to the other grouts. 

The highest maximum grout temperatux occ& at the 95°F placement temperature for Grout' 
No. 1 and the Grout No. 3 with sludge mixture. hlaximiun 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 maximum 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 73.4OF. If the temperature during the time of 
placement is bmeased, 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 
thefist 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 rcplicatc 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 maximum temperatures as noted above. 
Calculations assume the air temperature within the UST remains at 70°F regardess of the heat 
generated 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 

I !kat 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 thm grouts are substantially 
retarded with the earliest maximum heat generation &curring for Grout #3 and the latest for 
Grout #l. Complete mixing of sludge and grout accelerated the reaction Significantly with 
the strongest interaction between sludge and Grout #l. When mixed with sludge, the 
earliest 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 #I was dormant for 62 hours during which 23.2 klkg heat evolved; maximum heat 
evolution of 4.54 kNkg/hr occurred at 83.9 hours when total heat evolved was 70.3 kJkg. 
After 1 12 hours, only 164 H k g  heat had been generated by hydration. This is in sharp 
contrast to grout #l and sludge which was dormant about 5 hours having released 6.23 
HAcg, then the rate increased rapidly to 10.26 kJkg/hr at 118 hours with cumulative heat 
release of 45 Wkg. Heat released through 112 hours is roughly estimated as 204 kJkg. 

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 kJkg. Maximum heat evolution occurred at 
37.3 hours without sludge at a rate of 4.37 kJkg/hr and with sludge at 10.8 kJkg/hr after 
20.4 hours of hydration. The total amount of heat evolved when the maximum rate 
occurred was 62.3 kJkg for the case with no sludge and 79.2 Wkg with sludge. After 
1 12 hours, the total heat evolved for Grout #2 alone was 240 kTkg and it is estimated that 
292 H k g  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 kJkg of heat was generated and the 
maximum rate of heat evolution was 4.9 kJkg/hr at 32 hours; cumulative heat evolved at 
this time was 64.1 kTkg. Cumulative heat of hydration after 112 hours was 219.2 Hkg.  
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 sludge, Grout #3 was dormant 7 hours 
during which 10.7 kJkg 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 kJkg. It is 
estimated that 289 H k g  heat would be evolved after 112 hours by the hydration reactions 

The findings were used in calculating the temperature profile in the tank as a function of 
time, for all three grouts and for all threegouts perfectly intermixed with sludge. These 
findings are given in Appendix F. 

2 

. The data for Grout #1 are shown in Fig. 1. 

, 

. 

tr 

of Grout #3 mixed with sludge. These data for Grout #3 are sh'own in Fig. 3. . )  
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Appendix H 
Literature Review, 

Stabilization of Radionuclides . 
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USE OF CEMENTITIOUS S YSTEM'S FOR 'STABILIZING RADIOACT WE 
WASTES: A LITERATURE OVERVIEW 

Javed 1. Bhatty and F. M. Miller 
Construction Technology Laboratories, Inc 

Skokie, Illinois 60077 

' I  Abstract 

This report summarizes the findings from literature investigations on the s t a b i i o n  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 s t a b i i o n ,  in tern of the 
metal interaction with the hydration products calcium silicate hydrate (C-S-H), calcium 
hydroxide (C-H), and ettringite, and in terms of mWications in pore Solution chemistry. The 

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 produck 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. 

degree of stabilization is discussed in terms of metal leachability from the stabiiiized mass as a 
1 ,  

-. 

I The radioactive elements are stabilized.in I .  cement matrices by: 1) forming stable hydroxides due 

Summary 
I .  

to high pH, aqd2) inwrporation into the calcium silicate hydrate through substitution, , 
adsorption, or precipitation during hydration. The microstructure of C-S-H gel and its 
modifications immobiiiZe 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 Vn), fly ash, and clays, and selected 
modifying additives. When tested for Cs, Cm, Pu, and Sr leachability, the @outs were 
comparable to the borosilicate glasses, 

t 

I 

J 

H-1 , 
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Additions of blast furnace slag in cement-clay based grouts has s h o h  improvements in the 
retention of Cs and Tc. The selective effect of slag on Tc retention, is its ability to.reduce 
Tc(V?Z) to less soluble T c O  due to the presence of Fe*+ and Mn in.slag. . 

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

, 

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 "gel&on" or setting of the mixes. 
Addition of lime to slag-fly ash grouts reportedly improved Tc retention. 

In certain situations ordin& portland cement and fly ash grouts were marginally acceptable for 
retention of 9%. Addition of slag reduced the leachability of Tc by sevekl orders of * 

magnitude. -. 

A summary of the findings on grout formulations, their ability to stabilize various radionuclides 
in terms of leaching and structuddurability of the matrix, reported in this review is given in 

' Table 15. 
General Introduction 

Nuclear wastes an 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 arc physico- 
chemically incorporated in the solid m& via adsorption and precipitation, or by forming 
other products such as phosphates or ca rbone ,  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. 

. .  
H-2 I' 
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Cement has not only become a generally accepted primary matrix in stabilizing radioactive 
wastes, but is dso considered for use in other aspects'pf repository constructions. Glasser 
[ 199'1 has reviewed the progress on the use of portland cement and the addition of other 
cementitious materials in immobilizing radioactive wastes. Supplementary cementitious 
materiaksuch as fly ash, blast furnace slag, and silica fume are frequently used to improve the 
initial 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 furnace 
slag, and abou<lO% 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!' commo$y employed in 
radioactive waste stabilization, and their primary roles are summarized in TabIe 1. 

Table 1 : 
aids, and getters [Glasser, 19921 

Supplementary' cementitious materials, conditioning 

- 

Oreanic uolvmers 
.. 

According to Glasser [1992], the chemical factors asskiated with cementitious systems in 
stabilizing wastes become more important at iater ages. Cements fumish a matrix that arises 
from the C-S-H micropore network and its concomitant high sdace area C-S-Hgel and 

H-3 
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\ 
T 

Ca(OH)2 dominate the chemical properties of the aqueous phase in cement and its blends with 
cementitious materials. Both C-S-H gel and Ca(OH)2 can undergo microstructural 
modi3cation 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-ggh level radiation causes radiolysis in the aqueous 
phase in the micropores, that can'lead to gas evolution causing mikrostructural 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 &t as channels &d 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, 
tobexmorite and xonotlite were studied, because these minerals result from hydmtherrnal 
treatment of calcium silicates and are probably thermodynamically stable in cement matrices. 
Clinoptilolite was studied because of its considerable ionexchange capacity and high selectivity 
for radioactive ions diff'icult to immobilize, such as Cs and Sr. Portland cement and high 
aluhina cement (HAC) blen@ 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)2 w+ slower. This property was considered advantageous especially in 
the HAC-fly ash/sIag blends, where the release of Cs bound in Ca(OH)2 could be effectively 
suppressed in the pore system. Tobermorite and xonotlite appeared stable in the cement matrix 
to potentially impoVe Cs immobilization by substituting for Ca into the lattice. 

' 

Formulations of Cementitious Matricee 

The design of a durable radioactive waste system is considered at the fabrication stage. The 
raw materials: cement, supplementary cementitious materials, marrix 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 arc several rcp&ts that 
deal with the design and formulation of cement-based systems to stabilize the radioactive 
species. 

' 

t. . 

.' 
H-4 ' 
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Moore et al. [ 19761 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 
prepxed by combining the predetermined amounts of dry solids with desiredvolumes 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 gluconolactone 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) . 

* Attapulgite-150 is a trade name of a clay product from polygroskitc group of clay minerals. 
** Grundite is also a trade name of a clay prOauct from the illite group of clay mine& 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 
adjusfmentspf the mix formulations, it was possible to further improve the desired properties. 

Brodda [ 19881 designed-a number of cement-based slurries to s t a b i i  medium level wastes 
containing Tc using portland cement (Om, blast furnace slag cement (BFSC), and high 
alumina cement (HAC) with and without the use of bentonite and microsil~cca. In the first trial, 
cements-only slumes 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 
compositions of the slumes are shown in TabIe 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%, 

'. . 

H-5 
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KCI -3.696, MgC12 -24.6%, MgS04 -2.3%, and H20 -68.0% by weight. The-water-to 
cement ratio was adjusted to 0.47. 

.Table 3. Slurries containing cement, alumina cement, slag, clay, ' 

and microsilica to stabilize Tc (Brodda, 1988) 

The leachability of Tc was investigated. Data on 1 3 7 0  and 36Cl were used for comparative 
studies. with high alumina cement-bentonite sluny gave unfavorable results. liigh alumina 
cement itself performed somewhat better than the high alms cement-bentonite sluny. 
Portland cement with or without bentonite showed a medium leachability. The best results 

i 

,were obtained with the blast furnace slag cement where the leachability was below 0.1%. 
I 

In subsequent studies, Brodda and Mingxia [I9891 usedcementitious systems composed of 
blast furnace slag cement, portland cement, with bentonite or Microsilica (see Table 4), to. 

Table 4. Cement slurries containing slag/cement, clayhicrosilica, 
acrylic resin, and sulfides for Cs, Sr, and Tc stabilization [Brodda and 
Mingxia, 19891 

t 

' H-6 
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’ Components 
Sludge containing Tc 

Wi3ttX 

Portland cement (Type vn) 

Fly ash (Class p- 
Blast furnace slag 

ipnobilize’chlorine, cesium, strontium, and technetium from intermediate level liquid waste 
(ILLW). Acrylic resin (PLEXUTH 850) and’Na2S used as additives.’ In some cases, 
portl;,?d cement was also used. The liquid-tocement ratio was mostly 0.47 except for one 
slurry where the liquid-tocement ratio was 0.35. 

Mass %* 

.13.9 40.0 (wet) 30.0 

36.1 - 20.0 , 

. 24.0 20.0 ‘ 24.6 

24.0 20.0 24.6 

- 20.0 - 

Bentonite reduced the rate of lkching of Cs significantly, but had no significant effect on c1, 
Sr and Tc. Microsilica hindered the stabilization of Cs, but has no effect on C1, Sr, and Tc 
release. Sulfide was expected to reduce the leachability of Tc by forming insoluble Tc&. 
However, no significant effect was observed, because either Tc& did not form at the pK of 
the slurry 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 signXcantly. A liquid-@ 

’ cement ratio of 0.35, instead of Or47, improved the retention of Cs by a factor of 1.54, 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 Iow-ievel radioactive and 
chemical hazardous wastes. Ordinary portland cement and fly ash p u t s  were marginally 
acceptable for retention of radioactive -cy which was present in the waste as the highIy 
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) 

’ Reducing additive I ~.O(F?SO~) 1 - I .0.9 (Na2S) I 
The addition of ground blast furnace slag to @e grout reduced the leachability of Tc by several 
orders of magnitude. The selective effect of slagis believed to be due to its ability to reduce 

H-7 
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Tc(VII) to the less soluble Tc(IV) species. The use of other reducing additives (e.g., NazS, 
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 also contained Pb, Cd, U, and Ni. q c  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 T c o  
to the less soluble T c O  species. Other reducing admixtures such as NazS, F$+, and 
powdered Fe, also improved Tc retention. Bums et.al[1991], also emphasized the 
importance of slag addition in stabilizing T c O  in the presence of gamma radiolysis of 
Np(IV). Solutions of Tc(VIr) are reduced to T c O  by gamma irradiation when in contact with 
slag-portland qement 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 %r, 9Wc, and 137Cs. Lime or cement was added to activate gelation or setting of 
the mixes. As a result of improved microstructure, the blend gave reduced leaching as 
compared to portland cement-based mixes. Pumpable sluny could also be made that solidifies 
after emplacement through an engineered vault. Cr and Tc were less leachable from slagmixes 
than cement-based waste form because they were chemically reduced to a lower valence state 
by the presence of Fez+ or Mn2+ in the slag and precipitated as rdatively insoluble phases, 
such as Cr(OH)3 and T c a .  The composition of the slag-based form, also known as the 
saltstone, i's given in'Table 6. ' 

Table 6. Slag-based form containing fly ash, and lime 
or cement for stabilizing Sr, Tc,'and Cs (Langton, 7987). 

l Components 
Slap 

r 

I 

Fly ash (Class F) 
' Hydraulic lime or'portland cement 
I Sdt solution 
.Water . 

.Mass % 

23 

4 ,  - 

31.4- . 

I ,  25 

46 

C '  
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47.5 
47.5 
38 
38 

Tallent et al [ 19881 immobilized Tc and nitrate in cement-based grouts. The grounds were 
mixed with Tc laden simulated wastes, cured at 600C under moist conditions for 28 days and 
tested 4 r  Tc post-wash leachability. The grouts used in the investigations & given in Table 7. 

- 47.5 . 5 - 
- 5- 5 7 
10 47 5 - 
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, and475% slag47.5 % fly ash5 % 
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 with500 ppm of tricdloroethylene and other halocarbons, but also with 
low levels of Pb, Cr, 235U, and 99"~.  The composition of the grout is given in Table 8. 

1 

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

Components . Mass % 
Type I portland cement 41.3 

Fly ash I 10.4 

Activated carbon 17.0 

Retarder , 20.10 
Water 31.4 

Some difficulties were realized in subsidace injection to-attain uniform grout distribution in the 
test region. Solidification occurred rapidy, though st;rength differed within the region because 
of volume expansjon. Leaching was non-detectable to acceptable low levels for all metals. 

\ 

Morgan and Bostick [ 19921 evaluated a series of grout formulations to encapsdate organic 
resins containing radioactive impurities, The formulations are shown in Table 9. The grouts 
incorporated the resins with a moderate waste loading (approxhately 40%) and showed good 

, integrity, ds judgedby freezinglthawing and immersion testing. 

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

Allan and Kukacka [ 19961 also tested a number of grouts for in situ application as barriers for 
hazardous wastes containing Pb, Cr, 235U, ahd 99Tc (see Table 10). 

* .  

H-10 ' 
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Components Grout 1 (mass %) 

Blast furnace slag 75 
Portland cement 10 
Bentonite clay 15 

Attapulgite clay - 

Table 10. Grouts with clay and silica fume (Allan and Kukacka, 1996) 

Grout 2 (mass %) 

75 
10 
- 
15 

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

Henson et al'[1991] tested two grouts containing blast furnace slag, ordinary portland cement, 
and days 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) 

The grout mixtUrC containing 75% blast furnace slag, 10% ordinary portland cement and 15% 
Bentonite clay showed poor 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 f o m  
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 pozzol&c cement. Higher heat of hydration 
helped in enhanced cementation as compared to slag-based mixtures. The studies on the 
interaction of the waste f o m  with aqueous solutions included the determination of the Cs or 
Sr reiease, corrosion resistance, and the release of actinides as afunction of cement type, 
additives, overall composition setting time, and sample size. 

. 

~ 

Benischek et al[1993] reported the use of clay materials as fillers in the repository to determine 
the Q valuesfor safety analysis in site studies. Two Austrian clays and various types of 
naturally occurring and activated bentonites were used to test the sorptionbehavior for 1 3 7 0  

and 85Sr. The Cs and Sr 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 dumina 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, AI, 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 lezkh rates in 
adjusted cements. 

Aattbek et al[1992] pointed out the importance of sand grain diskbution on the required 
properties of mortars such as fluidity, homogeneity, compaction, and shrinkage. A smaller 
sand-void d o  required reduced cement paste resulting in lower heat of hydration, reduced 
shrinkage and less cracking, lower water4o-cement ratio and consequently lower permeability. . .  
It also increased point-to-pint contact and improved material homogeneity. 

Stabilltino M echanism 

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 likery the calcium silicate hydrate) 
through a combination of precipitation, adsorption, or substitution during cement hydration, or 

.. 
H-12 
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3) fonning a variety of other solid products such as phosphates and carbonates depending upon 
the environments as the hydration proceeds [Serne et al, 19961. 

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 podand and 
calcium aluminate cements and their modifications with amorphous silid 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 a l d a  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 (conesponding 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(vO2h(Si~)(O&SH20] and hydrated 
calcium uranyl oxide [Ca2U05.(1.2-1.7)H20]. At high free Ca(OH)2 contents, the formation 
of becquerelite [CaO.6UO3.l1H20] also occurred. 

According to Wu et al[1991], Cs partially replaces Ca in the C-S-H gel. Shi Caijun et al 
[1991] " p o d  that a variety of strontium silicate and strontium silicate hydrates are formed 
when Sr is stabilized in cement matrices. SrO.Sia, SrO~SiO2.0.5H20,3SrO~SiO~2H20, 
and 3SrO.2Si02.3H20 could form at 423OK by hydrothermal reaction at different molar ratios 
of SrO/SiO2 and depending upon the type of Si02 used. 'Sr could also replace Cain C-S-H. 
Men et al [ 19861, found that the fixation of Cs and Sr in cement-based systems results from 

- 

. 

I 

/ '  

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 slag, tobemonte, 
xonolite, and clinoptilolite differs with different additivb ~cCul loch  et al, 19851. Fly ash and 
blast furnace slag do not sorb Cs to the sameextent as clinoptilolite. While slags, fly ash, and 
clinoptilolite undtrgo reactions at different rates, tobermorite and xonolite are stable in cement. 
Nishi et al [ 19921 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 satu& Ca(0H)Z solution similar to that of silica fume, and formed 
C-S-il that fixes Cs, and reduces Cs leachkg ratio to below 1/10 of that withoutiactive silica. 

According to Lanza et al [ 19851, resistance to the release of a radioactive 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 Eh of the, 
solution, and the pH. The predominate species of U in equilibrium with U@ were 
UO2(CO3)3 and U(0H)s. As reported by Atkins et al [ 19901, appeared stable as the 
hydrous oxide, U03.nH20r 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(v@)2(SiO3)2(OH)2.SH2O, and a hydrated calcium uranyl oxide, 
Ca2UOs( 1.2-1.7).H20. At high free Ca(OH)2, becquerelite (CaO.6UO3.llH20) was also 
noted. Other as-yet-incompIetely characterized phases may also occur because of high pH. 
Uranium may also be reduced to its lower valency states (U*, vk) if reducing conditions 
prevail due to the presence of blast furnace slag-cement blends or steel reinforcement. 

Giventhat the cement hydrates are regarded as the sole products for encapsulating the 
'radioactive waste species, Grutzeck et al [ 19841 studied the chemistry of calcium aluminate 
hydrates and Stratling's compound as the corkon cement hydrates as low-temperature, 
inexpensive host phases for isolating radioactive-waste species. An I-containing analog of 
calcium monosulfoaluminate hydrate (C3A.CaI2.xH20) was also identified as a possible host 

b 

- 

t 

I .  

Morgan et al [ 19871 determined that the actinides U, Np, Pu and Am sorbed extensively on 
cements as compared to bentonites and polyester k i n .  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. besorption studies identified 
bentonite as an ion-exchanger whereas some of the cements and the. polyester resin may sorb 
by irreversible chemisorption. 

Hoeglund et ai 119861 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 concite systems were generally minor in t e r n  of their sorbing capacities. 

. 
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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 asswiated hydrates. 

Barnes et al [ 19821 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-poweIiite and the I 
radiophase was I-sodalite. Sr-powellite l k h e d  incongruently indicating a combination of 
dissolution and diffusioncontrolled 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 [ 19901 reviewed the predictive capability of dment-based composites for 
radioactive waste stabilization. Considerable progress h& been made in modeiing 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 O  forms solubility-limiting compounds, e.g., uranophane. 
still, the present data are inadequate to predict many cement-wasti stream interactions. FUW 
progress is likely to rely heavily on additional database. Progress is underway to predict the 
impact of CQ, 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 [ 199OJstudied the solubhity of uranium (IV) in a number of simulated pore 
waters from repository backfill concretes, and compared it to solubilities in solutions of 
Ca(OH)2 and NaOH. The sorption of uranium was also studied on a portland cement with a 
slag fiIIer. 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 m a t e s  formed in the presence of Ca(O& and NaOH was constant above 
pH 7 at 3 x lO-6M. 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 W g ,  and was increased by a factor of two after hydrothermal treatment. 

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 slag. The transport of gas in these materials 

I 
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Atkinson et al [ 19901 measured the diffusion andgas trysport in a &riety of cementitious 
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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 
almo?: water saturated. 

Bayliss et al [ 19921 reviewed the recent data on the solubilitymd sorption under a cementitious 
environment, along with that of the results from the themochemical 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 

. .  
I 

solubility of Se was substantially less than that previously observed under an air atmosphere 
and was closer to the predictions of th6thennochemic~modeling. The solubility of sodium 
stannate was studied after heating solutions at 50,80, and 2WK. Crystalline Sn solids were 
formeci at all temperatures. For solutions at 2000K the solids wire identified as cassiterite. 
The solubilities of all of the c r y k e  solids were 1@-10-%, which are at least 5-fold lower 
than that of the original sodium stannate. Distribution ratios (Rd) between 1 x 103 and 5 x 103 
mUg were measured for the sorption of tetravalent Tc onto a cementitious matehal. 
Preliminary results from an in-diffusion experiment involving Am and an intact cement sample 
agreed well (at 1 x 104 W g )  with Rd values determined from previously reported batch 

. I  sorption experiments. 

Leachina Ch aracteristics of Radionuclides 

Barnes et a1 119861 studied the leachabilities of Rb, Cs, Sr, La, Ce, Nd, Gd, and U from 
"supercalcine with U added", SPC-2 + U, h d  "Savannah River sludge", SRP, waste forms. 
Both ordinary portland cement (OPC) and high alumina cement (HAC) &d their modifications 
with amorphous silica were used as the s t a b i i g  matrices. The silica-adjusted composites 
were chemically more stable than those made with as-received cement. See Table 12 for the 
leaching ktes of different metals. 

, .  
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I Additives % Tc leached 
Bentonite 0.032 

Bentonite + Sulfide 0.033 . 
Microsilica 0.025 

.Microsilica + Sulfide 0.050 I 

i 
.# 
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Na2S was added t9 check whether Tc leachability could further be reduced by precipitation of 
insoluble Tc&. NazS was added after adjusting pH at 8 to precipitate all insoluble sulfides. 
No si,pificant effect was observed with NazS addition. Although sulfide was expected to 
reducc Tc leachability by forming stable Tc&, the pH level of the cement sluny did not 
appear favorable, as no data are available for the stability of Tc2S7 at pH 8 or above. Table 13 
shows the accumulated Tc fraction leached from the cementitious matrices containing sulfides. 

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

1 

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 replacem&t was made less often. The leaching of Sr or Cs from the 
grout varied directly with drying while c&g and inversely with the time of curing. In 
general the leach rate followed the order Cs > Sr > Cm > PU as shown in Figure 3. -me 
amount of leaching as a hd im 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 lessthan the grouts.' At long durations, the trend reversed. 
Comparison of Cs leachhg from the grout and borosilicate glasses is shown in Figure 4. The 
credibility of laboratofi results with simulated waste was substantiated by a short-term 
continuous leach test made on a fragment of a core sampleof hydrofracture grout. -The 
modified effective diffisivitiesof 1611 to 10-10 cm% (equivalent to a leach rate of the order of 
10-7 g/cm2 day) for Sr and Cs were comparable to the iaboratory data. 

In an earlier study, Moore et,d (19761 used Grundite clay in hydrofracture grout for improved 
Cs retention. Grundite (whiie 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 semhfhi te  and a frnite medium respectively. The calculations showed that the 
drum approximated a semi-infinite medium for a few years- if the De was approximately 
1 x 10-9 cm2/sec and for > 3000 years if the De was approximately 6 x 10-18 cm2/sec.. 

Serne et al[1996], determined the leachability of Nd, U, Th, and Sr in cement slurries in a 
C@-free atmosphere. The aliquots of the crushed cement samples doped with these ions were 
equilibrated with deionized water at pc~+ (hydrogen ion concentration in molarity units) 
between 7.5 to 12.5 to predict the leachabilities. Nd concentration level decreased with the 
increase in p c ~ +  from 7.520 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 C ~ U O ~  is the likely controuing solid. The concentration of TII was at or &low the 
detection limit over the entire range ofthe pc~+ covered, and the likely controlling solid 
appears to be "ha. Apparently, Sr does not enter appreciably into the solid matrix of cement 
and does not form insoluble compounds in carbonate-& environments. 
Scheetz et al[1985] examined the physicid properties of cement-based waste forms to evaluate 
the extent of waste loading that might be feasible and still maintain a leich-resistant, strong, 
monolithic object. For a minimum compressive strength of 21 MPa, waste loadings of 40 to 
60 5% were possible. With 30 and 70 96 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, Eolite, and 
cement glass. Since active silica canied the Cs exchangeable s i k o l  group 
(-SiOH) originally, the Cs distribution coefficient was remaricably high (> 104). It increased 
in saturated Ca(OH)2 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 1110th of the value obkned without. active silica. A comparison of Cs-leaching 
between active silica and other additives used is'given in Figure 5. 

, 
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Wu et al [ 19911 reported a decrease in Cs leachability when using alkali-activated slag cement 
(AASC) as compared to the ordinary portland cement (OK) in waste-forms cured at 298OK. 
Under identical condition high alumina cement (€€A6 performed better than both. When cured 
at a high temperature of 343*K, the alkali-activated slag cement was best of them all. However, 
theleachability of Cs increased with increase in temperature and curing time (see Table 14). 

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

, 

The Ieachabilityvdues were calculated using the following equation: 
Leachabilit); (cm) = (at/A)(F/V), where; 

at = mass (g) of Cs leached at sample time 
A = mass (g) of Cs in specimen 
F = surface area of the specimen . 
v = volume (cm3) of the specimen 

Similar leachability trend is also observed with Sr is leached from AASC waste form under 
identical curingcoriditions [Shen, et al, 19941. 

Bostick et al(1988) compared the leachability of Tc in waste sludge using conventional 
portland cement &id fly ash grouts (5050 mix), and cement, fly ash, and ground blast furnace 
dag grouts (33:33:33 mix). Slag addition reduced thc effective diffusivity of Tc significantly. 
The effect of slag was attributed to its ability to reduce T c O  to the less soluble T c O  
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 from a 
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 sudace phenomenon, or, more likely, it may simply be due to two oxidation stages of 
Tc leaching at different rates. Guppy and Atkinson [I9891 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 unable to remove contamination. For slag 
cement, the apparent solubility of Tc was e 10-9 mom, but was > 2 x 10-5 mom for ordinary 
portland cement. 

h h i  et al[1993] examked the leaching behavior of a-emitting radionuclides (U and Am) 
from zeolite-L and the z e o k  (SAPO-34) in a Flexcrete-cement matrix by static and dynamic 
methods. Synthetic groundwater and 0.005MtaCl2 were used as leachants. The leaching 
rates of U022+ 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$+ for SAPO-34 in CaC12 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 Am" and U@2+ increased with the 

\ 

equilibrium pH. 
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Table 15. A summary of grout formulation6 to impobilize diherent , 
radionuclides, and their leachability & durability characteristics 

Grout formulations 
1. Slag-cement, high alumina 
,cement (HAC), bentonite, and 
misrosilica 

2. Slag or cement, bentonite or ' 

microsilica; sulfides, and acrylic 
resin 

3. Type VII cement, Class F fly 
ash, slag, reducing additive 
(Fez+, sulfide) . 

4. Slag, fly ash F, hydraulic l&e 
or cement 

5. Slag, cement, bentonite and 
Attapulgite clays I 

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

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

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

I 

9. Slag, Type YiI cement, 
bentonite, Attapulgite clay, Class 
F fly ash, amorphous silica, 
silica fume 

Leac hi n g/d u rabi I i ty 
1. Slagcement blends 

reducedTc leachabiity 

2. Sulfides did not reduce 
Tc ltyching 

3. Slag, and reducing 
. additivesreducedTc 

leachability 

4:Reduced Tc leaching 
compared to cement- 
b'ased mixes 

5. Bentonite reduced the 
wetting/ drying durabiity; 
Attapulgite clay improved 
it 

6.-Reduced Tc leaching to 
low and non detectable 
levels 

7. Slag reduced Tc 

8. lOb% slag, and 47.5% 
slag: 47.5% fly ash 5% 
limereducedTc , 
leachability 

9,Improved integrity, 
freezdthaw durabiity of 
the stabilized fonin 

1eaChability 

Ref ere n ce 
1. Brodda, 1988 

2. Brodda and 
Mingxia, 1989 

3. Gilliam, 1990 

4. Langton, 
1987 

5. Hensen et al., 
1991 

6. Siegrist et al, 
1996 

7. Bostick etal 

8. Tallent et al 

1988. 

1988 

9.Morganand ~ 

Bostick, 1992 

. .  
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Table 15. A summary on grout formulations ....... (continued) .... 
- 
Metal! 

CS 
- 

- 
Sr 

- 
Pu 

- 
U 

- 
Cm 

- 
Np, RE: 
La, Nd 
Gd, Cr 

Genera 
- 

Grout Formulations 
1. Cement, fly ash, Attapulgite and 

Grundite clays, sugar, 
tributylphosphate 

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

3. Slag, Class F fly ash, hydraulic 
lime or cement 

4. Alkali activated slag Cements 
(AASC); portland cements, high 
alumina cement (HAC) I 

1. Cement, fly ash, Attapulgite and 
, Grundite clays, sugar, 
tributylphosphate . 

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

3. Slag, Class F fly ash, hydraulic 
lime or cement 

1. Cement, fly ash, Attapulgite and 

1. Tpe I cement, fly ash, activated 

. ,  Grundite clays, sugar, 
tributylphosphate 

carbon, retarder 

1. Cement, fly ash, Attapulgite and 
Gmndite clays; sugar, 
tributylphosphate 

1. Portland cement.calcium 
aluminate cement, modified 
calcium aluminate cement 

1; Portland cement, sand, 
bentonite, silica fume 

Leaching/Durability 
1. Reduced Cs leaching as 
. comparable to 

borosilicates 

2. Bentonite significanUy 
reduced Sc leachability 

3. Reduced Sc leaching 
more than thecement 

4. In reducing Cs leaching 
HAC performed better at 
.298oK, but AASC was 
best at 343oK 

comparable to 
1. Reduction in leaching 

' borosilicates 

2. Sr leachability is not 
much effected 

3. Reduced Sc leaching 
compared to cemknt- 
basedmixes . - 

1. Reduction in leaching 
. comparableto 

borosilicates . 
1. Reduced U leaching to 

low and non-detectable . 
levels 

1. Reduced Cm leaching as 
comparable to 
borosilicates 

1. Modified calcium 
aluminate cement reduced 
Np, Rb, La, Nd, Gd, Ce 
leaching 

leach resistance, 
shrinkage resistance, 
reduced permeability, 
wen achieved through 
varying the mix 
proportions 

1. optimizing of strength, 

Reference 
1. Moore et al. 

1970 

2. Brodda and 
Mingxia, 1989 

3. Langton, 
1987 

4. Wu, et al 
1991. 

1. Moore et al. 
1977 

2. Brodda and 
Mingxia, 1989 

3. Langton, 
1987 . 

1. Moore et al. 
1977 

1. Siegrist et al, 
1996 

1. Moore et al., 
1970 

1. Barnes et al, 
1986 

1. Allan:md 
Kukacka, 1996 
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Figure 1. Sr, Tc, and Cs Leaching from BFC with and without ILLW into Q-Brine and 
Water (Brodda and Mingxia, 1989). .. 
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Figure 2. Sr, Tc, and Cs Leaching from BFC with ILLW and Additives in Q-Brine 
(Brodda and Mingxia, 1989). 
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Figure 3. Product of the Cummulative Fraction of Isotope Leached and Volume to 
Surface Ratio for Cementitious Grouts Cured for 4 Weeks (Moore et al, 1977). 

. - 4  ------- Borosilcate Glass No. 1 
---- Borosilicate Glass No. 2 - Cementitious Grout . 

- . .  
The half-life of 13'Cs is 30 years , 

1 

Figure 4. 
Time (years) 

Comparison of the '%s Leached from Borosilicate Glass and.Cementitious 
Grout as Predicted by Mass Transportation Phenomena (Moore et el, 1977). 
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Figure 5. Effect of Cs Adsorbants on Leaching Curyes from Cementitious Resin Forms 
(Nishi et al, 1992). 
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+Blend No. 1 - 50% Cement, 50% Flyash 

+Blend No. 2 - 33% Cement, 33% Flyash, 33% Slag 
. .  
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Weight Percent HMS Added to As-Poured Grout 

Figure 6. ANS-16.1 Leachibility Indices for '% as a Function of Sludge Waste Loading ' 
in Grouts Prepared with Two Different Blends (Bostick et al, 1988). 
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Figure 7. Curnrnulative Fraction of '% Leached from Slag-Cernent Grout (Bostick 

et al, 1988). 
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MQte ThtS b 9 RmmmhSlt3 Drr& B i f D ~ ~ S ~ ~  4 ~ n ~ J ~ ~  

- 
Summary and Report of-J&uary and March Demonstrations 

of Sludge and Grout Mixing for WSRC 

I. Summary , 

Construction Technology Labomorits, Inc. (CI'L) was subconrrscttd by W&~OUSC . 
Savannah River Compvly (WSRC), the prime site contractor for tb Savannah fiver Site 
(SRS) of the US. Depamncnt of Energy (DOE), to demonstrate the degree of mixing 
beween dze nducing, flowable grout #3 and a simulated sludge qmentativc of the heel 
in Tank 20F, a stecl tank containing a n s i b  of high.lewl radioactive waste at the SRS. It 
was anticipated that under the right conditions this hi h cement toTlteLlt reducing grout 
would mix with the type of sludge slmy pnsent in e ank 2O.F at SRS. I! was also thought 
necessary to pnaar rhe sludge duny with hydrated lime 10 prscipicate and remove 
chemicalspecicstfiattouldsdv~lyinteraawithcaldummthchy~ngcenvnt A 
January dcmonsaation of grout pound into a hydrated lime pnawatd sludge slurry at CIL 
indicated thm was very l inle rmxing between grout and sludge. What little mixing that did 
OCCUI. estimated at about 20% ofthe sludge, appeadto occur clue to three effects. Some 
mixing occurcd adjacent to the vertical walls of thc form other mixing appeared to occur 
due to tire rapid deliwry rate of the grout entrapping sludge as the front advanced, and a 
considerable de of mixing occund as ttre grout met the cud wall of the form and folded 

Evaluation of these results Mto the cbnclusion that more mixing might occur when the 
sludge was not retreated and, therefore, about Onathird of the liquid would be pnscnt in 
the form. Tbc P orm forthe March demonstration was hradesigued sa the side walls 
angled out at45 de 
degrees to one ano~ollawing tht radii oft circle whosc focus was the pour point for 
the grout and anotherchan e was 8 substantial nduction in tbe t flow rate to sirnulate 

adjacent mixing arcas. ,On one side the cdd sludge clody simulated the chemical 
compositionaftheT~heel,andtheothcrsidet&w~aadsome\whattfiickersludge 
waspkedonthebottomoftheform. Thissludge~asatthesauultionconcmtrationof 
the dts it cmained and, upon standing, a l a p  of crystals formtd on the surfacc. 

Grout was slowly i M r & u d  into both forms simultaneously, increasing the ratc slightly 

removal of hardened sections of thc grout indicated a v a y  minor amount of sIudge mjXing 
and entrapment where thebonom and the walls ofthe formmet. The vcry minor 
discoloration of tbe plastic liner and the bortam of the gnwt =&to indicate the grout 
pushed the sludge ahead as effectively as a squeegee moving water MOSS a floor. Due to 
the slow flow rate, thm seemed to be little mixing as the graut met the end oftfit form 
The grout was rcm&d and continued to flow quite well overthe seven hours of the pow- 
After the end ofthe pour* the grout dcptfr on both sides varied f ram 21.5 in. deep to about 
9 in. near the end of the form, 425 ft away from the point of grout htroduction. 

a 

back on the slu f= gc pooled on top of i t  

to decrease wall effects. Other changes had the ddes zligmd at 10 

the planned flow rare into f a& 20F. Two cases wen cxaInmEbacktobackfonnswith 

thc grout level incrrased and taking roughly 7 hours from start to finish. O h a t i o n  on tr 

\ 

\ 
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Sampling was planned with more cons and samples nw the ends bf the forms w h m  the 
sludge had been relocated. Sections of cores wen taken that w m  betwm 25 and 4 in. 
long so there would not be too grcat a variation of sampk weight, Measurmrmt of- 
insobible materialhas a very small range indicating good distniutian of paste and aggregate 
and link segregation. The roupfily 3% nidtcl in rbe sludge and SllrMcapper w e n  used s 
tiaEen and pnsumed to be insoluble hydrou'dc solids. halys is  fa- ad nicM 
indicatedthat in the middle d o n s  oftbe COICS, ttten was v imdy no sludgeintumired. 
Copper dttectcdinthtop andbottom con sations may have been dae cosomtgrart 
sludge mixing, but also could have n6uIted iiOm an &or coating of sludge. No 
than 30% of the traccr metals an mixed in the grout and probably much kss. Qumtitmve 
cstimatts of pondedsludgc indicate that6Oto !N% oftf ietracermetl i ls~cmtop of 
the sludge. Visual appearance of ehe cores indicate less W n g  &sludge md gr#n m thc 
March compand to the January demonstration. pnliminary cad- indicrpe very linle 
mixing has o c d  although there is meentrapment of sludge'within the grout 

In a separate experiment, segregation of the grout with drop keight was otamined usin 

samplcsdinctlyunderthcgrrrutstrcam. Somcwhatawayfromtheoaurm, l e s w m  
strcngdr as an indicator of change. Little change of strength occurcd with drop bight f or 
lowerinstrengthat15andWftdrophei . Groutcanbeintr&cedfromat ""p east23R 
and lower saengths and segregation shou P dnotbe substanWy affect& 

II. 

In 1996,~performedanumberofexperimerusto&~~3formurarionsaf~ing 

Eability o w  e hours while exhibiting minimal -on h r n  the I 

cementitious paste over the SBM timc puiod All uts had hi@ pH, adequate ruktciag 
ropcrties, and comparable ability to stclbilirc the r emiEnt spcues of intenst. Grout #3, 

kmuhedwithTypcV landcuaent,was~dedbccauseofitStffectivmess 
under the widest range or mditions. 

By mid-1996, dtiond informatioa Wban obtaintd on the cficmical composition of the 
heel in Tank 20F indicatingthatit conminedasubstantial amount ofsodium oxalate, 
carbonateandsulfate. Expcrimcntsindicatcdifgoodmixingocamdbetwanashrdge 
with this chemistiy and grout #3, then the grout would lose nearly ril of iU flowability. 
Prcatarment ofthe sludge with a 10% lime slurry, which also contahcd reducing agents 
(sodiumthiosu~~uldrsmallamauntafcslciumsulfidc), wasconsiderednecessary to 
prrcipitatethe~~csCspecits~cawarhelossofgroutflowrbiliry.  Inmid-September 
1996, a small @e expenment was performed pouring grout into retrrrted sludge 

introduced into the pretreated sludge and good flow as well as good mixing and self- 
leveling was observed. Some conccm was expssed that this small scale exptrimmt may 
not accurately repsent the behavior of the sludge and grout which would OCCUT in the 
%mal Tanlc 20F pour. . 

CTL was asked to perform a large scale demonstration to simulate introduction of the p u t  
in the center ofthe tank and into a lime pretreat& sludge. The form was roughly in the 
shape of a bowtie with a roughly circular 10 ft diameter center d m  and two l a g  
37.5 ft long. The arms were 4 ft wide at the opening from the center circle and incrwed 

Background and Infomution from the Jmuary Demonstration 

grwtforb0ththeirphysic;rlandChemicalchmctam - 'cs. Ph~charactcristicsofthe3 
t formulatiOnS w ~ e r y  sirnil= all W= flowable, d y  Self-leveling, a d  ~ ~ t d  

contained in 8 farm about 8 feet long and widening from 0.7s tb B fm -Ut Was slowly 

- 

* .  

.. 

1 , 
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' 
in widh to 8 ft kt thecnds, 42.5 ft from the center of the circle; all walls were 2 ft high and 
perpendicular to base of the form. The fonn was double lined with 6 mil polyethylene 
plastic sheets, which wcre one pi= and continuous with no joints. The sheets were 
fol&d carefully into thc form with no staples to make, hopefully, a l e a k p f  f o m  
WSRC prbvided the cold sludge and CTL obtained chemicals, then mixed the chemicals 
into the sludge to simulate the Campasition of the heel in Tank 2OF. In addition to 
chemicals added to simulate the tank SIU e, coppet sulfate pnt&yh& was also added to 

between sludge and grout after the pow was amplet&. A dcscriptjon ofthe ink& 
procedure to make this sludge can be found in Appendix A. 

- 

anven into an insoluble tracer which co 3 d be used to measm the dcgxcc of- 

Since the sludge separates on standing, the baxrels wert remipl and then immiAiately 
poured into the fonn, distributing the sludge uniformly from cud to end An unsuccessful 
attempt was made to clear the center circle of sludge solids and l ave  only supemate in the 
center. The c o m b i d  sludge and supernate was calculated to be 1.4 in. deep from the 
volume of the sludge and the area of &e form. A ten weight percent hydrated lime slurry 
was madc with the a d d t d r & u c i n g c ~  usedpnviousiy: the vdunzt made was 
sufficient to be 2 in. deep in the f o m  Preparation of the lime slurry is described in 
Appeadixk k n m e d i a t e l y a h e r m i X i a g , t h e h y d r a t e d ~ ~ ~ w a s ~ u n i f o r m l y  
into the sludge in the form, distributing it anifonnly from end to end. The pntrrated 
sludge With an approximate combined dcpth of 3.4 in. r e d d  in the fonn for over 24 
hours before grout was'addd to the form. 

It was desired to sampiby coring promptly after the grout had hardenedin the form, 
therefore, no ntarding admixture was used in the #3 mix design. Laboratory 
cxperimcnts i n d i d  si* flow poptIfics w S ~ i ~  o w  tfre p~ two hciur 
length ofthe pour with such amodlfitd mix design. Groat113 was mixcdatacommmial 
ready-mix plant and delivend by ordinay ready-mix mks to c1z Th#e trucks 
discharged tht p t  inro the h o p  ofaconcrete punping and boomtn~~k The boom 
was outfitted with a4 in. ouda which discha@ vertically 5 ft over& focus of the . 
center mixing circle of tpc f %  rata of grout delivay was 17.4 cubic? yards per hour, 
which W S  abaut 1/2 the fa& urpectcd from &e gr0Utmixrra.t SRS bntdlowed mough 
time for smooth transitions from one ENJE tb the next for the demonstntion. A brkf 
interuption occured when ane tmck was late, however, it did not stem to gignificantly 
affect the flow of g r o a  

. 

During the January demonsastl 'on, tfse grout pouring into tht form containing the pnacated 
sludge i n d i d  spacific flow . Within tht center eircle there w m  two @et areas 

of the walls of both arms. The grout flowed smoothly out the fwo arms but was 
significantly affetted by the wall. A substantial portion of the dud e was pushed ahead of 

grout hardened and corcs wm taken, it was clear that little mixing had occund in tfte center 
circle and in the f'ht 25 ft from the center ofthe circle, Further firnohe center than 25 4 
somc mixing occurcd against the iide walls andadditional mixmg was apparent near the 
ends of the form. A considcr;able volume of sludge rrmained on tup of the grout at eitfrcr 
end of the form. A rough calculation of this volumc of prttrrattd sludge on top of the 
grout dctemtd that about 80% of the origi~al sludge was then and the othm 20% W ~ S  
encapsulated,. w e n d ,  or mixed with the grout 

oflowflow;dKKC~wm~bythecircnmfercnccandrheimaginarye*tension 

the advancing front of grout The grout flow procetded to both CII f of the form. After the 

For the Match demonstration, tfre flow ratc was decreased to match the amount of grout 
flow e x p a d  from the on site grout plant and proportioned to frli the form at the same me 

- 
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of inches per hour expected when grout was actually placed in Tank UIF. The form was 
redesigned with the slde walls of the arm angled out at45 degnes to the bottomto 
dtcmse wall eEects. The center circle was rep\r;ed with two half circles, separated by a 
partidon, so two &Yerent scmrios could be evduarcd, one in each ann of the form. Tbe 
west a m  had wen~rsludge, similar tothat usedm Jmuaxy; the east arm had dewatered 
sludge. No pntrramrmt was a d  for titfrer arm forthe March deamsmi on. \ 

III. Qualitative Flow Behavior of Grqnt and the Inkmetion ~$th 

I)uringtheMarrhdcmonSaation,thegroutflo~~rearonlblyuooothlyinspibcaftfiecn 
and off operation ofthe ball valves (described below) to obtain file plannsd slow flow rate. 
Most of the sludge was pushed ahead ofthc grout altbcmgh a layer of sludge was observed 
between the grout and the wrlls near the p u t  front. The dcpth of sludge in front of the 
advancing p u t  from was periodically nwsufcd md kept macasing as the grout flowed 
toward the end ofthe fan. The grout rppcubdto be adv~cing in the samc manner011 the 
two sides; it flowed under the sludge as might be expected from the diffetena in dtnsity. 
between the two materials. Aftu a few haun, the grout was no longer advancing u a 
steady mc and instcad would stop advancing fa awhile and then surge ahead for a short . 
distance. \ 

Afm the grout &d hardened then same sections lihed out, and cores removed. very little 
sludge was ohemd.on the bottom of the form under &e gmt. Brown material did not 
appearto bemixedirrtO~hardcrrdgroat mataial. Athickersludgelayer was seenunder 
the &rout atthejuncmnbetween die wall andbottomof,ohe form, probably &to a wall 
cffect. Somewhat more sludge was observed under the p u t  at the very end of the form, 
especially in the two comers. A srrmll degree of mixing was seen m thecons taken very . 
close to the end ofthe form, but coasiderably less than seen in c o w  from the January 
&momnation. 

. e  

The Pour set-up for Giaht Delivery: .. . ,  . *. . .  
Grout was dixhatgadframrrady rnixedmcks into the hoppetofr gtout pump mdthen 
pumped into two hoppcrs. Disuibaion into the two forms was done using twin-hoppers, 
with plastic outlets. Ball valves were CQMlfCted to the hoppas to control the flow of p u t .  
The pips fiumthedischuge tpds oftheball valves wen then connected to diaphngm . 
valves and rpipeu, forrhtrfiae-hmethcflow tothenquirrd rate. There was 12-15 inches 
of piping knueen wo vdws. 'Ibs two pipes discharged &C mortar to each ScmiclItl~ 
section ofthe f m  from where the gmut flowed towards&& faithest ends. As described 
previously, the sludge was ptepand and processed according the specified m s  
placed in both the cast and west anis ofthe fonns, two days before the pour. Dams were 
e d  at the neck ofthe jcrhi circle comected to the f- to avoid the sludge moving to 

. the semi circles. Just before the pour the dams WM removed. - 
The first truck arrived at 9.07. ' . . 
The grout flow and pH from the mtck was *heasFd bcfm the s& of the pur  to assure a 
proper flow. The flow and pH were acceptable. 

t 
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The grout Was discharged to a pump thnxlgh a coarsc sieve to runwe any large junk 
pieces. if any. Thegout was pumped directly to the hoppers (om was fill& after the 
other). The grout was dischapgcd througtr the pipes to rhe semi~*nle at aspecified rate by 
coniding the vdyes. Two pumps were made available to be pscd sinul- for 
efficient optration and 10 avoid delays for unforeseen reasom. 

In ordtr to achieve the q u i d  flow the fobwing wlve sequence was adxnin&er& using 
thediaphragm: 

9:37A.M. 4minoaIminoff for3Omin 
10:08 AM. 4.5 min on 1 min off for 20 min 
10:28 AM. 5 min on 1 min ofF for 1s min 

The diaphragm valves did nor work satisfactorily and we= mnoved at 1043. Then the 
valves were replaced with straight open piping and the following sequence was followed 
with the ball valves: 

1048A.M. 3 1 ~ 1 h O n 2 ~ 1 h O f f  fOtlS-2Od 
11:OSA.M. 3minon3minoff fot4Omi.n 

The second truck arrived at 11.45 
The grout flow and pH& the truck was measuredbefore tht start ofthe pour to assure a 
proper flow. The flow and pH wen naqtabk. 

1205 A.M. Oaegroatpamp got stirk; sohrechuuks w&foundinthe grout. 
There was a brief hold up. L 

Only one pump took turns for both the h o b .  ThC rate offlow was inneased to 
comp~n~are for the Iost time. -The valve quen& was a d .  as follows: - 

12:35 A M  3 min on 1 min offfor the remainder of the arrck 
The third truck arrived at WAS 

The p u t  flow and pH from was mcllsurtd before the puur. The flow and pH were 
acceptable.. 

The same pump ;Was working for both the hoppers; and the samc valve sequence (i.c., 
I min on 1 min off) was followed for the whole truck. , .  

The fourth truck arrived 8t 15.10 

3 

The flow and pH of the grout from the truck was measured and found OK. 
Since the same pump was workhg and taking. twns for both &e hoppen, the samc pour 
sequence (i.e., 3 min on 1 min off) was followed for this wdc also. 

. 

t 
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.\ 
MONITORING OF GROUT ELOW AND DEPTH DURING THE POUR 

Sludge depth Was mcasund at cach In hour during the pour. Mwarrments of the grout 
front and sludge depth ahead of the h n r  at thnt critical locations in both the cast and west 
forms were ncordtd as follm: , 

, 

I 

Grout depth was also monitored once ewry hour(for 4 hours) starting 123 P.M. The 
depth was measured at Rib #S, 10,15,20,25, and 30 (end). The depth measurements in 
inches ~ t c  as follows: 

Rib# 
(k from ' I  I East)iorm WestFonn 

. .. I .  
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IV. 

The p u t  flowed imoothly out of the mixing area and into each ofthe long s e p n t ~  of the ' 
forms. Flow was somewhat a f € d  by the walls but lcss than in the pvious test. A 
substantial portion of the sludge was pushed ahead of both advancing fronts of p u t  on the 
wetter si& as well as the dewatmd side. 

 he con-t ortracer in this demonstration is c iea~y m& atnmimt toward  end^ of 
the forms (the last 7 ft) and Icss abundaat near &e center. The sampling plan cksdbed . 
below is a d i m  of two awgories of samples: judgment samplts w k e  aevated 
tracer levels arc expected, and well sp;iced sampliS near the ccaterlinc, wben low tracer 
levels arc expected. Before samples were obtuned a sravey was tlkta o f t h  Ian 7 ft at 
the end of each form, measuring the depth of clear supemate, depth of damp s l u 2  and 
thicknessofgrout. Theanaofthefarm,funhnthan7~fromeschead,cssenti y 
conrains grout, which may be mixed with a small Mount of sludge, but the grout is not 
covered with tither supernate or sludge. Afttr t&e measunmts w t n  talrm, representative 
samples uf the sludge rrmaining 011 top of the grout were taken and analyzed for copper 
and nickel. 

Tweive of the 20 cons tha wen obtaibed for 

diameters), ten from each side, wae obtained. Samples were taken awa from the walk, 

sarnplc lomion. Eight CQtCs will k ObtainedfORhuthan lOh from the two mds of each 
form and none within the semicimkmixing tuea. f_nrrtinnr of all 20corrs havebem 
numberrdandthtitposit i~areindicatedontheaaached~~whichisdrawn~oe 
and also indicates the width of the slOpea sides. - 

In areas whm signiticant wet sludge covers the &rout, it be impossibleto properly 
sample the cylinder of sludge above the con location. Since the sludge should be 
homogeneous throughout its volume, composite sludge samples taken from each end for 
analysis,combimdwi~the~eyofthe~rofshrdgeco~gthegroutshould . 
provide comparable information as a sludge sample dinctly above .a grout core. The clear 
supernate yas s t i m d  up before the composite sludge samples were obcain4 then thebulk 
of the sludge was removed to expose the grout for e g .  

The cons ofha&aed grout from both sides of the form had lengths betweca 9 and 20 in. 
and were sliced into samples of roughly qual volumes. From cores I, 2, & 3, two 3 in. 
high samples wen talren, me from the mid-point of the core and the other fromthe bottom. 
From cores 4 & 5, three adjwent sections, each about 3 in. high, weft cut Off and labeled 
BOT, MIDBOT, andMlDTOP. From the rcILLainipg 5 cores on each side, 4 roughly qual 
scction.~ were cut off, some as short as 2 in. The total number of samples p t c p d  for 

. analysis of the copper and nickel tracer metals was 64. 

Each d o n  of care was dried at 105' C then broken up, mushed, and pulverized to p a  a 
50 mesh sieve. This well homogenized powder was then sampled and digested. in acid to 
marc a solution for atomic abmption flame analysis. 

Sampling Plan for the March Demonstration 
I 

I '  

andnickclan&sisw#clocated 
within 10 ft ofthc two ends ofthe farm A r of twenty cons (with 3 3 4  in. to 4 in. 

avoiding locatians closcr to the wail than 20% ofthe width ofthe base o r tht form at the 

-. 

- 
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V. Sampie Analysis of the Grout for Copper and Nickel Tracers 

SanyIes which are identified as T1 through T4 an grout samples obtained from thc ready 
mix trucks and should contain only kkground levels of copper and nickeL Preliminary 
review of the nsults and a conservative approach has been taken and no mixing of sludge 
into grout is considtred to have taken place unless copper levcls zup >22 ppm and nickel 
levelsare>7 m. Itappeanth#ehaskcnonlyasmallamountafsIudgep~tonor . 
in the grout in % e banom section ofthc cores and near the end of the forms somerhdge is 
present on 0~ in the grout in &e top &on of the cores. At the ads  of either form, thm 
appears to be no mixing of sludge into thc two middle Sections of those coits. These 
samples'am identified as 8,9, & 10 E (fmm tfic east end) or W (from thc west end) to 
indicate the COICS from which Uiey werc m and have MIDTOP or MIDBOT suffixes to 
indicate samples from the middk sections oftbe cores. 

. 

' 
I 

u 

. .  

/ .. 

. I  
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. REPORT of CHEMICAL ANALYSIS 

Sample Identification . Analyte 
C U R  m?nm _ C a w m N t b a m  ' 3msQl. 

924247 
924M 

924249 
924250 

92425 1 
924252 

924253 
924254 
924255 

9242S6 
924257 
924258 

924259 - 924260 ' 
924261 
924262 

I -  

I 

2E-Mld 
=-Bot 

3E-Mid 
3EBot 

4E-Mid 
4E-Mid-BOt 

4EBat 

SEMd 
SE-m-BOt 
.=Bot 

&Top 
6E=Mld-T0p 
a=Mld-Bot 

6E-Bot 

I55 * 

23.8 ' 

15.6 1 -  

' 19.8 

15.0' 
22.0 

15.4 
16.1 
19.4 

16.0 
-18.4 . 

29.4 

20.2 
s9.0 . . 

. 15.7 
25.3 

.- . 

0 
c3 

.e 
e3 

4 
4 
e3 

c3 
7.65 
12.0 

0 
8.54 
6.7 
3.63 . - 

t 

'34.68 ' - 

35.32 

35.73 
35.97 . 

35.70 
32.78 
34.58 

33.63 

* 33.40 
33.41 - 

. #  

32.31 
32& 
32.14 

' 35.40 

t. 

Construction Technology Labar&orios. Inc. Chiagu/Sko#. Denver SeaWcoma 
1 

.. 
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' Client: WC&lghlW'SRiVtrCo , 

CTL Rj No: 407594 
Page: 2 

Sample Identification , 

CmIQ -CljentlD 

924263 7E-Top 153 *4 35.02 
924264 7E-Mid-Top 13.1 4 .  3633 
924265 7EMid-Bot 14.0 4 33.34 
924266 mB0t . 133 0 35.00 

9x268 
924269 
924270 ' 
92427 1 

924272 
924273 
924274 
924275 

8E-Top 
* 8EMid-Top 

8EMid-Bot 
' 8E-Bot 

573 
' 15.9 

14.1 
38.1 

26.2 
18.9 

322 
to be rechecked 

7.72 
4' 
0 

6.16 

-4 
5.62 
9-55 
14.81 

3655 
-34.89 
36.3 1 
34.99 

35.09 
33.13 
33.12 - 
32.69 

924276 
924277 
924278 
924279 

lOETop 
1OE-Mld-TOp 
lO&Mid-BtYt 

IOE-Bot 

24.1 I '  

. 173 
15.8 
32.8 

32.46 
3858 
3827 
32.22 

924280 . lW-Mid 14.4 <3 34.65 
36.05 924281 1w-Bot 21.0 Q 

tr 

, 
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407594 
3 

' 

Sample Identificarion 
- '  sa&wQ 

924284 
924285 

* 924286 
924287 
924288 

924289 
924290 
924291 

924292 
294293 
294294 
294295 

9242% 
924297 
,924298 
924299 

I 

2w-Mid 
2W-BOt 

3wIMId 
3w-bt 

17.6 
16.2 
23.3 

~ 24.8 
18.9 
15.7 

. 37.5 

26.6 . 
16.4 
16.6 

' 17.4 

.. 

' 1.46 
4 .  
c3 

5.99 
7.45 

. 6.71 
15.8 .. 

0 
c3 
-4. 
4 

- 

14.8 Q ' .  
. 203 .. e3 

14.7' 0 
22.4 , 6.% 

15.7 213 
19.0 6.64 
25.2 toberechecked 

\ 

36.46 
37.06 

36.17 
37.17 . 

35.98 
35.89 
,36.40 

3582 
34.15 
33.48 

35.48 ' 
34.83 
3834 
3 1.43 

38.87 
37. IO - 
37.6 1 
38.34 

t. 
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Client: Westfnsfrouse S a v d  River Co 
CTL Rj No: 407594 
Page: 4 

Sample Identification 
m i=limtJD 

924300 

924301 
924302 
924303 . 
924304 

924305 
924306 
924307 
924308 - 
924309 
9243 10 
92431 1 
9243 12 

924313 ' 

9243 14 
924315 
9243 16 

9245 15 
924516 

7w-Bot-Lo 

8w-T~ 
8WMd-Top . 
8W-M.€d-M 

8W-ht 

9W-T' 
9W-Mid-Tq 
9W-MM-BOt 

9W=Bot 

low-Top 
lOW-MM=TOp 
IOW-Mid-BOt 

low-Bot 

n 
- n  

T3 
T4 

EESL/GR 
WFSUGR 

L .  

123.7 

33.1 
16.1 
165 
26.4 

110.4 
17.2 
18.0' 
36.3 

77.7 . 
16.8 

e 19.7 
482, 

15.3 
17.7 

. 172 
17.3 

13066 
14966 

, 

46.5 

9.9i 
Q 
Q 
43 

32,8 
4 

0 

13.3. 
<3 
0 

7.68 

4- 
4 -  
Q 
<3 

8957 

I 

. < 3 /  

. 10653 - 

39.89 

37Pl 
37.74 

, 36.88 
' 36.23 

34.39 
3520 
33.47 
34.91 

3650 
. 37.53 
36.30 
36.81 

32.67 
32.88 
31.75 
36.26 

\ 

.I 

Notes: 
1. This urdysis repxwznts the sample submind on odry basis. 
2. This report may not b~ npr~duced e x q i  in its entirety. 

< 
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VI. Sample Analysis of Sludge in the Form I 

Thc composite sMge slu,mcs obbincd fiom the matMial kfk staading in the fonn and on 
top of the grout were dried and then acid digested for analysis. The SIIIlpLC from the east 
form is EFWGR and the one ficjm the west form is WFWGR. The wt sample cuneains 
about 1.3% Cu and ttre west s 
Mwurements of tk sludge &T and profiles of the p u t  pppcar m Appenclix D md wen 
usedm dttermine the volume and amount of matcrisl on the hardened grcn~ 

le almost 1.5% Cu by weighron a dry basis 

VII iClersunrottheDegn!eofMixing 
that then was little mixing 

that accuted. This sludge has been prepared to simulate e sludge of theTank2OFhtcl as 
closcly as possible. About 470 L were placed in the form md the cdculated depth was 
1.25 in. From calcuIations of sludge de md grout depth, the amount of sIudge p d e d  ' 
on the hardened grout was within 5% o P the mmt of sludge plaEsa m the farm htidly.  
The amount of coppaand nickel still oh the has baa calculated fromthe amount of 
sludge on the p u t  and the coppet and nick $"" analysis both before aud lfrer the pour. h 

di T cult to &Ecufatey sample and this may lead 10 some largetmcemm * tics Nickel in the 
pondcd sludge was within 10% of the initiaI amount and copper was w i t h  20% of the 
initial value. h the West form, the degree ofmixing determined fromchaa es in the 

few percent. 

the East form which contained the &watered sludge, somewhat mon mixing occured 
than in the other form. Starting with 275 L of sludge, about 40 L of su 

ysically mwtd and an estimrtsd 20 L cvsporatcd This amount of&d p k e d  in the !%II was calculated 10 have a depth ofO.6 in. From volume mc(~surcmtnfs 6 days after the 
pour, about 104 L or 48% of the rnitial volume mnained ponded on the grout. The amount 
of coppcr was 62% and the amount of nickel was 58% ofthc initial amounts of these. / 
metals. Againnumem U m  - 'esmakeitdifEcaltmaEcuratelymeasurc . 
the mtal content of tiles 
m d  15% of the a'srxr nmak If copper was uniformly distributed in the bottom 3 in. of 
the grwt at the avQtgf concentration mcasuItd in the bottom sections of cores, it would 
only consist of around 3% of the initial amant of copper. 

A grrat~ h t  of mixing 
as great as 30%. Some sludge has ban trapped below the sludge but intimate miXing of 
sludge and grout is probably less than 5%. A minimum of 60% of Ihe sludge did not mix 
and temainedponded on t& grout. 

T In the west form which&taid the wettcrsludgc, it 

that substantially all the tracer is on top in thc sludge. These samples an somewhat 

amount of sludge, as wcll as, fromtheaaccr mmls to be less than209b an d maybe only a 

ate was 

The thin layer vlpped b e d  tbe groutmay contain 

to have occured with the dewatmd sludge and may be 

VIII. Segregation of Grout 3 with Drop Height 

me purpose ofthis test was to evaluate grout segregation that might occur as a function of 
the "free fall" height from which the grout was dropped, using am compressive smgtb 
os a mwurc of potential scgregatiitn. If a reduction of core compressive strength was 
observed, suplemcntal visual examination of the cons would be undmakm. It would 
include splimg corn longitudinally, with half of cach core examined visually under the 
stereomicroscope. Thrte plastic form., 4 ft x 2 ft by 12 in., in size, were obtained to be 

- 

. ,  

. .  

. 
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fad with grout dropptd h m  5 ft, IS ft, and 23 ft (maximum attainable) heights. The 
grout NO. 3 was prepared in a twocompament grout pump. using p r ~ - W u g i ~ ~ ~  quantities 
of dry ingredients, watei, and superplasticizcr. The grout was pumpd through I - 1 - i n  od 
r u b k  hose, secund to the hoak of the ovahead crane, so that the specified drop height 
could be easily ;;Lnancd. One fonn pcr drop height was filled with grout 10 a a nominal 
level of 8 inches. Upon completion of pumping, tightly fitting p1astic lids w e n  affixed to 
all forms, and the grout was allowed to s t K u u c  at ambian pemperplurr and humidity for 
48 hours. The lids wen then removed and thc contents ofthe fams were d A total 
of six(6) cores per drop height was obtained, with 3 cocrs taken in the viciniey oftbe ceqm 
of the form near ttre point of grout discharge, and the other3 a m  takcn fiomdn 
peripheral areas of the forms. The torrs were moist hared for an a d d i t i d  72 haon and 4 
cores ftom each series wen teSted in compression at &cage of5 days, whueas the 
remaining 2 cores frpm each form wen set aside for microscopic cxpm~natl '011. 

Test results dn prtsentcd @Tables on Lhe next 3 pages, .The fobwing co~lusions can bc 
drawn from these nsults: 

1. somewtmhi er o~erali compnssive sangths w m  achieved in tbt p u t  dropped 
from15md B feet. 

2. For all three grouts there appcdto be a 25 to 3096 reduction in compressive 
' strength in the core samples taken fiumthc peripheral areas of the forms. with the ~ 

greatest duction obsemd in the grouts dropped from 15 and 23 fat. 

3. . Overall magnitude of cornpxssive strength 
grout mix remained maten'ally cohesive 

least as high as 23 feet. 

that, for the most part, the 
of drop heights evaluated, 

and could be introduced into the Tanks at the Savannah River from elevations at 
. 

It is expected thai an impending microscbpic exammm 'on will p v i d e  more informaton as 
to the cause ofthe observed compressive strength reduction.. 

IX. ConchJsim 

Slow flowing grout poured into sludge similar to the heel in Tbk 2OF did not intennix in 
any significant,amoum The degree of mixing may be as great as 10 to 20% but, . 
considering sampling and awlysjs uncertaintie.., mixing may be as low as a few percent. If 
the sludge is dewatered a grea~er degree of mixing occurst Bared on several indicators of 
mixing, aruund 20% mixing occuced but cannot exceed 40% mixing of sludge and grout. 
This mixing includes sludge enttapmcnt in and below the out; only a smaU amount of 
mixing is intimate mixing of sludge and grout me ffow a r  IC grout very effectively pushes 
the sludge ahead of the grout frant aud only a small amount of mixing OCCUIS. 

Grout #3, when delivered from drop heights from 5 to 23 fat, mnains maWiaUy 
cohesive, develops satisfactmy strengths without substantial variation, and could be 
introduced 'from elevations of at Iwt as high as 23 fat  into the Tanks at Savannah River 
Site. 

- 

: 

. 
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5- I 5-2 5 5  Core.I&nWiation 
No.4 No.4 No.4 Nominal Maximum Aggregate S S  (in.) 

Concrete Age al Test (approximale y w s )  5 days 5 dmyr 5 days 
Moisture Condition at Tcst Dry ' Dry 
Orientation of Core Axis in Slructure Vertical Vertical Vcrtical 

2.99 2.99 2.99 . Diameler 1 (in) 
2.99 2.99 2.99 Diameter 2 (in) 
2.99 2.99 2.99 Average Diameter (in) 
7.00 7.00 7.00 Cross-Sectional Area (sq in) 
6.0 6.1 6.1 Length Tfimmcd (in) 
6.2 6.2 - 6.2 'Lengih Cappcd (in) 
3.2 3.2 3.2 Weight in Air (Ib) 
I .7 1.7 * 1.7 Weight in Water ab) , 

I3 I .O 130.9 130.5 'Calculated Unit Weight (pcf) 
35 35 35 Loading Rate, psUm 

Maximum h a d  (Ibs) 24,900 24,800 21,900 
Uncomctcd Comvssive Slnngth @si) - 3560 3590 - 3130 

2.08 
1.Ooo 1 ,  

Ratio ofcapped Length to Diameter (W , 2.07 2.09 
Correction Factor (ASTH C42) . 1,OOo I .Ooo 

3m 3,540 3,130 

Conical corrical Conical 

CommxJ Compressive Strength (psi) 
Fracture Panem 

t .  Client: Westinghouse Savarinah River Company . CTL Projecl No.: 05 1038, Tkk 17 
Projccl: Compressive Strength of Grout Dropped From 5 Feet Height 
Contact: Mr. Ronald Canrpbcll 
Submitter: Mr. Val So Dubovoy 

CI'L Project Mgr.: P.B. West 
Technician: L. Mead 
Approved: V.S. Dubovoy 
Date: April 14, 1997 

5 4  
No.4 

5 dap 

vertical 
* 2 9  

299 
2.99 
7.00 
6.0 
6.4 
3. I 
1.6 

129.4 
35 

l4,4W 
2,m 
2.13 

. .  Lo00 
2JMO 

Irregular . 

c 

Notes: 

t 

1 Table 1 - Test Results of A!STM C 42-90 Standard Test Method for 
Compressive Strength of Drilled Cmr of Concrete 

< I  

,' 

Cunrrrucrion Techpology hboratoriea, Inc. 
1 

I .  

- ,  
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\ 'Client: Westinghouse Savannah River Company 
Project: Compressive Strength of Grout Dropped From 15 Feet Height 
Contact: Mr. Ronald Campbell 
Submiller: Mr. Val S. Dubovoy 

Cn. Project No..: 051038, Task 17 
CTL Project Mgr.: P.B. Wesi 
Technician: L. Mead 
Approvad: V.S. Dubovoy 
Date: April 14, 1997 

Table 2 - Test Results of ASTM C 42-90 Standard Test Method for 
Compressive Strength of Drilled Cores of Concnk . 

r 

I 

otes: ' I '  I I 

15-5 I 15-6 1 

I 

2.99 I 2.99 I - 

2.99 2.99 
7.00 7.00 - 
5.9 ' 6.0 * 

6. I 
3.2 

'6. I 
3.1 ' 

1.7 1.7 

Conical Conical 

I I I 

a Conblnrcfion Technology Laburstork!& Inc. 

z 
k' 
ii' m 
P 
U 
0 .  
?c 

f 



Client: Westinghouse Savannah River Company 
Project: Compressive Stnngth of Grout Droppcd From 23 Feet Height 
Contact: Mr. Ronald Campbell 
Submitter: Mr. Val S. Dubovoy 

CTL Project No.: 051038, Task 17 
CTL Projccl Mgr.: P.B. West 
Tkhnician: L. Mead 
Approvd: V.S. Dubovoy 
Date: April 14,1997 .. 

Table 3 - Test Results of ASTM C 42-90 Standard Test Method for - 
' CompFessivc Strength of Drilled Cor& of Concmie 

i 

I I I I 

otcs: I /  I 1 I 1 
Techology Labomtorim, Inc. 

. 
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Appendices - 

A. Procedur&for Mixing Chemicals into the Sludge aad 
Pretreating the Sludge 

Mixing Procedures for the M6rch 5, 1W Demorutration 

Five of the 12 dnuns received fiom the Savannah Site were selected for spiking with 
various chemical compounds. These five drum (#le 3,5,6, and 12) were selected 
because they contained nearly qual volumes of sludge that was very close to the average. 
Their respective volumes were 41,68,43.41,4255,45.15, and 43.41 gallons; the average 
was 43.24 gallons. 

since, as pertfie rogram,the toal~lu fromthesecims w r s i o b ~  divided ihtotwo 
halves and s PJ in the East and half sludge was mixcd in open dmin and the 
remaining m the as ruxivedcloscddrums. . 
The sludge fur the East form was spikedin 

in close and half d i t  transfemd m an open drum afterward. Themixing of drums #5 and 
6 was done indose. 

n drums. The & #I and 3 were 
rransfcrrtd into two open drums md mixed. T owevere the sIudge m drum I2 was mixed 

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

a) 1.035 Kg each of sodium hydroxide (NPOH) was added into all chms and mixed with 
ahi speedstimrfor XOminutcs. 
b) ' F hereafter, 4.130 
m i x 4  for 10 minute. %e drums were 1dt 
c) Next day the drums wm stimd f a  additional 10 minu& fo ensure remixing and 
homogenizing of sludge and tbe chemicals. 
d) 19 Kg of sodium cadmate monohydrate (N~CO3JiEO) W(LS aided to each dnun and 
mixed for 10 minutes. 
e) Next, 9.467 Kg of sodium oxalk (NaX204) was added and mixed for 10 minutes. 
f) 7.0MKg 0fsOdiumsuIfate was addedand m'lxtdfor 5 min. 
g) Lastly, to complete the spiking of sludge, the remaining 18.7% of sodium carbonate 
monohydrate (Na2CO3Ji20) was added and stimdfa 10 minutes. 

drums andone Wtakcnfrom thednun #I2 were transported next to dre 
East ThcwoNlapm forms kt sa for several h m  (nearly 72 how). The supemant (about 3 inches 
of clear liquid) was removed from one full and one half-fidl drum. The remaining sludge 
(thick in narure) was remixed with the s t h e r  and spread in the h o m  of the East form and 
left uncovered to permit more dewatering by- evaporation. 

The remaining two full and one half dmms (all c l d )  were trahfcrred next to the West 
Form a day before the pour. The sludge in the Qums w m  remixed and spread on the 
bottom of the West form. 

of copper sulfate- nuhydrate (CuS04.SH20) was added and 
-&L 

4 

. 
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Mixing Procedures for the January 31, 1997 Ikmonsthtion 

t 

. 

'. 

.. 
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W S 3  Grout Demonstration Project 

Sludge Mixing Procedure 

Approximately 475 gallons of spiked sludge wen produced by adzling Wous dry &emid to 
405 gdIons of unspikcd s!udgc/suptmatant over 8 period of 7 to 9 days prior ti t& placmcnt 
of the grout. The unspiked sludgdsupematant was in ei&t SS-gdlon mhkss steel &urn.- 

F Approximately 60 gallons of unspiked supematant was removed fmm these drums and stored 
for later use (such as rinsing of drums after transfening sludge). "he remaining 
sludgdsupematant was thoroughly mixed for a period no less than 15 minutes with a &cum 
mixer to produce a u n s p i ~  mixed sludge. spiked sludge was produced from the unspiw 
mixed sludge in 10 batches in apen-top 55-@Ion steel drums. In uch the following 
chemical constituents were added to apptoximatciy 38'gallons of the UIlSpiktd mixed sludge. 
These chemical sdditions were calculated based on 405 gallons dunspiked Shrdgdsupcmatant 
and did account for the temporarily =moved supcmatant. 

. 

1 Material Addition 

Dry chemicals were typicaliy addcd to the sludgi in the ordq presented. Between additions, the 
sludge was mixed with the drum mixer for a minimum of 2 minut;. 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 uansfcrnd back into 
the stainless steel dnams. Between batches. ;he open-top drums WM rinsed with the unspiked 
supernatant to remove rrniaining murid. The rinse supematant was added to the stainless steel 
drums containing the spiked sludge. 

. 
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Material Addition gams per liter of grams per batch of 

slurry .- slurry 
Ca(OHh 100 17.848 
CiG 0.16 26.8 

Water 9 m 9  170.887 
Na&& 10 . 1.785 - 

nansferred to the formwork. 

.' 

PSIudge, Placement Procedure 

Spiked sludge was placed in the f m w o r k 3  days befm the p1-t ofthe grout The 
sludge from each individual batch w& evenly disaibutcd.rross the formwork to ensure even 
mixing of the individual siudge &ha. Thc empty U;ri&ss d drums wen rinsed with the 
unspikedsupernawrt to nmove remaining mamid. The hnse supanuurt 
across the sludge in thc fomwork. Mer ali auuftrring of sludge and rinsing of thc drums. 
approximately IS gallons of unspiked supernatant nrmined. 

Approxir&ly 2 days before the grout placement. an aaempt wiis made'to move the sludge 
from the center ponion of the fomworlc. laving mainly supernatant A 1/8 10 ll4-h of 
.c'upemar;mt had sepanrcd from the sludge. Moving &e sludge mainly caused the h y m  to' 
remix, however. hnhed tmarnO of sludge appeared to be pushed out of the center area. The 
nmining 15 gallons of unspiked supernatant was added to the center of rhe formwork as the 

' . 1 s t  cffon to funher move the sludge from the center. This process rppcarcd to m i x  the sludge 
and supernatant to produce a thinner sludge: 

* . .  

disrrihad 

Lime Slurry Mixing and Placement Procedures . 
, 

CiIcuIutions indicated that approximately W gallons (2.498 liters) of lime slurry we= =qui=d 
for chis demonstration. For case of prepantion and pliiccment, the lime slurry was divided into 

t. 

. 
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I ,  

Dry materials were batch4 into separate scaled containers over a period of 5, to 7 days prior to 
the graut plaEement 

Lime Slurry Placement P r o c e d u ~  . 

As described above. 14 batches of lime slurry were produced All e g  was perfonned in a 
single 55=gdI& steel drum. The appmpria!e amount of cold tap waw was added to the 55- 
gallon stecl drum. The water was s a d  with a suspended sump pump and dnun mixer. The 
dry materials w m  added to the water over 8 period of 2 to 3 m h ~ t e ~  to produce the lime slurry. 
~helinislurry ivasmixedfaraperiodofiminutcs.~~thtsumppurnpw~wdtonvlsfer 
the lime sluny through a 15-fi long 3/4-41. d i m r t r  hose to the sludge. The lime slurry was 
distributed acfoss the tnlirr surfaie of the sludge. 
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B. Batch Plant Mixing of4hc Grout’ 

.- 

I 

.= 
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C. Anafysis of Stardng Materials and August 1996 Grout 
Poured into Pretreated Sludge 

. 

.. 
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923354 WSRCPHlN 0.99 30.1 23.91 263 

923355 ws##I1?& * 0.07 2.32 ' .5.60 11.0 

923356 M Q B S  0.12 6.90 < l  . 19.5 
923357 WSCKTGE6 0.34 6.00 41 40.3 

923358 -SF 0.39 23.8 < l  21 1 
, 

923359 WSFICPCQFS 0-1 1 19.0 45.60 - 3t.8 

923360 0.61 9.1 9 18.38 47.8 

923361 e 1.49 33.1 ~ 21.6 SO6 

923362 -' 0.64 14.2 41 224 

' J '  923469 wsRcf+BMI .,cO.OS t O . 5  . '  , tl 2.9 

923460 ' 1  

923461 - ' 55.2 
95.6 

1210 
1613 

2271 0 31 36 
30676 35i4 

923462 Wl- 
923463 P H l m  

2.79 
0.14 

13.2 
12.9 

6.85 129 
1.08 137 

52.31 
54.91 

923464 pssL1MDA 
923466 PSstleQT 

co.05 
3.01 

I?.? 
15.2 

19.7 , 
12.5 

1 .as 124 
10.45 117. ' - 

. 3.14 139 
10.20 124 

SI. 10 
54.16 

923466 F%swmP 
'923467 -A 

to.05 
0.37 

22.03 
54.80 . ' 

923684 SmQm. ~ 0 . 0 5  4225 3723 214 

Noes: 
1. 'Ibis analysis representt the sample mbktkd on a dry basis. 
2. This rcpon m y  not be reprodo~ed 
3. "he anal sit was performed by flame atomic absorption spectroscopy. 

in its en-. 

constnrctlocr L l n o r o o y  Laboratones. Int. ChiupolSkolti. Denver seatus/Tacom? 



21.06~ 
3.00 
4a 

(M.17 
1 .e4 
226. 
a2 
0.48 ' 
023 
0.06 
0,W 
0.04 

92.60 . 37.78 
3.54 7s7 
0.48 ' 0.30 
0.33 ' 38.39 
e.01 10.91 
4.01 1 .Sl 
0.19 . 024 

. 0.91 0.43 
0.48 0.41. 
0.01 *.01 

* 0.03 O S 8  
0.04 O M  

. 37.36 
9.66 

, 0.86 
34.75 
12.14 
1 a 2 9  

I O a 2  
038 
0.30 
5.01 
0.50 
0 .a  

1.11 * 49.51 
0.33 3.110 
0.08 , 1.83 
0.43 lS.19. 
0.1 1 8.52 
a.01 4.01 
4.02 0.00 
0.51 0.88 
e.01 0.16 
0.10 0.04 
0.04 ' 0.05 
0.03 0.03 

37.60 
8,*1 
0.30 
1.94 
11.23 
1 .e6 
025 
o;4a 
OA3 
e.01 
am 
om 

2i.w 
3.84 
4.25 - 

62.95 
211 
2.26 
0.04 
OS2 
025 
0.W 
0.00 
0.04 

m21 
0.32 
0.w I 

0.37 
0.22 
e.01 
4.02 
o m  ' 

*,01 . 
0.14 
0.05 . 
0.03 

L.O.I. (esoOc) 1.9 0.51 -0.02 9.80 2.72 20.15 4.22 , 135 285 
Total . 99.56 w.11 88.51 99.28 100.47 100.59 m.12 88.46 101.05 

~ U N ~ 0  0.30 0.70 0.52 , 0.48 0.34 1.18 0.55 0.38 

Notm 
1. Thh matydm nprewnfa spCHcoHy k e  sample rubmltlad. 
2 RerulCI roporkd on an n r e c t h d  bisls. 
3. oxide UI- tq X-nq fluorowme sp&omelry. 
4. This repcir( mry,no( be reproduced rKcept In iQ sntk8ly. 

I 
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D. Measurements of Grout and Sludge after the POUK 

The p f d t  lines ilndtrthc fonn drawings indicate'the depth of hardend zpou~ 

The graph'indicaes the tanperatwe reached within the March grout during curing. 
I 

.. 
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HI. 01 Uquld Surlace 
HI. ol Sludge S U h  
Oeplh 01 Skwrse . 
Hi. 61 Qrout Surlace 

HI, 01 Wuid'Surlace 
HI. d Sludge Surlace 
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E. Petrographic and Photographic Evaluation of Sample Cores. 

.. .. 

t 


	ABBREVIATIONS
	'LWRODUCTION
	OBJECTIVES
	TANK DESCRIPTION
	REQUIREMENTS AND ACCEPTANCE CRlTERIA
	Chemical Stabilization

	Mechanical Entrapment :
	Placement
	REGULATORY REQUIREMENTS AND PROG RAM ?
	;Regulatory Program For Tank Closure
	Level waste Tank Closure Program PI an
	Industrial Wastewater Closure Plan For F-&d H-Area HLW Tank Systems
	Tank 20 And Tank I 7 Industrial Wastewater Closure Modules For The HLW System

	Modeling Summary

	DISCUSSION is..
	GROUT DEIGN
	Cement ;
	Ground Blast Furnace Slag and Sodium Thiosulfate
	Sand
	Priy&t?s
	pofential
	Alkalinity
	Self Leveling and Fluidity
	compressive strength
	Capacity and Stabilization
	water
	Heat of Hymen :
	Batch Plant Design and Operation
	Placement Method
	Tank Modifcatio ns
	Delivery System <


	CONCLUSION i n..........................n.................................
	REFERENCES n.-..................................
	1 Development of Reducing Grout for closure of Tank #20
	Abstract
	Summary
	Background and Concerns
	'Background for Tank #20
	Radionuclides of Concern

	Criteria of Importance and Priorities
	Grout Properties Consid'ered Important by CTL........r
	Thermal Considerations-Heat of Hydration r.

	2 Testing 'Results
	Large Scale Pour Test ;
	Vertical and Horizontal Drop Tests
	Grouted Sludges

	Grout Diffusion Tests
	Thermal Considerations and Hebt of Hydration Tests
	Effects of Oxalate and Sulfate
	3 Conclusions and Data Analysis

	4 References
	APPENDIX "A" Revision

