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EXECUTIVE SUMMARY 

FEMP-Ona4-DRAFT 
July 13,1992 

As part of the ongoing remedial investigatiofleasibility study at the Femald Environmental 
Management Project (FEMP), treatability studies were conducted for solid wastes located in Operable 
Unit 2. As a result of the initial screening of remedial altematives under the FS, cement stabilization 
was identified as a potential treatment technology for these wastes. The purpose of this study was to 
provide sufficient technical data on the application of this technology to complete the remedial 
altemative evaluation process and to support the remedy selection for Operable Unit 2. The 
matability test program was defined in a Treatability Study Work Plan which was prepared in 
accordance with U.S. Environmental Protection Agency ("A) guidance and subsequently appmved by 
EPA. 

The treatability test program was designed to investigate the effect of various common inorganic 
stabilization reagents on the performance of the treated waste. Stabilization reagents included portland 
cement, fly ash (from the on-pmperty piles), sodium silicate, and two adsorbents+Ainoptilolite and 
attapulgite. Treatment performance was determined by analyzing the stabilized waste forms for two 
primary and two secondary criteria. Primary criteria were material strength, as measured by 
unconfined compressive strength (UCS) and contaminant leachability, as measured by the EPA toxicity 
characteristic leaching procedure (TCLP). Secondary criteria were water permeability and volume 
increase, or bulking factor. A variety of other parameters were also measured to help assess the initial 
and curing characteristics of the stabilized waste mixtures as well as the stabilization process. 

The wastes that were subjected to treatabdity testing represented the Solid Waste Landfill, the Lime 
Sludge Ponds, and the South Field. In addition, flyash from both the Active and Inactive Flyash Piles 
was incorporated into the testing program as a reagent in the stabilization formula. Composite samples 
were prepared for each material using existing boring cuttings generated during the site 
characterization effort, except for the Lime Sludge Ponds, for which samples were specifically taken 
for the treatability tests. The composite wastes were prepared for stabilization by blending, sieving 
and grinding to provide uniform composition and a particle size suitable for mixing with stabilization 
reagents. In addition, for the Solid Waste Landfill, the composite waste was ashed in a laboratory 
furnace to simulate the incineration pretreatment which has been included as part of the remedial 
altemative for this waste. 

The experimental approach involved two phases of testing. Preliminary phase screening examined a 
wide range of reagent formulas with the resulting UCS values used to establish which formulas were 
potentially suitable. A modified version of the TCLP that required small amounts of sample to be 
analyzed for indicator compounds was performed on the screening specimens as an initial check on 
leachate quality. A matrix of initial formulas was developed for each waste that was intended to yield 
a reasonable number that met the UCS criteria. A second stage of screening using higher reagent 

FERIOUZnVJK.WP758MS#7-12-92 ES-1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

m 
21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 



FEh4F'-O2TR4-Dm3 5 2 7 
July 13.1992 

dosages was employed if an insufficient number of passing formulas was achieved. The advanced . 
phase testing involved subjecting the passing formulas to standard TCLP tests, including radionuclide 
analysis, and permeability measurements. 

The results of the study demonstrate that cement stabilization is effective as a m e n t  technology for 
Solid Waste Landfill, Lime Sludge Ponds, and South Field wastes. A number of formulas were 
identified for each waste that produced a stabilized waste form that met the physical and proposed 
leaching criteria. UCS values of 350-500 psi were achieved, concentrations of contaminants in TCLP 
leachates were below (and generally well below) toxicity characteristic regulatory or proposed leachate 
action levels, and permeabilities were below 1G7 cm/sec for those formulas that met the uCS criteria. 
Volume increase varied considerably depending on the waste and the reagents used. For formulas that 
met UCS and TCLP criteria, resulting in volume increases of approximately 115 percent. A variety of 
statistical data analysis techniques were applied to the test results to determine the relationships 
between the different reagents and the performance results. Increasing portland cement dosage always 
improved performance as measured by UCS, whereas the dosage of other reagents produced different 
effects depending on the reagent and the waste. FEMP flyash did not appear to be very functional as 
a substitute in formulas for portland cement. 

The results of this treatability study meet all of the treatability study objectives and provide necessary 
input for remaining elements of the FS p m s s ,  including contaminant transport modeling, risk 
assessment, and detailed technical and cost analysis of the remedial alternatives that include cement 
stabilization. This study has identified what types of stabilization formulas should be applicable and 
what the relative importance of each reagent is to the performance. 

The study results a~ based on specific samples Erom each waste area and on very small scale 
experiments designed to meet EPA remedy screening and remedy selection guidance. Additional 
information is considered important for the purposes of designing a cement stabilization process for 
any or all of the Operable Unit 2 wastes. Further investigations as part of the remedy design testing 
should evaluate the effect of water and the adsoknts on performance which would potentially lead to 
improved formulas (e.g., lower bulking and reagent use). Evaluation of the physical characteristics of 
reagent-waste mixtures during and following processing (during curing) should be done using larger- 
scale equipment. Testing on a larger scale would also enable the effect of waste heterogeneity on the 
stabilization formulas to be assessed. For the Solid Waste Landfill, such testing could utilize actual 
incinerated waste as the feed material. Selection of optimum formulas and processing techniques will 
be based on this information as well as the specific performance criteria used in this study. 
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1.0 INTRODUCTION 

3527 
F E M P - M T R 4 - D m  

July 13. 1992 

The Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) requires 
that actions selected to remedy hazardous waste sites be evaluated for their ability to "permanently and 
significantly reduce the volume, toxicity, or mobility of the hazardous substances, pollutants, and 
contaminants." When treatment is proposed as part of one or more remedial alternatives, treatability 
studies provide the necessary site-specific data to support the evaluation and the CERCLA remedial 
activities. This document contains the remedial investigatiodfeasibility study (RI/FS) Treatability 
Study Report applicable to Operable Unit 2, located at the Femald Environmental Management Project 
near Femald, Ohio. This treatability study was performed in accordance with the Treatability Study 
Work Plan for Operable Unit 2, dated October 1991. 

The purpose of this study was to provide additional information about stabilization of Operable Unit 2 
surface/subsurface soils (media) to support the FS and subsequent remedy selection. The study was 
designed to demonstrate that stabilization can achieve a desired level of material strength and provide 
quantitative data to assess the relative effectiveness of the removal and nonremoval alternatives being 
evaluated. These comparisons will be performed in the detailed analysis of alternatives. 

The actual tests performed for this study were conducted by the Technology Development Laboratory 
(TDL) of IT Corporation (IT) between September 1991 and April 1992. 

1.1 SITE DESCRIPTION 
1.1.1 Site Name and Location 
The Feed Materials Production Center (FMPC), renamed on August 23, 1991 and hereinafter called the 
Femald Environmental Management Project (FEW), is a contractor-operated federal facility where 
pure uranium metals were produced for the U.S. Department of Energy (DOE) between 1951 and 
1989. The FEW property is located on 1050 acres in a rural area of Hamilton and Butler counties 
approximately 18 miles northwest of Cincinnati, Ohio with a production area of about 136 acres near 
its center. The villages of Femald, New Baltimore, Ross, New Haven, and Shandon are all located 
within a few miles of the FEMP property. Figure 1-1 depicts the location of Operable Unit 2 waste 
disposal areas and monitoring wells within the FEMP property. 

1.1.2 Site Description and History 
The U.S. Atomic Energy Commission (AEC), predecessor to DOE, established the FEMP for 
processing uranium and its compounds from natural uranium ore concentrates and recycled recoverable 
residues for government needs. This integrated production complex began operations in conformance 
with AEC Orders in the early 1950s. In 1951, National Lead Company of Ohio (now NLO Inc.) 
entered into contract with AEC as Operations and Maintenance Contractor. This contractual 
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relationship lasted with AEC, and eventually DOE, until 
Company of Ohio (WMCO), a wholly owned subsidiary 
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January 1, 1986. Westinghouse Materials 
of Westinghouse Electric Corporation, then 

assumed management responsibilities of the site operations and facilities for a minimum of five years. 
In 1991 Westinghouse Electric Corporation renamed this subsidiary the Westinghouse Environmental 
Management Company of Ohio (WEMCO). 

On July 18, 1986, a Federal Facility Compliance Agreement (FFCA) pertaining to environmental 
impacts associated with the FEW was signed by DOE and the U.S. Environmental Protection Agency 
(EPA). The FFCA was entered into pursuant to Executive Order 12088 (43FR47707) to ensure 
compliance with existing environmental statutes and implementing regulations such as the Clean Air 
Act, the Resource Conservation and Recovery Act (RCRA), and CERCLA. In particular, the FFCA 
was intended to ensure that environmental impacts associated with past and present activities at the 
FEMP are thoroughly and adequately investigated so that appropriate remedial response actions can be 
formulated, assessed, and implemented. In response to the FFCA, a RYFS was initiated pursuant to 
CERCLA, as amended by the Superfund Amendment and Reauthorization Act (SARA). All RIPS 
activities are being conducted in conformance with EPA's "Guidance for Conducting Remedial 
Investigations and Feasibility Studies Under CERCLA" (EPA 1988a). 

The 1986 FFCA was amended by a Consent Agreement under Section 120 and 106(a) of CERCLA 
(Consent Agreement) in order to achieve consistency with the operable unit concept and the 
commitments of the RIPS program without modifying the underlying objectives. The Consent 
Agreement was signed on April 9, 1990 and became effective on June 29, 1990. 

The Consent Agreement was then amended the next year to include revised schedules for completing 
the RI/FS for the five operable units. This Amended Consent Agreement was signed on September 20 
and became effective on December 19, 1991. 

A pilot plant was completed in 1951 and was the first operational facility at the FEMP; a metals 
fabrication plant (Plant 6) began operations in 1952. A sampling plant (Plant l), the refinery (Plants 2 
and 3), the green salt plant (Plant 4). two metals production plants (Plants 5 and 6), and recovery plant 
(Plant 8) began operations in 1953. Plant 7, where uranium hexafluoride (UF,) was processed, and 
Plant 9, the special products plant, began operations in 1954. 

Production peaked in 1960 at approximately 10,OOO metric tons of uranium (mtu) per year. A product 
decline began in 1964 and reached a low in 1975 of about 1230 mtu. During the 1970s. consideration 
was given to closing the FEW; therefore, capital improvements and staffing were minimized. The 
staffing level, which peaked at 2891 in 1956, slowly declined from 662 in 1972 to 538 in 1979. In 
1981, the FEMP began planning to accommodate increased production requirements. Production 
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levels significantly increased and there was a rapid staff buildup in many areas for several years. 
Implementation of a major facilities restoration program followed. Then production ceased in the 
summer of 1989 and plant resources were focused on a cleanup program. In June 1991, the FEW 
was officially closed as a federal production facility; however, the environmental studies and cleanup 
activities continue. 

Historically, a variety of chemical and metallurgical processes were utilized at the FEW for the 
manufacture of uranium products. During the manufacturing process, high quality uranium compounds 
were introduced into the FEMP processes at several points. Impure starting materials were dissolved 
in nitric acid and the uranium was purified through solvent extraction to yield a solution of uranyl 
nitrate. Evaporation and heating converted the nitrate solution to uranium trioxide (UO,) powder. 
This compound was reduced with hydrogen to uranium dioxide (UO,) and then converted to uranium 
tetrafluoride (UF,) by reaction with anhydrous hydrogen fluoride. Uranium metal was produced by 
reacting UF, and magnesium metal in a refractory-lined vessel. This primary uranium metal was then 
remelted with scrap uranium metal to yield a purified uranium ingot. Various uranium metalworking 
processes were also housed on the FEMP. 

From 1953 through 1955, the FEMP refinery processed pitchblende ore from the Belgian Congo. 
Pitchblende ore contains all progeny products of uranium decay and is particularly high in radium 
content. No chemical separation or purification was performed on the ore prior to amval at the 
FEW. Beginning in 1956, the refinery feedstock consisted of uranium concentrates (yellowcake) 
from Canada and the United States. Canadian concentrates were not processed after 1960. In the 
production of these concentrates, most of the uranium progeny had been removed; however, 
radium-226 (Ra-226) remained in the yellowcake in amounts that varied with the process. 

U 

Small amounts of thorium were produced at the FEMP on several occasions from 1954 through 1975. 
Thorium operations were performed in the metals fabrication plant, the recovery plant, the special 
projects plant, and the pilot plant. The FEW currently serves as the thorium repository for DOE and 
maintains long-term storage facilities for a variety of thorium materials. 

Large quantities of liquid and solid wastes were generated by the various operations at the FEMP. 
Before 1984, solid and slurried wastes from FEMP processes were disposed of in the on-property 
waste storage area. This area, which is located west of the production facilities, includes six low-level 
radioactive waste storage pits; two earthen-benned concrete silos containing K-65 residues, which are 
high specific activity, radium-bearing residues resulting from the pitchblende refining process; one 
concrete silo containing metal oxides and one unused concrete silo; two lime sludge ponds; and a solid 
waste landfill. The waste storage area is addressed under Operable Units 1, 2, and 4. 
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Additional waste materials associated with uranium metals production are presently stored on property 
in steel drums awaiting further processing or off-site disposal at approved facilities. These wastes 
include oils, sludges, contaminated combustibles, filter cake, off-specification UF4 or thorium 
tetrafluoride (ThFb, reject UO,, and other process residues. The drums, which are inspected weekly, 
sit on various pads and in warehouses. Contents of deteriorated drums are repackaged. Other wastes, 
stored in drums on contained surfaces, include spent degreasing solvents and material contaminated 
with polychlorinated biphenyls (PCBs). 

The active and inactive flyash piles, addressed under Operable Unit 2, are located approximately 3000 
feet south-southeast of the waste storage area. The active flyash pile is currently receiving flyash from 
the FEW coal-fired boiler plant. An area between and adjacent to the flyash areas, known as the 
South Field, is believed to be the disposal site for construction and demolition debris and possibly 
other types of solid waste from FEMP operations. The South Field is also being addressed as a waste 
area under Operable Unit 2. 

1.1.3 Site Investigations and Removal Activities 
Several site investigations and some removal activities have been performed. Two of these 
investigations and the ongoing removal actions that affect Operable Unit 2 waste areas are described 
in the following sections. 

1.1.3.1 Geologic Investigations 
Geologic investigations of the area that surrounds and includes the FEMP have contributed substantial 
information to the RWS process. Fenneman (1916) performed an extensive survey of the geology of 
the Cincinnati area. This report describes in detail the interbedded limestone and shale bedrock and its 
mantle of glaciofluvial and alluvial sediments that comprise the buried channel aquifers in 
southwestern Ohio. Later investigators such as Durrell (1961) supported the earlier observations of 
Fenneman. The shape of the buried channel aquifer was further refined by Watkins and Spieker 
(1971) via geophysical surveys of the area around Femald. More recent information includes various 
maps of the geology of Hamilton and Butler counties, Ohio, and individual quadrangle maps of mas 
located in those counties (Leow 1985; Vormelker 1985; Ford 1974; Swinford in preparation). Maps 
showing the extent and age of glacial overburden in the study area have also been produced 
(Brockman 1986), and the Soil Conservation Service has performed soil surveys of Butler and 
Hamilton counties, Ohio (USDA 1980, 1982). 

1.1.3.2 Environmental Surveys 
For more than 10 years, the environment in and around the FEMP has been closely monitored by DOE 
(Battelle et al. 1977; DOE 1985 and 1987). Oak Ridge Associated Universities (ORAU 1985). various 
FEW-related committees (WMCO 1986 and 1987; Fleming and Ross 1984), and various contracted 
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groups (IT 1986; Weston 1986; Battelle 1981). The DOE and ORAU documents include 
environmental impact assessments, RI/FS studies, and environmental surveys. Internal reports of 
studies by NLO and WMCO include the annual Environmental Monitoring Reports and the Aquifer 
Contamination Control Reports (various authors 1965-present). These documents are available through 
DOE. The contracted studies represent more comprehensive environmental sampling and analysis 
programs and contain analytical results from a large number of groundwater, surface water, sediment, 
soil, and air samples. The analytical constituents include radionuclides, organic compounds, metals, 
and general water quality parameters. A sampling and analysis program to comply with RCRA 
provisions is also ongoing at the FEMP. 

1.1.3.3 Ongoing CERCLA Removal Actions 10 

One removal site evaluation and three removal actions that directly impact Operable Unit 2 are 
ongoing at the FEMP. The activities are: 12 

11 

A removal site evaluation to investigate lead contamination in the South Field due to 
spent ammunition in the firing range 

13 

14 

The Active Flyash Pile Control Removal Action 15 

The Inactive Flyash Pile/South Field Disposal Area Removal Action 16 

The Waste Pit Area Storm Water Runoff Control Removal Action 17 

A removal site evaluation to assess lead contamination due to the firing range is currently being 
prepared. In January and February 1992, vertical and horizontal soil borings were completed in the 
western embankment of the South Field, just east of the FEMP running track. Soil samples were 
analyzed for organic, inorganic, and radiological contaminants. This evaluation was initiated due to 
concerns that long-term use of the firing range may have resulted in significant lead contamination in 
the South Field. The removal site evaluation will assess whether lead contamination is of a nature and 
extent that a removal action must be initiated. The evaluation is scheduled to be completed by 
September 30. 1992. 

The specific objective of the Active Flyash Pile Control Removal Action, a time-critical removal 
action, is to mitigate the potential for wind and water erosion of the existing Active Flyash Pile at the 
FEMP site. This will be accomplished by implementing the following activities: (1) installation of a 
silt trap made from permeable geotextile fabric around the toe of the flyash pile; (2) installation of a 
wind barrier, made from high-density polyethylene, around the top perimeter of the pile; (3) alteration 
of the active working surface to minimize the noncompacted area and to prevent an increase in the 
maximum height of the existing pile; (4) minor regrading of the pile and compacting its nonworking 
top surfaces; (5 )  application of water, foam, and binding type dust-control agents on the side slopes 
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and top; and (6) providing periodic routine inspection and necessary maintenance identified during 
inspection. Planning and design of the removal action began in December 1991. Implementation 
began in June 1992 and is scheduled for completion in December 1992. 

The Inactive Flyash Pile/South Field Disposal Area Removal Action consists of the installation of 
warning signs and a chain-link barrier around the perimeter of the waste areas to control and limit 
access. During the course of the removal action, walk-over radiation surveys were conducted over the 
entire area to define those locations that should be delineated as regulated areas. Implementation 
activities began in September 1991 and were completed by April 30, 1992. The report to EPA was 
due June 30, 1992. 

The Waste Pit Area Storm Water Runoff Control Removal Action, a nontime-critical removal action, 
is a sequence of engineering controls being implemented to control, capture, and treat contaminated 
storm water runoff from the waste pit area. In addition to Operable Units 1 and 4, the waste pit area 
encompasses a portion of Operable Unit 2, the Solid Waste Landfill and the Lime Sludge Ponds. The 
control measures will halt the runoff of surface waters to Paddys Run. Construction for the removal 
action began in 1991. 

1.2 WASTE STREAM DESCRIPTION 
The following subsections provide a brief summary of the characterization of the waste materials for 
each Operable Unit 2 waste area, based on RI data. Chemicals of potential concern for each of the 
five waste areas in Operable Unit 2 are listed in Table 1-1. Concentrations of contaminants determ- 
ined by the 1987 site characterization data in the waste at each area are presented in Appendix A. 
Radionuclides, metals, cyanide, and organic compounds were detected in all areas. 

Sample volumes for the treatability study came from archived drill cuttings stored on site in 55-gallon 
drums. The drill cuttings were segregated by boring in the specific waste area from the most recent 
sampling effort and were archived under RIFS chain-of-custody protocols. The samples from the 
drums represented a composite sample for that specific waste area. The treatability samples used for 
the Lime Sludge Ponds were collected from near the locations where previous characterization samples 
had been taken. 

1.2.1 Solid Waste Landfill 
The Solid Waste Landfill was organized into five individual cells, the adjacent original disposal area, 
and an evaporation pond. The five cells are filled to capacity and no longer in service; a soil cover 
has been placed over the cells and the original disposal area. The evaporation pond, which was used 
for collecting storm water runoff, has been backfilled with soil. 
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The Solid Waste Landfill was used for the disposal of cafeteria waste, rubbish, and other types of 
waste from nonprocess areas. Materials reportedly accepted include nonburnable and nonradioactive 
solid wastes generated on property, nonradioactive construction-related rubble, and double-bagged and 
bulk quantities of nonradioactive asbestos (DOE 1988a; Weston 1987b). Construction rubble placed in 
the landfill and the soil used to a v e r  exposed wastes may be contaminated with radionuclides (DOE 
1988a). Use of the landfill was halted in early 1986. 

1.2.2 Lime Sludge Ponds 
The North Lime Sludge Pond is an unlined pond that receives spent lime sludge. It is approximately 
90 percent filled and has a previously reported lime sludge depth of 6 to 8 feet as estimated by DOE 
(1988) and 5 to 7 feet as reported by Weston (1988). This pond is partially covered with water that 
ranges from 0 to 7 feet in depth. The volume of water can vary, depending on plant operations and 
precipitation. Spent lime sludge from FEMP water treatment operations, sludge from neutralization of 
boiler plant blowdown, and coal pile storm water runoff (WEMCO 1989) are pumped to this pond and 
allowed to settle. 

The South Lime Sludge Pond is an unlined pond now overgrown with grass and shrubs. Borehole log 
information (Weston 1988) indicates the depth of the South Pond to be approximately 11.5 feet. 
This pond has been inactive since the mid-1960s. 

1.2.3 Active Flvash Pile 
This waste disposal area has received flyash resulting from the combustion of coal as part of the 
FEW boiler plant operations. Flyash from the mechanical and electrostatic precipitators is combined 
with bottom ash and hauled to the Active Flyash Pile. It has been reported but not documented that, 
in the past, PCB- and uranium-contaminated waste oils were sprayed onto both flyash piles on a 
periodic basis as a means of dust control (DOE 1988; Weston 1987). It has not been possible to 
verify if the uranium present in the piles is a result of this practice. 

1.2.4 Inactive Flvash Pile 
This disposal area received flyash from the FEMP boiler plant starting in 1951; building rubble (such 
as concrete, gravel, asphalt, masonry, and steel rebar) was also discarded at this site. The historical 
photographs indicate that disposal activity at this location ceased between 1964 and 1968. 

1.2.5 South Field 
The South Field is a large, heterogeneous area that overlaps the boundary of the Inactive Flyash Pile. 
The South Field was reportedly used as a burial site for construction and demolition rubble and soils 
that may have contained low levels of radioactivity, including debris from the razing of the old 
administration building. 
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1.3 REMEDIAL TECHNOLOGY DESCRIPTION 
1.3.1 Summarv of Alternatives 
The following sections discuss alternatives for each of the Operable Unit 2 waste areas. A comprehen- 
sive description of these alternatives is contained in the final Initial Screening of Alternatives Report 
for Operable Unit 2 (DOE 1991). The alternatives listed represent those which remained after the 
initial screening phase and are proposed for further analysis as part of the FS. The no-action 
alternative (Alternative 0) was retained for each of the waste areas as a baseline for comparison only 
and would involve no implementation of corrective action, although ongoing water quality monitoring 
would continue. Alternatives dealing with perched groundwater have been dropped or curtailed since 
this media has been assigned to Operable Unit 5. Alternative numbers remain the same as those used 
during initial screening. 

1.3.1.1 Solid Waste Landfill 
Alternative 1: Containment 
Under this alternative, the waste would remain in place. Access restrictions, monitoring activities, 
capping, and runoff control would be implemented. 

Alternative 5: Removal and Treatment of Waste and On-Property Disposal 
This alternative combines access restrictions, monitoring, and runoff control with mechanical removal, 
treatment, and on-property disposal of waste materials. The technologies proposed for waste 
treatment are rotary kiln incineration followed by stabilization with a cement/flyash mixture, applying 
a process similar to that used in producing concrete in a batch plant. 

Alternative 6: Removal and Treatment of Waste and Off-Site Dismsal 
This alternative is identical to Alternative 5 except that the removed and treated waste would be 
disposed of at an off-site location. 

1.3.1.2 Lime Sludge Ponds 
Alternative 1 : Containment with In Situ Stabilization 
Under this alternative the waste would be stabilized and remain in place, using shallow-soil-mixing 
(SSM) technology. This involves the use of a device suspended from a crane to inject and mix the 
lime sludges with a mixture of cement and flyash to produce a stabilized end product that could 
support the weight of a cap. Access restrictions, monitoring activities, capping, and runoff control also 
would be implemented. 

Alternative 3: Removal and Treatment of Waste and On-Property DisDosal 
This alternative combines access restrictions, monitoring, and runoff control with mechanical removal, 
treatment, and on-property disposal of waste materials. The technology proposed for waste treatment 
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is stabilization using a cemenvflyash mixture and applying a process similar to that used in producing 
concrete in a batch plant 

Alternative 4: Removal and Treatment of Waste and Off-Site Disposal 
This alternative is identical to Alternative 3 except that the removed and treated waste would be 
disposed of at an off-site location. 

1.3.1.3 FlvasNSouth Field Area 
The Flyash/South Field area comprises three distinct waste areas: the Active Flyash Pile, the Inactive 
Flyash Pile. and the South Field. The Inactive Flyash Pile is adjacent to the South Field; the Active 
Flyash Pile is separated from the South Field by an unpaved road. 

Alternative 1: Containment 
Under this alternative the waste would remain in place. Access restrictions, monitoring activities, 
capping, and runoff control would be implemented. 

Alternative 5 :  Removal and Treatment of Waste and On-Propertv DisDosal 
This alternative combines access restrictions, monitoring, and runoff control with mechanical removal, 
treatment, and on-property disposal of waste materials. The technology proposed for waste treatment 
is stabilization, using a mixture of cement and flyash and applying a process similar to that used for 
production of concrete in a batch plant. 

Alternative 6: Removal and Treatment of Waste and Off-Site DisDosal 
This alternative is identical to Alternative 5, except that the removed and treated waste would be 
disposed of at an off-site location. 

1.3.2 Treatment Process and Scale 
This Operable Unit 2 treatability study focused on stabilization using cement and flyash; it did not 
specifically address in situ stabilization. The following discussion is a generic overview of this 
technology. Cement stabilization of waste involves the blending of portland cement (and possibly 
other inorganic additives) with waste materials to produce a treated solid that has improved physical 
properties with minimized leachability. The silicate compounds in cement react with water present in 
the waste (or added to the mixture) to create hydrated silicate compounds that crystallize and 
encapsulate waste particles. The cement constituents also reactlinteract with waste constituents to 
reduce their solubility through precipitation, adsorption, or other chemical mechanisms. Initially, the 
treated waste is a viscous, mortar-like material or wet solid, which cures and solidifies over time to a 
concrete like material . The resulting stabilized waste is typically a solid monolith with low 
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permeability to water, limited surface area, and sufficient physical strength and durability for land 
disposal. 

When waste materials are removed for processing, the process components include: 

Excavation, pumping, or other removal operations and transfer/transport of the waste to 
the stabilization facility 

Pretreatment, such as blending wastes for uniform feed characteristics, removing 
oversize material, or chemically converting certain waste constituents to compounds that 
are more amenable to stabilization 

Blending of cement and other dry and potentially liquid additives with the waste using 
appropriate mixing equipment; and storage, handling, and metering of the various 
additives 

Transfer and placement of the treated waste followed by static curing to allow 
cementing reactions to complete 

Transfer of cured material to disposal facility (if different from curing location) 

1.3.3 Omrating Features 
The primary operating features of a cement stabilization process are associated with the formulation of 
additives that are used to achieve the performance criteria as well as to meet other processing 
requirements. Selection of the correct stabilization formula depends on the waste characteristics, the 
concentration and chemical properties of the contaminants, and the interactions between the various 
waste constituents and the additives. Additives are often used in conjunction with cement to tailor the 
formula to deal with the various waste constituents that (1) would not be effectively stabilized 
otherwise or (2) would interfere with the desired cement reactions and detract from the physical 
properties that are ultimately achieved. Additives are also incorporated in stabilization formulas to 
improve the physical properties of the mix. Additives include flyash, sodium silicates, clays, zeolites, 
or other adsorbents, surfactants, and wetting agents. Water may be added to a formula if there is 
inadequate moisture in the waste to react with the cement and other binders. 

Flyash consists of silicate and aluminosilicate compounds similar to cement, which can react to form 
hydrated silicates in the presence of water and calcium oxide (CaO) or cement. Flyash reacts with the 
CaO that is generated during the hydration of the cement, so it is often used as a primary ingredient 
with cement in concrete construction and waste stabilization formulas. Flyash varies greatly in 
composition, and its reactivity (which depends on the CaO content and particle size) varies 
accordingly. Although flyash, particularly if it has low CaO, reacts much slower than portland cement, 
it can reduce the permeability and improve the strength of concrete and cement-stabilized waste. It 
also modifies the flow characteristics of the mix. 
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Alkaline precipitation is a principal treatment mechanism that is generally relied on for application of 
cement stabilization technology to heavy metal wastes. The CaO initially present in cement, along 
with that produced during hydration reactions, results in an alkaline condition that tends to reduce the 
solubility of some metals. Excess CaO in a partially or completely cured cement-waste mixture can 
serve (as a buffer) to neutralize the acid content of a leaching solution. However, for metals that are 
amphoteric (solubility increases at a pH both above and below some compound-specific minimum). 
excess alkalinity can decrease the effectiveness of stabilization. Metals that are not effectively treated 
by alkaline precipitation require alternative chemical mechanisms (such as precipitation as a silicate or 
carbonate, or complexation or substitution reaction with the hydrated silicate matrix). 

Generally, organic contaminants are not chemically reactive with the cement matrix, as many 
inorganic compounds are. If such waste constituents represent a problem, additives 
soluble organics or emulsify insoluble organics to enable incorporation in the cement matrix are 

10 

1 1  

12 

considered. 13 

that can adsorb 

The physical properties of the waste-additive mixture during and following treatment must also be 
considered in the formulation of the correct stabilization mixture. Handling and placement of the 
treated waste will be affected by the rate at which the cement reactions occur and by the initial 
concentration and type of solids in the mixture. Flyash tends to reduce the viscosity of a fresh mix 
because of its slow reaction. Special additives are used in concrete construction to control the setting 
rate and physical properties of the fresh mix. and these additives could also be applied in waste 
stabilization. The properties of the waste can also have a significant influence on properties of the 
mix. Certain constituents may retard or accelerate the curing process. The type of processing system, 
method of material transfer, and method of placement/disposal must be considered in making the final 
choice of a stabilizing formula. 
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Another important consideration in assessing a waste stabilization process is the volume increase that 

greater transportation effort. 26 

24 

2.5 results from the addition of additives. Increased volume will require larger disposal facilities and 

Volatilization of contaminants during and following addition of cement can occur due to the increase 27 

28 

29 

30 

31 

in temperature of the mix; cement hydration is an exothermic reaction. If the waste is acidic, 
neutralization reactions that occur with the lime content of the cement or with added lime also are 
exothermic. 
from the stabilization process or the mix during curing. 

Volatile organics as well as certain volatile inorganics (e.g., ammonia) can be released 

1.4 PREVIOUS TREATABILITY STUDIES AT THE SITE 
There have been no previous treatability studies performed for Operable Unit 2 wastes. 
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1.5 REPORT ORGANIZATION 
1.5.1 Sections 1 through4 
Section 1 of the Treatability Study Report for Operable Unit 2 gives a brief description and history of 
the FEW, along with brief descriptions of the waste areas that comprise Operable Unit 2. The latter 
pan of Section 1 describes the alternatives that remain after completion of initial screening and 
presents discussions of treatment process, scale, and operating procedures of this treatability study. 
Section 2 presents the conclusions of this study and the resulting recommendations. 

Section 3, Treatability Study Approach, incIudes discussions of test objectives and rationale, 
experimental design and procedures, equipment and materials, sampling and analysis, data 
management, and deviations from the Treatability Study Work Plan for Operable Unit 2. Section 4 
gives the results of the study and discusses data analysis and interpretations, data quality 
assurance/quality control (QNQC), costs and schedule for performing the treatability study, and key 
contacts. The contents of Section 4 are discussed in greater detail at the beginning of that section. 

1.5.2 Amendices 
This treatability study contains six appendices that provide additional information. Appendix A 
provides toxicity characteristic leaching procedure (TCLP) characterization data for the Operable Unit 
2 areas. This appendix consists of tables presenting the raw waste data: Table A-1 contains the TCLP 
radiological results; Table A-2 contains TCLP inorganic raw and spike-corrected data for the waste 
materials; Table A-3 contains radiological data assembled for the RI; Tables A-4 and A-5 provide a 
compilation of TCLP volatile and semivolatile organic compounds detected, respectively; Table A-6 
contains the TCLP pesticidePCB compounds detected; Table A-7 is a listing of the general chemistry 
parameters; Table A-8 provides the validation qualifiers used for the characterization data; Tables A-9 
through A-11 contain chemical summary statistical analyses; and Tables A-12 through A-14 contain 
radiological summary statistical analyses. 

Appendix B is a listing of the Clipper computer output listing the formulations, chemical analyses, 
permeability, and UCSs. Clipper is a D-Base IV software package used to store and manipulate all of 
the treatability study data and comments. 

Appendix C contains the treatability sample analyses. This appendix is organized into tables following 
a list of the qualifiers in Table C-1. Table C-2. contains the instrument detection limits; Table C-3 
contains the modified TCLP (MTCLP) inorganic analyses; Table C-4 contains the TCLP inorganic 
analyses; Table C-5 shows the radiological analyses; Tables C-6 and C-7 contain results for the 
volatile and semivolatile organic analyses, respectively; Tables C-8 through C- 10 contain raw chemical 
summary statistical analyses; Tables C- 1 1 through C- 13 contain radiological summary statistical 
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analyses; Tables C-14 through C-16 contain spike corrected chemical summary statistical analyses; and 
Tables C-17 through (2-19 contain spike and dilution corrected chemical summary statistical analyses. 

1 

2 

Appendix D contains tables comparing the results of the treatability analyses to the leachate action 
levels. Table D-1 is a listing of the action levels; Tables D-2 through D-5 contain ratios of the spike- 
and dilution-corrected data divided by the leachate action levels. 

3 

4 

5 

Appendix E contains a l l  standard and nonstandard operating procedures used in the treatability study 6 

I 

8 

as well as the operating methods used for determining bulking factor, for determining UCS, for 
entering data into laboratory notebooks, and for measuring permeability, shear strength and bulking 
factor for nonsludge-type waste. 9 

Appendix F contains an explanation for the limited number of tests performed on the South Field 10 

wastes. 11 

33  
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2.0 CONCLUSIONS AND RECOMMENDATIONS 

2.1 CONCLUSIONS 
The treatability study to investigate cement-based stabilization as a potential remedial technology for 
Operable Unit 2 wastes has been completed. The test results met all the objectives identified in the 
Treatability Study Work Plan. Section 4.1.3 summarizes the comparison of the objectives and 
associated results. The results confirm that cement-based stabilization alternatives are technically 
feasible for the subject wastes; the primary performance requirements related to contaminant 
leachability and material strength were achieved. Secondary performance requirements of bulking 
factor and permeability were measured. Empirical formulas for bulking factor as a function of 
reagents were determined. 

Leaching tests performed on stabilized waste samples showed that the concentrations of all . 
contaminants of current or proposed potential concern were below, and generally well below, the 
TCLP and leachate action level criteria, with the exception of beryllium. For most stabilized samples, 
the beryllium concentration in the leachates is between and lo4 risk level. A comparison of 
leaching data between waste before and after stabilization indicates that certain metals that exceeded 
toxicity characteristic flC) regulatory limits and the .leachate action levels were effectively treated 
through stabilization. 

UCS criteria were achieved for each waste area using a variety of stabilization formulas. A range of 
stabilization reagent loadings were determined to achieve these strength goals. 

The treatability test results demonstrated that the stabilized waste samples that met the UCS criteria 
also had very low (e.g., a d s )  water permeability. 

The increase in volume resulting from cement stabilization varied considerably and was substantial, 
depending on the waste and the specific additives used in the formula. The Solid Waste Landfill, 
Lime Sludge Ponds, and the South Field formulations that resulted in stabilized waste meeting 
leaching and UCS performance criteria produced volume increases of at least 20, 110, and 105 
percent, respectively. Much higher volume increases resulted from other formulas that also met the 
leaching and strength criteria. The actual values for each of the samples is included in the database 
printouts in Appendix B. 

Evaluation of the shear strength and pocket penemmeter data for all of the formulas tested (Appendix 
B) shows that the stabilized waste is processable within 10 minutes of mixing (neghgible shear 
smngth) but hardens to a penetration resistance H . 5  tons per square foot (tsf) at 24 hours. 
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None of the reactions were highly exothermic or violent (waste form temperature rises were usually 
below 1'C). No bubbles were noticed, nor were there any detectable amounts of gas liberated during 
the mixing or curing processes. The moisture content of the waste-reagent mixtures was initially about 
28 to 32% (to achieve a paste-like consistency) and decreased by about 4 to 8% during the 28-day 
curing period. 

The varied statistical data analysis techniques applied to the test results to determine the relationships 
between the different reagents and the performance results indicated that increasing portland cement 
dosage always improved performance as measured by UCS. Dosage of other reagents produced 
different effects depending on the reagent and the waste. FEW flyash did not appear to be very 
functional as a substitute in formulations for portland cement. 

The results of this study will sewe as input for the fate and transport modeling to be performed for the 
Operable Unit 2 FS and will provide important information to support the remedial alternative 
evaluation process. 

2.2 RECOMMENDATIONS 
Before implementation of this technology, remedial design wok using vendor-specific equipment 
needs to be conducted. Pilot-plant studies to determine the effect of sample heterogeneity and vendor- 
specific reagent characteristics need to be performed. It is also recommended that further tests be 
performed to determine what effect the addition of water has on the strength and long-term stability of 
the treated waste. 

In this study, enough water was added to make the waste and reagent mixture into a paste that could 
be easily mixed and fluid enough to add to the mold for curing. The moisture content of the mixture 
ranged from approximately 22 to 45 percent. The optimum water addition to maximize the UCS was 
not determined. Additional tests with the desired formula(s) may be done to determine the appropriate 
range of water additions to maximize the UCS. 

Attapulgite and clinoptilolite were added to decrease the leachability of metals in the treated waste. 
Analysis of the treatability data, however, indicates that the leachability is below the anticipated 
leachate action levels for the site, so addition of these reagents should not be necessary. Also, the 
addition of these reagents may have a detrimental effect on the UCS. It is therefore recommended that 
a larger-scale test with no addition of attapulgite and clinoptilolite be performed to prove that there is 
not a leachability problem. 
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3.0 TREATABILITY STUDY APPROACH 1 

3.1 TEST OBJECTIVES AND RATIONALE 2 

Under Section 121(b) of CERCLA as amended by SARA, the EPA is required to evaluate remedial 
actions that "permanently and significantly reduce the volume, toxicity, or mobility of the hazardous 
substances, pollutants, and contaminants." To this end, treatability studies provide valuable site- 

one or more remedial alternatives. Treatability studies serve two primary purposes: to aid in the 
selection of the remedy; and to aid in the implementation of the selected remedy. 

3 

4 

5 

6 

1 

8 

specific data necessary to support CERCLA remedial activities when treatment is proposed as part of 

As stated in EPA's "Handbook for Remedial Action at Waste Disposal Sites" @PA 1985) stabilization 
and solidification refer to treatment processes that are designed to accomplish one or more of the 
following results: (1) improve the handling and physical characteristics of the waste, as in the sorption 
of the free liquids; (2) decrease the surface m a  of the waste mass across which transfer or loss of 
contaminants can occur; and/or (3) limit the solubility of any hazardous constituents of the waste by 
pH adjustment or sorption phenomena. For purposes of this report, the term stabilization will be used 
to describe the treatment technology evaluated herein. 

9 

10 

11 

12 

13 

14 

15 

The purpose of this treatability testing program is to develop data to assess the performance of various 
stabilization reagents on Operable Unit wastes. The study is designed to demonstrate whether 
stabilization can achieve desired material strength and leachability attributes. Quantitative data 
produced by this study will provide required input for geochemical and other computer modeling of 
groundwater contaminant tramport. The results of the contaminant transport modeling will be used to 
quantitatively assess the relative effectiveness of the removal and nonremoval alternatives evaluated 
during the FS. These comparisons (which will be performed in the detailed analysis of alternatives) 
will include an analysis to determine whether applicable or relevant and appropriate requirements 
(ARARs) for groundwater are being met for each of the various alternatives being studied. Long-term 
risks to human health and the environment will also be compared. 

The study is composed of two parts: preliminary phase (to support remedy screening) and advanced 
phase (to support remedy selection). The preliminary phase involves evaluating a range of stabiliza- 
tion mix formulas that meet the proposed strength and leaching criteria. The advanced phase involves 
performing TCLP analyses on stabilized waste using representative formulas determined in the 
preliminary phase. The data resulting from this treatability study will be used to support the FS 
through comparison of leachate test results from the advanced phase testing with leaching results from 
tests performed on representative samples of unstabilized Operable Unit 2 wastes. The data will also 
support the FS by establishing or identifying the following: 
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Confirmation of technology applicability to Operable Unit 2 waste 
Compliance of technology with ARARs 
Analytical results to be used for fate and transport modeling 
Leachability data to support residual risk calculations 
Refinement of process requirements for cost estimation purposes 
Initial database for use in subsequent remedy design studies 

3.1.1 Remedial Action Obiectives 
Remedial action objectives (RAOs) include medium-specific cleanup goals for protecting human health 
and the environment. They address the contaminants of concern as well as exposure routes and 
receptors identified in the baseline risk assessment. The primary purpose of RAOs is to ensure site- 
wide compliance with: 

Chemical-specific ARARs and guidance to be considered 
EPA guidance for risk to public health from hazardous substances 
Regulatory standards for control of radiation exposure and radioactive contamination in 
the environment 

The RAOs for Operable Unit 2 must cover all radiological and chemical constituents. Alternatives for 
remediation must meet airborne RAOs as well as drinking water RAOs. The RAOs presented in 
Figure 3-1 include the following: 

waste 
Air 
soil 
Sediment 
Surface water 
Groundwater 

3.1.2 EPA Guidance 
The EPA's "Guide for Conducting Treatability Studies Under CERCLA" (EPA 1988d) outlines a 
three-tiered approach to conducting treatability studies for a Superfund site. The original interpretation 
of the approach can be seen in Figure 3-2. The remedy evaluation phase of the RI/FS, in accordance 
with the EPA guidance, may require three tiers of treatability testing: 

Remedy screening 
Remedy selection 
Remedy design 

The three levels of treatability testing are divided into pre-Record of Decision (ROD) and post-ROD 
studies. The remedy screening and remedy selection testing are pre-ROD studies, and the remedy 
design studies are post-ROD. Figure 3-3 reflects an updated approach recommended by de Percin, 
Bates, and Smith of EPA in their article "Designing Treatability Studies for CERCLA Sites: Three 
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Critical Issues," (de Percin et al. 1991). Figure 3-3 illustrates these three levels of treatability testing 
and how this treatability study compares with these requirements. 

&-ROD treatability studies provide the critical performance and cost data needed to evaluate all 
potentially applicable treatment alternatives and select an alternative for remedial action based on the 
nine FS evaluation criteria. The detailed analysis of alternatives phase of the FS follows the 
development and screening of alternatives and precedes the actual selection of a remedy in the ROD. 
During the detailed analysis, all remedial alternatives are evaluated based on the nine FS evaluation 
criteria. These criteria are as follows: 

Overall protection of human health and the environment 
Compliance with ARARs 
Long-term effectiveness and permanence 
Reduction of toxicity, mobility, or volume through treatment 
Short-term effectiveness 
Implementability 
cost 
State acceptance 
Community acceptance 

These criteria are described in detail in "Guidance for Conducting Remedial Investigations and 
Feasibility Studies Under CERCLA @PA 1988). 

Remedy screening is the first step in the tiered approach. Its purpose is to determine the feasibility of 
a treatment alternative for the contaminantshnatrix of interest. Typically, these tests are conducted 
under conditions that are favorable to the technology. These small-scale studies are designed to 
provide a qualitative evaluation of the technology and are conducted with minimal levels of QA/QC. 
Tests conducted under this tier are generic in nature (not vendor specific). If the feasibility of the 
treatment cannot be demonstrated, the alternative generally should be eliminated at this time. 

The remedy selection tier of the treatability study program is designed to determine whether a 
treatment alternative can meet the operable unit's cleanup criteria and at what cost. The purpose of 
this tier is to generate the performance and cost data necessary for remedy evaluation in the detailed 
analysis of alternatives phase of the FS. The cost data developed in this tier should support cost 
estimates of +SO percent to -30 percent accuracy. The FS cost estimate for Operable Unit 2 will be 
based on the effective formulation determined from this study. The performance data will be used to 
determine whether this technology will meet ARARs and cleanup goals. Remedy selection studies 
are typically small scale, incorporating generic tests using bench- or pilot-scale equipment in either the 
laboratory or the field. The study costs are higher than those encountered in the remedy screening tier 
and longer durations to complete. The levels of QNQC are moderate to high, because the data from 
these studies will be used to support the ROD. 
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In the post-ROD remedy design tier treatability study, detailed scale-up design, performance, and cost 
data are generated to implement and optimize the selected remedy. Remedy design studies are 
performed after the ROD, usually as part of the remedy implementation. These studies are performed 
on full-scale or near full-scale equipment, for the purpose of generating detailed, scale-up design and 
cost data. These studies should focus on optimizing process parameters, and is not a part of this 

specific. 7 

1 

2 

3 

4 

5 

6 treatability study. Remedy design studies require moderate to high QA/QC and are typically vendor 

This report covers the remedy Screening and remedy selection tiers of the treatability studies as 
described in the EPA guidance. The remedy screening is performed in the preliminary phase and the 
remedy selection is performed in the advanced phase treatability study. 

8 

9 

10 

3.1.3 Treatability Study DescriDtion 1 1  

The primary goal of the treatability study is to support remedy selection during the FS by providing 12 

13 

14 

data about the waste treatment under consideration. 
aspects of the proposed alternatives' designs to select the most promising treatment technologies for 

This information is used in conjunction with other 

further consideration. 15 

Tests used to determine whether a waste/additive formula was acceptable were: UCS, MTCLP. and 
TLCP. The UCS and h4TCLP were used in the preliminary phases; TCLP was used in the advanced 

16 

17 

18 

19 

phases. MTCLP, a modified version of the TCLP, is described in Appendix E of the Work Plan. The 
number of tests or experiments performed is shown in Table 3-1. 

The goal of each phase was to identify at least six formulas that would pass the above tests. Stage 2 
was included in the Work Plan to allow for testing of additional formulas in the event that Stage 1 did 
not produce enough successful formulas. Stage 2 was performed for the Lime Sludge Ponds. Stage 2 
also would have been required for the South field, but verbal approval was given by the EPA on 
December 3, 1991, to relax the six-sample UCS requirement for the South Field. Only four met the 
preliminary phase requirement. 25 

20 

21 

22 

23 

%I 

Wastes used in the treatability study were collected at the FEMP and shipped to the treatability 

active and inactive piles was included as reagents because flyash typically has pozzolanic properties. 
Other additives or reagents used were portland cement, sodium silicate, clinoptilolite, and attapulgite. 

26 

laboratory. Treatability samples were mixed and tested as described in Section 3.2. Flyash from the n 
28 

29 

30 

31 

Sodium silicate was added to increase the strength and rate of set of the stabilized material, and 
ampulgite and clinoptilolite were added to reduce leachability. 

Other tests or measurements made during sample preparation include pH and Eh (oxidation/reduction 32 

33 potential) of the untreated and treated wastes. 
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The radiological and chemical constituents analyzed for in the preliminary phase are listed in Table 3-2; 
those for advanced phase analyses are listed in Table 3-3. 

3.1.3.1 
Solid Waste Landfill 
Alternative 5 included rotary kiln incineration before stabilization. Samples of landfill waste were 
incinerated to ash (ashed) in a laboratory furnace in order to generate samples for stabilization studies. 
The waste samples were weighed upon receipt and certain types of materials (e.g., rubber or metallic 
fragments) that required segregation before ashing were weighed both before and after ashing so that 
the reduction in mass could be estimated. The ash was mixed with other reagents and the analyses 
were performed as discussed in Section 3.2. 

Suecific Treatabilitv Actions for Individual Waste Units Within Ouerable Unit 2 

Lime Sludge Ponds 
Lime sludge waste was mixed with other reagents and the analyses were performed as discussed in 
Section 3.2. 

South Field 
South Field waste was mixed with other reagents and the analyses were performed as discussed in 
Section 3.2. 

Active and Inactive Flvash Piles 
Specific tests involving stabilization of FEW flyashbottom ash alone were not included as part of 
this study, because FEW flyash (from the Active Flyash Pile) is being used as one of the reagents. 
Should this reagent mixture prove effective for Operable Unit 2 (and/or other operable units), it is 
likely that a substantial quantity of FEMP flyash will be utilized in the stabilization of Operable Unit 2 
and/or other operable unit wastes. Waste from the Inactive Flyash Pile also is being considered for the 
study (on a more limited scale) and is a potential source, should the Active Flyash Pile be depleted. It 
is noteworthy that ash from the Active Flyash Pile is being examined for potential use as an additive 
for treatment of Operable Units 1 and 4 wastes (for cement stabilization and vitrification technologies) 
and as an additive in controlled density flow (CDF) material (used in backfill and slope stability 
applications). Should any of these technologies prove viable, the need for stabilization of FEW 
flyash may become nonexistent. 
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3.1.3.2 General Selection Criteria 29 

Treatability 30 

The most promising formulas for cement stabilization will have UCS values of approximately 500 psi 
after a 28day curing period, relatively low permeability, and minimal volume increase relative to the 
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TABLE 3-2 

CHEMICAL, RADIOLOGICAL, AND PHYSICAL INFORMATION 
TO BE ACQUIRED IN THE PRELIMINARY PHASE 

Modified TCLP List for Cement Stabilization 

Metals Radiological Parameters 

Arsenic (As) 
Barium @a) 
Cadmium (Cd) 
Chromium (Cr) 
Lead (Pb) 
Mercury (Hg) 
Selenium (Se) 
Silver (Ag) 

Phvsical Darameters 
Bulking factor 
Temperature rise 
Unconfined compressive strength 
Shear strength 

Uranium by I e  
Gross alpha 
Gross beta 

aIon chromatography 
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other formulas investigated in the study. The 28day curing period is based on standard concrete 
industry design and construction pmctices (Troxell et al. 1968). The curing period is also specified in 
the Nuclear Regulatory Commission Technical Paper on Waste Form (NRC 1991). 

1 

2 

3 

Feasibility Study 4 

The best technology will be determined by comparing multiple criteria during the detailed analysis of 5 

6 

I 

alternatives. The relationship between the data generated during treatability studies and the FS 
evaluation criteria is shown in Table 3 4  and discussed below: 

Data generated from UCS and leachability testing under this study will be used for 
evaluating overall protection of human health and the environment and compliance with 
ARARs in the FS. 10 

8 

9 

Treatability testing that relates to a technology's long-term effectiveness and permanence 
includes its UCS for handling and disposal purposes; its leachability as measured by 

1 1  

12 

13 

14 

TCLP; and the extent to which it transmits water, based on permeability. The waste 
form also influences long-term stability. 

The ability of a technology or formula to reduce the toxicity, mobility, or volume will 15 

16 

17 

be measured by indicators such as bulking factor for volume determination, leachate 
analysis for toxicity determinations. and permeability for mobility reduction. 

Short-term effectiveness is impacted primarily by bulking factor (an indicator of the 18 

19 volume of mated waste that must be handled and disposed of) and performance of the 
specific technology chosen. m 

The implementability of a particular technology is influenced by the volume of waste to 
be handled as measured by bulking factor, shear strength, and temperature rise, and by 
the waste form itself. As with implementability, cost is impacted by the technology 

21 
22 
23 

2 selected and the volume of waste to be treated. 

The final two evaluation criteria, state and community acceptance, are influenced by the 
results of a l l  the data and by the other seven criteria. 

25 
26 

Additional information on use of evaluation criteria and matability data in the feasibility study process 
can be found in "Guidance for Conducting Remedial Investigations and Feasibility Studies Under 
CERCLA" @PA 1988). 29 

n 
28 

3.1.4 Leachate Action Levels 30 

Leachate action levels are developed to act as reference points for evaluating treatability data and are 
designed to be protective of human health and the environment and to comply with ARARs. They are 

31 

32 

33 

34 

35 

developed early in the process and are based on readily available information @PA 1991a). These 
action levels are used by engineers as design criteria during development and selection of remedial 
alternatives. Leachate action levels are a subset of RAOs that are site-specific (qualitative goals that 
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define the extent of cleanup required to achieve a CERCLA response action) (EPA 1988). RAOs 
address contaminants of concern, media of concern and potential exposure pathways as well as 
leachate action levels. 

Leachate action levels are chemical-specific, medium-specific numerical concentration limits that 
should address all contaminants and all  pathways found to be of concern during the baseline risk 
assessment process. Remediation goals are defined in the National Contingency Plan (NCP) at 
4OCFR300.430(3)(2)(i). Leachate action levels are based on readily available environmental or 
health-based ARARs that would be TC regulatory levels for leachate. TC regulatory levels do not 
exist for many chemicals in Operable Unit 2 waste areas, so risk-based leachate action levels were 
developed. 

A single set of initial leachate action levels was developed for all operable units at FEW. Because 
the initial levels are general for the site (not operable unit-specific) they are based on general default 
exposure pathways and equation assumptions recommended in Vol. 1 of EPA's Risk Assessment 
Guidance for SuDerfimd (EPA 1991a). and the exposure parameters presented in the Risk Assessment 
Work Plan Addendum (DOE 1992). 

Leachate action levels were developed based on the potential for chemicals to leach into the bedrock 
aquifer or a receiving surface water body, thus equating water in the shallow zones to "leachate." 
Leachate is regulated by the EPA under 4ocFR261 with the use of the TC regulatory levels. TC 
regulatory levels are based on the acceptable drinking water concentrations multiplied by a dilution 
attenuation factor (DAF) which accounts for the degree of attenuation and dilution that a compound is 
expected to undergo during transport to the drinking water aquifer or receiving stream (EPA 1986c). 
The default DAF for developing TC regulatory levels is 100. To develop risk-based leachate action 
levels, acceptable groundwater concentrations were multiplied by 100. Acceptable groundwater 
concentrations were determined with the following equations, the same used to develop leachate 
action levels for drinking water. 

For noncarcinogens, the exposure equation is: 

where 

Cw = Leachate action level concentration in water ( m a )  
THI = Target Hazard Index (0.20) 
RfD,= Oral reference dose (mg/lcg/day) (chemical-specific) 
BW = Adult body weight (70 kg) 
AT = Averaging time (ED x 365 days) 
EF = Exposure frequency (350 daydyr) 
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ED = Exposureduration(70yr) 
I%I = Daily water ingestion rate (2Wday) 

For chemical carcinogens, the exposure equation is: 

where 

cw = 
T R =  
BW = 
AT = 
EF = 
ED = 
SF,, = 
I%,= 

Leachate action level concentration in water(mg/L) 
Target risk (1 x l(T5 and 1 x 106). 
Adult body weight (70kg) 
Averaging time (ED x 365 days) 
Exposure frequency (350 days/yr) 
Exposure duration (7Oyr) 
Oral slope factor (mg/kg/day)-' (chemical specific) 
Daily water ingestion rate (2L/day) 

For radionuclides, with the exception of radon, the exposure equation is: 

where 

C, = Leachate action level concentration in water @Ci/L) 
TR = Target risk (1 x and 1 x lo">. 
EF = Exposure frequency (350 days/yr) 
ED = Exposure duration (7Oyr) 
SF, = Oral slope factor (risk/pCi) 
r%, = Daily water ingestion rate (2Wday) 

In developing risk-based leachate action levels, target cancer risk levels were established for 
carcinogens and a target hazard quotient (THQ) and target hazard index (THI) (the sum of the THQs) 
was established for noncarcinogens. EPA suggests a default target risk of lo4 (EPA 1991b). This 
risk, 106, is used as a target risk for the FEW leachate action levels. In addition, leachate action 
levels also have been developed using a target risk of lo5, which falls within the acceptable range 
under CERCLA of lo4 to lo4. 

For noncarcinogenic toxicants, the EPA indicates that the cumulative site hazard index (HI) should be 
less than 1. However, while total noncancer risk cannot exceed an HI of 1, no direct guidance is 
available on apportioning the allowable level among the various chemicals in the various 
environmental media. The most applicable regulatory guidance comes from the Office of Drinking 
Water, which in calculating maximum contaminant level goals (MCLGs), uses a relative source 
contribution (RSC) factor to account for the contribution from other sources of exposure (EPA 1989b). 
If sufficient data are not available to evaluate the drinking water exposure relative to other exposures, 
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the Office of Drinking Water assumes other exposures account for 80 percent of the total, leaving 20 
percent for water. Thus the default RSC is 20 percent (0.20). 

This method can be adapted to the development of leachate action levels for noncarcinogens. 
Because it is not known what additional sources are contributing to total exposure, the default RSC of 
0.20 will be used to develop individual chemicalhnedia-specific leachate action levels, helping to 
ensure that the total HI from each exposure does not exceed 1. Thus. the THQ for medium-specific, 
noncarcinogenic effects will be 0.2, helping to ensure that the THI is less than or equal to 1, as 
recommended by EPA (1991a). 

Leachate action levels are based on drinking water exposures. In addition, under the RCRA program 
the regulatory level identifies as hazardous waste any solid waste that produces a leachate, using the 
TCLP analysis, that exceeds specified threshold concentrations listed in 4-61.24. TC regulatory 
levels are based on the acceptable drinking water concentrations multiplied by the dilution attenuation 
factor (DAF), which accounts for the degree of attenuation and dilution that a compound is expected 
to undergo during transport in the aquifer to a human receptor at a downgradient drinking water well 
(EPA 1986). 

Risk-based and ARAR-based acceptable drinking water concentrations are used to develop leachate 
action levels. Groundwater concentrations are multiplied by the default DAF of 100 @PA 1986a) to 
develop leachate action levels. Leachate action levels are given in Appendix D, Table D-1. 

3.1.5 Performance Obiectives and Desired Data 
Specific test objectives were established to evaluate the performance of the various stabilization 
mixtures in the areas of leachability, UCS, and final waste form volume. These objectives were used 
to determine whether a particular reagent mixture produced an acceptable waste form. The specific 
objectives of the preliminary and advanced treatability phases were: 

To develop a database of leachate concentrations of hazardous and radioactive materials 
for various combinations of stabilized waste forms 

To develop a database of stabilization reagents and relative quantities required to 
minimize leachable concentrations of radionuclides and HSL constituents from the final 
waste form 

To establish the proof of process and applicability of the selected Stabilization 
technology 

To screen a large number of parameters and identify those that will be critical for future 
bench-scale studies 

To determine an envelope of cement stabilization reagents and relative quantities 
required, so that the final waste form achieves a UCS of approximately 500 psi. 
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To minimize the final volume of treated waste 

To provide data for use in the FS to estimate the volumes of treated waste that will be 
generated by each process 

To develop preliminary reagent mixtures for use in future treatability studies 

To provide information for the development of preliminary cost and design data for the FS 

To provide leaching characteristics of stabilized and unstabilized waste for use in fate 
and transport modeling using results obtained from the TCLP 

To develop the following preliminary p m s s  parameters for use in future treatability 
studies: (1) shear strength, (2) waste form temperature rise, (3) general description of 
waste before and after reagent addition, (4) permeability of stabilized waste, (5)  
percentage of water in the waste, (6) pH of the leachate solution, and (7) information 
about amounts of off-gassing during mixing or curing. 

To provide the chemical and radiological data specified by Table 3-3 

3.1.6 Data Oualitv Obiectives 
Concentration-based performance objectives and the resulting testing phase are driven by the 
remediation goals (RG) established for the site. Data quality objective (DQO) analytical levels are 
defined in EPA's "Guide for Conducting Treatability Studies Under CERCLA" (EPA 1989d). This 
guidance states that the requisite analytical levels are dictated by the types and magnitudes of decisions 
to be made based on the data and objectives of the screening. A description of the analytical levels is 
presented in Table 3-5 (an excerpt from the EPA's guide). 

Data quality needs are used to establish DQOs. The implementation of an appropriate QNQC 
program is required to ensure that data of known and documented quality are generated. DQOs will 
define the QNQC level for the treatability testing and analysis. Table 3-6 is a list of tests and 
associated DQOs for chemical stabilization; SOPS and nonstandard test methods are described in 
Appendix E. 

3.2 EXPERIMENTAL DESIGN AND PROCEDURES 
3.2.1 Preliminam Phase (Stape 1) 
There axe many unknown variables in the activity levels of the Operable Unit 2 waste, as well as the 
performance of the proposed reagents with the waste. A matrix of experimental tests was created to 
decrease the number of formulas, based on their effectiveness in treating the waste. The treatability 
study provided a range of formulas for the stabilization technology, which will be evaluated during the 
remedial design phase. If the test results indicated that a particular combination of reagents would not 
produce the desired results, then that formula was eliminated from consideration The most effective 
formulas will be used during the FS process to estimate the cost of the technology being evaluated. 
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TABLE 3-5 

SUMMARY OF ANALYTICAL LEVELS 

Level I 

Type of analysis . 

Limitations 

Field screening or analysis with portable instruments. 

Usually not compound-specific, but results are available 
in real time. Not quantifiable. 

Can provide an indication of contamination presence. Few QAJQC requirements. Data quality 

Level I1 

Type of analysis 

Limitations 

Field analysis with more sophisticated portable instruments or 
mobile laboratory. Organics by GC; inorganics by AA, ICP, or XRF. 
Detection limits vary from low parts per million to low parts per 
billion. Tentative identification of compounds. Techniquedinstruments limited 
mostly to volatile organics and metals. 

Depends on QAJQC steps employed. Data typically reported in concentration 
ranges. 

Data quality 

Level 111 

Type of analysis Organicsfinorganics performed in an off-site analytical laboratory. 
May or may not use CLP procedures. Laboratory may or may not be a 
CLP laboratory. 

Tentative compound identification in some cases. 

Detection limits similar to CLP. Rigorous QAJQC. 

Limitations 

Data quality 

Level IV 

Type of analysis 

Limitations 

HSL organicdinorganics by GC/MS, AA, ICP. Low parts-per-billion detection 
limits. CLP analysis. 

Tentative identification of non-HSL parameters. Validation of laboratory results 
may take several weeks. 

Goal is data of known quality. Rigorous QNQC. Data quality 

Type of analysis 

Limitations 

Analysis by nonstandard methods. 

May require method development or modification. Method- 
specific detection limits. Will probably require special lead time. 

Data quality Method-specific 

Source: P A ,  "Guide for Conducting Treatability Studies under CERCLA," December 1989. 
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Tables 3-7 thFough 3-9 present the formulas used in Stage 1. In Stage 1, 12 formulas were prepared 
for the Solid Waste Landfill, 16 formulas were prepared for the Lime Sludge Ponds, and 12 formulas 
were prepared for the South Field. A nm number was assigned to each formula (the recipe for a 
treatability sample) as a convenient way of tracking the samples. Samples from the Operable Unit 2 
Active Flyash Pile were utilized in this study for resource recovery purposes. The overall volume 
increase for Operable Unit 2 can be minimized by using this source of material for stabilization. For 
comparative purposes, some samples of inactive flyash were substituted for active flyash. Generally, 
water/cement ratios were approximately 0.3, and flyaWcement ratios ranged from 2 to 4. Because of 
differing moisture contents and other constituents, the amount of water added depended on the waste 
form. 

To prepare the waste from each area for the treatment process, it was sieved through 0.375-inch mesh, 
and obvious debris was removed. The waste was then ground up and sieved through 0.187-inch mesh 
and mixed with the stabilization reagents in a planetary mixer. Water was added until the mixture 
became soft and paste-like (the amount of water added was recorded). A description of the waste also 
was recorded, before and after mixing, and observations as to vapor or gases generated during the 
mixing were also noted. Shear strength was measured using a Torvane within 10 minutes of the end 
of the mixing. Temperature rise, moisture content of the treated mixture, pH, and Eh were measured. 
The mated mixture was then poured into two 2-inch by 4-inch cylindrical plastic molds and a plastic 
cup to approximately one-third capacity. They were compacted using a vibrating table for one minute, 
and this procedure was repeated twice until the containers were full. The mold surfaces were 
flattened, and the containers were sealed with lids and taped shut. The mixture in the cup was tested , 

for penetration resistance after 1, 3, 7, and 14 days, using a pocket penetrometer. Photographs of the 
treated mixtures and molds were taken. The treated samples in the molds were then allowed to cure 
at ambient temperature. After 28 days Uroxell et al. 1968). one of each set of two test cylinders was 
cut open, and the solidified material was subjected to UCS tests, as per SOP TDL 1109. If fewer than 
six formulas for each waste stream were judged to be successful, then Stage 2 (see Section 3.2.2) was 
initiated and new formulations were prepared (with higher loadings of portland cement) before 
proceeding to the advanced phase where samples were subjected to TCLP and permeability testing. In 
practice, this was done only for the Lime Sludge Ponds, for which nine additional mixtures were 
prepared. Only four formulas from the South Field met the UCS criteria; however, new formulas 
were not prepared for Stage 2 since EPA verbally approved using only the four formulations from 
Stage 1. A flow chart of the overall testing process is shown in Figure 3 4 ,  and details of the waste- 
reagent mixing procedure are in Appendix E. 

3.2.1.1 Solid Waste Landfill Ash 
Before sieving, the waste from the solid waste landfill was placed in a furnace for two hours at 
approximately 200°C and then for two more hours at 550°C. This ashing process, conducted in accord- 
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TABLE 3-7 

SOLID WASTE LANDFILL ASH, PRELIMINARY STAGE I 

Constituents for Stabilization Per Sample in Grams 

Type I Attapulgite and 
Waste Portland FEMP Sodium Clinoptilolite 

Run No. (Ash) Cement Flyash Silicate Each Water Required 

1 

2 

3 

4 

5 

6 

7 

300 75 150 0 15 194.5 

300 75 150 15 0 154 

300 75 150 15 15 157 

300 75 75 0 15 170 

300 75 75 15 0 142.5 

300 150 150 0 5 160 

300 150 150 15 0 170 

8 300 150 75 0 5 140 

9 300 150 75 15 0 150 

10 300 45 90 0 3 145 

11 300 45 90 9 0 127.5 

12 300 45 90 9 3 135 
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LIME SLUDGE PONDS WASTE, PRELIMINARY STAGE I I 
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Constituents for Stabilization Per Sample in Grams 

Type I1 Attapulgite and 
Portland FEW Sodium Clinoptilolite I Run No. Wastea Cement Flyash Silicate Each Water Required 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

75 

75 

75 

75 

75 

150 

150 

150 

150 

45 

45 

45 

1 SOb 

150b 

75b 

75b 

150 

150 

150 

75 

75 

150 

150 

75 

75 

90 

90 

90 

150 

150 

75 

75 

~ 

0 

15 

15 

0 

15 

0 

15 

0 

15 

0 

9 

9 

0 

15 

0 

15 

15 

0 

15 

15 

0 

15 

0 

15 

0 

9 

0 

9 

15 

0 

0 

15 

aWet weight of waste 
bportland Type I cement 
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TABLE 3-9 

SOUTH FIELD WASTE, PRELIMINARY STAGE I I 
Constituents for Stabilization Per Sample in Grams 1 

Type 1 Attapulgite and 
Portland FEW Sodium Clinoptilolite I Run No. Wastea Cement Flyash Silicate Each Water Required 

1 300 

2 300 

3 300 

4 300 

5 300 

6 300 

7 300 

8 300 

9 300 

10 300 

11 300 

12 300 

I 

75 

75 

75 

75 

75 

150 

150 

150 

150 

75 

75 

75 

150 

150 

150 

75 

75 

150 

150 

75 

75 

15Ob 

15Ob 

150b 

0 

15 

15 

0 

15 

0 

15 

0 

15 

0 

9 

9 

aWet weight of waste 
bSubstitute flyash from inactive pile for flyash from the active pile I 
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UCS TEST 

I 
I 

I 
I 

INCINERATION OF 
SOLID WASTE LANDFILL WASTE 

1 
STAQE I 

2 MOLDS/FORMUUTlON 

i 

1 
SHEAR STRENGTH 

& TEMPERATURE RISE 

BULKING FACTOR 

I 
I I I I 

NO 

REQUIREMENTS 

STAGE II 
2 MOLDS/FORMUUTION 

1 
SHEAR STRENGTH , &TEMPERATURE RISE 

BULKING FACTOR 

UCS TEST I 
1 

MTCLP 

TCLP MINIMUM OF 6 
FORMSWASTE TYPE 

Preliminary 

Preliminary 

Advanced 

OPTIONAL PHASE - WAS NOT REQUIRED BECAUSE COMBINED 
Re-226 & Ra-228 WAS BELOW 15 pCl/g. 

~~~ ~ ~~ ~ ~ ~~ ~ ~ ~ 

FIGURE 34. FLOW CHART OF TREATABIUTY TESTING FOR OPERABLE UNIT 2 
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ance with American Society of Testing and Materials (ASTM) 2974-87, was not intended to directly 
simulate full-scale incineration, but rather to produce ash for the stabilization treatability studies. Twelve 
composite samples of the landfill ash were dosed with stabilization reagents according to the matrix in 
Table 3-7. Three duplicate mixtures were made for QA purposes, and flyash from the active pile was 
used in the experiments. These samples were subjected to MTCLP tests (Table 3-2). The results are in 
Appendix C. 

3.2.1.2 Lime Sludge Ponds 
Sixteen mixtures and three QA duplicates were prepared according to the stabilization matrix in Table 3-8. 
Flyash from the active pile was used. Type 11 portland cement, instead of Type I, was used due to 
possible sulfate reactions between the reagents and the sludge wastes. These samples were subjected to 
MTCLP tests (Table 3-2). The results a~ in Appendix C. 

3.2.1.3 South Field 
Twelve composites and three QA duplicate samples were prepared, as per the matrix in Table 3-9. Type I 
portland cement was used for these mixtures. Flyash from the inactive pile was substituted in three 
composites and one duplicate. These samples were subjected to MTCLP tests (Table 3-2). The results are 
in Appendix C. 

3.2.1.4 Methods 
The following methods a~ described in Appendix E: 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

ucs 
Laboratory Notebook Recording Procedures 
Analytical Logbook Recording Procedure 
Standard Laboratory Sieves: specification, calibration, and m@ntenance 
Calibration of Thermometers 
Bulking Factor Procedure for Nonsludge Type Waste 
MTCLP 
Waste and Reagent Mixing Procedure 
Stabilization Waste Form Temperature Rise Generic Procedure 
Permeability 
Generic pH and Eh Procedure 
Proposed Radon Emissions from Stabilized Solids 
Proposed Measurement of Radon Leaching in Water 
Shear Strength 
Generic Uranium by Ion Chromatography (IC) with Post-Column Reaction and Phosphores- 
cence or Fluorescence Detection 

3.2.1.5 Data Remrted 
The following data were recorded during the preliminary phase of cement stabilization: 
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UCS, m d  by a Soiltest U-590 or U-610 instnunent (SOP TDL 1109, Appendix E) 

Bulking factor 2 

Waste form temperature rise (after the waste and reagents were mixed) 

any grinding of the sample to meet particle size requirements for UCS 

1 

3 

Gene& description of the waste form before and after the reagents were mixed, including 4 

5 

Approximate shear strength, measured within 10 minutes after the waste and reagents are 6 

mixed 7 

Physical characteristics (percent moisture and bulk density of the treated waste) 8 

Amount of water added to each waste form 

MTCLP (for preliminary phase), including metals, uranium by IC, gross alpha, gross beta 10 

Maximum particle size treated; weight and percentage of material sieved from the raw waste 11 

before treatment 12 

9 

Description of vapor(s) and/or gases released during the mixing and mixture-curing 13 

pmcesses 14 

pH and Eh (oxidation/reduction potential in millivolts) of the treated reagent-waste mixture 15 

(before it was added to the molds) 16 

pH of the MTCLP and TCLP extraction fluids; pH of the TCLP extraction fluid 17 

determination test 18 

pH and Eh of a slightly wet water-waste mixture 19 

TCLP metals results for reagents combined with clean sand (or quartz) 

Amounts of reagents and wastes used in each formulation 

20 

21 

The measured temperature rise is a qualitative test, conducted as a screening test as an early indicator 
of potential problems and hazards during scale-up. Further investigations of the actual temperature 
rise may be made during the remedy design phase, when larger equipment (which has a design similar 
to full-scale equipment) would be used. 

3.2.2 Preliminam Phase (Stage 21 
For the Lime Sludge Ponds, results from Stage 1 did not yield six mixtures with compressive strengths 
equal to approximately 500 psi. Hence, another experimental matrix (Table 3-10) was designed to 
gather these data. The additional testing (Stage 2) consisted of nine formulas as well as two duplicate 
mixtures. The test pmedures and data requirements were the same as Stage 1. Two molds were cast 
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I 

LIME SLUDGE PONDS, PRELIMINARY STAGE 2 

Constituents for Stabilization Per Sample in Grams 

Type I1 Type I Attapulgite and 
Portland Portland Sodium Clinoptilolite 

Run No. Wastea Cement Cement Silicate Each Water Required 
~ 

1 

2 

3 

4 

5 

6 

7 

8 

9 

300 

300 

300 

300 

300 

300 

300 

300 

300 

225 

225 

225 

150 

150 

150 

0 

0 

0 

0 

0 

0 

0 

0 

0 

151.5 

150 

150 

0 

15 

15 

0 

15 

15 

0 

15 

15 

15 

0 

15 

15 

0 

15 

15 

0 

15 

\ 

103.1 

50.0 

125.1 

61.1 

25 .O 

25.5 

59.8 

0 

30.0 

aWet weight of waste 
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for each formula, one of which was used for the Stage 2 UCS test. Crushed samples of the cured 
molds were subjected to MTCLP analyses. 

Stage 2 was not needed for the Solid Waste Landfill ash because Stage 1 yielded an adequate number 
of mixtures meeting or exceeding the UCS criteria. For the South Field waste, requirements were 
relaxed to four samples that passed the UCS criteria in accordance with a DOE memo (see Appendix 
F), so Stage 2 was not performed on the South Field. 

3.2.3 Advanced Phase Testing 
The formulas that passed the preliminary phase Stage 1 or Stage 2 UCS and MTCLP analyses were 
subjected to advanced phase testing. The following numbers of samples from Stage 1 were subjected 
to TCLP analyses in the advanced phase: 

Solid Waste Landfiu - Eleven samples plus three duplicates 
Lime Sludge Ponds - Eleven samples plus 3 duplicates 
South Field - Seven samples plus three duplicates 

Only the Lime Sludge samples were required to advance to Stage 2. AU of the above samples from 
Stage 1, plus 11 from Stage 2 were subjected to the TCLP analyses in the advanced phase. The 
advanced phase also included permeability testing for 22 samples (see Table 3-1). 

3.2.3.1 Reagent Mixtures 
To assess the potential contamination contribution of the reagents, blanks, consisting of seven 
combinations of clean sand, portland cement (Type I and 11), attapulgite, clinoptilolite, sodium silicate, 
and water (i.e., no FEMP waste) were made according to the matrix in Table 3-1 1, and one sample of 
each mixture was subjected to TCLP analyses (Table 3-3). Each of the above reagents was also 
subjected to TCLP analyses as potential contaminants. 

3.2.3.2 Data Reauirements for Advanced Phase Testing 
During advanced phase testing, the following information was recorded: 

Results of TCLP analyses performed on stabilized waste samples 

Permeability tests on stabilized waste samples 

Radon emissions tests were not performed because the combined Ra-226 and Ra-228 
content of the stabilized waste was less than 15 pCi/g 

3.3 EOUIPMENT AND MATERIALS 

3527 

Table 3-12 lists the major equipment and materials used for the treatability study. 

1 

2 

3 

4 

5 
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29 
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TABLE 3-11 

MIXTURES OF REAGENTS WITH CLEAN SAND 

Constituents for Stabilization Per Sample in Grams 

Type1 Type I1 Attapulgite and 
Portland Portland Sodium Clinoptilolite 

Run No. Sand Cement Cement Silicate Each Water Rewired 

1 450 150 0 5 150 

2 390 45.2 9.2 3.2 132 

3 450 150 15 0 135 
4 390 - 45.2 9.2 9.2 111.6 

5 450 150 0 15 157.5 

6 375 75 0 15 140 

7 450 150 0 15 165 
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TABLE 3-12 * 

EQUIPMENT AND MATERIALSa 

Number of Items Description 

Multiple 

Two 

1 or more 

Multiple 

1 

1 

Two 

Multiple 

Multiple 

Multiple 

Multiple 

1 

1 

1 

Multiple 

1 

Multiple 

Multiple 

1 

Two 

Multiple 

Multiple 

Multiple 

Multiple 

Porcelain evaporation dishes, 145 mm diameter x 48 mm high, 385 ml capacity 

Furnaces, Lindberg Model #51828, programmable 

Scale, calibrated, Sartorius Model LC 2200 SP, B3100 SP, LC 4200S, and 
analytical balance 

Crucible tongs, 250 mm long, stainless steel 

Soil Mill, Humboldt Manufacturings 

Planetary Mixer, Kitchen-Aid Model K54SS 

Digital pH meters, Hach #19OOO-00 and Jenco #6009 

pH electrode, Orion standard line combination type, with epoxy body and BNC 
connector (W1-56) 

pH pen, Nester Instruments #120719 

ORP electrode 

Oxidation reduction potential tester, Cole Panner 
#wDoo65000 

Thermometer, calibrated and traceable 

Torvane shear device, Soiltest Model CL-600 

Vibrating table, Lydron Model BPSlDl 

Two-inch by four-inch Jatco Co. plastic molds for UCS 

Microwave drying oven, CEM AVC Model 80 

Spatulas, mixing and weighing type 

Plastic containers, 5 oz. and 8 oz., with caps 

Laboratory hydraulic press, Carver. 12-ton 

Shaker tables, Eberbach Model 6010 

Hammers 

Sterile disposable conical centrifuge tubes, 50 ml. capacity, with plug seal 
screw caps 

Syringes, Becton-Dickinson, 10 ml., with her  slip lock but without needles 

Acrodisc syringe filters, 0.8 m, Gelman Sciences 
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TABLE 3-12 

(Continued) 

Number of Items Description 

Multiple 

Two 

Multiple 

1 

1 

1 

Multiple 

Two Sets 

Bottles 

Bottles 

Bottles 

Bottles 

Bottles 

Bottles 

Multiple 

1 

1 

Multiple 

1 

Pipette bulbs, pipettes, volumetric flasks, graduated cylinders, beakers, funnels, 
scintillation vials, bottles, stimng bars, gloves, lab coats, and other lab 
equipment 

Motorized Unconfined Compression Apparatus, Soiltest Model UC 590 and UC 
610, with Proving Rings #PR-15 (1500 lb. capacity) 

Pocket penetrometer, Soiltest Models CL-700A and fX-421 

Dremel Cutting Tool, Model 850 

Vernier 

Digital hot plate/stimr, PMC dataplate 

Sieves, 9.5 mm sieve designated std., 0.375" sieve opening (Tyler designation 
0.371"), 8" diameter, full height, and 4.75 mm sieve designated std., 0.187" 
sieve opening (Tyler designation #4), 8" diameter, full height 

Standard weights, Class S and check 

Glacial acetic acid, Mallinckrodt 

TCLP fluids #1 and #2 (made up from glacial acetic acid) 

Sodium hydroxide, lN, volumetric solution, 
Mallinckrod t 

Hydrochloric acid, lN, volumetric solution, 
Mallinckrodt 

Nitric acid, concentrated, Mallinckrodt and Baker 

Phosphoric acid, 39 weight percent, Mallinckrodt 

pH buffers, Mallinckrodt and Scientific Products, pH 4.01, 7.00, 10.00 

Ion chromatograph consisting of parts: Dionex liquid chromatographic module, 
post-column delivery system, P-E LS30 luminescence detector (in 
phosphorescence mode), Dionex columns (CS 5 analytical and CG 5 guard), 
Milton Roy Constametric HPLC Pump 

Gross Alpha and Beta activity counter, Canberra Model #2404F 

Permeability, flexible wall penneammeter, Brainard-Kilman, cell K3-480, Panel 
s-500 

Eberiine air monitor, Model #SA 

3527 

aAdditional equipment used to perfom analytical tests (e.g., GC, GC/MS, ICP, etc.) are not listed. 
Additional equipment requirements are also listed in the standard operating procedures contained in 
Appendix D. 
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3.4 SAMPLING AND ANALYSIS 
3.4.1 Additional SamDlina and Analysis Activities for ODerable Unit 2 
The data from the earlier Characterization Investigation Study (CIS) conducted by Roy F. Weston, Inc. 
(Weston 1987) was used to estimate the volumes and boundaries of waste contained in Operable Unit 2. 
A review of the CIS data revealed the need for additional data; therefore, a program for conducting 
additional sampling for Operable Unit 2 was prepared by DOE and approved by the EPA. The drum 
cuttings, which were archived from the sampling program, were used as samples for the treatability study. 
The Sampling and Analysis Plan (SAP) (DCR 41 to the RIPS Work Plan) specifies five borings in the 
Solid Waste Landfill, four in both the Active and Inactive Flyash Piles, four in the Lime Sludge Ponds, 
and eight in the South Field. Table 3-13 is a summary of the additional sampling activities conducted for 
Operable Unit 2. 

3.4.2 Additional Characterization of Waste for Treatabilitv 
The analysis of treated waste material discussed in Section 3.2 of this report specifies the use of the TCLP 
extraction as a basis for determining the concentrations of constituents (including radiological) leaching 
from treated waste forms. The characterization of waste (analysis of untreated waste) discussed in 
Section 1.2 did not include a radiological analysis of samples subjected to a TCLP extraction. Waste 
material used for treatability studies was subjected to.a TCLP extraction with a radiological analysis, as 
defined in Table 3-3, being conducted on the extract in order to provide a baseline analysis for each of the 
disposal areas. 

For the Solid Waste Landfiill, the ashing for Stage 1 was performed before sample preparation for 
solidification. A total of five random samples were submitted for TCLP extraction and full radiological 
analysis of untreated waste after the waste was ashed. 

For flyash from the inactive pile, two samples were submitted for TCLP extraction and full radiological 
analysis of untreated waste. Flyash from the inactive pile was used on a limited basis in the study. 

Three samples each from the remaining waste areas and the Active Flyash Pile were submitted for TCLP 
extraction and radiological analysis of untreated wastes. Comparison of these results with those from the 
treated samples were used to determine the effectiveness of the treatment technology. 

3.4.3 Samde Volume for the Treatabilitv Study 
Samples for the treatability study came from archived drill cuttings stored on site in %-gallon drums. 
The use of archived drill cuttings was necessary because matability sample volume requirements were 
much greater than the sample material available. Additionally, the cuttings were used because schedule 
requirements did not provide the time necessary to develop, obtain approval for, and complete additional 
sampling of the Operable Unit 2 areas. The drill cuttings from the recent sampling effort had been 
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archived under RVFS chain-of-custody protocols. The dxill cuttings are considered representative of the 
brings that are, in turn, considered representative of each of the operable unit waste areas. 

Sample volumes were mllected from each of the drums from brings representing a specific waste area, 
excluding the Lime Sludge Ponds. For instance, a l l  dnunmed cuttings from the Solid Waste Landfill and 
the South Field were sampled to create the treatability composite sample for those areas. The sample of 
lime sludge to be used for the treatability study was collected from the ponds near locations where the 
characterization samples were taken. Drummed cuttings from the Active and Inactive Flyash Piles were 
also sampled to create the treatability composite samples that were used as reagents in the stabilization of 
the other Operable Unit 2 wastes. 

3.4.4 Geotechnical Testinq 
Geotechnical testing for flyash is contained in the S A P  for Operable Unit 2. Included in this program is 
grain-size analysis for the flyash (ASTM D-422). Grain-size testing for the Solid Waste Landfill, the 
Lime Sludge Ponds, and the South Field was conducted as part of the treatability study in accordance with 
ASTM D-422. In addition, one sample from each of those areas, one from the Active Flyash Pile, and 
one from the Inactive Flyash Pile were analyzed for plastic limits and moisture contents. These data are 
located in Appendix B. 

3.4.5 Oualitv Assurance Project Plan 
Details of the QA procedures followed during the sampling and analysis, and the QC procedures to 
achieve them, may be found in the RUFS Quality Assurance Project Plan (QAPP). Other QNQC details 
are included in Section 4.2 of this repon. 

3.5 DATA MANAGEMENT 
This section pertains to work'performed at IT'S Technology Development Laboratory (TDL) and 
Environmental Technology Development Center. Two types of laboratory notebooks were used for this 
project. All laboratory notebooks are uniquely numbered and have sequentially numbered pages. 

Project-specific notebooks were signed out by the facility quality control coordinator (QCC) to the 
individuals working on the project. All daily laboratory activities associated with the project were 
recorded in the project-specific notebooks. Separate nonproject-specific logbooks were used to record the 
injection or introduction of samples into analytical instrumentation. These logbooks also were used to 
record maintenance or problems with instruments. At the completion of the project, the project-specific 
laboratory notebooks and logbooks were returned to the facility QCC for retention. Instrument logbooks 
will be returned to the facility QCC when the books are filled. 

All data were written into standard laboratory notebooks or onto standard formatted data entry sheets. 
These data wefe entered into a database using computer software designed for the FEW treatability data. 
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T 

The sample tracking software is a user friendly program designed for easy storage and retrieval of sample 
information. The stored information can be updated by the user. It is designed to operate on a personal 
computer. Sample information is broken into four components: general sample information, date 
information, TDL analytical information, and formula information. 

General sample information consists mainly of the various sample numbers that are associated with a 
treatability sample number. The date information component stores activity dates associated with the 
treatability sample number (Le., date the mold was poured, cured, crushed, shipped, analyzed, etc.). TDL 
analytical information is shown in Figure 3-5 and formulation information in Figure 3-6. 

The output from this sample tracking software consists of various reports. One report lists all the 
infomation contained in any or all of the four components described above. A schedule report can be 
generated which allows the project manager to schedule project activities based upon actual or projected 
activity completion dates. Another report can be quickly prepared for UCS data calculations and its 
corresponding graphic representation. The last report allows the user to pick any data item which is stored 
in the system and match it with pertinent criteria to produce a database file. This database file interfaces 
directly with SYSTAT statistical software, which is used to analyze the data both numerically and 
graphically. 

The sample tracking software is written in Clipper 5.01. Clipper is available from the Nantucket 
Corporation, Los Angles, California. Although this version is designed specifically for the FEW, it can 
be altered to accommodate other project-specific needs. All records management and reporting followed 
standard QNQC protocol. Standard QNQC protocol, as it applies to testing within the laboratory, 
followed these guidelines: 

One hundred percent verification on all numerical results transcriptions; calculations were 
checked and recalculated. 

Data verification through test reasonableness - Summaries of all test results for individual 
reports were reviewed by the operations supervisor to determine the presence of any data 
that were considered as outliers. 

Routine instrument calibration was performed in accordance with the QAPP 

Use of trained personnel to conduct tests - All technicians were trained in the application 
of standard laboratory procedures for analyses as well as in the QA measures implemented 
for internal QC checks. 

One hundred percent validation was performed to Level V analytical support levels relative to stabilized 
waste samples on full TCLP data. 
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18162413 
-11 TDL AMLYTICAL IHFORMTIW il 

Eh of Uastc(mU): 
pH of Fly Ash: 
Eh of Fly &h(rU): 

pH o f  uastc: 

p~ of nixturc: 
~h of nixtum(mu): 
kisture Content of Lhstetzl: 
fbisture Content of Fly ibhtz): 
fbisture Content of nixturetz): 
Tmpcraturc R ise (C 1 : 
Trc between mix. d tmp. neasur. 
Shear Strength(t/sq. f t .I : 
1 Pay Pocket Pen .acter (Vsq .f t . 
ws(psi 1 : 
ebisture Content, Crushedtzl : 
Bulking FactorW : 

EXTWICIION FLUIDS 
pH of IlTCLP deter. 

F7,RETURN = Accept changes 

F i g u r e  3-5 
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Caaent 6.6. U: 
Fly )5sh Origin(SIIE/COM?l): I Avwnt o f  Flu Ash: 

Sodium S i l i c a t e  6.6.8: 
h u n t  o f  Attapulgitc: 
Attapulgitc 6.6.U: 
Amount of C l i m p t i l o l i t e :  

IT FORttULATION INMRnATION(s) 

Soi 1 Or ig in(OWOFF1: 
Type of' Cement (1-5) : 
h n t  of Cenent: 

Fly MI 6 .6 . i ( i t  required): I Arwnt of Sodiwr S i l i c a t e :  

II 
Amount of Water: 

Wt. not passing se iue :  
@ not passing se iue :  

p.  of Oven: 
e of sanple heating: 

I .. 

I F7,REIURN = Accept changes 

Figure 3-6 
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3.6 DEVIATIONS FROM THE WORK PLAN 1 

3.6.1 Number of Samples Meeting UCS Reauirements 2 

The Work Plan states that a minimum of six samples are required to successfully pass Stage 1 before 
Stage 2 can be eliminated. For the South Field, four samples met the UCS requirement of approximately 
500 psi, and a Stage 2 was not performed. The reasons for relaxing the six-sample requirement are given 
in the DOE letter in Appendix F. The approach defined in this letter was verbally approved by EPA on 

3 

4 

s 
6 

December 3, 1991. 7 

3.6.2 Long-Term Study 8 

Three long-term samples were prepared for the Lime Sludge Ponds for UCS testing. These samples were 9 

UCS tested after 90 days of curing. This test was conducted because of concerns that sulfate in the lime IO 

sludge would cause long-term detrimental effects on the stabilized waste matrix. No detrimental effects 11 

were found. 12 

3.6.3 Preliminarv Remediation Goals 13 

The Work Plan presented preliminary remediation goals (PRGs) for leachate but since the Work Plan was 
developed, EPA has provided additional guidance on PRGs (EPA 1991). The new guidance is specific on 
the definition of PRGs and that definition does not include goals for leachate; therefore, the leachate goals 

referring to the values. The leachate action levels are given in Appendix D and were used to evaluate the 

14 

15 

16 

presented in this report are referred to as "leachate action levels" in order to minimize confusion when 17 

is 

effectiveness of various formulations. 19 

3.6.4 DO0 Levels 20 

The DQO analytical level for TCLP analysis was revised from Level IV to V. A document change 
request is in the approval process. Blank extraction fluid was spiked as specified in the Work Plan, 

21 

22 

23 instead of the sample matrix, as specified in Contract Laboratory Procedure (CLP) protocol. 

3.6.5 Formulas 24 

The formulas given in the Work Plan were not followed exactly. Quantities were typically weighed out to z 

within a gram or less of that specified. Actual quantities used are given in this report (Tables 3-7, 3-8, 3-9 26 

and 3-11). 21 

3.6.6 Reauirements for Advanced Phase Testing 28 

According to the Work Plan, advanced phase testing (TCLP) was not to begin until after the MTCLP 29 

results were obtained. However, the samples which passed the UCS criteria were submitted for advanced 30 

phase TCLP analysis before preliminary phase MTCLP results were received. This was required because 31 

there is a two-week maximum holding time between sample collection and extraction. The time required 32 

for MTCLP extraction, analysis, and data transmittal was in excess of two weeks. All samples did pass the 33 

MTCLP. 34 
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3.6.7 UCS Instrument Limitation 1 

The UC-610 instrument was used to measure the UCS of Operable Unit 2 treatability samples, with double 2 

proving rings of a 1500-pound-load capacity. Hence, the highest UCS achievable for 2-inch diameter 
molds was 478 psi (1500 divided by x2 inches). A decision was made to use 480 psi as the reportable 

3 

4 

upper limit, although the manufacturer (Soil Test) said it could be run at 110 percent of the rated capacity. s 
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4.0 RESULTS AND DISCUSSION 

The overall objective of this treatability testing program was to develop data to assess the performance 
of various reagents in the stabilization of Operable Unit 2 wastes. The Work Plan identified specific 
test objectives so that the performance of the various stabilization mixtures could be evaluated in the 
areas of three response variables - leachability, UCS, and final waste form volume. These 
performance objectives were used to determine whether a particular reagent mixture produced an 
acceptable waste form. 

The reagent mixtures or ranges of reagent mixtures producing an UCS of 5500 psi and minimal 
volume increase, and leachates meeting the leachate action level criteria, were identified for each of 
the Operable Unit 2 waste areas. 

This section of the treatability study report describes the results of the testing program. The section 
also explains the relationship between the reagents added to the wastes and the resulting characteristics 
of the treated material compaml to the performance objectives. 

Section 4.1 presents the treatability test results. Summaries of the formulas used to perform the tests 
and summaries of the TCLP results for the untreated waste samples from the Solid Waste Landfill, 

Lime Sludge Ponds, Active and Inactive Flyash Piles, and the South Field are presented. Wastes from 
the Solid Waste Landfill, the Lime Sludge Ponds, and the South Field were tested. Flyash from the 
active and inactive piles was used as an additive in the formulations; this flyash was not tested 
independently. The results for UCS, leachability, permeability, and bulking factor are presented for 
each waste area separately. Section 4.1 end with a summary comparison of test results with test 
objectives. 

Section 4.2 presents the QNQC results. Section 4.3 discusses the schedule and cost for performing 
the treatability test program. Section 4.4 identifies the project organization and personnel who 
participated in the tnxtability test effort. 

The FEMP characterization data generated for the FU is shown in Appendix A. The treatability study 
stabilization data (formulations, UCSs, permeabilities, and mixing information) are included in 
Appendix B. These data are stored in database files Written in Clipper. (Refer to Section 3.5 for a 
description of the Clipper program.) Appendix C contains the MTCLP and TCLP leaching data on the 
treated material. Appendix D contains comparisons of the MTCLP and TCLP leaching data to 
leachate action levels (HI = 0.2 and risk = lo4) and TC regulatory limits. 
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4.1 TREATABILITY TEST RESULTS 
Exmimental Design 
In order to determine trends of the response variables (e.g., UCS values) as a function of the reagent 
loadings and to determine the envelope of reagents that would meet the performance criteria, 
experiments were designed to yield widely varying values of the response variables. This was 
accomplished by using a wide range of reagent loadings. In Tables 4-1 through 4 4 ,  the percentage 
(weight divided by weight [w/w]) of each reagent weight relative to the wet weight of waste is 
presented. In Stage 1. the range of cement and flyash varied from 15 to 50 and 25 to 50 percent, 
respectively., The adsorbents (attapulgite and clinoptilolite) and setlstrength accelerator (sodium 
silicate) percentages ranged from 0 to 5 percent. 

Stage 2 tests were performed for the Lime Sludge Pond only. The percentage of cement loading 
maximum value was increased to 75 percent and flyash was removed from the mixture. Attapulgite, 
clinoptilolite, and sodium silicate ranges were the same as in Stage 1. 

Tables 4-5 through 4-8 list the formulas, run numbers, UCS, bulking factor, and permeability values 
for the treatability study. Portland cement was added to solidify the waste, to add silicates to react 
with the metals, and to maintain the treated waste in an alkaline form to decrease the leachability of 
the metals of concern. When the cement was used in conjunction with flyash, they functioned to 
increase the strength and decrease the permeability of the mated waste. The flyash also may have 
decreased the effect of inhibitors (e.g., sulfates and oil) on the cement setting and strength formation 
reactions. Site flyash from the active and inactive flyash piles was used in an effort to determine its 
effectiveness in achieving an adequate stabilized waste form. Sodium silicate was added to react with 
the metals and lower their solubilities. The soluble silicates additive may also have increased the 
treated wastes bearing strength, decreased the bulking factor, and lowered the effect of inhibitors (e.g.. 
sulfate) for a given cementlflyash additive loading. Attapulgite and clinoptilolite were added to 
adsorb metals and to decrease the leachability of metals in the treated waste. 

4.1.1 Data Analysis and Internretation 
4.1.1.1 Data Plots 
Most of the plot and regression analysis text is taken directly from the SYSTAT and SYGRAPH 
manuals. (Wilkinson, Leland, SYSTAT: The System for Statistics Evaluation, IL: SYSTAT, Inc., 
1988.) Several plots were used to assist in analysis of the data, Le., bar graphs, scatterplots. SPLOM, 
and influence plots. Bar graphs indicate the relative magnitude of a variable by the height of each bar. 
Scatterplots show relationships between two variables. The SPLOM plots are presented to graphically 
display potential trends in the data. SPLOM stands for "ScatterPLOt Matrix." It is also called a 
"casement plot." SPLOM plots are helpful when there are many variables to plot against each other 
in scatterplots by arranging the data in row and column order. They are not designed for quantitative 
analyses. The influence of a p i n t  in a scatterplot on the correlation coefficient is the amount the 
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TABLE 4-1 

OU2 SOLID WASTE LANDFILL, STAGE 1 
MAXIMUM AND MINIMUM PERCENTS OF REAGENTS RELATIVE TO WASTE 

~~ ~ _ _ ~  ~~ ~ 

Cement Flyash Sodium Silicate Attapulgite Clinoptilotie 
(%o) (%) (%) (%) 

Maximum 15 25 

Minimum 50 50 

0 0 0 

5 5 5 

TABLE 4-2 

OU2 LIME SLUDGE POND, STAGE 1 
MAXIMUM AND MINIMUM PERCENTS OF REAGENTS RELATIVE TO WASTE 

Cement Flyash Sodium Silicate Attapulgite Clinoptilotie 
(%I (%> (%) (%I 

Maximum 15 25 0 0 0 

Minimum 50 50 5 5 5 

TABLE 4-3 

OU2 LIME SLUDGE POND STAGE 2 
MAXIMUM AND MINIMUM PERCENTS OF REAGENTS RELATIVE TO WASTE 

Cement Flyash Sodium Silicate Attapulgite Clinoptilotie 
(%I (90) (%) 

Maximum 50 0 0 0 0 

Minimum 75 0 5 5 

TABLE 4-4 

OU2 SOUTH FIELD, STAGE 1 
MAXIMUM AND MINIMUM PERCENTS OF REAGENTS RELATIVE TO WASTE 

Cement Flyash Sodium Silicate Attapulgite Clinoptilotie 
(%) (%I (%) (%o) (a> 

Maximum 15 25 0 0 0 

Minimum 50 50 5 5 5 

FERIDUZTWJK.WS8.4-ll-12-92 4-3 
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correlation would change if that point were deleted. Plotting influences can help determine whether a 
linear fit to the scatterplot is relatively robust or is dependent on just a few points. The size of the 
plotting symbol represents the extent of influence of each point on the Pearson correlation coefficient. 
Any large points that appear in the plot, they should be ~ c ~ t i n i z e d  before conclusions conceming the 
correlation are drawn. 

Data was also smoothed to assist in determining trends. Linear regression , inverse squared distance 
smoothing, and distance weighted least square smoothing were used. 

4.1.1.2 Smoothing of Plotted Data 
Regression fits a function to data such that the value predicted by the function at each observed value 
of X is as close as possible to the observed value of Y at the same value of X. Ordinary linear 
regression uses a straight line for the function and makes the squared discrepancies between predicted 
and observed Y values as small as possible. The equation for this function looks is: 

Y = u + bX, 

where u is a constant term and b is a slope coefficient. 

A confidence interval on a linear regression line was often used. When the confidence interval is set 
to 90 percent, SYGRAPH draws upper and lower hyperbolic bands around the actual fitted line. 
These bands mean that if the discrepancies (residuals) between the fitted and observed values for Y 
at each X are normally distributed and independent of each other and have the same spread (variance), 
then 90 times out of a hundred, confidence intervals consnucted by SYGRAPH from data sampled 
similarly the same way you found these data will cover the true regression line relating Y to X. 

With inverse squared distance smoothing, the height of the curve at a smoothing point is the weighted 
average of the Y values at X values, where the weights are the squd  Euclidean distances from the 
data points to the smoothing point on the X axis. This is sometimes called Shepard's method of 
interpolation. 

Distance weighted least squares (DWLSs) fit a surface through a set of points by least squares. Unlike 
linear or low order polynomial smoothing, however, the surface is allowed to flex locally to fit the 
data better. 

4.1.1.3 SPLOM Plot Intermtation 
Figures 4-3 and 4-13 (see Page 4-51, and 4-67) are SPLOM plots combined with Influence plots 
where the bulking factor (BULKFACI'), which is defined as the percent volume increase, and UCS 
values (in pounds per square inch [psi]) are plotted versus the normalized reagent loadings. The 
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reagent loadings were normalized to allow for direct comparisons of each reagent on a uniform basis. 
The reagent loadings are normalized to 100 grams of wet weight of waste. The new reagent variable 
names, NPAT, NFCL, NPFA, W ~ O ,  NPFC and WPQ, correspond to the normalized attapulgite, 
clinoptilolite, flyash, water, Portland cement, and sodium silicate loadings, respectively. The weights 
of reagents were normalized by dividing the weights of the reagents by the weight of the waste, then 
multiplying by 100. A linear least square r e p s i o n  line and the 90 percent confidence intervals are 
applied to the data in each plot. If the slope of the line is positive, increasing the reagent loading 
tends to increase the UCS or bullring factor values. The reverse is m e  for a negative slope. A 

horizontal line indicates that the reagent loading has little effect on the UCS or bulking factor. An 
indicator of the signifcane (validity) of the trend indicated by the slope of the line is the shape of the 
confidence interval lines. The significance is greater if the confidence interval lines are close together 
and most of the data points fall inside the region bounded by the co~dence  interval lines. An 
example of most of the data points falling inside narrow confidence interval lines is the relationship 
between NPFC and psi for the Lime Sludge Pond in Figure 4-13. In addition, the size of the points 
are all approximately equal. Thus no one data point has undue influence on the slope of the line. The 
conclusion that increasing the cement loading increases the UCS can therefore be considered valid. 
An example of lower significance is NPPQ versus BULKFAC" Figure 4-13), where the cogidence 
intervals lines are wide and most of the data points fall outside the confidence intervals. Also, the size 
of the data points vary in the Influence plot. Since the cofidence intervals are wide and some data 
points have undue effect on the slope of the regression line, the results are ambiguous. This type of 
SPLOM plot shows UCS and bulking factor as a function of only one reagent loading. There are 
other reagents added to the mixture which also affect the UCS and bulking factor. The procedure does 
not take into account any of the other reagent loadings or combined effects of the reagents. Part of 
the scatter of the data in these plots is the reSult of changing several reagent loadings at the same time. 
The plots are used to show general trends of the data and which reagents had a major effect on the 
UCS and bulking factor values. 

4.1.1.4 EmDiricd Euuations 
Empirical equations were developed for bulking factor by using the Multivariate General Linear 
Hypothesis (MGLH) procedure in SYSTAT. MGLH can estimate and test any univariate or 
multivariate general linear model. 

The model for linear regression is: 

The matrix form of this model is: 

y = X B + e  

4-9 
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where y is a dependent variable vector, X is a vector or matrix of one or more independent variables, 
B is a vector of regression coefficients, and e is a vector of random errors. The XI, X,, ... for this 
study are the percentages (w/w) of all reagents in waste/reagent mixture. The B's and e are calculated 
by the MGLH program. All combinations of each reagent percentage and cross terms of each reagents 
are tested for significance for improving the model. 

The program calculates the Multiple R, Squared Multiple R, and Adjusted Squared Multiple R for the 
model. The Squared Multiple R denotes the proportion of variance in the dependent variable 
accounted for by the independent variables in the linear model. The closer these values are to -1 or 1, 
the better the fit of the model. 

The Adjusted Squared Multiple R reduces this proportion to a level expected when using this model in 
a new sample from the same population. The formula for this adjusted multiple correlation statistic is: 

3527 
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(1 -R2)(n-1) 
(n -P) 

1 -  

12 

where n is the number of cases and p is the number of predictors, including the constant. 13 

The regression coefficients for independent variables are found next to the independent variable names. 14 

15 

16 

For each independent variable, the probability "P(2 TAIL)" that the variable is significant is calculated. 
Values less than 0.05 were acceptable for this project. 

The F-ratio for the model is also calculated. The larger the F-ratio, the better the fit of the model to 17 

the measured data. 18 

4.1.1.5 Actual Data Value Plots 19 

The actual data values also are plotted versus the predicted values to visually assist in determining the m 
validity of the model. The data and predicted values are linear regressed with 90 percent confidence 
intervals. If the model explained all of the variation. the slope of the line would be at a 45-degree 
angle and al l  of the data points would fall on the linear regression line. The more points inside the 90 
percent confidence intervals, the more rigorous the fit of the data. 

21 

22 

23 

Y 

The best fit model has the fewest independent variable, maximum Multiple Squared R, minimum 
POAIL) for each reagent (independent variable), and maximum F-ratio. In addition, the residual 
(actual minus predicted values) should not follow any pattern. 

25 

26 

27 
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An example of MGLH output from the Solid Waste Landfill follows. The repssion had a Squared 
Multiple R of 0.824, Coefficients for PFA and PPC of 5.559 and 2.986, respectively, a 
P(2 TAIL) less than 0.05, and Erati0 of 61.004. 

ASSUMING MIXTURE MODEL 

DEP VmBULKFACI' N 15 MULTIPLER 0.908 SQUAREDMULTIPLER 0.824 

ADJUSTED SQUARED .811 STANDARD ERROR OF ESTIMATE: 11374 
MULTIPLE R: 

VARIABLE COEFFICIENT STDERROR STDCOEF TOLERANCET P(2 TAIL) 

PFA 

PK! 
5559 0380 3.724 0.209 14.635 O.OO0 

2.986 0.453 1.678 0.209 6595 O.OO0 

ANALYSIS OF VARIANCE 

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P 

REGRESSION 7891.796 

RESIDUAL 1681.757 

1 7891.796 61.004 O.OO0 

13 129366 

DURBIN-WATSON D STATISTIC 1.959 

FIRST ORDER AUTOCORRELATION -.069 

The above example provides statistical analysis of bulking factor as the independent variable and 
flyash and portland cement as the dependent variables and is useful for assessing multiple regression 
models. The empirical model from this example is: 

Bulkfact = 5.559 x PFA + 2.986 x PPC 

4.1.1.6 Determination of Sample Distribution 
Each data set was evaluated to determine the probability distribution (normal or lognormal) that best 
describes the data set. The method us@ consisted of the construction of a probability plot of the data 
set. If a straight line fits the plotted points reasonably well, a normal distribution will be assumed. If 
the data do not follow a straight line on the probability plot, the data will be log-transformed and 
replotted. Although a visual inspection of the probability plot is often sufficient to determine whether 
the plotted points follow a straight line, a quantitative determination of the "linearity" of the data is 
perfolmed. 

4-1 1 
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The quantitative evaluation of the probability plots was performed by calculating the correlation 
coefficient of the plotted points on the normal probability plot or on the lognormal probability plot. 
The correlation coefficient was compared with a critical value that depended on sample size (n) and 
the chosen confidence level a (equal to 0.05) (Looney and Gulledge 1985). The values that the 
correlation coefficient must meet or exceed in order to conclude that the distribution is normal or 
lognormal are given in Table 4-9. 

~ 

4.1.1.7 Treatment of Nondetected Results 
Analytical results are presented as "nondetects" whenever chemical concentrations in samples do not 
exceed the detection or quantitation levels for the analytical procedures for those samples. There are 
numerous terms used to describe the detection or quantitation levels (EPA 1989a). Sample 
quantitation limits (SQLs) are the most relevant quantitation limits for evaluating nondetected 
chemicals. SQLs take into account sample characteristics, sample preparation, and analytical 
adjustments. Generally, the detection limit (DL) (the lowest amount of a chemical that can be "seen" 
above the normal, random noise of an analytical instrument or method) is multiplied by a factor of 
three to five to obtain the SQL (EPA 1989a). 

For radionuclides, the minimum detectable concentration (MDC) corresponds most directly to the SQL 
for chemicals. The MDC is the estimate of the activity concentration that can be practically achieved 
under a specified set of typical measurement parameters. These parameters include the sample size, 
counting time, counting efficiency, self-absorption and decay corrections, chemical yield, and other 
factors involved in determining activity concentrations (EPA 1980). For the purposes of evaluating 
data in the Treatability Study, the tern "SQL" was used for both chemicals and radionuclides. 

3527 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

m 

21 

Although EPA's Risk Assessment Guidance for Suuerfund Part A. Human Health Evaluation Manual 
allows for best professional judgement in determining the most appropriate assignment of values for 
nondetected results (EPA 1989a). EPA Region V has requested that a value of one-half the SQL be 
assigned for each nondetected resulL Statistical treatment of background data for risk assessments 
will therefore conform with the methodology requested by EPA Region V. 

4.1.1.8 U m r  and Lower Confidence Limits 27 

In order to conshuct the upper and lower confidence limits (UCL and LCL), a determination of the 
distribution type (normal or lognormal) must be made. Data reported as nondetects will be assigned a 
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30 value of SQL for the purpose of calculating the UCL and LCL. 

The UCL and LCL were calculated for a normal distribution as follows: 31 

32 

33 LCL = X - tl, n-l - (Any 
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TABLE 4-9 

CORRELATION COEFFICIENT TEST RESULTS AT A 95% CONFIDENCE LEVEL* 

n Value n Value 

3 
4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 

22 
23 

24 

25 

- 

0.879 

0.868 

0.880 

0.888 

0.898 

0.906 

0.912 

0.9 18 

0.923 

0.928 

0.932 

0.935 

0.939 

0.94 1 

0.W 

0.946 

0.949 

0.95 1 

0.952 

0.954 

0.m 

0.957 

0.959 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

85 

90 

95 

lo0 

' (Looney and Gulledge 1985) 
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0.960 

0.961 

0.962 

0.963 

0.964 

0.965 

0.966 

0.967 

0.%8 

0.969 

0.972 

0.974 

0.977 

0.979 

0.980 

0.981 

0.983 

0.984 

0.985 

0.W 

0.986 

0.987 

0.987 
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- 
X = sample arithmetic mean 
tla, n-l 
a 
n 
S = sample standard deviation 

= critical value for Student’s t-Distribution (given in Table 4-10) 
= 0.05 (i.e., 1-a = 0.95 or 95% confidence limit for a one-tailed test) 
= number of samples in the set 

The UCL and LCL were calculated for a lognormal distribution as follows: 

where 
- 
Y =  
s y =  - n - 
Ho.95 = 

Cy/n = sample arithmetic mean of the log-transformed data, y = Inx 
sample standard deviation of the log-transformed data 
number of samples in the data set 
value for computing the one-sided upper 95% confidence limit on a lognormal 
mean from standard statistical tables 

- 
4.1.2 Analvsis of Waste Stream Characteristics 
Summaries of the FEh& characterization data generated for the RI are shown in Appendix A. These 
data are analyzed in detail the draft Operable Unit 2 RI Report. The percentage of UCL concentra- 
tions of the TC regulatory and leachate action level criteria are provided in Tables 4-1 1 through 4-16. 
Only constituents of concern (Table 1-1) are addressed in Tables 4-1 1 through 4-16. The 
concentration in the leachate ex& the leaching criteria, if the percentage is greater than 100. If all 
of the leachate concentration values for a particular compound or element were nondetectable, the data 
are not presented in the tables. 

AU three waste areas met or exceeded the TC regulatory levels. There were samples which had 
leachate concentrations in excess of the leachate action levels. In the Solid Waste Landfill, none of 
the chemical constituents exceeded the leachate action levels. However, the uranium concentration 
exceeded the leachate action level by at least one order of magnitude. None of the radionuclides 
exceeded the leachate action level in the Lime Sludge Pond. One organic compound exceeded the 
leachate action level, i.e., 1,ldichlomethene. In the South Field, only silver exceeded the leachate 
action level of radionuclide and chemical constituents. 
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TABLE 4-10 

CRITICAL VALUES FOR STUDENT'S t-DISTRIBUTION' 

to.95, n-1 n- 1 t0.95, n-1 n- 1 

1 6.3 14 16 1.746 

2 2.920 17 1.740 

3 2.353 18 1.734 

4 2.132 19 1.729 

5 2.015 20 1.725 

6 1.943 21 1.721 

7 1.895 22 1.717 

8 1.860 23 1.714 

9 1.833 24 1.711 

10 1.812 25 1.708 

11 1.7% 30 1.697 

12 1.782 40 1.684 

1.771 60 1.671 13 

14 1.761 120 1.658 

15 1.753 00 1 . a 5  

*- 

- -  

a (Koopmans 1987) 
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TABLE 4-11 

SOLID WASTE LANDFILL CHEMICAL 
CHARACTERIZATION DATA COMPARISON TO 

LEACHATE ACTION LEVELS 

Percent of Percent of Percent of Percent of 
95% CI to 95% CI to 95% CI to 95% CI to 
HI = 0.20 E-5 E-6 TC Reg. 
Leachate Leachate Leachate Leachate 

Action Levels Action Levels Action Levels Action Levels 

0.01 

3 1.24 

0.04 2.67 

3.91 

0.18 

26.67 

0.002 

3.12 

0.01 

1.56 

4-16 
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TABLE 4-12 

SOLID WASTE LANDFILL 
CHARACTERIZATION DATA COMPARISON TO 
RADIONUCLIDE LEACHATE ACTION LEVELS 

Percent of Percent of Percent of Percent of 

HI = 0.20 E-5 E-6 TC Reg. 
Constituent Leachate Leachate Leachate Leachate 
of Concern Action Levels Action Levels 

95% CI to 95% CI to 95% CI to 95% CI to 

Action Levels Action Levels 

Ra-226 pCW 2.46 24.59 

Ra-228 1.68 16.78 

Th-228 13.74 1.37 

Th-230 0.25 2.46 

u-234 830.00 8300.00 

U-235/236 100.00 1OOO.00 

U-238 858.00 8580.00 

U-Total 

FERIoumhMB.WP7S8.4wI-12-92 4- 17 94 
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TABLE 4-13 

LIME SLUDGE POND CHEMICAL 
CHARACTERIZATION DATA COMPARISON TO 

LEACHATE ACTION LEVELS 

Percent of Percent of Percent of Percent of 
95% CI to 95% CI to 95% CI to 95% CI to 
HI = 0.20 E-5 E-6 TC Reg. 

Constituent Leachate Leachate Leachate Leachate 
of Concern Action Levels Action Levels Action Levels Action Levels 

~~ ~~~ ~~ ~ 

1.1 -Dichlorethene 0.16 18.33 110.00 1.57 

2-Butanone 0.02 0.00 

Acetone 0.001 

Silver 7.70 

Tetrachlomthene 0.03 0.29 

Toluene 0.0007 

2.86 0.29 

4-18 FERDWlShMB.WP758.W-12-92 
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TABLE 4-14 

LIME SLUDGE POND 
CHARACTERIZATION DATA COMPARISON TO 
RADIONUCLIDE LEACHATE ACTION LEVELS 

Percent of Percent of Percent of Percent of 
9596 CI to 95% CI to 95% CI to 95% CI to 
HI = 0.20 E-5 E-6 TC Reg. 

Constituent Leachate Leachate Leachate Leachate 
of Concern Action Levels Action Levels Action Levels Action Levels 

Ra-226 

Th-228 

Th-230 

u-234 

U-235/236 

U-238 

U-Total 

FERDUZrShMB.WPlS8.4Tn-1292 

1.15 11.52 

10.40 10.40 

1.67 16.71 

1.21 12.12 

0.15 1.49 

0.85 8.49 

0.70 
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TABLE 4-15 

SOUTH FIELD CHEMICAL TREATABILITY 
CHARACTERIZATION DATA COMPARISON TO 

LEACHATE ACTION LEVELS 

Percent of Percent of Percent of Percent of 
95% CI to 95% CI to 95% CI to 95% CI to 
HI = 0.20 E-5 E-6 TC Reg. 

Constituent Leachate Leachate Leachate Leachate 
of Concern Action Levels Action Levels Action Levels Action Levels 

2-B utanone 

4-Methyl-2-pentanone 

Acetone 

Boron 

Cobalt 

Cyanide 

Manganese 

Methylene Chloride 

Molybdenum 

Nickel 

Silver 

-. 

FEwoumMIB.Wp158.4U~- 12-92 

0.01 

0.04 

1.33 

0.97 

0.92 

0.06 

0.03 

0.12 

1.20 

0.16 

5.33 

0.94 9.35 

2.13 
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TABLE 4-16 

SOUTH FIELD RADIONUCLIDE TREATABILITY 
CHARACTERIZATION DATA COMPARISON TO 

LEACHATE ACTION LEVELS 
~ ~ 

Percent of Percent of Percent of Percent of 
9596 CI to 95% CI to 95% CI to 95% CI to 
HI = 0.20 E-5 E-6 TC Reg. 

Constituent Leachate Leachate Leachate Leachate 
of Concern Action Levels Action Levels Action Levels Action Levels 

Th-Total 
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4.1.2.1 Leachabilitv 
Stabilized SamDle TCLP Leachate Analysis 
The MTCI..P and TCLP leachability data of the stabilized waste are presented in Appendix C. The 
MTCLP results axe presented in two different formats: results of actual analysis of the extract and 
results adjusted for dilution by stabantion reagents. Appendix C also contains results on TCL 
volatiles, TCL semivolatiles, TCL pesticides/PCBs, metals, and radionuclides. The TCLP results are 
presented in three different formats: actual analysis of the extract, results adjusted for spike recovery, 
and results adjusted for spike recovery and dilution by stabilization reagents. Samples are '*spiked 
(i.e., dosed with a knowp concentration of compounds being analyzed) and then analyzed. Com- 
parison of the analysis of the spike sample with the known spike concentration gives the spike 
recovery. Recoveries or results for unspiked samples will have approximately the same recovery rate 
as the spiked sample. For example, analysis of a sample with an actual concentration of 100 ppm of 
X may give a result of 80 ppm. The spike recoveries give the information needed to adjust the 80 
ppm to 100 ppm. The correction for dilution is made because addition of the stabilizing reagents 
d u c e s  the conmntrations of the various constituents of concern. In order to determine if leachate 
concentration reductions are due to treatabiiity or dilution, the results are adjusted for dilution. 

Full TCLP and radiological analysis of reagent blanks were conducted to determine possible 
contributions from the reagents to the leachate quality of the treated waste. Additional experimental 
blanks were produced using seven mixtures of reagents on which TCLP and radiological analysis were 
performed to determine if potential contamination could be introduced by the experimental equipment 
or procedures. These mixtures were made in the same equipment and allowed to cure in the same 
type of molds the treated waste would cure in. "Clean" sand (Le., sand sold for use in a child's sand 
box) was substituted in these mixtures for the site waste and site flyash. Appendix C contains the 
leaching data for the reagents blanks and experimental blanks. The leachates from all reagents and 
mixtures cured with sand have contaminant levels below the leachate action levels. The reagents 
which were mixed with water and cured have leachates with similar or lower concentrations of 
contaminants than the reagents by themselves. The reagents are not adding significant concentrations 
of metal, organic, or radionuclides to the waste - reagent mixtures that would cause the mixtures to fail 
the proposed leachate criteria. 

Comparisons of leachate concentrations from samples with formulas with UCS values greater than 400 
psi are presented in Tables 4-17 through 4-22. The percentage of the UCL concentfations of the TC 
and leachate action level criteria are provided in these tables. Only constituents of concern (Table 1-1) 
are addressed in these tables. If the percentage is greater than 100, the concentration in the leachate 
exceeds the leaching criteria. Data for compounds or elements are not presented in the tables if al l  of 
the leachate concentration values for the compounds or elements were nondetectable. All formulas for 
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TABLE 4-17 

SOLID WASTE LANDFILL 
TREATABILITY DATA COMPARISON TO 
CHEMICAL LEACHATE ACTION LEVELS 

Percent of Percent of Percent of 
95% CI to 95% CI to 95% CI to Percent of 

HI4.20 E-5 E-6 95% CI to 
Leachate Leachate Leachate TC Reg. 

Constituent of Concern Action Levels Action Levels Action Levels Levels 

1.1 -Dichloroethane 
2-Butanone 
4-Methyl-2-pentanone 
Acetone 
Aceton& 
Antimony 
Benzoic Acid 
Bis(2ethylhexyl)Phthalat.e 
Cyanide 
Di-n-butylphthalate 
Methylene Chloride 
Molybdenum 
Nickel 
Phenol - 
Silver 
Toluene 
Zinc 

- -  

0.03 
0.01 
0.07 
0.59 
0.3 1 

32.58 
0.001 
0.07 
0.04 
0.60 
0.5 1 
1.22 
0.13 

0.001 
4.44 

0.002 
0.08 

0.002 

0.48 4.79 

4.09 40.91 

. 1.78 

4-23 
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TABLE 4-18 

SOLID WASTE LANDFILL 
TREATABILITY DATA COMPARISON TO 

RADIONUCLIDE LEACHATE ACTION LEVELS 

Percent of Percent of Percent of 
95% CI to 95% CI to 95% CI to Percent of 
HI = 0.20 E-5 E-6 95% CI to 

Constituent Leachate Leachate Leachate TC Ref. 
of Concern Action Levels Action Levels Action Levels Levels 

Ra-228 

Th-228 

Th-230 

Th-232 

5.05 50.50 

0 0 

0 0 

4.2 42 

4-24 
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TABLE 4-19 

LIME SLUDGE POND CHEMICAL 
TREATABILITY DATA COMPARISON TO 

LEACHATE ACTION LEVELS 

Percent of Percent of Percent of 
95% CI to 95% CI to 95% CI to Percent of 
HI = 0.20 E-5 E-6 95% CI 10 

Constituent Leachate Leachate Leachate TC Reg. 
of Concern Action Levels Action Levels Action Levels Levels 

~ ~~~~~ 

2-Butanone 0.02 

Acetone 0.47 

Benzic Acid O.ooo9 

Boron 0.29 

Carbon Disulfide 0.001 

Cyanide 0.02 

Molybdenum 0.80 

Phenol 0.001 

5.23 Silver 

Toluene 0.002 
- 

0.003 

2.09 

4-25 
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TABLE 4-20 

LIME SLUDGE PONDS RADIONUCLKDE 
TREATABILITY DATA COMPARISON TO 

LEACHATE ACTION LEVELS 

Percent of Percent of Percent of 
95% CI to 95% CI to 95% CI to Percent of 
HI = 0.20 E-5 E-6 95% CI to 

Constituent Leachate Leachate Leachate TC Reg. 
of Concern Action Levels Action Levels Action Levels Levels 

Th-228 

Th-230 

Th-232 

I 
I 

0 0 

0 0 

0.19 1.9 

FERIOUrrShMB.WP758.4Nfl- 12-92 
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TABLE 4-21 

SOUTH FIELD CHEMICAL 
TREATABILITY DATA COMPARISON TO 

LEACHATE ACTION LEVELS 

Percent of Percent of Percent of 
95% CI to 95% CI to 95% CI to Percent of 
HI = 0.20 E-5 E-6 9596 CI to 

Constituent LRachate Leachate Leachate TC Reg. 
of Concern Action Levels Action Levels Action Levels Levels 

~ ~~ 

2-Butanone 0.01 

chloroform 0.01 0.02 0.17 0.02 

Lead 0.01 0.58 

Silver 217.85 87.14 

Silver"' 0.01 0.003 

Statistics for constituent with outliners rejected 

FERXIUmlU1B.WP158.40tl-1192 4-27 
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TABLE 4-22 

SOUTH FIELD 
TREATABILITY DATA COMPARISON TO 

RADIONUCLIDE LEACHATE ACTION LEVELS 

Percent of Percent of Percent of 
95% CI to 95% CI to 95% CI to Percent of 
HI = 0.20 E-5 E-6 95% CI to 

Constituent Leachate Leachate Leachate TC Reg. 
of Concern Action Levels Action Levels Action Levels Levels 

Ra-226 

Th-228 

Th-230 

u-234 

U-235/136 

U-238 

1.17 11.72 

3.90 3.90 

0.47 4.71 

1.28 12.80 

0.15 1.45 

1.24 12.41 

i 
c 
E 
1 
b 
I 
fi 
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the three waste areas passed the TC regulatory and leachate action level criteria except for one Ra-226 
analysis. 

The one case where the Ra-226 concentration exceeded the lo5 risk leachate action level value was 
from the Solid Waste Landfill (Run 12D) and used the lowest loading of cement tested on the waste. 
Its duplicate, Run 12, had a nondetectable level of Ra-226. All other radionuclides in Runs 12 and 
12D were below 17 percent of the lod risk leachate action level values. The difference between the 
duplicates may be due to sample heterogeneity. 

ComDarison of Stabilized and Characterization Leachate SamDles 
Chemical 
Tables 4-23 through 4-28 contain the summary statistics for the sample distribution for the Solid 
Waste Landfill, Lime Sludge Ponds, and South Field. This information is provided to describe the 
sample distribution of the characterization data. The UCL and LCL was used to determine if the 
leachate from the treated sample was of the same sample population as the unmated sample. These 
tables are sepmted into two groups. The first contains the chemicals observed in either the 
characterization or the treated samples; the next group of tables contains the chemicals that were 
observed in both the characterization and &ated samples. Tables 4-29 through 4-32 contain the 
percent reductions based on the median values. If the 95 percent confidence intervals overlap, the 
characterization and treated sample population overlap. 

In the Solid Waste Landfill, the leachability of tetrachloruethene, lead, zinc and several other 
compounds or elements increased. In the Lime Sludge Ponds the silver leachability was decreased. 
The leachability of 2-butanone, acetone, and toluene increased in the treated samples. In the South 
Field samples, 2-butanone and silver concentration in the treated sample leachate increased. All these 
leachate concentrations are small and are well below the leachate action levels. The differences are 
likely due to sample heterogeneity. 

Radiological 
Tables 4-33 through 4-37 contain the summary statistics for the sample distribution for the Solid 
Waste Landfill, Lime Sludge ponds, and South Field. This information is provided to describe the 
sample distribution of the characterization data. The UCL and LCL were used to determine if the 
leachate from the treated sample was of the same sample population as the untreated sample. These 
tables are separated into two groups. The first contains radionuclides observed in either the 
characterization or the treated samples; the next group of table contains the radionuclide analyses that 
were observed in both the characterization and treated samples. Tables 4-38 through 4-39 contain the 
percent reductions achieved in the treated samples versus the characterization and mated sample 
population overlap. 
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TABLE 4-29 

SOLID WASTE LANDFILL 
TREATED RAW DATA 

COMPARISON TO CHARACTERIZATION RAW DATA 

Chemical 

Median 
Percent 

Reduction 
(%I 

Overlap 
of 95% CI 

(Y/N) 

2-Butanone 

Silicon 

Silver 
Zinc 

37.50 

0.00 

0.00 
11.63 

4-36 
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TABLE 4-30 

SOLID WASTE LANDFILL 
TREATED SPIKE & DILUTION CORRECTED DATA 

COMPARISON TO CHARACTERIZATION SPIKE CORRECTED DATA 

Chemical 

Median 
Percent 

Reduction 
Overlap 

of 95% CI 
(Y/N) 

2-Butanone 

Silver 

0.00 
0.00 

Y 
Y 

4-37 



3527 
FEMP-OrTR4DRAm 

July 13. 1992 

TABLE 4-31 

LIME SLUDGE POND COMPARISON OF RAW DATA COMPOUNDS 
FOUND IN THE CHARACTERIZATION AND TREATABILITY DATA 

~~ ~~ 

Median Overlap 
Percent Reduct, of 95% CI 

Chemical ( Y N  

2-Butanone -8.33 Y 

Acetone - 169oO N 

Silver 31.1 N 

Toluene -400 N 

4-38 



TABLE 4-32 

SOUTH FIELD 
TREATED DILUTION & SPIKE CORRECTED 

VS. CHARACTERIZATION SPIKE CORRECTED DATA 

Median Overlapping 
% Reduction Populations 

(%I V/N) 

2-Butanone 

Silver 

Silver 

0.00 N 
0.00 N 
0.00 N 

4-39 
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TABLE 4-38 

SOLID WASTE LANDFILL 
COMPARISON OF TREATED TO CHARACTERIZATIONS 

RAW AND DILUTION RADIOLOGICAL DATA 

Radionuclide 

Median 
Percent 

Reduction 
Overlapping 
Populations 

Raw Data Comparison 

Gross Beta 

Ra-228 

99 

-130 

~ 

No 
No 

Dilution Corrected Data 

Gross Beta 

Ra-228 

98 

-313 

4-46 
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TABLE 4-39 

LIME SLUDGE POND 
COMPARISON OF SPIKE CORRECTED CHARACTERIZATION 

TO SPIKE AND DILUTION CORRECTED TREATED DATA 

Overlapping 
Percent Reduct, of 95% CI 

Radiological Constituent (96) W/N) 

U-Total 82.14 N 

4-47 



FIMP-02TR-4-D -3527 
July 13.1992 

The Solid Waste Landfill and the Lime Sludge Ponds had reductions in Ra-226, Th-228, Th-230, and 
uranium. Th-total was observed in the treated sample but not in the characterization samples. In the 
Solid Waste Landfill Ra-228 showed an increase in leachabiility. This result is due to one sample and 
is discussed in the previous section. 

The South Field samples had no radionuclides in common between the characterization and the treated 
samples. Gross beta and total thorium were measured in the treated samples but not in the 
characterization samples. 

General 
The data in Tables 4-5 through 4-8 indicate that the ratio of the weight of attapulgite or clinoptilolite 
to the weight of cement varied from 0 to 20 percent. To minimize potentially detrimental effects of 
clays on the UCS, the weight of clay in the mixture should typically not exceed 10 percent of the 
weight of cement. However, loadings of clays greater than 10 percent of the weight of cement may be 
necessary to control the metals' leachability in some cases. For Operable Unit 2 wastes, analytical 
results indicate that there does not appear to be a metals' leachability problem in the treated materials. 
The concentrations of most metals in the TCLP leachate are below the lo4 leachate action levels or 
HI = 0.20 leachate action levels. Since the leaching of the metals does not appear to be a problem, 
the combined attapulgite and clinoptilolite loadings should be maintained below 10 percent of the 
weight of cement added to minimize the potentially detrimental effect on the UCS. Even if sorbents 
are not necessary to control leachability, the addition of these or other sorbents may be beneficial to 
improve the flowability of the treated waste during mixing. Addition of low loadings of sorbent may 
be beneficial for the adsorption of excess water (e.g., in the Lime Sludge Pond), potentially permitting 
lower loadings of cement to the waste. 

4.1.2.2 Permeabilities 
Ninety-five percent (21 of 22 tests) of the permeability results from the three Operable Unit 2 areas 
were less than 1.5 x lo-' cm/s. There was one outlier sample with a 3.6 x lo4 cm/s value from the 
Solid Waste Landfii (TDL Sample Number 10162513). (Using a t-Test, this sample was shown to be 
an outlier at the 95 percent confidence level.) The lo4 cm/sec sample had visible transverse cracks 
across its width (approximately 120 degrees around the sample) and cracks which paxtially,transversed 
the length of the sample. These fractures may have allowed water to more easily transverse the 
cylindrical monolith. Tables 4-5 through 4-8 present the permeability data, along with the bulking 
factor and UCS results. 

EPA's "Handbook for Stabilization/Solidification of Hazardous Waste" states that "Permeabilities 
measured in solidified waste typically range from around lo4 to lo-* cm/sec. Such low permeabilities 
indicate decreased mobility in the treated waste and a slower transfer of contaminants from the solid 
mass to leaching waters" P A  199Ob). All of the treated samples had permeabilities that are typical 
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of solidified waste forms. Niety-five percent of the samples had very low pemeabilities. The 
dominant flow of water should be around the treated material instead of through the material since the 
mated waste had low permeabilities. 

4.12.3 Stabilization - Solid Waste Landfill 
The following sections discussion of Solid Waste Landfill results for UCS analysis of 2- and 3- 
dimensional graphical results, tabular results, bulking factor, long-term study, and the recommended 
envelope for study. 

Unconfined Compressive Strength 
The Solid Waste Landfill material was premted by using the ashing procedure as described in 
Section 3.1.3.1 before the addition of stabilization reagents. The sample weight loss during the ashing 
process ranged from 19 to 22 percent. This ashing procedure should have volatilized or decomposed 
by oxidation many of the organic compounds present in the waste. In addition, certain metal 
compounds or elements, e.g., zinc chloride if present, would have been partly or completely volatilized 
from the waste. The combination of loss of the organic and inorganic compounds could have removed 
some of the cement setting inhibitors if they were present in the waste. The results presented in this 
section are valid only for samples which have received heat pretreatment. 

This section addresses the UCS results; see Table 4-5 for the UCS, bulking factor, and permeability 
results. These tables are arranged in order of increasing UCS values. The precision of the UCS 
measurement is about 50 psi. Therefore, differences of this magnitude are not significant. Samples 
which did not fracture at the maximum applied axial load during the UCS testing are listed in the 
tables as "~480." Bar graphs of the UCS and bulking factor values as a function of sample number 
are in Figures 4-1 and 4-2 as a visual aid to show the range of UCS and bulking factor values 
measured in the study. 

Analvsis of Graphical Results - 2-Dimensional 
Analysis of the SPLOM plot using the Influence plot option in Figure 4-3 indicates that increasing the 
cement and sodium silicate loadings have a positive influence on the UCS results. However, three 
data points have large influence on the regression line and the confidence interval lines are wide for 
sodium silicate. Thus the conclusions about sodium silicate based on this analysis are questionable. 
The effects of attapulgite, clinoptilolite, flyash, and water loadings on UCS are ambiguous due to the 
wide 90 percent confidence intervals. 

Analvsis of GraDhical Results - 3-Dimensional 
Figure 4 4  is a 3-dimensional(3-D) plot of UCS as a function of normalized flyash and cement 
loadings. The data points are represented as circles attached to a line perpendicular to the X-Y plane. 
The data in the 3-D plot is smoothed by Inverse Squared Distance procedures. At a given cement to 
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flyash ratio, the variations in UCS values are the mult of changing the other reagent loadings, e.g., 
sodium silicate. 

Figure 4 4  shows that at a normalized cement loadings of 50 and normalized flyash loadings from 25 
to 50, UCS values from approximately 400 to 500 psi are obtained. Also there are UCS values 
between 400 and 500 psi at normalized flyash loadings of 25 and cement loadings ranging from 25 to 
50. Analysis of the data in Figure 4 4  and Table 4-5 indicates that for a given cement to flyash ratio, 
the addition of sodium silicate improves the UCS value. A contour plot that represents the data could 
not be determined. Several smoothing routines were investigated, Le., linear, DWLS, Inverse Squared 
Distance, and Negative Exponential. 

Analvsis of Tabular Results 
Interpretation of the data in Table 4-5 indicates that at 15 percent cement, the UCS values range from 
220 through 385 psi. The strength is increased by increasing the sodium silicate concentration. 
Higher attapulgite and clinoptilolite loadings decrease the UCS value; see Table 4-5, Runs 10, 12, and 
11. At 25 percent cement loadiig, the UCS values range from 380 to A80 psi. The effects of the 
other reagents on the compressive strength are ambiguous. At 50 percent cement, the UCS value is . 

water than 450 psi irrespective of the other reagent loadings. Run 7 is an outlier to this trend. 

Bulking: Factor 
Figure 4-5 and 4-6 are the 3-D and contour plots of bulking factor as a function of normalized cement 
and flyash loadings. The plateau in the 3-D plots at the highestcement loadings is an artifact of the 
plotting program. The smallest bulking factors are obtained at the lowest flyash and cement loadings. 
As flyash and cement loadings increase the bulking factor increases. In order to minimize bulking, the 
lowest flyash loading for a given cement loading should be used. 

An empirical equation for bulking factor was determined: 

BF = 5.6 * PFA + 3.0 * PPC, 

where BF is the bulking factor, and PFA and PPC are the percentage of flyash and cement in the 
mated waste when mixed. A plot of the actual measured values versus the estimated values based on 
the mathematical model predictions is in Figure 4-7. The data is linear least square regressed with 90 
percent confidence intervals. The equation has an R2 value of 0.82. The equation indicates that the 
addition of flyash causes almost twice the volume increase as an equivalent addition of cement. This 
empirical equation should be used for qualitative prediction only. 

It is often observed in stabilization of inorganic waste sludges that for equal additions of cement or 
flyash, the addition of flyash will result in a greater increase in bulking than addition of cement. The 
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FIGURE 4-7 

PLOT OF POST BULK FACTOR VS ESTIMATED BULKING FACTOR VALUES 
WITH A 90% CONFIDENCE LIMITS FOR THE SOLID WASTE LANDFILL 
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empirical mathematical models for the Solid Waste Landfill and Lime Sludge Ponds bulking factor 
supports this observation. A plausible explanation for this observation is that part of cement will 

rapidly dissolve and fill the voids between the particles in the mixture. Flyash is slow to react and 
therefore increases the bulking of the treated material more than cement does. 

A qualitative-relarionshitionship between UCS and bullring factor is shown in Figure 4-8. The data is 
smoothed using the DWLS procedure. Generally at bulking factors less than 140 percent, the UCS 
and bulking factor increase in unison. The negative curvature of the line in Figure 4-3 at greater than 
140 percent bulking factor may be an artifact due to the scatter of the data. In particular, the two data 
points at approximately 160 percent bulking factor and 400 psi UCS values cause the best fit curve to 
have a more negative slope. 

Recommended Formulations of Reapents 
The formulations achieving p t e r  than 450 psi are listed in Table 4-40. They are listed in order of 
ascending bulking factor. (See Figures 4-5 and 4-6 for a visual reference of the data point relations to 
each other.) The treated waste had low leachate concentrations when compared to the leachate action 
levels. The samples also had low permeability. Therefore, UCS and bulking factor are the parameters 
used to determine the recommended formulation. The recommended formulations that will achieve a 
UCS value greater than 450 psi and minimize bulking are given in Table 441. For a given cement 
loading the flyash loading should be minimized to control the bulking factor. These recommended 
formulations are valid only for heat preheated material. 

4.1.2.4 Stabilization - Lime Sludge Ponds 
The following sections provide Lime Sludge Ponds discussion of results for unconfined compressive 
strength, analysis of 2- and 3-dimensional graphical results, tabular results, bulking factor, long-term 
study, and recommended envelope for study. 

Unconfined ComDressive Strenah 
This section addresses the UCS results. Tables 4-6 and 4-7 presents the UCS, bulking factor, and 
permeability results. These tables are arranged in order of increasing UCS values. The precision of 
the UCS measurement is about 50 psi. Therefore, differences of this magnitude are not significant. 
Samples which did not fracture at the maximum applied axial load during the UCS testing are listed in 
the tables as "&O." Values above 480 psi are indistinguishable due to the limits of instrument 
calibration. The range of UCS and bulking factor values can be seen in Figures 4-9 through 4-12. 
These figures are bar graphs of the magnitude of the UCS and bulking factor values as a function of 
sample number. 

During Stage I, less than six formulations had UCS values greater than the approximately 500 psi 
performance objective. Thnx formulations had UCS values greater than 400 psi in Stage I. See Table 
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TABLE 4-40 

FORMULATIONS PASSING THE PERFORMANCE CRITERIA 
FOR THE SOLID WASTE LANDFILL* 

Normalized Normalized Bulking 
Cement Flyash Sodium Silicate Attapulgite & Factor 
Loading Loading Loading Clinoptilolite 

Normalized Normalized 

Loadings 

25 25 5 0 107 
50 

25 

50 

25 

50 

50 

0- 1.6 

5 

0 

0-5 120-128 

5 151-157 

1.6 156 

50 50 5 0 166 

*Reagent loading per 1 0 0  pounds of wet weight of waste. 
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TABLE 4-41 

RECOMMENDED FORMULATIONS TO MEET PERFORMANCE GOALS 
FOR THE SOLID WASTE LANDFILL* 

Normalized Normalized Normalized Normalized 
Cement Flyash Sodium Silicate Attapulgite & 
Loading Loading Loading Clinoptilolite 

Loadings 

25 25 5 0 

50 25 0-1.6 0-5 

*Reagent loading per 100 pounds of wet weight of waste. 
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4-6 and Figure 4-9. Revised formulations were tested in Stage II based on the Stage I results. These 
formulations had cement loadings greater than or equal to 50 percent and contained no flyash. All of 
the Stage 11 formulations achieved UCS values m t e r  than 480 psi. 

Both Portland Type I and 11 cements were investigated due to the potential problem of high sulfate 
concentration in the waste. High sulfate concentration may cause a loss of compressive sfrength as the 
material sets and cures. Type 11 cement was investigated because it is less susceptible to moderate 
sulfate attack than Type I. Type I cement was tested because it is more readily available and less 
expensive. 

The Lime Sludge Ponds contain waste from the FEMP water mtment plant, coal pile runoff 
(WEMCO, 1989) and the boiler plant blowdown. The low UCS values for any given formulation (as 
compared to the South Field and Solid Waste Landfill results) may be partly due to the amines added 
to the water in the boiler plant Other unidentified inhibitors may also be present. J. R. Conner's 
book, "Chemical Fixation and Solidification of Hazardous Wastes", list amines (along with alcohols, 
amides, carbonyls and chlorinated hydmarbons) as inhibitors of cement chemical reactions in Chapter 
9 ("Chemical Factors Affecting Solidification", Table 9-1, p. 299). 

Analysis of Gmhical Results - 2-Dimensional 
Figure 4-13 is a SPLOM plot using the Influence plot options. (See Section 4.1.1). Analysis of 
Figure 4-13, indicates that the UCS values are increased by increasing the cement loading. The effects 
of attapulgite, clinoptilolite, water and sodium silicate loadings on the UCS values are ambiguous due 
to the wide confidence intervals. The effect of flyash on UCS is also ambiguous. The slope of the 
linear regression line is negative indicating that increasing flyash loading decreases the UCS. 
However, over half of the data points are outside of the 90 percent confidence intervals. Therefore, 
the flyash results are ambiguous. Figure 4-14 is an altemative plot of UCS and flyash loadings. A 
best-fit line was drawn through the data points using the distance weighted least squares regression 
(DWLS) smoothing mutine in SYGRAPH. Analysis of the figure indicates that as the flyash loading 
increases, the UCS values decrease until the percentage flyash in the reagenthaste mixture exceeds 
about 15 percent in the waste-reagent mixture. The UCS value then increases with subsequent higher 
loadings of flyash. The increasing UCS values after about 15 percent loading may be due to the 
adsorption of amines and other inhibitors by the site flyash. Amines are known to be inhibitors for 
cement chemical reactions (Comer, J. R, Chapter 9, Table 9-1, p. 299). If the inhibitors are adsorbed 
and separated from the cement, the cement setting and strength formation reactions can proceed 
without inhibition. 

Analvsis of Gra~hical Results - 3-Dimensional 
Figures 4-15 and 4-16 are 3-dimensional(3-D) plots of UCS as a function of normalized flyash and 
cement loadings. The data points are represented as circles attached to a line perpendicular to the 
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X-Y plane. The data in the 3-D plots are smoothed by Inverse Squared and DWLS procedures 
respectively. At a given cement to flyash ratio, the variations in UCS values are the result of changing 
the other reagent loadings, e.g., sodium silicate. 

Figures 4-15 and 4-16 show that at a normalized cement loading of 50 and normalized flyash loadings 
from zero (0) to 50, UCS values from approximately 400 to 500 psi are obtained. At lower loadings 
of cement the UCS rapidly decreases. In Figure 4-16 one data point at a loading of 50 and 25 for 
cement and flyash, respectively, was removed from the plot for clarity. In this plot the values of UCS 
decrease at cement loadings greater than 50: This is an artifact of the smoothing routine. Figure 4-17 
is a contour plot of the smoothed surface in Figure 4-16. Qualitative predictions of UCS values as a 
function of cement and flyash loadings may be derived from the contour plot. 

Analysis of Tabular Results 
Low cement loadings are ineffective at achieving the desired strength requirement; see Runs 10 
through 12 in Table 4-6. Cement loadings of 15 percent (w/w of cementlwaste) yield UCS values 
ranging from 87 to 116 psi. At 25 percent cement, irrespective of the type of cement, the UCS value 
varies between 120 and 251 psi. The actual value depends on the other reagent loadings. With this 

percentage of cement, the UCS is below 200 psi when the percentage of flyash is less than 50 percent. 
When the flyash loading is increased to 50 percent, the UCS increases to above 200 psi. The analysis 
of the data indicates that increasing the flyash loading increases the smngth of the sample (see NI~S 1, 
2, 3,4,5, 15, and 16). At 50 percent cement loadings, the UCS values are above 300 psi. The trend 
of increasing strength with greater flyash loadings (observed with 25 percent cement) is r e v e d .  The 
UCS values are greater than 480 psi, between 400 and 480 psi, and between 300 and 400 psi for 0, 
25, and 50 percent flyash loadings, respectively. (See Runs 6, 7, 9, 13, 14, and all of Stage 11.) 
Comparisons of the Type I and Type 11 cement results indicate that within the precision of the test 
they yield the same results. 

Bulking Factor 
Analysis of Figure 4-13 indicates that the bulking factor is increased by increasing all  of the reagent 
loadings, except sodium silicate. Sodium silicate has little effect on the bulking factor, i.e., increasing 
the sodium silicate loading does not cause the bulking factor to consistently increase or decrease. On 
the basis of these graphical results (see Figures 4-13), the most important variables are cement and 
flyash loadings. 

Figure 4-18 and 4-19 are the 3-D and contour plots of bulking factor as a function of normalized 
cement and flyash loadings. The plateaus at the highest and lowest cement loadings are artifacts of 
the plotting program. The smallest bulking factoxs are obtained at zero (0) flyash loading. As flyash 
and cement loadings increase the bulking factor increases. A qualitative relationship between the UCS 
values and bulking factor for Stage I is shown in Figure 4-20. Generally, the UCS and bulking factor 
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increase in Unison. Since all UCS values are A 8 0  psi in Stage 11, no correlation between UCS and 
bulking factor could be determined for Stage II data. 

An empirical equation for bulking factor was determined: 

BF = 1.6 * PFA + 2.4 * PH20 + 0.8 * PPC, 

where BF is the bulking factor, and PFA, PH,O, and PFT are the percentage of flyash, water, and 
cement in the treated waste when mixed. A plot of the actual measured values versus the 
mathematical predicted (estimated) values based on this equation is in Figure 4-21. The data is linear 
least square regressed with 90 percent confidence limits. The equation has an R2 value of 0.755. The 
equation indicates that an addition of flyash causes almost twice the volume increase as an equivalent 
addition of cement. Due to the relatively low R2 value and since almost half of the data is outside the 
90 percent confidence intervals, the equation should be used only for qualitative prediction of the 
bulking factor. 

Lone-Term Study 
Historical process knowledge indicates that high sulfate concentrations exist in the Lime Sludge Ponds 
waste. High sulfate concentration may cause a loss of compressive strength as the material sets and 
cures. Therefore, long-term (90 days) compressive strength studies were conducted to identify if the 
potentially high sulfate concentration in the waste would affect the compressive strength. Three 
formulations were selected that would have UCS values ranging from approximately 100 to 500 psi. 
Portland Type 11 cement was used in each test. Duplicate samples were set for each formulation and 
tested for UCS on Days 28 and 90. The M a y  samples had UCS values greater than the 28-day 
cured samples. This is the expected trend for cement curing without a sulfate problem. The analysis 
of these results indicates that when using Portland Type I1 cement, there is not a detrimental effect of 
sulfate on the UCS. The %day time period was selected because it was about three times the usual 
curing time, and also fell within the time interval during which the veatability study was conducted. 

Recommended Formulations of Reagents 
The formulations achieving p t e r  than 450 psi and using the lowest loadings of cement are listed in 
Table 4-42. They are listed in order of ascending bulking factor. The first two mws are for Stage I 
results; the remainder of the table is for Stage 11 results. The mated waste had low leachate 
concentrations when compared to the leachate action level. The samples also had low permeability. 
Therefore, UCS and bulking factor are the parameters used to determine the recommended 
formulations. The recommended formulations that will achieve a UCS value p t e r  than 450 psi and 
minimize the bulking factor are given in Table 4-43. 
flyash loading is recommended to minimize bulking. 
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TABLE 4-42 

FORMULATIONS PASSING THE PERFORMANCE CRITERIA 
FOR THE LIME SLUDGE Ponds AREA* 

Normalized Normalized Normalized Normalized Bulking 
Cement Flyash Sodium Silicate Attapulgite & Factor 
Loading Loading Loading Clinoptilolite 

Loading 

50 

50 

50 

50 

50 

50 

25 

0 

0 

0 

5 110 

5 88 

0 22-24 

5 31-35 

5 4048 

*Reagent loading per 1 0 0  pounds of wet weight of waste. 
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TABLE 4-43 

RECOMMENDED FORMULATIONS TO MEET PERFORMANCE GOALS 
FOR THE LIME SLUDGE Ponds AREA+ 

Normalized Normalized Normalized Normalized 
Cement Flyash Sodium Silicate Attapulgite & 
Loading Loading Loading Clinoptilolite 

Loadings 

50 

50 

25 

0 

*Reagent loading per 100 pounds of wet weight of waste. 

0 

5 

5 

0 
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4.1.2.5 stabilization - South Field 
The following sections provide South Field discussion of results for unconfined compressive strength, 
analysis of 2- and 3-dimensiona.l graphical results, tabular results, bulking factor, long-term study, and 
recommended envelope for study. 

Unconfined ComDressive Smmh 
This section addresses the UCS results; see Table 4-8 for the UCS, bulking factor, and permeability 
results. These tables are arranged in order of increasing UCS values. The precision of the UCS 
measurement is about 50 psi. Therefore, differences of this magnitude are not significant. Samples 
which did not fhcture at the maximum applied load during the UCS testing are listed in the tables as 
5480." Bar graphs of the UCS and bulking factor values as a function of sample number are in 
Figures 4-22 and 4-23 as a visual aid to show the range of UCS and bulking factor values m d  in 
this study. 

Analysis of Gra~hical Results - 2-Dimensional 
Figure 4-24 is a SPLOM plot where the bulking factor (BULKFACT) and UCS values (PSI) are 
plotted versus the normalized reagent loadings. Analysis of the plots indicates that the compressive 
strength is increased by increasing the cement loading. The effects of attapulgite, clinoptilolite, flyash, 
water, and sodium silicate loadings on the UCS are ambiguous due to the wide 90 percent confidence 
interval. The slope of SPLOM plot for flyash indicates that flyash has a detrimental effect on the 
compressive strength. However, over half of the data are outside the confidence intervals. thus the 
result is ambiguous. 

Analysis of Gra~hical Results - 3-Dimensional 
Figure 4-25 is a 3-D plot of UCS as a function of normalized flyash and cement loadings. The data 
points are represented as circles attached to a line perpendicular to the X-Y plane. The data is 
smoothed by the Linear Least Squares procedure. At a given cement to flyash ratio, the variations in 
UCS values are the result of changing the other reagent loadings, e.g., sodium silicate. Figure 4-26 is 
a contour plot of the smoothed surface in Figure 4-25. Qualitative predictions of UCS values as a 
function of cement and flyash loadings may be derived from the contour plot. The smoothing routine 
predicts the m e a s u d  mults well at higher cement loadings. However, the quality of fit decreases at 
lower cement loadings. At a normalized cement loading of 50 and flyash ranging from 25 to 50, UCS 
values from 400 to 500 psi are obtained. Analysis of the plots and the data in Table 4-8 indicates that 
for a given cement to flyash ratio, additions of sodium silicate improves the UCS. 

Analysis of Tabular Results 
Analysis of the data in Table 4-8 reveals that a 25 percent cement loading (w/w of cernentlwaste) 
yields UCS results from 158 to 354 psi. Run 5 has a UCS value of 354 psi as compared to less than 
296 psi for the other formulations with 25 percent cement loading. This higher UCS value may be 
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FIGURE 4-25 
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due to the higher loading of sodium silicate combined with zero addition of mpulgite and 
clinoptilolite and low loading of flyash. The effects of reagents besides cement and sodium silicate 
are ambiguous at the 25 percent loading of cement. When the cement loading is increased to 50 
percent, the UCS values are greater than 469 psi irrespective of the other reagents. This mnd applies 
to all formulations except for Run 7. Within the precision of this test. using flyash from the active 
and inactive piles location yields the same results. 

bulk in^ Factor 
Analysis of Figure 4-24 indicates that the bulking factor is increased by addition of all reagents except 
sodium silicate. The wide confidence intervals in the sodium silicate and cement plots indicate that 
any conclusions related to sodium silicate and cement are questionable. 

Figure 4-27 and 4-28 are the 3-D and contour plots of bulking factor as a function of normalized 
cement and flyash loadings. The plateau at the highest flyash and cement loadings is an artifact of the 
plotting program. The smallest bulking factors are obtained at the lowest flyash and cement loadings. 
As the flyash and cement loadings increase the bulking factors increase. Figure 4-29 plots UCS versus 
bulking factor. The results are ambiguous. 

An empirical equation for bulking factor was determined: 

BF = 4.9 * PFA + 4.6 * PPC + 28.8 * PAT - 0.79 * PAT * PFA, 

where BF is the bulking factor, and PFA, PPC, PAT, PAT and PFA are the percentage of flyash, 
cement, and attapulgite or clinoptilolite in the treated waste when mixed. A plot of the actual 
measured valves versus the values estimated from the mathematical equation is in Figure 4-30. The 
data is linear least square regressed with 90 percent confidence limits. The equation has an R2 value 
of 0.96. The equation indicates that the addition of attapulgite or clinoptilolite causes almost five 
times gmter volume increase than an addition of an equivalent amount of flyash or cement. The 
effect of flyash and cement on the bulking factor are similar. This empirical equation should be used 
for qualitative predictions of bulking factor, not quantitative. 

Recommended Formulations of Reagents 
The formulations achieving p t e r  than 350 psi are listed in Table 4-44. They are listed in ascending 
order of bulking factor. (See Figures 4-25 and 4-28 for a visual relationship of the data points.) The 
treated waste had low leachate concentrations when compared to the leachate action levels. The 
sample also had low permeabilities. Therefore, UCS and bulking factor are the parameters used to 
determine the recommended formulations. The recommended formulations that will achieve a UCS 
value p t e r  than 350 psi and minimize the bulking factor are given in Table 4-45. To minimize the 
bulking factor, the flyash loading needs to be minimized for a given cement loading. 
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FIGURE 4-27 

3-D PLOT OF LINEAR-BULKING FACTOR AS A FUNCTION OF 
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80 

70 

60 

50 

40 

30 

20 

10 

F E M P - M T R 4 D m  
July 13. 1592 

3527 

10 20 30 40 50 60 70 80 90 

NORMALIZED CEMENT 

FIGURE 4-28 

LINEAR CONTOUR PLOT OF BULKING FACTOR AS A FUNCTION OF 
NORMALIZED CEMENT AND FLYASH LOADINGS FOR SOUTH FIELD 

FElWUZIltJXWF758.4107-12-92 4-88 



I 
I 

I 
1 
I 

I 
I 
I 
1 
1 
I- 
I 

400 

300 

200 

100 

a 

FEMP-Ona4DRAFI' 
July 13, 1992 

a 

a 

a 

a 

100 120 140 160 

BULKING FACTOR 

FIGURE 4-29 

UCS VS BULKING FACTOR FOR SOUTH FIELD 

4-89 

180 

3527 

200 



I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I .  
li 
I 
I 
I 

W 

8 
4 
Y 
2 > 

Zi 
P 

F E M P - O n a 4 D M  
July 13.1992 

3527 

180 - 

160 - - 

- 

- 

100 120 140 160 180 200 
ESTIMATE 

FIGURE 4-30 

PLOT OF BULKING FACTOR VALUES VS ESTIMATED BULKING 
FACTOR VALUES WITH 90% CONFIDENCE LIMITS FOR SOUTH FIELD 



1 
I 
I 
I 

I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
R- 
I 
I 
I 

a 

3527 

FEMP-Ona4DRAW 
July 13. 1992 

- 
TABLE 4-44 

FORMULATIONS PASSING THE PERFORMANCE CRITERIA 
FOR THE SOUTH FIELD AREA* 

Normalized Normalized Normalized Normalized Bulking 
Cement Flyash Sodium Silicate. Attapulgite & Factor 
Loading Loading Loading Clinoptilolite 

Loadings 

25 

50 

50 

50 

25 

25 

25 

50 

0 113 

0 150 

5 173 

5 192-194 

*Reagent loading per 100 pounds of wet weight of waste. 
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- TABLE 4-45 

RECOMMENDED FORMULATIONS TO MEET PERFORMANCE GOALS 
FOR THE SOUTH FIELD AREA* 

Normalized Normalized Normalized Normalized 
Cement Flyash Sodium Silicate Attapulgite * 
Loading Loading Loading Clinoptilolite 

Loadings 

25 

50 

50 

25 

25 

25 

*Reagent loading per 100 pounds of wet weight of waste. 

4-92 



3527 
F E M P - M T R 4 D M  

July 13.1992 

4.1.2.6 Radon Testing 
In accordance with the Work plan, if the combined Ra-226 and Ra-228 content in the treated waste 
exceeded 15 pWg, radon emanation (from the s t a b i i  solids) and radon leaching (in deionized 
water) tests would be performed in the Advanced Phase - optional work. The combined radium 
levels in the 1991 characterization samples were below 15 pCi/g. The radon emanation and leaching 
tests were therefore not conducted. 

4.1.3 ComDarison To Test Obiectives 
All of the performance objectives established in the Tmtabiility Study Work plan for this project were 
met. The performance objectives are listed along with a brief comment on how each objective was 
achieved. The objectives and accomplishments are as follows: 

To develop a database of stabilization reagents and corresponding hazardous and 
radioactive materials leachabiity for stabilized waste forms. 

Data on stabilization of the Operable Unit 2 wastes were obtained during this program. 
Relationships of the leachate concentrations to the leachate action levels are provided. 
The data is managed in a database program which was written using Clipper software. 
A copy of the Clipper printout is presented in Appendix B and a copy of the MTCLP 
and TCLP leachability data are in Appendix C. Comparisons to leachate action levels 
are in Appendix D. In addition, maximum and minimum leaching d t s  for each waste 
unit and each compound are presented in Section 4.1.2. 

To develop a database of stabilization reagents and relative quantities required to 
minimize leachable concentrations of radionuclides and Hazardous Substances List 
(HSL) constituents from the final waste form. 

A copy of the MTCLP and TCLP leachability data are in Appendix C. Comparisons to 
leachate action levels are in Appendix D. See Section 4.1.2.1 for comparison to TC 
regulatory and leachate action level standards. Mathematical models to relate the effects 
of treated waste composition on the stabilized waste leachability would be unreliable due 
to the low concentration of the contaminants in the leachate solutions. See Section 
4.1.2. 

To establish the proof of process and applicability of the selected stabilization 
technology. 

Reagent formulations were identified which met the performance objectives for UCS, 
permeability and leachability. See Section 4.1.2. 

To screen a large number of parameters and identify those that will be Critical for future 
bench-scale studies. 

Various reagents were investigated at several distinct values. The effects of the reagents 
on the performance objectives were determined. It is recommended that tests be 
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conducted in future work to investigate the effects of water, clinoptilolite, and attapulgite 
addition in more detail. 2 

1 

To determine an envelope of cement stabilization reagents and relative quantities 
required, so that the final waste form achieves a UCS of approximately 500 psi. 

3 

4 

The envelope of cement stabilization reagents was determined for each waste unit. See 5 

Section 4.1.2. 6 

To minimize the final volume of treated waste. 7 

Empirical equations were determined for relating bulking factor (percentage volume 
increase) to the reagent additions. Formulations that met the UCS requirements and 
minimized the percentage volume increase were determined and used in the permeability 

8 

9, 

tests. 11 

10 

To provide data which will be used in the FS to estimate the volumes of mated waste 12 

13 that will be generated by each process. 

Formulations that met the UCS requirements and minimized the percentage volume 14 

1s 

determined for relating bulking factor (percentage volume increase) to the reagent 16 

additions. 17 

increase were determined and used in the permeability tests. Empirical equations were 

To develop prelimhary reagent mixtures for use in fun matability studies. 18 

Reagent mixtures were developed and recommendations were made for future 
matability studies. See Section 4.1.2. 

19 

a0 

To provide preliminary cost and design data for the FS. 21 

Ranges of reagent additions that would satisfy the performance criteria were determined. 
Also empirical bulking factor equations were derived which provide information on 
volume increase. This information will be used for the development of the required 
level of cost and design data to meet the FS study requirements. 

22 
23 

24 

25 

To provide leaching characteristics of stabilized and unstabiied waste for use in fate 
and transport modeling, using results obtained from the TCLP. 

The leaching results are described and summarized in Section 4.1.2. A copy of the 
MCLP and TCLP leachability data are contained in Appendix C. Comparisons to 
leachate action levels are in Appendix D. 

To develop preliminary process parameters for use in future treatability studies: shear 
strength, waste form temperature rise, general description of waste before and after 
reagent addition, permeability of stabilized waste, percent of water in the waste, pH of 
the leachate solution, and information if there were significant amounts of gas given off 
during mixing or curing. 
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P r e l i m i ~ ~ ~  process parameters for use in future Wity studies or in the remediation 
were collected. These parameters were designed to indicate if there may be gross 
processing problems while using the grout mixture. The parameters are shear strength, 
waste form temperature rise, penetration resistance, and if there was significant amounts 
of gas given off during mixing. The treated sample is considered processible if the 
mixture has low shear strength ( 4  ton/$), minimal temperature rise (<7 C), and no 
evidence of gas release soon after mixing. In addition to improved handling, the treated 
waste should set to achieve a penetration resistance of greater than 4.5 tonshi? after a 
day of Curing. Based on these parameters, all successful mixtures are processible. 

To provide the chemical and radiological data as shown in the Work Plan, 
Table 34. 

The leaching results are described and summarized in Section 4.1.2. A copy of the 
MTCLP and TCLP leachabiility data are in Appendix C. Comparisons to leachate action 
levels are in Appendix D. 

The completed test program successfully determined ranges of formulations that would meet the 
performance objectives. The data can be used in the detailed analysis of alternatives during the FS 
process. Data was obtained which: 

Confirms that stabilization technology is applicable to Operable Unit 2 
Provides leachate and permeability results for input in the fate and transpor& modelling 
Provides reagent envelopes for the estimation of cost 
Provides information for further analysis in the Remedy Design Phase. 

If cement stabilization is chosen, remedy design work using vendor-specific equipment needs to be 
conducted before implementation of this technology. pilot plant studies to determine the effect of 
sample heterogeneity and vendor specific reagent characteristics need to be performed. It is also 
recommended that further tests be performed to determine the effects of water addition, on the strength 
and long-term stability of the treated waste. If attapulgite, and clinoptilolite are used in future studies, 
their affect on the treated waste stability also needs to be further investigated. In this study, enough 
water was added to make the waste and reagent mixture into a paste that could be easily mixed and 
fluid enough to add to mold for curing. The moisture content of the mixture ranged from 
approximately 22 to 45 percent. The optimum water addition was not determined to maximize the 

UCS. Additional tests with the desired formulation(s) may be investigated with several levels of water 
addition to determine the appropriate range of water additions to maximize the UCS. 

Attapulgite and clinoptilolite were added to decrease the leachability of metals in the treated waste. 
Analysis of the treatability data indicates that the leachability is below the anticipated leachate action 
levels for the site. Therefore, addition of these reagents should not be necessary. Also, the addition of 
these reagents may have a detrimental effect on the unconfined compressive strength. It is therefore 
recommended that a larger scale test with no addition of attapulgite and cliioptilolite be investigated to 
prove that there is not a leachability problem. 
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Additional tests should also be conducted to test the long-tern effect of stabilizing the Lime Sludge 
Ponds with Portland Type I cement. 

1 

2 

4.2 OUALlTY ASSURANQE/OUALI'IY CONTROL 3 

The QAPP for the Femald RVFs is the goveming document of QA covering the remedial investigation 
at the FEMP. The QAPP includes the quality objectives, the requhments for work performance to 

analytical data quality objectives of the QAPP, saict documentation procedures are used in conjunction 
with reagent blanks, duplicate samples, and spiked samples to determine the precision, accuracy, and 
completeness of the data. 9 

4 

5 

6 

7 

8 

meet these objectives, and the means for verifying that the objectives have been met. To meet the 

Project-specific notebooks signed out by the facility QCC to the individuals performing the 
experiments were used to record all daily laboratory activities. Non-project-specific logbooks were 
used to record the injection or introduction of samples into analytical instrumentation, as well as 
maintenance or problems with instruments. The notebooks and logbooks were returned to the facility 
QCC after completion of the project or when the books were filled. Standard QNQC protocol 
followed guidelines specified in Section 7.0 of the Treatability Study Wok Plan. This included ' 

numerical vanscription verification and checking and recalculation of all calculations. Other analytical 
QC activities followed by the laboratories, including instrument calibrations, standards, blanks, 
duplicates, and QC samples, may be found in the lab-specific QAPPs. The results of some of these 
QA activities are contained in Appendices A and C of this report. The purpose and results of some of 
these QNQC checks are explained in this section. 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

m 

4.2.1 Run Blanks 21 

For radionuclide, TCLP, and MTCLP analysis, run blanks consisting of the TCLP extraction fluid 
were analyzed to insure that any contamination in either the extraction fluid or the analytical process 
would be identified. w 

22 

23 

Instrument method blanks were performed by CLP protocol as were the TCLP extraction samples. 
methods were within the CLP limits for each analysis. 

AU 25 

26 

TCLP extraction fluids were analyzed using the same method as the samples. The analyses were 
performed to determine if constituents of concern were being introduced into sample extracts from the 
extraction fluid. Silicon and zinc, constituents of concerned, appeared repeatedly in extract fluid 1 and 
extract fluid 2 at levels at or below contract detection limit for the CLP method of analyses. Acetone 
and methylene chloride were found in high levels in most of the extraction fluid analyses. These 
volatiles were labeled as rejected or undetected in the validation process because the TCLP extraction 
took place in the semivolatile extraction laboratory. All other organic analyses only detected 
constituents of concern at levels below the contract detection limits. 

n 
28 
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4.2.2 Reagent Blanks 
To demonstrate that the reagents (Portland cement Types I and II, attapulgite, clinoptilolite, and 
sodium silicate) used for stabilizing samples did not contribute to the leachable metals, organics, or 
radionuclides in the treated mixtures, aliquots of each were submitted and analyzed for these 
contaminants. In addition, seven mixtures of various amounts of reagents were made pable 3-10) and 
subjected to TCLP analyses. The results are in Appendix C. Many of the constituents of concern are 
found at low levels in the reagents. Some constituents such as barium, copper, manganese, boron, and 
silicon are found at levels above 1 ppm. Radionuclides are also in the reagents used in the 
solidification process. The clays showed a gross alpha of 77.3 pCi/L, with Ra-228 at 8.58 and total 

uranium at 4.32 g/L. The commercial flyash analyzed at 14.9 p C i i  for gross beta with total 

uranium at 8.04 g/L. The portland cements reported gross betas at 290 and 278 pCi/L and Ra-226 
at levels of 4.48 and 7.77 pCii. These constituents are found at these levels in nature. 

4.2.3 SDiked Samdes 
The spiked sample analysis is designed to measure the accuracy of the data and provide information 
about the effect of the sample matrix being analyzed on the digestion (if required) and measurement 
methodology. The spike was added to the leachate from the TCLP or MTCLP before the digestion 
At least one spiked sample analysis was performed on each group of samples of a similar matrix type 
(ex: water, soil) and concentration (i.e., low, medium) for each set of leachate samples submitted for 
analysis or for each 20 samples analyzed. 

For organic compounds, if spike recovery was not within the limits as specified by the CLP protocol, 
the data was flagged with an 

For metals, if the spike recovery was not within the limits for the analyte of concern, the data for all 
samples associated with the analysis of that spiked sample were flagged with the letter "N." An 
exception to this rule was granted in situations where the sample concentration exceeded the spike 
concentration by a factor of four or more. In such a case, the spike recovery was not considered and 
the data was reported unflagged even if the percent m v e r y  did not fall within the control range. 
Individual spike recoveries were calculated using the following equation found in the EPA guidance 
document Weparing Perfect Project Hans" @PA 1989b): . 

(S-u) * 100 % Recovery = 
' S A  
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where 
S = spiked sample result 
U = unspiked sample result 
C,, =spikeadded 

When the sample concentration was less than the instrument detection limit, S = 0 was used for the 
purpose of calculating the percent recovery. 

For the volatile spiked compounds, 10 out of 80 spike recoveries fell outside the CLP protocol Q 
C Limits. Only three of the spiked compounds of the five weR outside of QC limits. 

Semivolatile spiked compounds showed 50 out of 242 spike recoveries fell outside the CLP protocol 
QC limits. All but one of the 11 compounds, acenaphthene, showed recovery problems. 

The pesticide spike recoveries f a i d  much better with 3 of 120 spike recoveries outside the QC- 
required limits. Only 4.4-DDT had spike recoveries outside the QC limits. 

The only metals with spike recoveries outside the CLP protocol QC limits are arsenic, lead, selenium, 
and thallium. The arsenic spike recoveries showed six out of 10 analyses outside the QC limits; the 
lead and thallium only had 1 of 10 analyses out; and the selenium had 4 out of outside QC limits. Of 
the 217 percent spike recoveries evaluations done for the metals, 202 were within the QC limits. 

The spiked recovery results are included in Table 446. 

4.2.4 Relative Percent Difference 
The relative percent difference (RPD) is a comparison of the results of running duplicate samples 
through the same analytical procedures. Evaluating RPD results gives another indication of the 
validity of the data. The RPD for each analyte (or meaSured parameter) was calculated using the 
following equation: 

(Cl42) * 100 
(Cl + C w  

RPD = 

where 
RPD = relative percent difference 
Cl 
C2 

= larger of the two observed values 
= smaller of the two observed values 
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Table 446 
PERCENT SPIKE RECOVERY OF TREATABILITY SAMPLES’ 

VOLATILES 

AVERAGE 
QC SPIKE # Outside 

(%I (%I Limits 
Limits RECOVERY QC 

1 1 -Dichlomthene 

Trichloroethene 

Benzene 

Toluene 

Chlorobenzene 

61-145 

71-120 

76-127 

76- 125 

75-130 

88 

99 

101 

96 

99 

6 of 16 

3 of 16 

1 of 16 

0 

0 

SEMIVOLATILES 

Phenol 12-86 

2-Chlorophenol 27-123 

1 ,4-Dichlorobenzene 36-97 

N-Nitrosodi-n-propylam 

lt2.4-Trichlorobenzene 

4-Chloro-3-methylphenol 

Acenaphthene 

4-Nitrophenol 

2.4-Dinitrotoluene 

Pentachlorophenol 

pyrene 

41-116 

39-98 

23-97 

46-1 18 

10-80 

24-96 

9- 103 

26-127 

76 

103 

58 

52 

68 

82 

74 

76 

81 

100 

112 

6 of 22 

4 of 22 

1 of 22 

6 of 22 

1 of 22 

3 of 22 

0 

9 of 22 

3 of 22 

10 of 22 

7 of 22 

PESTICIDES 

gamma-BHC (Lindane) 56- 123 

Heptachlor 40-131 

Aldrin 40- 120 

Dieldrin 52- 126 

Endrin 56-121 

4,4’-DDT 39- 127 

78 

81 

76 

88 

79 

111 

~~ ~ 

0 

0 

0 

0 

0 

3 of 20 

4-99 



I 
1 
I 
3 
c 
3 
I 
c' 
8 
E 

I 
I 
v 
t 
a 
I 
I 
I 

F E M P - - - 4 - D d  5 2 7 
July 13. 1992 

Table 4-46 
(Continued) 

- 
AVERAGE 

QC SPIKE # Outside 
Limits RECOVERY QC 

METALS (a) Limits 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

Cobalt 

Copper 
Iron 

Lead 

Manganese 

Mercury 

Nickel 

Selenium 

Silver 

Thallium 

Vanadium 

Zinc 

75-125 

75-125 

75- 125 

75- 125 

75- 125 

75-125 

75-125 

75-125 

75-125 

75-125 

75-125 

75-125 

75-125 

75-125 

75-125 

75-125 

75-125 

75-125 

75-125 

98 

106 

75 

100 

97 

88 

93 

96 

98 

99 

85 

97 

106 

99 

71 

88 

101 

99 

96 

Oof 10 

Oof 10 

6 of 10 

Oof 10 

Oof 10 

0 of 10 

0 of 10 

Oof 10 

Oof 10 

Oof 10 

1 of 10 

Oof 10 

0 of 10 

Oof 10 

4 of 10 

Oof 10 

1 of 10 

0 of 10 

Oof 10 

Cyanide 75-125 

Molybdenum - 75-125 

Boron 75-125 

Silicon 75-125 

95 

100 

98 

99 

00f2 

Oof 10 

00f5 

00f9 

*TCLP extract is analyzed by CLP protocol 
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TABLE 4-47 (Continued) 

RELATIVE PERCENT DIFFERENCE PERMEABILITY* 

Solid Waste Landfill Lime Sludge Pond, S.1 Southfield 

Run No. 3, 3D 7, 7D 5, SD 6, 6D 
RPD RPD RPD RPD 
(%) (%I (8) (%I 

Permeability 47 200 117 179 

*Table represents % RPD where positive concentrations were detected for both the original and duplicate 
sample m. 
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TABLE 4-47 (Continued) 

RELATIVE PERCENT DIFFERENCE SEMIVOLATILES~ 

Run No. 3, 3D 7, 7D 

(%) 

Compound Name 
Benzoic acid 

* Table represents 9b RPD where positive concentrations were detected for both the original and duplicate 
sample runs. 
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4.2.5 DUD SamDkS 
At least 20 percent of all  experimental tests were duplicated. Three duplicate treated mixtures were 
made for the Solid Waste Landfill (Runs 3,7  and 12 of the 12 formulations, Table 3-7). the Lime 
Sludge Ponds Stage I (Runs 5, 10 and 16 of the 16 formulations, Table 3-9), and the South Field 
(Runs 3, 6 and 10 of the 12 formulations, Table 3-9). Two duplicate mixtures were made for the 
Lime Sludge Ponds Stage II (Runs 3 and 7 of the 9 formulations, Table 3-1 1). These results axe 
included in Appendix C. 

The percent RPD was calculated each constituent where positive concentrations were detected in both 

the original and the duplicate run samples. These values are in Table 447. Many concentrations were 
small reflecting large values for the percent RPD recoveries. 

4.2.6 ComDleteness 
Another calculation used to assess data quality is the level of completeness. The level of completeness 
is calculated using the folloiving equation: 

%C = 100% * (V/n) 

where 
%C = percent completeness 
V 
n 

= number of measurements judged valid 
= total number of measurements necessary to achieve a specific statistical 

level of confidence in decision making 

During the course of the study, 2822 chemical and radiological analyses were performed on advanced 
stage samples. The completed analyses totaled 2736 for a completeness rate of almost 97 percent. 

4.3 SCHEDULEKOST FOR PERFORMING THE TREATABILITY STUDY 
Fkparation of the Operable Unit 2 Treatability Study Work Plan began in April 1991. A draft was 
prepared and underwent several iterations before it was submitted to EPA for review on August 24, 
1991. EPA reviewed the document from August 23 to September 23, and in the process generated a 
list of comments. Responses to EPA comments, along with a revision of the Work Plan, were 
prepared between September 24 and October 21. The revised Work Plan and comment responses were 
submitted to EPA for review and approval on October 23. 

Because of the tight schedule as shown in Figure 4-31, a decision was made to begin treatability 
testing before EPA approval. The first treatability sample was mixed on September 23, one month 
before the last Work Plan submittal to EPA. 
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The Stage 1 molds were mixed between September 23 and October 9. Based on the Stage 1 results, it 
was decided that a second stage would be performed on the Lime Sludge Ponds. These samples were 
taken between November 7 and November 14. 

Because of the lack of time, it was not possible to sequence a preliminary phase with a subsequent 
advanced phase. Instead, a large number of samples were mixed, each was large enough to be used 
for both preliminary and advanced stage analysis. After each sample was UCS tested, MTCLP 
analyses was performed; however, holding time limits (two weeks) did not permit waiting for the 
results of MTW analysis before deciding which samples would go into advanced phase testing. 
Therefore, the decision to send a sample into the advanced phase analysis was based on the results of 
the UCS test.. The MTCLP results were used to decide if another stage would be required based on 
leachability problems. 

The fUll TCLP analysis of these samples did present problems. The cement in samples resulted in 
high concentrations of calcium in the TCLP leachates. This made some of the radiological analyses 
very difficult. 

The high levels of calcium in the leachate resulted in what is called a difficult matrix. This result 
caused a doubling of the analytical tests. The levels of radioactivity in the samples also affected the 
cost. The single factor having the greatest impact was, however, the total number of samples 
receiving the advanced phase analysis. The large number of samples was required due to the inability 
(due to schedule) to identify a few promising formulations in a timely manner. 

The overall cost of the Operable Unit 2 treatability program is approximately $1,200,000 with about 
two thirds of this amount for analyses. 

4.4 KEY CONTACTS FOR OPERABLE UNIT 2 TREATABILITY STUDY 
The project management organization for Operable Unit 2 treatabdity is shown in Figure 4-32. The 
principal parties include: DOE Femald Field Office, WEMCO, ASW, the IT Technology 
Development Laboratory, and Parsons. 

Personnel involved in the management of the entire RVFS include Jack R. Craig, DOE Project 
Director, who is responsible for the RVFS; John D. Wood, ASW’s Project Director for the RVFS 
contractor, and ASI/lT’s John E. Razor, who &mes as Deputy Project Director and is responsible for 
the technical content of all the RVFS consultant’s documents. 

Additional personnel involved in the management of RI/FS treatability programs for all operable Units 
include Dr. N. E. Hopson, ASW’s Technical Integration Manager, who is responsible for specific 
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major work tasks as follows: RI, NEPA, and Treatability; and, Samuel H. Wolinsky, Treatability 
Coordinator for all operable unit treatability studies performed by the RI/F'S consultant. 

Personnel specifically imrolved in Operable Unit 2 include Johnny W. Reising, DOE Operable Unit 
Manager. Robert J. Skalka. WEMCO's Integration Contractor Operable Unit Manager, and Kathryn 
W. Riedel, Operable Unit Manager for Parsons, the remedial design contractor. David F. Smith serves 
as the RUFS Operable Unit Manager. 

The IT Technology Development Laboratory personnel performed the actual tre!atabii,ty testing. These 
individuals are Edward S. Alperin, Treatabiity Operations Manager, who is responsible for a l l  
treatability testing programs within the laboratory; D m l l  T. Drouhard, Project ManagerEngineer, 
who coordinates all treatability laboratory work between the laboratories and the site; Dr. Ernest F. 
Stine, Jr., Operations Supervisor, who is responsible for the technical aspects of the treatability 
programs at the laboratory; Prasad Subbanna, Project Engineer, who performs most of the experiments; 
and Patti B. Carswell, Laboratory Quality Assurance Coordinator, who is responsible for a l l  QA 
activities. 

The following list provides the addresses and phone numbers of the key contacts associated with the 
Operable Unit 2 Treatability Study Report: 

Edwards.Alperin(lT) 
Treatability Operations Manager 
IT Corporation - Technology Development Laboratory 
304 Directors Drive 
Knoxville, TN 37923 
(615) 690-3211 

DennisJ.Carr(WEMC0) 
Contract Technical Monitor 
Westinghouse Environmental Management Co. of Ohio 
P.O. Box 398704 
Cincinnati, OH 45239 
(513) 738-6931 

PattiB.Carswell(IT) 
Laboratory Quality Assurance Coordinator 
IT Corporation - Technology Development Laboratory 
304 Directors Drive 
Knoxville, TN 37923 
(615) 690-3211 

Mr. Jack R. Craig (DOE) 
Project Director 
U. S. Department of Energy 
P.O. Box 398705 

4-1 12 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

m 
21 

22 

23 

24 

25 
26 

n 
28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 



Cincinnati, OH 45239-8705 
(513) 738-6159 

D m l l  T. Dmuhard (IT) 
Project Manager/Engineer 
IT Corporation - Technology Development Laboratory 
304 Directors Drive 
Knoxville,TN 37923 
(615) 690-3211 

Dr. N. E. Hopson (ASI/IT) 
Technical Integration Manager 
Advanced Sciences, Inc. 
P.O. Box 475 
Ross, OH 45061 
(513) 738-3100 

John Razor (ASVrr) 
Deputy Project Director 
Advanced Sciences, Inc. 
P.O. Box 475 
Ross, OH 45061 
(513) 738-3100 

Johnny W. Reising (DOE) 
Operable Unit 2 Manager 
U.S. Depamnent of Energy 
P.O. Box 398705 
Cincinnati, OH 45239-8705 
(513) 738-9083 

Kathryn W. Riedel (Parsons) 
Operable Unit 2 Manager 
ParsonS 
6120 South Gilmore Road 
Fairfield Executive Center 
Fairfield, OH 45014 
(513) 870-81 14 

Robert J. Skalka (WEMCO) 
Integration Contract Operable Unit Manager 
Westinghouse Environmental Management Co. of Ohio 
P.O. Box 398704 
Cincinnati, OH 45239 
(513) 738-6760 
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David E Smith (ASI-lT) 
Operable Unit 2 Manager 
Advanced Sciences, Inc. 
6739 Academy Rd., NE. 
Albuquerque, NM 87109-3345 
(505) 828-0959 (ex 368) 

Dr. Emest F. Stine, Jr. (IT) 
Operations Supervisor 
IT Corporation - Technology Development Laboratory 
304 Directors Drive 

' Knoxville, TN 37923 
(615) 690-3211 

b a d  Subbanna (IT) 
Project Engineer 
IT Corporation - Technology Development Laboratory 
304 Directors Drive 
Knoxville, TN 37923 
(615) 690-3211 

Samuel H. Wolinsky ( A S m  
Treatability Coordinator 
Advanced Sciences, Inc. 
P.O. Box 475 
Ross, OH 45061 
(513) 738-0430 

JohnWood(ASVIT) 
Project Disector 
Advanced Sciences, Inc. 
P.O. Box 475 
Ross, OH 45061 
(513) 738-3100 
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No. I Area ISuffix I No. 
067016 I Inactive Flvash I 79016 

I067016 1 inactive Flvash I 75014 
067021 Inactive Flyash 75354 
067021 Inactive Flyash 107062 
067021 Inactive Flvash 78933 

067023 I Inactive Flyash I 108907 
067023 Inactive Flyash 67663 
067023 Inactive Flyash 1271 84 
067023 Inactive Flvash 7901 6 

107062 

067024 Inactive Flyash 71 432 
067024 Inactive Flyash 56235 
067024 Inactive Flvash 108907 

1067025 I inactive Flyash 1 67663 
067025 Inactive Flyash 1 10861 
067025 Inactive Flyash 1271 84 
067025 Inactive Flvash 7901 6 

7501 4 

107062 
78933 I 

067038 Inactive Flyash 71 432 
067038 Inactive Flvash 56235 

I 067038 I Inactive Flvash I 108907 
67663 

7901 6 
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Table A-6. Fernald Environmental Management Project Pesticide/PCB Characterization TCLP Data Page 8 
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Sample 
No. 
061319 
06131 9 
061319 

CAS Qualifiers 
Area Suffix No. Constituent Units Lab Q3 0 4  IQ5 Result 

South Field 51 0371 9 alpha-Chlordane 0.5 pg / L U - - -  
South Field 72208 Endrin 0.1 pg/L u - - - 
South Field 58899 aamma-BHC (Lindane) 0.05 ualL U - - - 
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Table A-8. Validation Qualifier Codes Used with 
Characterization Data 

Codes related to Identification: 

U = Not detected. The associated number indicates approximate 
sample concentration necessary to be detected. 

(No Code) = Confirmed identification. 

[IDL is defined as the lowest measurable quantity above that 
of random noise multiplied times a factor of two (2)] 

R = Results unusable. Analyte may or may not be present in the 
sample. Supporting data necessary to confirm result. 
Resampling and reanalysis are necessary. 

N = Tentative identification. Consider present. Special methods 
may be needed to confirm its presence ar absence in future 
sampling efforts. 

Codes Related To Ouantitation: 

J = Analyte present. Reported value may not be accurate or 
precise. 

UJ = Not detected, quantitation limit may be inaccurate or 
imprecise. 

Codes Related to Radiochemical Samdes: 

J = Analyte present. Reported value may not be accurate or 
precise. Qualifier is applied where: 

. Calculated total uranium value is outside the acceptance 

e Calculated percent enrichment value is outside the 

. Calculated U-234 to U-238 activity is outside the 

limits. 

acceptance limits. 

acceptance limits. 

R = Result unusable. Analyte may or may not be present in the 
sample. Qualifier is applied where QC data not located or 
where QC data exceeds control limits. Supporting data 
necessary to confirm result. Resampling and reanalysis are 
necessary. 
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EXPLANATION OF THE TREATABILITY CLIPPER PROGRAM 

3527 
FEMP-02TR-DRAFT 

May 11. 1992 

The data base package was created by Malcolm Thomas with Clipper software. The following list 
provides an explanation of each type of information contained in the treatability data table. Where - 
9.999 appears, no data was e n t e d .  

Comn Samde - The entries in this column are either "Y" or "N'. "Y" indicates that a 
sample is a composite (i.e., waste from more than one raw waste sample) was used in 
mixing the treatability sample. "N" indicates that only one waste sample was used (or in 
the case of the raw materials [play sand] samples, no waste). 

Femald SamDle # - These are six digit numbers, which the Femald sample tracking 
system uses. If a sample is a composite, a new Femald number is assigned by the 
treatability laboratory. If a sample is not a composite, the sample number assigned to the 
untreated waste sample at Femald is used. 

Treatabilitv Sam~le  # - Each treatability sample is assigned a unique number. The first 
four digits represent the laboratory notebook. The next two digits represent the page in 
the notebook on which the sample formulation data is entered. The last two digits 
represent the containers in which the sample is cured. 

ETDC Sam~le  # - Each sample container that is logged into the treatability laboratory is 
assigned a unique number, even if a sample is shipped in several containers. If more 
than one ETDC sample is used in mixing a sample, then a "0" appears in this column. 

Comment - Self explanatory. 

ETDC #1 Waste - If more than one ETDC sample is used in a sample, then the first 
waste appears in this column. 

ETDC #2 Waste - If waste from two sample containers is used, the ETDC sample 
number from the second container is entered in this column. 

ETDC #1 Flv Ash - If fly ash is used in a sample, the ETDC number from the sample 
container is entered. 

ETDC #2 Flv Ash - If fly ash from two containers is used, the second container number 
is entered. 

Femald #1 Waste - If more than one Femald sample was used, the Femald sample 
number from the first waste i i  entered. 

9 

10 

11 

12 

13 

14 

IS 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

n 
23 

29 

30 

Femald #2 Waste - If two Femald waste samples were used, the sample number for the 31 

second sample is entered. 32 

Femald #1 Flv Ash - This column lists the Femald sample numbers of the fly ash used in 
the sample. 34 

33 
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May 11. 1992 

Femald 1 Fly Ash - If flyash from two Fema 
number of the second flyash is entered here. 

flyash samples was used, the sample 

Mold Mix Date - This represents the date on which a sample was mixed with reagents 
and placed in the containers to begin the curing process. 

Planned Days to Cure - These dates are 28 days after the mold mix date. 

UCS Date - The date on which the sample was unconfined compressive strength (UCS) 
tested. This date should be the same as the "Planned Days to Cure" date. 

Mold Crush Date - The date on which the cured treatability samples were crushed to a 
particle size meeting the requirements of the TCLP. 

MTCLP Extract Date - The date on which the MTCLP extraction was started. 

MTCLP ShiD Date - The date on which the h4TCLP extract was shipped to the analytical 
laboratory. 

MTCLP Analysis Date - The date on which the metals analysis was completed. 

TCLP Extract Date - The date on which the analytical laboratory performed the TCLP 
extraction. 

TCLP ShiD Date - The date on which the crushed samples were shipped from the 
treatability laboratory to the analytical laboratory. 

TCLP Analysis Date - The date on which the TCLP analysis was completed for metals 
and organics. 

PCT ShiD Date - This heading is for Vitrification samples. It is not applicable to 
Operable Unit 2. 

Amount of Waste - The mass of waste, in grams, used in mixing the treatability samples. 

Amount of Soil - This heading is for vitrification samples. It is not applicable to 
Operable Unit 2. 

Soil Origin - This heading is for vitrification samples. It is not applicable to Operable 
Unit 2. 

T v ~ e  of Cement - Either Type 1 or Type 2 portland cement was used. 

Amount of Cement - The mass of cement, in grams, used in the treatability sample. 

Flv Ash Origin - Site fly ash from the Operable Unit 2, versus commercial fly ash was 
used in the treatability study. 

Amount of Fly Ash - The mass of fly ash, in grams, used in the treatability sample. 

a 
2 4 
4 3 B  
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Amount of Sodium Silicate - The mass of sodium silicate, in grams, used in the 
treatability sample. 2 

1 

Amount of AttaDulg - The mass of attapulgite, in grams, used in the sample. 3 

4 Amount of ClinoDtil - The mass of clinoptilolite, in grams, used in the sample. 

5 Amount of H2Q - The amount of water, in grams, used in the sample. , 

6 Amount of Sodium H. - Not applicable. 

7 Hand Mix - An " N  indicates that a mechanical mixer was used to mix the sample. 

Sieve S i 7 ~  - Typically, the waste was passed through a sieve before it was used to make 
treatability samples. This column lists the size of the openings in the sieve. 

8 

9 

Weight Not Passing Sieve - This column reports the mass of material in the raw sample 
that would not pass through the sieve. 

10 

11 

Percent Not Passinc Sieve - The percentage of the raw sample that would not pass 12 

through the seive. 13 

Temuerature of Oven - This heading is for vitrification samples. It is not applicable to 14 

Operable Unit 2. 15 

Time of SamDle Heating (min) - This heading is for vitrification samples. 
applicable to Operable Unit 2. 

It is not 16 

17 

Normalized Waste - To make it easier to compare the various formulations, al l  of the 18 

19 reagents were adjusted to a normalized waste quantity of 100 grams. 

96 of H,O in Waste - Percent of raw waste that is water. 20 - 
Normalized Water - The mass of water, in grams, used for each 100 grams of waste to 
mix the samples. 22 

21 

Normalized Na Silicate - The mass of sodium silicate, in grams, used for each 100 grams 
of waste to make the treatability sample. 

23 

24 

Dry Blend - The sum, in grams, of normalized cement, normalized fly ash, normalized 
attapulgite, and normalized clinoptilolite, used in the sample. 

25 

26 

Normalized Cement - The mass of cement in grams, used for each 100 grams of waste. n 

Normalized Flv Ash - The mass of fly ash, in grams, used for each 100 grams of waste. 28 

Normalized Atta~ulg - The mass of attapulgite, in grams, is used for each 100 grams of 29 

waste. 30 
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Normalized ClinoDtil - The mass of clinoptilolite, in grams, used for each 100 grams of 
Waste.  

Normalized Soil - This is for vitrification and is not applicable to Operable Unit 2. 

Normalized N Hydro - This is for vitrification and is not applicable to Operable Unit 2. 

% of Waste - The mass of waste used to make the treatability sample divided by the 
mass of the mixed treatability sample, multiplied by 100. 

% of Cement - The mass of cement used to make the treatability sample, divided by the 
mass of the sample, multiplied by 100. 

% of Mv Ash - The mass of fly ash used to make the treatability sample, divided by the 
mass of the sample, multiplied by 100. 

% of Sodium Silicate - The mass of sodium silicate used to make the treatability sample, 
divided by the mass of the sample, multiplied by 100. 

% of AttaDulq - The mass of attapulgite used to make the treatability sample, divided by 
the mass of the sample, multiplied by 100. 

% of Clinoptil - The mass of clinoptilolite used to make the treatability sample, divided 
by the mass of the sample, multiplied by 100. 

-2- % of H 0 - The mass of water added to make the treatability sample, divided by the 
mass of the sample, multiplied by 100. 

Notes: Specifically, description of waste before and after mixing. 

pH of Waste - This measurement is made on a mixture of raw waste and water. 

Eh of Waste (mV) - This measurement, in millivolts, is made on a mixture of raw waste 
and water. 

pH of Fly Ash - This measurement is made on a mixture of raw waste and water. 

Eh of Fly Ash - This measurement, in millivolts, is made on a mixture of raw waste and 
water. 

pH of Mixture - This measurement is made on the newly mixed treatability sample after 
all reagents have been added. 

Eh of Mixture - This measurement, in millivolts, is made in the same manner as the pH 
of the mixture. 

Waste Moisture Content - This is the percent moisture of the raw waste used in mixing 
the treatability sample. 

2 4 
3 1  
4 B  5 

7 

a 

9 

10 

12 1 
13 

14 

15 

16 Y 
17 

19 

21 22 I 
3 24 

26 * #  

29 30 n 
32 31 ’1 

Fly Ash Moisture Content - The percent moisture in the raw fly ash. 
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Mixture Moisture Content - The percent moisture of the newly mixed, wet treatability 
sample. 

TemD Rise - The amount that the temperature of the mixture rises, in degrees centigrade, 
approximately 10 minutes after the sample has been mixed. 

Time between end of mixing and taking of temperature rise. 

Crushed Moisture Content - The percent moisture of the sample after it has cured at least 
28 days. 

Shear Strength - Preliminary process data in tons per square foot. 

Pocket Penetr - A measurement of the penetration resistance of the sample after one day 
of curing with a pocket penetrometer. Two instruments were used. Readings of greater 
than 700 are in pounds per square inch. The other readings are in tons per square foot. 

Gross AlDha (dDm) - The number given represents the alpha activity of radionuclides in 
disintegrations per minute in a 4 milliliter sample of MTCLP extraction fluid. The 
number has been corrected for background and counter efficiency. 

Gross Beta (dprn) - The number given represents the beta activity of radionuclides in 
disintegration per minute in a 4 milliliter sample of MTCLP extraction fluid. The 
number has been corrected for background and instrument efficiency. 

Gross Abha (DCi/n - Gross alpha activity of h4TCLP extraction fluid expressed in 
picoCuries per liter. 

Gross Beta (DCi/Q - Gross beta activity of the MTCLP extraction fluid expressed in 
picoCuries per liter. 

Total Uranium - The concentration of uranium, in parts per million (ppm), in the MTCLP 
extraction fluid. 

- UCS - The unconfined compressive strength, in pounds per square inch, of a treatability 
sample that has cured for 28 days. UCS values above 525 psi exceed instrument 
calibration. 

BulkinP Factor - The percent increase in volume of the waste due to treatment. 

Bulking Densitv - The density of the treated sample in grams per cubic centimeter. 

Permeability - A measurement of the ability of water to seep through a treatability 
sample. Units are centimeters per second. 

pH of MTCLP Deter Test - There are two TCLP extraction fluids - Type 1 and Type 2. 
A test is performed on each sample to determine which type of fluid is used. The pH of 
the determination test solution, which is given in this column, is the basis for the 
decision. 
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pH of h4TCLP - The pH of the MTCLP extraction fluid upon completion of the 
matability sample extraction. 

T m  (1/2) - Type of extraction fluid used to perform the MTCLP extraction. 
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TABLE C-1.  Laboratory Qualifiers UseU with Treatability Samples 

Orsanic Oualifiers 

u =  
J =  

B =  

E =  

D =  

Indicates compound was analyzed for but not detected. 

Indicates an estimated value. This flag is used either when 
estimating a concentration for tentatively identified 
compounds where a 1:l response is assumed, or when the mass 
spectral data indicates the presence of a compound that meets 
the identification criteria but the result is less than the 
sample quantitation limit but greater than zero. 

This flag is used when the analyte is found in the associated 
blank as well as the sample. It indicates possible/probable 
blank contamination. 

This flag identifies compounds whose concentrations exceed the 
calibration range of the GC/MS instrument for that specific 
analysis. If one or more compounds had a response greater 
than full scale, the sample or extract was diluted and 
reanalyzed. The diluted sample is identified by a vvDvv suffix 
appended to the sample number. 

This flag is used for all compounds identified in the analysis 
at a secondary dilution factor. 

NA = Analysis not performed for this analyte. 



TABLE C-1.  Laboratory Qualifiers (Continued) 

Inorcranic Oualifiers 

Concentration Oualifiers 

B = Reported value was obtained from a reading that was less than 
the contract required detection limit (CRDL) but greater than 
or equal to the instrument detection limit. 

Indicates compound was analyzed for but not detected. U = 

9ualitv Oualifiers 

E = The reported value is estimated because of the presence of 
interference. 

M = Duplicate injection precision not met. 

N = Spiked sample recovery not within control limits. 

W = Post-digestion spike for furnace AA analysis is not out of 
control limits (85-115%), while sample absorbance is less than 
50% of spike absorbance. 

G = Native analyte > 4 times spike added, therefore acceptance 
criteria do not apply. 

X = Detection limit is higher than normal due to sample matrix 
interferences. 

* = 

+ = Correlation coefficient for the MSA is less than 0.955. 

Duplicate analysis not within control limits. 
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. .  1 .o ose and 

1.1 The purpose of this method is to describe the required methods of data entry in 
Technology Development Analytical Logbooks. 

1.2 This procedure applies to analytical logbooks such as instrument injection 
logbooks, maintenance logbooks, and balance logs. 

2.0 References 

2.1 ry Notebook, Howard M. Kanare, 1985. 

3.0 Assoc iated SOPS a nd ADD licable Methods 

3.1 ITAS SOP No. TDLl504, "Laboratory Notebook Recording Procedures." 

4.0 

4.1 None 

5.0 p r o c e w  

5.1 Safety 

5.1.1 All applicable safety and compliance guidelines set forth by IT 
Corporation and by federal, state, and local regulations must be 
followed during performance of this procedure. All work must be 
stopped in the event of a known or potential compromise to the 
health or safety of any ITAS Associate, and must be reported 
immediately to a laboratory supervisor. 

5.1.2 All analytical logbooks must be kept free of chemical 
contamination while being used on benchtops, in field settings, 
etc. 

5.2 Summary 

5.2.1 All logbooks are the property of the International Technology 
Corporation (IT) Technology Development Laboratory (TDL). It is 
assigned to you so that you may keep a complete, careful, 
chronological record of your work. The work which you do and the 
data which you enter in this book are confidential; they must not be 
disclosed to unauthorized persons. The logbook's security and 
maintenance are your responsibility. In case of damage, loss, or 
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P r o w  (continued) 

5.3 Procedure 

5.3.1 

5.3.2 

5.3.3 

5.3.4 

5.3.5 

5.3.6 

5.3.7 

disappearance, report the facts to your supervisor at once. When 
the logbookis filled, or upon termination of your employment, it 
must be returned to the laboratory quality/operation files. 

Briefly define in the front pages of the book what type of log is 
contained within. Definitions of column headings, references, and 
acceptance limits will be addressed on the first pages as well. 

All entries are to be recorded directly into the logbook. Recording 
of original data on loose pieces of paper for later transcription into 
the logbook is to be avoided. Should loose paper be necessary 
for proper conduct of an experiment: 

5.3.2.1 Write on the logbook page itself identification of what is 
affixed to that page 

5.3.2.2 Firmly affix the loose paper with clear tape 

5.3.2.3 Initial and date over the edge of the tape. 

All entries must be made in black ink. Red ink is reserved for 
Quality Control (QC) checking purposes only. Erasures, blacking 
out, or use of correction fluid is not permitted. If a mistake is made, 
draw a single line through the erroneous material and make a 
corrected entry, initial, and date the correction. 

It is necessary to fill each page and keep the sequence of entries 
in chronological order. Any unused section of a page will be 
cancelled with a diagonal line. Spaces intentionally left blank in 
tables or logs will contain horizontal lines. 

When reference is made to samples, the TDL sample number will 
be used. Additional sample identification may be offered, but not 
to the exclusion of the TDL sample number. 

Use a ruler to draw lines defining columns. Label columns 
including units when appropriate. Injection logs, balance logs, 
and other similar logs will include columns for the operators' 
initials and date. 

Each entry in an analytical logbook is to be initialed and dated. 
The "Completed by" is signed by the last person to make entry on 
a given page and indicates that the page has been checked for 
completeness of entries. 
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6.1 A nonconformance is a deficiency in procedure sufficient to render the quality of 
an item unacceptable or indeterminate or any event which is beyond the limits 
documented and established for laboratory operation. A nonconformance may 
include data recording errors, transcription errors, and failure to document. A 
nonconformance memo associated with this procedure will be filed with the QC 
Coordinator. 

7.0 Peco rds Man aae me nt 

7.1 TDL Analytical Logbooks are the property of IT Corporation. 

7.2 Document control of TDL Logbooks is handled by the QC Coordinator (QCC). 
The QCC will issue all notebooks. All completed logbooks will be returned to 
the QCC. 

7.3 All returned Laboratory Logbooks are filed in TDL Central Files. 
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1.1 

1.2 

The purpose of this method is to describe the required methods of data entry in 
Technology Development Laboratory notebooks. 

This procedure applies to laboratory notebooks used for project-specific and 
non-project-specific documentation. 

I 1.3 The purpose of each entry in your notebook is to provide a complete record of 
your work, one that would enable a co-worker to repeat, if necessary, exactly 
what you did and produce the same results, without having to ask any 
questions. 

2.0 Beferences 

2.1 Writina the Lab0 ratotv Notebook , Howard M. Kanare, 1985. 

3.0 Assocrated sops  and AmlEable Mettlpds 

3.1 ITAS SOP No. TDL1503, "Analytical Logbook Recording Procedures." 

4.0 Pefinitions 

4.1 None 

5.0 Procedu re 

5.1 Safety 

5.1.1 All applicable safety and compliance guidelines set forth by IT 
Corporation and by federal, state, and local regulations must be followed 
during performance of this procedure. All work must be stopped in the 
event of a known or potential compromise to the health or safety of any 
ITAS Associate, and must be reported immediately to a laboratory 
supervisor. 

while being used on benchtops, in field settings, etc. 

I 
i) 

4 
1' 

I 

5.1.2 All laboratory notebooks must be kept free of chemical contamination 

5.2 Summary 

5.2.1 All laboratory notebooks are the property of the International Technology 
Corporation (IT) Technology Development Laboratory (TDL). It is 
assigned to you so that you may keep a complete, careful, chronological 
record of your work. The work which you do and the data which you 
enter in the notebook are confidential; they must not be disclosed to 
unauthorized persons. The notebook's security and maintenance are 
your responsibility. In case of damage, loss, or disappearance, report the 
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5.0 procedure (continued) 

facts to your supervisor at once. When the notebook is filled or upon 
termination of your employment, it must be returned to the laboratory 
qua lit y/o pe ration files . 

5.3 Procedure 

5.3.1 All data is to be recorded directly into the notebook. Recording of original 
data on loose pieces of paper for later transcription into the logbook is to 
be avoided. Should loose paper be necessary for proper conduct of an 
experiment: 

5.3.1.1 Write on the logbook page itself identification of what is affixed 
to that page. 

5.3.1.2 Firmly affix the loose paper with clear tape 

5.3.1.3 Initial and date over the edge of the tape. 

5.3.2 All entries must be made in black ink. Red ink is reserved for Quality 
Control (QC) checking purposes only. Erasures, blacking out, or use of 
correction fluid is not permitted. If a mistake is made, draw a single line 
through the erroneous material and make a corrected entry, initial, and 
date the correction. 

5.3.3 It is necessary to fill each page and keep the sequence of entries in 
chronological order. Several pages may be reserved for a particular 
experiment. However, if the continuity of pages for a particular 
experiment is broken for lack of reserved space, notations will be made 
on both sides of the break. The unused balance of a page will be 
cancelled by a diagonal line. Spaces intentionally left blank in tables or 
logs will contain horizontal lines. 

5.3.4 Stock or standard solutions must reference: 

5.3.4.1 Source 
5.3.4.2 Lot number 
5.3.4.3 Date received 
5.3.4.4 Notebook and page numbers whenever available. 

5.3.5 When reference is made to samples, the TDL sample number must be 
used. Additional sample identification may be offered, but not to the 
exclusion of the TDL sample number. 

5.3.6 A co-worker performs a QC check on your calculations by recalculating 
20 percent and verifying the formula used. Have him make a check in 
red ink beside each answer which was recalculated and sign and date 
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calculations 
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hat lead to the generation of a result which is reported to the 
client either verbally or in writing. Any values which have not had a 20 
percent QC check (one of every five calculations has been checked) are 
considered "preliminary" and will be marked as such on any material 
leaving the TDL lab. If an error is found during the 20 percent check, 
then a 100 percent QC check will be performed. 

5.3.7 If one of your co-workers has witnessed an experiment you have 
conducted, to an extent that enables him to state of his own knowledge 
what you did and what results you secured, have him sign and date the 
notebook page(s) as "Witnessed and understood by." If the experiment 
seems to you to be of sufficient importance (i.e., is potentially patentable), 
arrange to have it witnessed for content and date of entry. 

5.4 Project Documentation Requirements 

5.4.1 Every page of the notebook will contain project name, project number, 
date, and initials of persons entering data. Each project will then be 
described by the following entries: 

5.4.1.1 Objective - briefly describe the planned experiment and the 
expected or desired result. 

5.4.1.2 Plan - give an overview of what you intend to do. 

5.4.1.3 Calibrations and Standards - list frequency of calibration, 
acceptance limits, and concentrations. 

5.4.1.4 Analytical Methods - state SOP, standard reference or give a 
brief description. 

5.4.1.5 Experimental Set-ups - sketch and describe the set-up. 

5.4.1.6 Data and Observations - provide tables including units and 
space for observations within or below. 

5.4.1.7 Results - include formula and calculations which are necessary 
to produce results from raw data. 

5.4.1.8 Conclusion - how objective was met and any interpretation of 
results. 
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6.0 Nonconformance and Cor rective Action 

6.1 A nonconformance is a deficiency in procedure sufficient to render the quality of 
an item unacceptable or indeterminate or any event which is beyond the limits 
documented and established for laboratory operation. A nonconformance may 
include data recording errors, transcription errors, and failure to document. A 
nonconformance memo associated with this procedure will be filed with the QC 
Coordinator. 

7.1 TDL Notebooks are the property of IT Corporation. 

7.2 Document control of TDL Notebooks is handled by the QC Coordinator (QCC). 
The QCC will issue all notebooks. All completed notebooks will be returned to 
the QCC. 

7.3 All returned Laboratory Notebooks are filed in TDL Central Files. 
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LABORATORY SIEVES 
SPECIFICATION, CALIBRATION, AND MAINTENANCE 

PurDose and Amlication 

1.1 This SOP defines the standards for standard laboratory 
sieves used in the Geotechnical Analysis Laboratory. 
It also describes calibration requirements and 
maintenance of the sieves. 

2.0 References 

2.1 ASTM E 11-87, Standard Specification For Wire Cloth 
Sieves For Testing Purposes. 

3.0 Associated SOPS 

3.1 None. 

4.0 Definitions 

4.1 None. 

5.0 Procedure 

5.1 All standard sieves will meet the specifications in 
ASTM E 11-87, Standard Specifications for Wire Cloth 
Sieves For Testing Purposes. Upon receipt, each sieve 
will be checked for a label which has the ASTM 
specification, sieve size, and a identification number 
or serial number. If the ASTM specification is not on 
the sieve, that sieve will be returned to the vendor 
and not used. If the sieve size or a serial number is 
not on the label, prepare a.permanent label with the 
appropriate information and affix it to the side of the 
sieve. Due to the corrosive nature of some samples, 
brass sieves with stainless steel mesh are preferred. 

5.2 Sieves put into use prior to this SOP do not require a 
serial number. 

5.3 Calibration certificates should be provided by the 
manufacturer. If a calibration certificate did not 
come with the sieve, either return it, or get a 
certificate from the vendor. Calibration certificates 
will be kept in the Quality/Operations files maintained 
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by the lab QC Coordinator. 

5.4 If a sieve calibration is suspect, it shall be either 
checked or replaced. 
involved in checking sieve calibration, replacement is 
usually the preferred alternative. AASHTO proficiency 
samples may also be used as an indication of sieve 
calibration. If the results from a proficiency sample 
are too far out of line (as determined by the lab 
supervisor), the suspect sieve shall be pulled for 
calibration or replacement. 

Due to the amount of time 

5.5 Sieves with a mesh size of #200 or smaller will be 
replaced one year after initially being placed into 
service. Each sieve will be labeled with the 
replacement date at the time it is placed into service. 

5.6 Prior to use, each sieve will be visually inspected for 

Caution 

holes, broken mesh, or any other condition which may 
make the sieve unsuitable for use. Sieves which are 
clogged will be cleaned with a suitable brush. 
shall be used when cleaning fine sieves with a wire 
bristle brush as this may damage the sieve. 
deemed unsuitable for use will be immediately 
discarded. 

Any sieve 

5.7 Sieves used in washing samples or sieves used with 
corrosive samples will be cleaned with water and a 
brush after use. It may be useful to place the sieve 
in a drying oven (e120 ' C )  to dry. This will help to 
keep corrosion to a minimum. 

5.8 Sieves will be stored in a clean, dry environment. 

6.0 Nonconformance and Corrective Action 

6.1 Sieves which do not meet the required specifications, 
are damaged, or otherwise unsuitable for use will be 
discarded or returned to the vendor if newly purchased. 
If a sieve is discovered nonuseable during use, the 
sample(s) will be retested and a nonconformance memo 
generated to describe the problem with the sieve and 
the fact that the sample(s) are being retested. 
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7.0 Records Manaaement/Documentation 

7.1 Sieve calibration records will be kept in the 
Quality/Operations files by the QA coordinator. 

1 
1 
I 
4 
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DATE INITIATED: 7/31/89 
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UNCONFINED COMPRESSIVE STRENGTH REVISION NO: 1 

DATE PREPARED BY APPROVED BY DATE QA CONCURRENCE 

1.0 Purpose and ADRliCatiOn 

1.1 This test method covers the determination of the unconfined 
compressive strength of cohesive soil in the undisturbed, 
remolded, or compacted condition using strain-controlled 
application of the axial load. 

This test method provides an approximate value of the 
strength of cohesive soils in terms of total stresses. 

1.2 

1.3 This test method is applicable only to cohesive materials 
which will not expel bleed water during the loading portion 
of the test and which will retain intrinsic strength after 
removal of confining pressures, such as clays or cemented 
soils. 

2.0 References 

2.1 Annual Book of ASTM Standards. 1988. I@Soil and Rock: 
Building Stones; Geotextiles. Vol. 4.08. 

3.0 Associated SOPS and ADDlicable Methods 

3.1 ASTM D-422. 

3.2 ASTM D-854. 

3.3 ASTM D-2216. 

3.4 ASTM D-2850. 
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~ c , r d  3.0 Associated SOPS and Amlicable Methods (continued) . .  

3.5 ASTM D-4220. 

3.6 ASTM D-4318. 

4.0 Definitions 

4.1 Unconfined compressive strength - the compressive stress at 
which an unconfined cylindrical specimen of soil will fail 
in a simple compression test. 

4.2 Shear strength - for unconfined compressive strength test 
specimens, the shear strength is calculated to be one-half 
of the compressive stress at failure. 

4.3 Bleed water - water expelled from the soil due to 
deformation or compaction. 

5.0 Procedure 

5.1 ASTM Standard Method D-2166. 

6.0 Nonconformance and Corrective Action 

6.1 If this procedure cannot be followed for any reason, a 
nonconformance memo will be filed with the Quality Control 
Coordinator. Corrective action will be approved by the 
Operations or Project Manager. 

7.0 Records Manaaement 

7.1 Data is to be recorded in a standard laboratory notebook 
with the project it pertains to clearly labeled on the 
notebook page. 

qhc\uordS\sop\TDL1109 

. .  . .  
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Standard Test Method for 
YNCONFINED COMPRESSIVE STRENGTH OF COHESIVE 
SOIL' 

This stanaard is issuea unaer tne tixed oaignaiion D 21 66: the nurnoer irnrnediatelv following the designation indicates the vear of 
jneinai Jrlooiion or in tne case oi revision. tne \ e x  01 h i  revision 4 nurnocr in parentheses rndicala ine v a r  01 lasi reapproval. 
\ superscript eosiion i t  I inaicates an eaitonal cnange since the last revision or reapproval. 

1. Scope 

1.1  This Lest method covers the determination 
of the uncon~ined compressive strength oi  cohe- 
sive soli in the undisturbed. remolded. or com- 
pacted condition. using strain-controiled appli- 
cation of the axiai load. 

1 .f This test method provides an approximate 
value ot the strength o i  cohesive soiis in terms o i  
total stresses. 

1.3 This test method is applicable only to 
Lonesive matenais which will not expei bleed 
water I Lvater zxpeiied from the soil due to deior- 
mation or c3moaction1 during the loading por- 
lion or the :?SI and which wiil retain intnnsic 
jtrengrn :Iter xmoval of confining pressures. 
such as cia! s or cemented soils. Dry ana crumbll; 
soiis. iissurea cr mved materials. silts. peats. ana 
5anas cannor r: tested with thls method to obtain 
. . a id  unconri c t d  compression strengtn values. 

X ~ T E  . - ;-;..? xierminatlon oi the unconsoiidated. 
Jnarainea ~::p?^;:n 01' conesive soiis with latenl  con- 
:inemeni :s ;J:ce3 Dy Test Method D 2850. 

i .4 This test method is not a substitute ior 
Test hletnoa 2 1850. 

i . 5  The ~ : i x s  stated in SI units are to be 
xgaraea LS ::: standard. The values stated in 
;ncn-oour,u C Z i t S  are approximate. 

I .b Ti:;.< .);azuuru mu!. invoive nazaraous ma- 
icwais. I)perariotu. and eqiiipment. This stanaara 
does nor c r ( r w r [  tu aadess all of the satefy proo- 
;ems ashhociuieu w t n  Its use. Ii is the responsibil- 
! [ y  r ! r  \c.tioewr !ws ihis stanaara to consult and 
cwahli.dt appro,orrurr SUM.I* ana heahh practices 
ilnd determine [tie appiicaoiiity or regrriarory limi- 
:ations prior [o use. 

1. .\pplicable Documents 
2.1 .-1ST..W Slandards: 
D 412 Method for Panicle-Size .4nalysis of 

Soils' 
D 653  Terms and Symbols Relating to Soil 

and Rock' 
D 854 Test Method for Specific Gravity of 

Soils' 
D 1587 Practice for Thin-Walled Tube Sam- 

piing of Soils' 
D 22 16 Method for Laboraton Determination 

of Water (Moisture) Content of Soil. Rock. 
and Soil-Aggregate Mixtures' 

D 2487 Test Method for Classification of Soils 
ior Engneenng Purposes' 

D 2488 Practice for Description and Identifi- 
cation of Soils ( Visual-Manual Procedure? 

D 2550 Test Method for Unconsolidated. Un- 
drained Compressive Strength of Cohesive 
Soils in Triaxial Compression' 

DJZZO Practices for Preserving and Trans- 
porting Soil Samples' 

D 4 3  18 Test Method for Liquid Limit. Plastic 
Limit. and Plasticitv Index of Soiis' 

3. Terminology 

standard definitions of terms. 
5. I Refer IO Terms and Svmbols D 653 for 

I This test method is under the jundrcuon of A S W  corn 
rnittec 0. I8 on Soil and Rock and IS Ihc d l m  ~ M M W  d 
Subcommittee DI8.OS on S t ~ ~ l u n l  proPCma of sods 

Current edition approved July 26. 1985. Published 
ber 1985. Onprullv puMnhcd u D 2166 - 63T. Lza prmoVr 
edition D 2 I66 - 66 ( 1979)''. 

: j n n d  n w  dASTM Stdards. V d  04.08. 
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3 2  Descriptions of Terms Specijir IO this 
\:tmuurd: 

3.2. I iinconiined compressive strenglh (q,,)- 
ihc compressive stress at which an unconfined 
,dindrical specimen of soil will fail in a simple 
.ompression test. In  this test method. unconfined 
,umpressive strength is taken as the maximum 
:.ud attained per unit area or the load per unit 
in.3 ;LL IS 51 axial strain. whichever is secured 
:int during the performance of a test. 

3.2.2 shear strength (s,,)-for Unconfined 
. t~mpressivr strength test specimens. the shear 
iircneth is calculated to be l/t of the compressive 
\:ms 3t failure. 3s defined in 3.2. I .  

1. Significance and Use 
-1.1 The primary purpose of the unconfined 

:ompression test is IO quickly obtain the approx- 
!mate compressive strength of soils that possess 
ullicient cohesion to permit testing in the un- 
iontined state. 

1.2 Samples of soils having slickensided or 
tissured structure. samples of some types of loess. 
t cry soft clavs. dry and crumbly soils and varved 
rnsterials. or samples containing significant por- 
i m s  o i  silt or sand. or both (all of which usually 
(xiribit cohesive propeniesl. frequently display 
higner snear strengtns when tested in accoraance 
: b l ( h  Test Xlethod D 2850. Also. unsaturated 
: d s  \viil usually exhibit different shear streneths 
, A n e n  tested in accoraance with Test Method 
D 350.  

4.3 If both an undisturbed and a remolded 
xst are penonned on the same sample. the sen- 
citivitv of the materiai can be determined. This 
method otdetermining sensitivity is suitable only 
for soils that can reiain a stable specimen shape 
!n the remolded state. 
NOTE ?-For soils that will not retain a stable shape. 

J vane shear tea or Test Method D 2850 can be used 
io determine sensitivity. 

5. Apparatus 
5 . 1  Compression Devlce-The compression 

device mav be a platform weighing scale 
equipped with a screw-jack-activated load yoke. 
3 hydraulic loading dence. or any other com- 
pression device wth sut5dent capacity and con- 
trol to proyide the rate of loading prescribed in 
7.1. For soil with an unconfined compressive 
strength of less than 100 kPa (1.0 ton/ft'l the 
compression device shall be capable of measuring 

D 2166 
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the compressive stress to within I kPa (0.01 ton/ 
ft'l. For soil with an unconfined compressive.. 
strength of 100 kPa ( I  .O ton/ft2) or greater. the 
compression device shall be capable of measuring 
the compressive stress to the nearest 5 kPa (0.05 
ton/ft2). 

5.2 Sainple Extruder. capable ofextruding the 
soil core from the sampling tube in the same 
direction of travel in which the simple entered 
the tube. at a uniform rate. and with negligible 
disturbance ofthe sample. Conaitions at me time 
of sample removal may dictate the direction of 
removal. but the principal concern is to keep the 
degree of disturbance negiigible. 

S .3  Drfbrrnation Idicafor-The deformation 
indicator shall be a dial indicator graduated to 
0.03 mm (0.001 in.) or better and having a travel 
range of at least 20 '3% of the length of the test 
specimen. or some other measuring device. such 
as an electronic deformation measuring device. 
meeting these requirements. 

5.4 Dial Cumparator. or other suitable device. 
for measuring the physical dimensions of the 
specimen to within 0.1 % of the measured di- 
mension. 

NOTE 3-Vetnier calipers are not recommended for 
soli specimens. which will deform Y the calipers arr 
set on the specimen. 

5.5  Titnu-4 timing ucvice indicating the 
elapsed testing time to the nearest second shall 
be used for establishing the rate 01' strain appii- 
cation prescnbed in 7 .  I. 

5.6 Balance-The balance used to weigh spec- 
imens shall determine the mass of the specimen 
to within 0.1 '3 of its total mass. 

5.7 Equipment. as specified in Methoa 
D 2216. 

5.8 .Wisceiianeorrs .-lppuratus. including spec- 
imen trimming ana carving tools. remolding ap- 
paratus. water content cans. and data sheets. Y 
required. 

. 

.. 

6. Preparation of Test Specimens 

6.1 Specimen Ske-Specimens shall have 3 

minimum diameter of 30 mm ( 1.3 in., ana the 
largest panicle contained within the test spm- 
men shall be smaller than one tenth of the spec- 
imen diameter. For speamens having a diameter 
of 72 mm (2.8 in.) or larger, the largest panicle 
size shall be smaller than one sixth of the spect- 
men diameter. If. after completion of a test on 
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an undisturbed specimen. it is found. based on 
visual observation. that larger panicles than per- 
mitted are present. indicate this information in 
the remarks section of the repon o i  test data 
(Note 4). The height-todiameter ratio shall be 
between 2 ana 2.5. Determine the avenge height 
m d  diameter of the test specimen using the ap- 
paratus qxc::ki in 5.1. Take 9 rninimum e!' 
three height measurements ( 120' apan). and at 
least three diameter measurements at the quarter 
points ofthe height. 

YOTF J-if I x e e  soil panicles are iouna in the 
s3mDIc: ai.ier testine. 3 ~anicie-size anai? sis oerrormea 
*n xcoraance w i n  \letnod DJZ2 mav be oerlbrmea 
io conrirm rne visuai observation ana the results pro- 
vided w i n  the test reuon. 

6.2 L'naisriiroca Spccimcns-Prepare undis- 
;urbed specimens from large undisturbed sam- 
ples or rrom sampies secured in accordance witn 
Practice D 1557 and preserved and transported 
in xcoraance with the practices for Group C 
sampies i n  Practices D 4220. Tube specimens 
may be tested without trimming except for the 
sauanng 01' ends. if conditions of the sampie 
-iustir\. :his roctaure.  Handle specimens care- 

.I -Lo, ._ ,_ ._ . .  0 - ,  disturbance. changes in cross 
SSC!:C~. :.: :;ss ai water content. If  compression 

~oticeabie disturbance would be 
ir . . :.:: --,Inision device. split the sampie 

:ucc :snq!nLvisr: or cut it oif in small sections IO 
~ ~ J C ; I I I ~ K  r 3 3 t . 3 i  of the specimen without dis- 
:urcxc=.. .?-:xre carved specimens without ais- 
::rrzz::. -:,: ..vnenever possible. in a humidity- 
-xn:r;;r.! :.:,.;n. \lake ever]: effort IO prevent 
m y  ;:.:zz: .:. *.vater content of the soil. Speci- 
mens :,:a, - 2  .;i uniform circular cross section 
-.v~tn i ' m s  rorrcnaicuiar to the longitudinal axis 
01' the s?ec:rnen. When carving or trimming. 
remo\ e zn-. 5 m i i  pebbles or shells encountered. 

'. :,ids on the surface oithe specimen 

- .. 

L>r :7,,. .. . , 31 - ... ~ 

.^.,< ,,. , - ~ ,  

,\..itn ri3m ,..,. OI~JA! ioii obtained from the trimming. 
\vhen - .--ma,x< IC.. .  .-_ ar  crumbling result in  excessn'c 
i r r cgu :~ :~ . .  -: ;ne ends. cap the specimen with 3. 

minimum xicitness of plaster oi pans. hyore- 
stone. cr s:miiar matenal. When sample condi- 
tion permits. a vertical lathe that will accommo- 
date tne totai sample mav be used as an aid in 
car\.lng [ne soecimen to the required diameter. 
Where prevention of the development of appre- 
ciable c a p i i l a ~  forces is deemed imponant. seal 
the specimen with a rubber membrane. thin plas- 
tic coatings. - or with a sating of ereasc or spraved 

plastic immediately after preparation and during 
the entire testing cycle. Determine the mass and 
dimensions of the test specimen. If the speamcn 
is to be capped.. its mass and dimensions should 
be determined before capping. If the entire test 
specimen is not to be used for determination of 
water content. secure a representative sample of 
;.wings for this purpose. placing them immedi- 
atelv in a covered container. The water content 
determination shall be performed in accordance 
with Method D 1216. 

6.3 R cnioidcd Spccr r r1cns-S pecimens mav 
be prepared either from ;1 failed undisturbed 
sFeamen or from a disturbed sample. providing 
it is representative of the failed undisturbed spec- 
imen. In the case of failed undisturbed speci- 
mens. wrap the material in a thin rubber mem- 
brane and work the material thoroughly with the 
lingers to assure completc rcmolding. Avoid en- 
trapping air in the specimen. Exercise care to 
obtain a unilorm dcnsity. to remold to the same 
\,old ratio as the undisturbed speamen. and to 
preserve thc natural water content of the soil. 
Form thc disturbed material into a mold of cir- 
suiar cross scction having dimensions meeting 
ihe requirements of 6.1. Aiter removal from the 
noid. determine the mass and dimensions of the 
!est spccimens. 

h .1 C .()it ipuci L Y/ Spiv *ti m71.$--S peci m en s s hal 1 
ht. prcparcd to the predetermined water content 
and dcnsity prescnbed bv the individual assign- 
:ne the tcst lhotc  5 1. Atier a specimen is formed. 
[rim the ends pcrpendicular to the longitudinal 
axis. rcrnovc from the mold. and determine the 
mass and dimcnsions of the test specimen. 

\;()TI: !--F..cocnencc indicates that it is difficult to 
iornnaci. handle. ana obtain vaiid results with spm- 
men> ihat ha\c a dcgrcc 01 S;Ltuntion thal IS greater 
;I1311 90 c; 

0. Proccdurc 
-. I Placc thc spccimcn in the loading device 
that it is centered on thc bottom platen. Adjust 

thc loading dcvicc carcl'ully so that the upper 
plaicn just makes contact uith the spetlmen. 
Zero the deformation indicator. Apply the load 
SO as to produce an axial strain at a rate of Yz to 
1 ';/min. Record load. deformation. and time 
\alum at sufficicnt intervals to define the shap 
of the stress-strain curve rusually IO to I5 poino 
are sufficient 1. The rate ofstrain should bechoscn 
so that the time to failure does not e x 4  @&ht 



; 5 min [Note 6) .  Continue loading until the load 
;dues decrease with increasing strain. or until 
; 5 5 strain is reached. The rate of strain used for 
:=sting sealed speamens may be decreased if 
Lremed desirable for better test results. Indicate 
' x  nte  of stnin in the repon of the test data. as 
-miired in 3.1.7. Determine the water content 
.SI' the test specimen using the entire specimen. 
-nicss represenrarive cuttings are ootainea for 
:?is purpose. as in the case of undisturbed speci- 
x n s .  Indicate on the test repon whether the 
.Later content sample was obtained before or 
-i'w the shear test. as required in 9.1.2. 

SOTE 6-Soiter materials that will exhibit larger 
:<tormation ai tailure should be tested at a hipher rate 
.I strain. Converselv. stitT or brittle materials that will 
:.hibit smoil deformations at failure should be tested 
;i 3 iower rite oi strain. 

T.2 Make a sketch. or take 3 photo. of the test 
gecimen at failure showing. the slope angle of 
:hc failure surface if the angle is measurable. 

' . j  X copy ofa sample data sheet is included 
In Appendix XI .  Anv data sheet can be used. 
provided the form contains all the required data. 

3. Calculations 

n!. I 5 .  for a given applied load. as follows: 
q .  1 Calculate rhe axial strain. e l ,  to the nearest 

:, = 1LfL.a 

tvnere: 
1L = length change of specimen as read from 

deformation indicator. mm tin.). and 
i,, = initial length d t e s t  specimen. mm (in.). 

d.2 Calculate the average cross-sectional area. 
I. tor a given applied load. as follows: 

tvhere: 
lo  = initial akenge cross-sectional area of the 

: I  = An/( I - ( 1 )  

specimen. mm' [in.:), and 
= axiai strain tor the given ioad. %. 

3.3 Calculate the compressive stress. uc. to 
rhree significant tigures. or nearest 1 kPa 10.01 
tonift'). for a eiven applied load. as follows: 

b< = (lV.4) 

where: 
P = given applied load. kPa fton/ft2). 
..I = corresponding avenge cross-sectional area 

8.4 Graph-If desired. a graph showing the 
relationship between compressive stress (ordi- 

mm' (in.'). 

:L. . _. 
A .. . l .  .. i. 
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nate)-and axial strain (abscissa) may be plotted. 
Select the maximum value of compressive stress. 
or the compressive stress at 15 Z axial strain. 
whichever is secured first. and repon as the un- 
confined compressive strength, qY. Whenever it 
is considered necessary for proper interpretation. 
include the graph of the stress-strain aata a pan 
of the data reponed. 

S.5 If the unconrined compressive strengrn is 
determined. the sensitivity. ST, is calculated as 
follows: 

q, (undisturbed specimen) 
Sr = U y  (remolded specimen] 

9. Report 
9. I The repon should include the following: 
9.1. I Identification and visual description of 

the specimen. including soil classification. sym- 
bol. and whether the specimen is undisturbed. 
remolded. compacted. etc. Also include speci- 
men identifying information. such as project. 
location. boring number. sample number. depth. 
etc. Visual descriptions shall be made in accord- 
ance with Practice D 2488. 

9.1.2 Initial dry density ana water content 
(specifv if the water contenr soecimen was ob- 
iained before or aiter shear. 2nd wnether from 
cuttings or the entire specimen I. 

9. I .3 Degee of saturation i Note 2. if com- 
puted. 

YOTE 7-The s ~ ~ f r c  gravity determined in accord- 
ance with Test Method D 854 is reauired for calculation 
of the degree of saturation. 

9.1.4 Unconfined compressive strength and 

9.1.5 Avenge height and diameter of speci- 

9.1.6 Height-to-diameter ratio. 
9.1.7 Average rate ofstrain to failure. %. 
9.1.8 Strain at failure. %. 
9. I .9 Liquid and plastic limits. if determined. 

in accordance with Test Method D 43 18. 
9.1.10 Failure sketch or photo. 
9. I .  I 1 Stress-strain graph. if prepared. 
9.1. I2 Sensitivity, if determined. 
9.1. I3 Panicle size analysis. if detennined. in 

accordance with Method D 422.3nd 
9. I .  14 Remarks-Note any unusual condi- 

tions or other data that would be considered 
necessary to properly interpret the results ob- 
tained. for example. slickensides. stratificauon. 

shear strength. 

men. 

430 
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shells. pebbles. roots. or brittleness. the type of 
failure I that is. bulee. diagonai shear. etc. 1. 

IO. Precision and Bias 

10.1 No metnoa presenriv exists to evaiuare 

sion tests on undisturbed specimens due to spec- 
imen vanabilitv. Undisturbed soil specimens 

.ha ..._ nt ,.e,:sicr! -7 ni 2 gr-'oup of unconfined compres- 

from apparently homogeneous soil deposits at 
the same location often exhibit significantly dif- 
ferent strength and stress-strain properties. 

10.2 X suitable test material and method of 
specimen preparation have not been developed 
cor the determination of laboratory variances due 
to the difficultv in producing identical cohesive 
soil specimens. No estimates of precision for this 
!est method are available. 

.\PPEXDIX 

(Nonmandatory Information) 

X1. Example Data Sheer 

UNCONFINED COMPRESSION TEST-GI 
-. 

Date Job No. Lame 

Location 
Ram! k o  Sample bo DepWElev. 

Descnorion ci ::-? : 

Apparatus No. %bine Ai-% LL 

Specific Gravlty 
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D2166 

! 
! I 

i 

I i 
1 

I 

I 

I 

I I 
I 

! I 
1 I I 
I I 

j I I 

\iuch a ohoto or sketch oi thc  socc- 
. x c n  alicr lalure :o this ionn 
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ATPSNDIX XI: 

UNCONFINED COMPRESSION TEST 

1. INTRODUCTION. The unconfined compression tes t  is used to meas- 

ure  the unconiinea compressive strength oi  a cohesive soil .  The uncon- 

Linea GJmpression test  is a??iicabie oniy to coherent materials such as 
saturated ciays o r  cemented soiis that retain intrinsic strength after r e -  

moval o i  coniining pressure:  it i s  not a substitute lo r  the Q test. Dry o r  

crumbly soils, f issured o r  varved mater ia ls ,  s i l t s ,  a n a  sands cannot be 

tested meaningfully in unconiined compression. i n  this test ,  a laterally 

unsupported cylindrical specimen i s  subjected'to a gradually increased 

axial compression ioad until iai iure occurs.  The unconfined compression 

tes t  i s  a io rm o i  triaxial test  in wnicn the major  principal stress is  equal 
to the aDpiied axial s t r e s s .  ana the intermediate ana minor principal 
S ; = ? S S ~ ? :  ;:e eauai to zero. ?ie unconiinei compressive strength, q u ,  

: =  .- . - a r ; - - a  -----.- 
:J  zerc:zt strain,  whicnever occurs i i rs t .  The undrained shear  strength,  

s , .  , 1: assumed tu  be  equai to  one-naif the unconfined compressive 
strzzez-?. The axial load may be appiiea to the specimen either by the con- 

a s  the maximum =nit axial compressive s t r e s s  at fai lure  o r  at 

4 

- -*  .,,.;,, I , >*- ::-sin procedure, i n  wnicn the s t r e s s  is applied to produce a p r e -  

= e t e  ---- ..---..-d 0 

the S : Y E S S  is applied i n  predetermined increments oi  load. 

2.  .-,??.+RATUS. The apparatus consists of the following: 
Eauioment for  Preoarine SDecimen. A t r imming frame as de- 

scriked :n paragraph 35 oi  Appendix X, TRiAXIAL COMPRESSXON TESTS, 
~r a z-izxning cviinder with beveiea cutting edges may be used for trim- 
mine sDecimens. The equipment should include wire saws and knives of 
-rar:c.;s 3izes ana types ior  use with the t r i m m i n g  frame. A motorized 
soli  I x n e  m y  be used advantageously under cer ta in  c i rcumstances.  A, 
rruter =ox  or cradle is reauirea to trim the specimen to a fixed length and 
to ensure that the ends of the specimen a r e  parallel  with each other and 

rate o i  s t ra in ,  3r by the controlled s t r e s s  procedure,  in  which 

- s. 

' ?er?enaicular to the vertical  axis of the specimen. 
3. Loading Device. h number of commercially available 

cont ro ica-e t ra in  or  controi lea-s t ress  types of loading devices are suit-  
able ior  applying the axial loads in the uncodined cornpression teat. In 

\@ 

c 
I: 
I, 
i 
1 
s 
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general ,  controlled- s t r a in  
type loading devices a r e  

preferable ,  ana tke proce-  

d u r e s  aescr ibea  herein a r e  

basea on the use of this type 

of equipment. If available,  
an automatic s t r e s s - s t r a i n  
r eco rde r  may be used to 

measu re  and record  appiied 

axial loads and displace- 

ments. A typical loading 
device is shown in F igu re  i. 
Any equipment used should 

be calibrated so that the 

loads actually applied to the 

soil  specimen can be d e t e r -  

.mined. ?ne required sensi- 

tivitv o i  s t r e s s -measu rmg  

equipment f o r  both control lea-  

s t r e s s  ana controi led-s t ra in 

testing will vary with the 

strength cnaracter i .s t ics  of 
the soii. For  relatively weak 

soi ls  (compressive strength8 

less than 1.0 ton per eq  ft), 

the unit load should be mea- 

surable  to within 0.01 ton p e r  

rq  i:. F o r  so i l s  with compressive s t rengths  of 1.0 ton per  sq f: o r  g rea t e r ,  

the h 5 d s  should be measurable  to the n e a r e s t  0.05 ton per  s q  ft. 

t ' igure  l. Typical unconfined compres-  
sion t e s t  apparatus  

c. .Measurine eauioment, such as dia l  indicators and ca l ipe r r ,  - 
sllitable for measur ing  the dimenFions and axial deformatior. of a specimen 

3527 

I 
Y 
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to she nearest 0.001 in. 
' T Z - 4 -  - :. 
- e. 
- i. Other. Apparatus necessary to determine water content and 

speciiic .;ravity ( e m  Appendixee I ,  WATER CONTENT - GENERAL, and 

IV, SPECX'IC GRAVITY). 
3 .  PREPARATION O F  SPECIMENS. - a. Spec-men Size. Unconfined 

compression specimens shall have a minimum diameter of 1.0 in. (prefer-  

ably 1.4 in.), and the largest particle in any tz.si' jpecimen u d l  be no 

greater than one-sixth the specimen diameter. The height-to-diameter 

ratio shall be not lese than 2.1. Commonly used diameters of unconfined 

compression specimens a r e  1.4 and 2.8 in. Specimens of 1.4-in. diameter 
a r e  generally used for testing cohesive soils which contain a negligible 

unounc  3:  gtavei. 

-....... z devics. tither 5 watch o r  clock with second b n d .  
Balances. sensitive to 0.i g. 

- :. Zndisturbea SDecimrns. Generally, undisturbed specimens 

a r e  sre?ared from undisturDea tube or  chunk ermples of a larger size 

:ne rest specimen. Core o r  thin-wall tube sampies of relatively small 
ciiamerer ,may be tested without further t r imming except for squaring the 

;.nas. :i ::e condition of the soil requires this proceaure. Specimena must 

3 e  zanaiea careiully to prevent remoiding, changes in cross  section, o r  

l o s s  o i  moisture. To minimize disturbance caused by skin friction between 

sam?ies and metal sampling tubes, the tubes should be cut into short 
lenqtns Deiore ejectidg the som,ies. Sample ejection should be accom- 

?iisned w t h  a smooth continuous, and fairly rapid motion in the same 

ciirect:on that the sample entered the tube. All specimens shall be pre-  
?area :n a humid room to ?revent evaporation 0: moisture. The specimen 

snail be prepared as follows: 

. .  

(I) From the undisturbed sample cut a section somewhat 

larger i n  length and diameter than the desired specimen size. 

X I - 3  
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It i s  generally desirable to prepare duplicate specimens ior unconfined 

compression testing, and selection of material for testing snouid be made 

with this in m k d .  

(2) Carefully trim the specimen to the rtcj.Aired dia.-;..eter 

using a trimming frame and various trimming tools ( s e e  Fig. 7 ,  Appendix 

X, TRIAXIAL COMPRESSION TESTS). Remove any small sheils or 

pebbles encountered during the trimming operations. Carefully iill voids 

on the surface of the specimen with remolded soil obtained from tne trim- 

mings. Cut the specimen to the required length, using a miter box ( s e e  

F i g .  8 ,  Appendix X, TRIAXIAL COMPRESSION TESTS).  

ence o f  pebbles or  crumbling results in excersive  irreguiarity at the ends, 

cap the specimens with a minimum thickness of plaster of P a r i s ,  nydro- 

stone, or other support material. Care must be taken to insure that the 

end8 of the specimen are parallel with each other and perpendicuiar to the 

vertical  a x i s  of the specimen. 

Where the pres-  

( 3 )  

speciiic gravity ana water conLent determinations (see Appendixes I, 
WATER C O N T E N T  - GENERAL, and IV, S P E C I F I C  GXAVITY). 

F r o m  the soil trimmings obtain 200 g oi rnareriai ior 

(4) Weigh the specimen to an accuracy of i O . 0 1  g for  i .4-in.-  

diameter specimens and t 0 . i  g for 2.8-in.-diameter specimens. If speci-  

mens a r e  to.be capped, they should be weighed before capping. 

( 5 )  Measure the height of the specimen with calipers or a 

scale and the diameter with calipers or circumference measuring devices.  

If the specimen i s  cut to a fixed length in a miter box, the. iength of the 

miter box can be taken a s  the height of specimen for routine tests, and 

additional height measurements are not usually necessarv.  It i s  always 

advisable to measure the diameter of the specimen after trimming, even 

though specimens are  cut to a nominal diameter in a trimming frame. 

Make a l l  measurements to the nearest  t0.W in. Determine the average 

initial diameter,  Do, of the specimen using the diameters measured at  

the top, D,, center, Dc, and bottom, Db, of the specimen, a s  follows: 

.. . -. 
:. . , . i 

i .  

XI-4 
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D, t 2Dc t Db 
4 D =  

0 

( 6 )  if the specimen is  not testea immediately after preparation, 

precautions must be taken to prevent drying and consequent development of 

capillary s t resses .  When drying before o r  during the test  is anticipated, 
:he sDec:z.en r.av be covered wit5 a thin coating of grease such as petro- 

latum. This coating cannot be used if the specimen is to be used in a sub- 

sequent remolded test. 
- c. Remolded SDecimens. Remolded specvnens usually are pre-  

parea in conjunction with t e s t s  made on undisturbed specimens after the 
latter nas been tested t o  iailure. The remolded specimens a r e  tested to 
determine the effects of remolding on the shear strength of the soil. The 
remoidea specimen should have the same water content as the undisturbed 
specimen in order  to permit  a compariron of the resul ts  of the tes te  on 
:he rwo specimens. The remoidea specimen shall be prepared as iollowr: 

!I) Place the iailed undisturbed specimen in a rubber rnem- 

‘xane m a  knead i t  thoroughly with the fingers to assure  complete remold- 
ing oi ::le specimen. Take reasonable c a r e  to avoid entrapping air in the 

specimen and to obtain a uniform density. 

( 2 )  Remove the soil f rom the membrane and compact it in a 
cvii?ar:=ai mold with in,side dimenrions identical with those of. the unair-  

turoea specimen. The compaction eifor t  is  not cr i t ical  rince the water  

contents oi soils eubjected to remolded tertr are always conriderrbly 
wetter than optimum. Care murt be takea, however, to in rure  uniform 

6ensiw throughout the specimen. A thin coat  of petrolatum on the inride 

o i  :kt rnoiding cylinder w i l l  a r r i r t  in the removal of the specimen after 
c o mpa c t io n. 

( 3 )  Carefully remove the specimen f rom the mold, preferably 
by means of a close f i t t ing pirton, ana plane 

The specimen is then ready for tearing. 

XI -5  

off the top of the rpecimea. 
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(4) Follow the steps outlined in paragraphs 3k(4) and 3b(5). - 
4. PROCEDURE. The procedure sua11 consist of the following steps: 

- a. Record all identifying information for the sample such as 

project, boring number , virual classification, and other pertinent data on 

the data sheet (see Plate XI-1 which is a suggested form). The data sheet 

is  alro used for  recording test obrervafions described below. 

- b. Place the specimen in the loading device so that i t  i s  centered 

on the bottom platen; then adjust the loading device carefully so that the 

loading ram or  upper platen barely i r  in contact with the specimen. If a 

proving r ing  i r  used for determining the axial load, contact of the platen 
and specimen is indicated by a alight deflection of the proving r i n g  dial. 
Attach a dial indicator, sensitive to 0.001 in., to the loading ram to mea- 
l u r e  vertical deformation of the rpecimen. Record the initial reading of 
the dial indicator on the data sheet (Plate XI-1;. Tert the specimen at an 
axial strain rate of about i percent per minute. For  very stiff or brittle 
materials which exhibit small dcformationr at failure, it may be desirable 
to test  the specimen at a sloiver ra te  of strain.. Obrerve and record the 

rerulting load corresponding to increments of 0.3 percent strain for the 

first 3 percent of strain and in increment8 of I or 2 percent of strain 
thereafter. Stop the test  when the axial load remainr constant or when 
20 percent ;urial strain har been produced. 

Record the duration of the test, in minuter, to peak strength 

(time to failure), type of failure (ahear or  bulge), and a sketch of rpeca- 
men af ter  failure on the data rheet (Plate M-21, 

- c. 

- d. After the test, p k c e  the entire rpecimen or  a reprerenutive 
portion thereof in a container of known weight and determine the water 
content of the rpecimen in accordaace with Appendix I, WATER CONTENT 
- GENERAL. 
5. COMPUTATIONS. The computationr conrirt  of the following steps: 

- a. F rom the obrerved data, compute and record on the data sheet 

(Plate X I - I )  the water content, volume of rolidr, void ratio, degree of 

XI-6 
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saturation, and dry densiry, using the iormulas presented in Append& 11, 
UNIT WEIGHTS, VOID RATIO, POROSITY, AND DEGREE O F  SATURAnON. 

5. Compute ana record on the data sheet the axial strain, the c o r -  - 
tected a rea ,  and the compressive s t ress ,  at each increment of strain by 

us ing  the following iormuias: 

OH Axial strain,  E = - .-I 
0 

A O  Corrected a r e a  of specimen, *torr, sq c m  = i-c 

P Compressive s t ress ,  tons per sq ft = - X  0.465 
Acorr  

i 

wnere 
A H  = change in height o i  specimen during test ,  cm 

3 

-4 

7 

I 
I 
c 
$i 
i 

= initial height of specimen, c m  

= initial a r e a  of specimen, sq c m  

= applied axial load, lb 

3 

2 

6. ?RESENTATION O F  RESULTS. The resu i t s  of the unconfined com- 

?ression tes t  shal l  be recorded on the report  form snown as Plate XI-2. 

'errizent information regarding the condition of the specimen, method of 

?repart?g the specimen, o r  any unusual features  of each specimen (such 

a s  siickensides, stratification, shells, pebbles, roots, o r  brit t leness) 

snouid be shown under "Remarks." The applied compressive stress 

ana11 be plotted versus  the axial strain in Plate XI-2. The unconfined 

compressive strength, q,, of the specimen shall be taken as the maxi- 
r.um Or peak compressive stress.  F o r  tes ts  continued to 20 percent 

strain without reduction of axial load occurring, the unconfined compres-  

sive strength as  a rule sha l l  be taken as the compressive s t r e s s  at is p e t -  

cent strain. 

XI-7 3 
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Where the unconfined compressive strevlgth of a sp9cimen is a lso  ob- 

S,, shall a i s 0  be caicuAated taiaed af te r  remolding, the sans i t ivc ty  ratio, 

and reported. The sensitivity ratio is defined as follows: 

q, (undisturbed) 
s =--- -. 

t q,, (remolded) 

7.  POSSIBLE ERRORS. Foilrrwirig a r e  possihl- e r r o r s  that would cause 

ina c cur a t e de t e r m ina t i o n s o f u n c on f i I 1 e J c OIX ? r e s s i v e s t r e n g t h : 

- a. Test not appropriate to type of .soil. 

3527 

- b. 
c. Loss of initial water content. A small  change in water content ' 

Specimen disturbed while trirtlming. 

- 
can cause a la rger  change in the strength of a clay, so it is essential  that 

every  c a r e  be  taken to protect the specimen against evaporation while 

t r imming and measuring, during the test ,  and when remoiding a specimen 

to  determine the sensitivity. 

d. Rate of s t ra in  o r  ra te  of loading too fast. 

8 .  

STRENGTH DETERMINATIONS. 
ment,  such as cone penetrometets and vane shear  apparatus, may be used 

advantageously in the laboratcrrv a s  a supplement to the basic unconfined 

compression tes t  equipment for determining the undrainea shear strength 

of cohesive soils.  The use of these testing devices generally resul ts  in 

USE OF OTHER TYPES OF EQUIPMENT FOR UNDRAINED SHEAR 

Various other types of laboratory equip- 

savings in  cos t  and time. However, the devices should be used 

tion until sufficient data and procedwal  details a r e  established 

their successful  application. Use of such testing apparatus, a s  

X I  -8 5 .  . ' 
Lt ! . 

with cau-  

to a s s u r e  

a rule, 
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1.1 The purpose of this SOP is to detail proper procedures for the calibration of all 
laboratory thermometers, such that temperature measurements are accurate 
and traceable. 

1.2 This procedure applies to any thermometer used in the laboratory directly or 
indirectly in the preparation, storage or analysis of samples. 

1.3 Working thermometers in the laboratory shall be calibrated annually against 
reference thermometers that have initial NBS traceability and that are recertified 
every three years with equipment directly traceable to the NBS. 

2.0 References 

2.1 ITAS-SW SOP No. MW104R0, "Calibration of Thermometers." 

3.0 ocrated SOPS and -le Methods 

3.1 ITAS System Procedure No. 901 4-HSC-01, "General Health and Safety 
Practices for Tasks Performed in the Laboratory." 

4.0 

4.1 None. 

5.0 Procedue 

5.1 Copies of the NBS traceable certification of reference thermometers will be kept 
in the Quality/Operations files. 

5.2 Every three years reference thermometers will be recertified with equipment 
directly traceable to the NBS. A record of the date of this certification will be 
kept in the Equipment Maintenance and Calibration files by the QCC. 

5.3 Each working thermometer in use in the laboratory will be assigned a unique 
number and will be calibrated annually against a reference thermometer using 
the calibration methods listed below as appropriate for the specific use of the 
thermometer: 
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5.0 Procedure (continued) 

5.3.1 Calibration Method 1 : 

5.3.1.1 Working thermometer and reference thermometers are allowed 
to remain together in the same room for at least 24 hours. The 
bulbs are then put together on desk top for at least 30 minutes 
and read. 

5.3.2 Calibration Method 2: 

5.3.2.1 A one-liter beaker is filled with regular refrigerator ice cubes 
prepared with deionized water. The remainder of space in 
beaker is filled with deionized water. The working thermometer 
and reference thermometer are immersed with bottom of bulbs at 
same level. Wait at least 30 minutes and read. 

5.3.3 Calibration Method 3: 

5.3.3.1 Fill a one liter glass beaker with deionized water and bring to a 
boil on a hot plate. The working and reference thermometer are 
immersed with bottom of bulbs at same level. At least the whole 
bulb on each thermometer must be completely immersed. Wait 5 
minutes and read. 

5.3.4 Calibration Method 4: 

5.3.4.1 Working thermometers and a reference thermometer are allowed 
to remain together in a freezer for at least one hour. After one 
hour, read the thermometers. 

5.4 

5.5 

5.6 

A Thermometer Calibration form (Figure TDLl02-1) shall be completed for each 
working thermometer calibrated and placed in the Quality/Operation files. 

Any thermometer that does not meet the acceptance criteria (k 1OC) shall be 
tagged to prevent inadvertent use. New thermometers that do not meet the 
acceptance criteria will be sent back to the vendor. Old thermometers that do 
not meet the acceptance criteria will be removed from the lab. 

All applicable safety and compliance guidelines set forth by IT Corporation and 
by federal, state, and local regulations must be followed during performance of 
this procedure. All work must be stopped in the event of a known or potential 
compromise to the health or safety of any ITAS Associate, and must be reported 
immediately to a laboratory supewisor. 

i. ’ 
! 
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6.1 Any thermometer that does not meet the acceptance criteria (k 1OC) shall be 
tagged to prevent inadvertent use. New thermometers that do not meet the 
acceptance criteria will be sent back to the vendor. Old thermometers that do 
not meet the acceptance criteria will be removed from the lab. 

7.1 A Thermometer Calibration form (Figure TDL102-1) shall be completed for each 
working thermometer calibrated and placed in the Quality/Operation files. 
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8 
J 
a 
8 
I 
I 
8 



0 
I 

Calibration 
Method Number 

THERMOMETER CALIBRATION 

Temperature Reading 

Reference Thermometer Thermometer Being Calibrated 
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FIGURE TDL102-1 

ITAS TECHNOLOGY DEVELOPMENT LABORATORY 

Date: 
Number of thermometer being calibrated: 
Description of thermometer being calibrated: 

Date last calibrated: 
Time since last calibration 
Description of reference thermometer: 

Working range: 
Acceptance criteria: 

Signed: 

f "C 
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BULKING FACTOR PROCEDURE FOR NONSLUDGE TYPE WASTE 

The bulking factor is the measured percent volume increase/decrease of the treated waste, relative to 
the original waste volume. The bulking factor measurement for a pourable waste sludge will follow 
the Standard Operating Procedure (SOP) in Appendix D. For a nonsludge material, the bulking factor 
will be determined by using bulk density values. The bulking factor will be calculated by using the 
following equation: 

where 

BF = 
A = 
P, = density of treated waste 
P, = density of raw waste 

percent change in volume relative to untreated waste 
percent additives relative to untreated waste (weight to weight) 

The bulk density of the raw waste will be determined in the site characterization. The bulk density of 
the treated waste will be calculated by dividing the weight of the unconfined compressive strength 
(UCS) solid cylinder (e.g., 1.5 by 3 or 2 by 4 inches) by its volume. (See "Stabilization/Solidification 
of CERCLA and RCRA Wastes," [EPA/625/6-89/022], Section 4.2.4 for a description of bulk density 
measurement of stabilized waste.) 

Bulk density of the raw waste values used in the treatability study will be averaged values from 
several locations in each waste area. These average values will be used in the bulking factor 
calculation. 

The BF equation was derived as follows: 

BF is defined as the percent change in volume resulting from treatment to the initial volume. This 
change can be presented mathematically as follows: 

where 

V, = volume of waste after treatment 
V, = volume of waste before treatment 

2 
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Volume can be expmssed as a function of density. 

m V = -  
P 

where 

m = massofwaste 
P = density of waste 

Equation (2) can be used to express Vt and Vr. 

m V, = - and 
Pr 

m + t  V' = - 
p, 

where 

t = mass of reagents added 

Substituting equations (3) and (4) into (1) gives: 

This can be reduced as follows: 

3527 
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1 

(3) 

2 

3 

4 

5 

(4) 

(4) 

9 

t 

,,, - is the fraction of reagents relative to the untreated waste. This can also be expressed as a 
._ percentage and redefined as follows: 

458% 
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Using equation (7) in (6) gives 

100 t - = A  
m 

[(loo + A)/P1 - lOO/P,] 
BF = 100 

lOO/P, 

RIFS Treatability Work Plan 
October 23,1991 
Vol. WP-Appendix E 
Page 3 of 23 

(7) 
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MODIFIED TCLP LEACH TEST PROCEDURE 1 

The modified toxicity characteristic leaching procedure (MTCLP) leach test is a modification of the 
TCLP test. The TCLP procedure is in Federal Register, Vol. 55, No. 126, pages 26986 through 
26998. The MTCLP screening data will be acquired in the initial stage(s) to minimize costs and waste 
generation. 5 

2 

3 

4 

The same leachant to solid ratio and leachants (TCLP Type 1 and 2) are used in both procedures. The 6 

7 

8 

9 

MTCLP differs from the standard TCLP as follows: the MTCLP uses 2.5 grams of material instead of 
100 grams; the MTCLP generates 50 milliliters of leachate instead of 2 liters; and the leachate from 
the MTCLP is analyzed for metals only rather than metals and organics. 
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WASTE AND REAGENT MIXING PROCEDURE 

The waste will be sieved through a 3/8-inch-mesh screen before testing. Obvious debris such as 
chunks of wood and metal will be removed. The percent weight and visual observation of removed 
debris will be noted. The waste will be ground to one-tenth the inner diameter of the UCS before 
mixing, if necessary. In the preliminary phase, 100 to 110 grams of waste and correct amounts of 
reagents will be mixed in a plastic container or a metal mixing bowl. The amount of water added will 
be determined empirically. Enough water will be added to make the mixture into a paste. Mixing 
will be done by hand with a spatula until the mixture has an even consistency without any lumps or 
mixed in a Planetary mixer. The mixture will be compacted using a vibrating table. The plastic 
container will be filled approximately half full and vibrated at least 1 minute. The remainder of the 
container will be filled and vibrated for another 1 minute. The vibrating table will be set at 
approximately 38 percent maximum power. The container will be sealed with a lid and taped. The 
treated samples will be cured at room temperature for 28 days in the sealed containers. 

In the advanced phase, approximately 300 grams of waste per mold will be mixed with the correct 
amount of reagents in Planetary mixer. The mixture will be placed into a 2- by 3-inch Jatco plastic 
cylinder in three to six aliquots. The mixture will be compacted using a vibratory table. After the 
molds are loaded, they will be capped and sealed with tape until the sample is tested on day 28. 

The specified quantity of waste to use in the test may be changed due to the radiological activity of 
the waste. 
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STABILIZATION WASTE FORM TEMPERATURE RISE GENERIC PROCEDURE 1 

Measure mom temperature (A). 

Mix waste and reagents thoroughly to homogenize the mixture. 

Place 50 to 100 grams of homogenized mixture in a separate container. If the sample is 
cohesive, press the mixture into a mass along the side of the container. Place the thermometer 
near the center of the mass. 

Monitor the mixture temperature. Record the temperature when the temperature reaches a 
peak and starts to decline (B). 

Calculate the temperature rise (dT): dT = B - A. 

2 

3 

4 ,  

5 

6 

I 

8 

9 

The measured temperature rise is a qualitative test. It is conducted as a screening test to alert of 
potential problems and hazards during scale-up. Further investigations of the actual temperature rise 
may be made during the remedy design phase when larger equipment, which has a design similar to 

10 

11 

12 

13 the full-scale equipment, will be used. 



RI/FS Treatability Work Plan 
October 23,1991 
Vol. WP-Appendix E 
Page I of 23 

PERMEABILITY 

The permeability of the treated samples will be determined by using procedures in EPA SW-846 and. 
EM-I 110-2-1906 as guidelines. There are several methods to choose from, depending on the sample 
matrix, and sample constraints (e.g., radioactivity and hazardous contaminants, sample condition on 
receipt. and clients' end use). 

The method of choice for determining permeability of treated samples is described in SW-846, Method 
9100, Section 2.8. This is the constant-head method using a triaxial-cell with back pressure. This 
method is applicable to cohesive samples, which are supplied in a molded form. 

The constant head triaxial cell method may take a couple of days longer to run, but there is more 
control over sample conditions during the test, and a wide range of field conditions can be simulated. 

There will be one slight modification to the method. A permeability cell will be substituted for the 
triaxial cell. The permeability cell is similar to the triaxial cell but does not have the plunger for 
applying a load to the sample. This plunger is not used in permeability testing, and its absence has no 
effect on the test. 

It is anticipated that all of the samples for permeability testing will be of the cohesive, molded type. 
If a sample is in a form that precludes the above test, there are several options available in the 
referenced method. Items that would preclude the above test may include: small sample size due to 
radioactivity level, noncohesive sample, loose sample requiring remolding, and chemicals in the 
sample that are incompatible with the latex membrane. 

A small sample size may require permeability testing in a consolidation cell. This method is not 
addressed in SW-846, but is found in the Army Corps of Engineers Manual EM 1110-2-1906, 
Appendix VII, paragraph 8. 

Noncohesive samples will require the use of a solid wall permeameter, such as a compaction or 
standard permeameter. These methods are found in SW-846, Method 9100, Sections 2.5, 2.6, and 2.7, 
and include both constant-head and falling-head methods. The selection of constant- or falling-head 
methods is not critical as both methods provide similar results. These methods are also applicable to 
samples containing chemicals incompatible with the latex membrane. 

If a sample requires remolding, a remolding density should be supplied. A moisture/density relation- 
ship curve can be generated to aid in the determination of remolding density. The permeability of 
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remolded samples may be determined by any of the aforementioned methods. If the sample is 
cohesive, the constant-head method, using a triaxial cell with back pressure, is again the method of 
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GENERIC pH AND Eh PROCEDURE 

I. Single Commnent SamDle 

1. Calibrate electrode as specified by the vendor. Record calibration data. 

2. Place a few grams of material in a container (e.g., a 5-ounce plastic container). 

3. Add water to mixture and stir with a spatula until a wet slurry is produced. There should 
be free water present. Enough water must be added to allow insertion of electrode in 
liquid phase with minimal contact with the solid phase. This procedure will minimize 
damage to the electrode. 

4. Insert pH or Eh probe in liquid phase. 

5. Take reading when measurement stabilizes. 

11. Multicommnent SamDle 
The procedure is the same with the single component sample except that the sample is mixed 
before it is added to the container. 
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PROPOSED RADON EMISSIONS FROM STABILIZED SOLIDS 

Purpose and Application 
A radon emission measurement technique is proposed for determining radon emissions from 
treated Operable Unit 2 materials. The test will determine the activity of radon emitted from 
the material’s final form by measuring the radon activity in the air flowing through a chamber 
containing the waste form. 

Definitions 

See Figure E-1 

Procedure 

Summary 

A cylinder of solidified material, having a known volume and surface area, is placed in a 
sealed container having one inlet and one outlet. Air is pumped through the chamber until 
equilibrium is reached. The radon in the exhaust stream is then measured. The radon emitted 
from the solidified material during a known time will be equal to the radon removed in the 
chamber’s exhaust stream. 

Interference 
No known inteferences. 

Sample Handling, Preservation, and Holding Time 

Application of these procedures on hazardous waste samples must consider the known or 
suspected hazardous compounds present. Project-specific selection of work m a ,  safe working 
practices, and personal protective equipment shall be made based upon exposure potential to 
the hazardous components. 

All applicable safety and compliance guidelines set forth by IT Corporation and by federal, 
state, and local regulations must be followed during performance of this procedure. All work 
must be stopped if a known or potential compromise to the health or safety of any IT 
Analytical Services (ITAS) Associate, and must be reported immediately to a laboratory 
supervisor. 
, .  

e .  
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There are no preservation requirements applicable to this procedure. 

Required equipment 

Air-tight test chamber of known volume. 

One (1) small fan. 

One (1) diaphragm pump (Brailsford TD-3LL or equivalent). 

One (1) rotameter. 

Two (2) activated carbon radon canisters. 

One (1) desiccant canister. 

One (1) metering valve (Swagelok B-SS4 or equivalent). 

Tubing, fitting, and connectors. 

One (1) continuous flow radon detector (Pylon AB-5 or equivalent). 

Operation 

Assemble test equipment as shown in Figure E-1. 

Place treated solid in test chamber with fan. 

start fan. 

Open valve "A," and close valve "B." 

Start pump. 

Start radon detector in continuous counting mode. 

Monitor detector until counts stabilize. 

Switch detector to integrated count and count for 10 minutes. Record count. 
459 
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1 

2 

3.5.9 Repeat step 3.5.7 two (2) times and record counts each time, for a total of three recorded 
measurements. 

3 3.5.10 Open valve "B" and close valve "A." 

4 3.5.11 Repeat steps 3.5.6 through 3.5.8. 

3.5.12 Remove solid and store in air-tight container. 

3.5.13 Switch radon detector to continuous mode. 

3.5.14 Continue operating system until count rate returns to background levels. 

3.5.6 Quality Control 

3.5.6.1 None. 

4.0 Nonconformance and Corrective Action 

4.1 Any failure to follow this procedure will be noted on a nonconformance memo. The 
comctive action will be verified by the quality control coordinator and approved by the 
appropriate operations manager. 

5.0 Records Management 

5.1 All data will be recorded in standard laboratory notebooks. 

5 

6 

1 

8 

9 

10 

11 

12 

13 

14 

15 



I U R S ~ W g l t p l m  
Ot* t3.1991 
VOL WP-Appendix E 
Page 13 of 23 

I 
W- 



RI/FS Treatability Work Plan . 
October 2 3 , 1 9 9 1  
Vol. WP-Appendix E 
Page 14 of 23 

3 5 2 7 

Calculations: 

The radon emitted from the solidified form will be calculated using the following equation: 

A ( p a )  = C (pCi/L) * Q (L/min) * T (min)/M (g) 

where 

A = 
C = 
M = 
Q = Flow rate (L/min) 
T = 

Radon activity emitted per gram of sample over time, t (pCi/g) 
Measured concentration of radon in exhaust air at equilibrium (pCi/L) 
Initial mass of sample in solidified material (g) 

Time of count (10 min) 
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Example calculation: 10 

Assuming the measured concentration of radon from a 200 gram sample (M = 200) is 100 pCi/L (C = 
100) during a 10-minute count (T = 10) at a flow rate of 1 L/min (Q = 1). A becomes: 

11 

12 

13 A = 100 pCi/L * 1 L/min * 10 min/200 g 

and 
A = 5 pCi/g 
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PROPOSED MEASUREMENT OF RADON LEACHING IN WATER 

Purpose and Application 
This procedure proposes a method for determining the leachability of radon (Rn) from 
stabilized Operable Unit 2 waste into a water leachant. The test will determine the activity 
of radon leached or emitted from the stabilized waste form by measuring the radon activity 
in the water leachate. The detection limit goal for Rn will be 300 pCi/l. See Federal 
Register 56, p. 33050 - 33127, July 18, 1991. 

Procedure 

Summary 

A stabilized material of known mass and approximate geometric surface area will be leached 
in deionized water for 30 days. The leachant volume (cm3) to,specimen geometric surface 
area (cm2) will be maintained greater than 10. The measured Rn in the leachate will be 
back calculated to the amount of Rn leached from the stabilized mass during the leaching 
period. 

Interference 
No known interferences 

Sample Handling, Preservation, and Holding Time 

Application of these procedures on hazardous waste samples must consider the known or 
suspected hazardous compounds present. Project-specific selection of work area, safe 
working practices, and personal protective equipment shall be made based upon exposure 
potential to the hazardous components. 

All applicable safety and compliance guidelines set forth by IT Corporation and by federal, 
state, and local regulations must be followed during performance of this procedure. All 
work must be stopped if a known or potential compromise to the health or safety of any IT 
Analytical Services (ITAS) Associate, and must be reported immediately to a laboratory 
supervisor. 

There are no preservation requirements applicable to this procedure. 463 
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Required Equipment 

Demonstrated sealable Teflon or glass container of known volume. 

Timer 

Agitator 

Polymeric net to suspend sample in leachant. 

Liquid scintillation counter 

Operation 

Remove plastic mold or crucible from stabilized waste. 

Determine approximate surface area of stabilized waste. I 

Insert stabilized waste into polymeric net. 

Insert waste and net assembly into container. The waste should not contact the bottom or 
sides of the container. 

Add deionized water to the container. Enough water shall be added to exceed the 10 to 1 

leachant volume to sample geometric surface area requirement and to minimize vapor space 
in the container. 

Close container, note the date and time the container was sealed. 

Place container in agitator. Agitate slowly. 

Agitate during normal working hours for 30 days. 

Rapidly remove enough leachate to conduct the liquid scintillation test. 

Perform liquid scintillation test. 
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Calculate the Rn in the liquid scintillation sample, in the original leachate solution, and the 
amount of Rn leached or emitted during the leaching period. 

Quality Control 

The data will be inspected by the QC officer. Deviations from the established procedure 
will be noted in nonconformance memos. 

Nonconformance and Corrective Action 

Any failure to follow this procedure will be noted on a nonconformance memo. The 
conective action will be verified by the quality control coordinator and approved by the 
appropriate operations manager. 

Records Management 

All data will be recorded in standard laboratory notebooks. 



7 

I, 
II SHEAR STRENGTH 

The following is a procedure to determine shear strength. 
1 
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* . e l .  GENERAL 
i - .  1 9  t >  

The CL-600A Torvane is a s c i e n t i f i c a l l y  designed soil t e s t ing  instrument f o r  

t h e  r a p i d  determination of shear s t rength of cohesive soils, e i t h e r  in the field 

o r  i n  the laboratory. 

8 

I The Torvane permi ts  t h e  r a p i d  de t e rmina t ion  o f  a l a r g e  number of s t rength 

It is simple to use and 

All that is required is a reasonably flat two- 

v a l u e s  wi th  d i f f e r e n t  o r i e n t a t i o n  o f  failure planes. 

sample trimming is e l imina ted .  

inch minimum diameter surface. 
I 

The Torvane, i d e a l l y  s u i t e d  to  f i e l d  usage, is an invaluable addition to the n 
I 
I 

i n s p e c t o r ' s  k i t  o r  t o  t h e  c o n s u l t i n g  engineer .  

appl icat ions f o r  evaluation of shear strength.  

Here are some suggested 

1. Ehds of Shelby tube samples. 

2. Standard penetration samples. 

3. S p l i t  spoon samples. 

4. l u n k  samples *om test p i t s  and backhoe excavations. 

5. Sides of test p i t s .  

The in s t rumen t  has  a stress range o f  zero to 2 . 5  kg./sq. cm (tons/sq. f't.). 

This  is a l s o  t h e  approximate range of torque tha t  can be e a s i l y  applied by the  

f i n g e r s .  It should be  used on ly  f o r  f u l l y  s a t u r a t e d  cohes ive  s o i l s  whose 

1 

I 
1 
I 

undrained s t r e n g t h  is independent of normal pressure. 

it to be used f o r  clays varying in consistency from very soft  to stiff. 

head is equipped with a m e c h a n i s m  to hold the maximum reading after release. 

instrument  is supplied with three  vanes. 

'Ihe stress range permits 

The d i a l  

'he 

'Ihe standard vane ( 1  inch diameter) is 

f o r  a range of 0 to  1.0 kg./sq. cm. The sens i t i ve  vane ( 1  7/8 inch diameter) is 

I for a r ange  o f  0 t o  0.2 kg./sq. cm. 

reading by 0.2 to  get  the shear s t rength of  the material. 

When t h i s  vane is used, multiply the  scale 

Tne high capacity vane 

I (3 /4  i n c h  d i ame te r )  is for the range of 0 t o  2.5 kg./sq. cm. When t h i s  vane is 

used, mult iply the  reading by 2.5.  

1-1 
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The Torvane was developed i n  connect ion wi th  an i n v e s t i g a t i o n  o f  s e v e r a l  

massive l a n d s l i d e s  .&ch occurred as a result of the Alaska earthquake i n  1964. 

Its o r ig ina l  purpose was to speed up the job of determining the shear s t rength of 

c o h e s i v e  s o i l  a t  t h e  e n d s  o f  S h e l b y  t u b e  samples rather than  resor t  t o  

conventional compression t e s t ing  methods. 

Tests performed w i t h  the  Torvane also provide excel lent  supplemental data  for 

The r e s u l t s  of such tests are rapid 

The Torvane a lso can be  used s u c c e s s f u l l y  i n  evaluating si te 

extensive foundation invest igat ion programs. 

and a c c u r a t e .  

conditions in the  planning of laboratory invest igat ions.  

The shear s t rength of a cohesive s o i l  is dependent upon many factors, including 

rate of l o a d i n g ,  progressive failure, or ien ta t ion  of the  failure plane and pore 

water mig ra i ton  dur ing  t e s t i n g .  The Torvane does not eliminate the effects of 

a n y  o f  t h e  v a r i a b l e s .  Homogeneous c l a y  and e x t e n s i v e  laboratory t e s t i n g  

i n d i c a t e s  e x c e l l e n t  agreement between the unconfined compression test and the 

Torvane. The smallest d i v i s i o n  on the  d i a l  is i n  units of 0.05 kg./sq. cm., 

p e r m i t t i n g  v i s u a l  i n t e r p o l a t i o n  t o  t h e  n e a r e s t  0.01 kg . / sq .  cm. The graph 

showing the correlat ion between readings of  the Torvane and shear s t rength values 

by unconfined compression tests and t r i a x i a l  tests are given i n  Figure 1. 

2. PROCEDURE 

2.1 

2.2 

of the  

2.3 

head. 

Prepare a f la t  surface on the cohesive undisturbed material. 

Attach the standard vane of suitable range to the stem by pressing the end 

stem in to  the square recess on t h e  vane all the way. 

Check tha t  the  zero of the  circular scale coincides with the index on the 

If not ,  r o t a t e  the d i a l  w i t h  f inge r  t i p  on the embossed numbers i n  the 

counter clockwise d i rec t ion  u n t i l  it stops a t  the index. 

1-2 478 
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. 2.4 Press the Torvane careful ly  i n t o  the s o i l  with the stem -at r igh t  angles t o  

the surface, t o  the  depth of  the blades. 

2.5 Maintaining a constant v e r t i c a l  load by f inger  pressure,  slowly turn the 

Note: A ra te  of knob a t  a cons t an t  rate t o  provide a to rque  on t h e  vane. 

ro ta t ion  such that failure deve lop  i n  5 t o  10 seconds is recommended. 

2.6 After sample fails, read Torvane shear strength on the circular scale j u s t  

against  the index. 

2.7 Multiply the  reading by the proper scale factor to g e t  the shear strength.  

(For  t he  high c a p a c i t y  vane,  t h e  smallest, t h e  scale f a c t o r  is 2.5; fo r  the 

s e n s i t i v e  vane, t he  la rges t ,  %he scale f a c t o r  is 0.2; f o r  the s t a n d a d  vane, 

medimm size, the scale factor  is 1.)  

2.8 Before making another test ,  re-zero the scale by ro t a t ing  it with finger 

t i p  in the counter 'clockwise direct ion u n t i l  it s t o p  at the index. 

2 . 9  Take r e a d i n g s  a t  d i f f e r e n t  s p o t s  ( i f  p o s s i b l e )  on t h e  s u r f a c e  and 

calculate the average value. 

3.1 Before conducting unconfined compression tests o r  t r i a x i a l  tes ts  on 

undis turbed  samples,  c u t  t h e  sample i n t o  segments 1/2 i n c h  longe r  than  the 

des i red  l e n g t h ,  and perform Torvane test  on each end. 'hen trim the material 

d i s t u r b e d  by the test. It is easier to do the test while the specimen is i n  the 

sampling tube, after trimming at one end. 

3.2 Use the  Torvane tes t  as a c o n t r o l  test t o  determine the shear strength 

pr ior  to other tes t ing .  

3.3 In consolidation tes t ing ,  after the specimen has been consolidated under a 

d e s i r e d  normal  stress, remove t h e  uppe r  porous s t o n e  and determine t h e  

consolidated shear strength of the specimen using the Torvane. 

1-3 
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LEGEND 

A S I J C ~ ~ ~ ~  - Unconfined compression test, slow test: SUC = 112 qu 

A SUCFAST - Unconfined compression test, quick test : SUC = 112 qu 
SO - Trioxial compression test, Q test: SQ = 1 / 2 ( ~ , - 0 ~ ) m a x .  

F i g u r e  1 
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This method uses 
(uranyl ion) from 
percent H,PO, to 
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GENERIC URANIUM BY ION CHROMATOGRAPHY 
WITH POST-COLUMN REACTION AND 

PHOSPHORESCENCE OR FLUORESCENCE DETECTION 

ion chromatography in the cation-exchange mode to separate the uranium as UO;2 
interferences. As the uranyl ion leaves the analytical column it is mixed with 39 
give a final concentration of approximately 19 percent H,PO,. The addition of 

H,PO, enhances the fluorescence of the uranyl ion. Finally, the post-column reaction mixtures pass 
through a flow-through cell mounted in a fluorescence detector. Response has been found to be linear 
over the range studies (10 to 500 parts per billion [ppb]). The equipment and conditions for this 
method are listed below: 

High performance liquid chromatography (HPLC) pump - LDCMilton Roy 
Constameuic 111 
Post-column reagent pump - LDCNilton Roy Constametric I11 
Injection valve - Altex 210 
Sample loop size - 147 UL 
Analytical columns - Dionex HPIC-CG2 Cation Guard 
Analytical columns - Dionex HPIC-CG2 Cation Analytical 
Post-column reactor (PCR) - 1/16-inch SS low dead volume "TEE" and 12-inch coil, 
heated 60°C with a water bath 
Detector - Perkin Elmer 204 - S Fluorescence Detector 
Detector excitation wavelength - 275 nm 
Detector emission wavelength - 515 nm 
Eluant - 0.1 M H,PO, 
Eluant Flow - 1.5 mL/min 
PCR reagent - 39 percent weight H3P04 (1 volume 85 percent H3P04 to two volumes 

PCR reagent flow rate - 1.1 mL/min 
H,O) 

The concentrations of H3P04 and brands of equipment are for examples only. They may be modified 
during the study. 
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m2! iw 
OOE-378-92 

Hr. James A. Saric, Remedial Project Director  
U. S. Envfranmental Protection Agency 
Region V - 5HR-12 
230 South Dearborn Street 
Chicago, 11 1 i noi s 50604 

Mr. Graham E .  Mitchell, WE Coordinator 
Ohio Envi ranmental Protect ion Agency 
40 South Mafn Street 
Dayton, Obi a 45402-2086 

Dear Mr. SarSc and Mr. Hitcnell: 

OPERABLE UNI7 (OU) 2 TREATABILITY STUDY PRELIRIhARY STAG€ 11 SCREMINC 

Preliminary Stage I Screening of the OU 2 Treatability Study work plan 
consists of developing a matrix o f  experimental formulations to evaluate the i r  
effectfveness in t reat ing the various wastes. After 28 days curing, the molds 
developed for evaluating the cement stabil  i z a t i o n  technology are subjected t o  
Unconfined Compressive Strength (UCS) tests. If the molds achieve a UCS of 
approximately 500 p s i ,  they are considered t o  be successful. These successful 
famulattono are then subjected to a Modified TdLP (MTCLP) t e s t .  fonnulations 
that pass both the USC and the I4TtX.P are then subjected t o  the Advanced Phase 
testing 

The work plan states that  a minimum of six formulations per waste type must 
pass UCS and MTCLP before being subjected to  Advanced Phase test ing.  The work 
pian also states that if less than s i x  formulatfons for each waste stream are 
judged t o  be successfd, Preliminary Stage SI will be initiated to develop new 
formulatfons. 

Prellminary results obtained for the South Field Waste indicate there are four 
formulations that meet the UCS criterion. The Department of Energy (DOE) f s  
proposing t o  subject these four formulations to Advancad Phase Testing i f  they 
also pass MTCLP, and not to develop additional new formulations i n  a 
Preliminary Stage I1 testing. 
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The rational for movfng fDrward w i t h  the evaluation of the four successful 
formulations and not developing a total of s i x  that pass the UCS and ffTCl3 i s  
as follows: 

- 

- 
- 
L 

- 
- 

I would 
future. 

Constituent variation i s  exhibited i n  the four successfu 
formulations (see enclosed prel iminary results) 

As s t a t e d  i n  the wort plan ,  the range of formulations w i  
evaluated durfng the remedial design phase. 

The estimated cost  t o  develop and evaluate an additional 
fonnul a t i  ons i s approxjmate? y $48,000. 

1 be 

s i x  

The four successful formulations illustpate that  a desirable UCS can 
be achieved. 

These formulations must pass the n C L P  prior t o  being subjected t o  
Advanced Phase Testing. 

Preliminary Stage II testing may frnpact timDng o f  final results. 

appreciate an opportunity t o  discuss this matter with you i n  the near 

If you or your s t a f f  have any questions, please sontact Johnny Reising a t  
(513) 738-9083. 

Sincerely , . 

FO : Rei s i ng J 
v j e c t  Manager 

Enclosure: As Stated 

.., . .i 
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bcc w/encl . : 
J. ford, OF-14, GTN 
T. Hindman, DP-12, GTN 
R. P. Berube, EH-20, FORS 

S. W- Coyle, WEMCO 
HA F. Oaugherty, WEMtO 
E. 0. Savage, WEMCO 
T. 'Tucker, Radian 
J. 0. Vood, AS1 
J. E. Razor, I T  
R. F .  Doda, Parsons 

E .  G. Feldt, EH-221, FORS 
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