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1.0 PROJECT DESCRIPTION 1 

Under Section 12 I@) of the Comprehensive Environmental Response, Compensation, and Liability 
Act (CERCLA) of 1980 as amended by the Superfund Amendments and Reauthorization Act of 1986 
(SARA), the U.S. Environmental Protection Agency (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- 
specific data necessary to support CERCLA remedial activities when treatment is proposed as part of 
one or more remedial alternatives. Treatability studies serve two primary purposes: (1) to aid in the 
selection of the remedy, and (2) to aid in the implementation of the selected remedy. Therefore, this 
work plan proposes treatability studies to support the remedial investigatiodfeasibility study (RI/FS) 
.for Operable Unit 2 at the Feed Materials Production Center (FMPC) near Fernald, Ohio. 

The FMPC is a contractor-operated federal facility which has historically been used for the production 
of pure uranium for the U.S. Department of Energy (DOE). The FMPC is located on 1050 acres in a 
rural area approximately 18 miles northwest of downtown Cincinnati. On July 18, 1986, a Federal 
Facilities Compliance Agreement (FFCA) was jointly signed by the EPA and DOE to ensure that 
impacts associated with past and present activities at the FMPC are thoroughly investigated so that 
appropriate remedial actions can be assessed and implemented. 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 current 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. 

In response to the FFCA and the Consent Agreement, DOE is conducting an W S  pursuant to 
CERCLNSARA. The technical strategy adopted for the RIPS is to issue distinct RI/FS reports for 
each of the five identified operable units at the FMPC. 

Operable Unit 2 encompasses the Sanitary Landfill, the Lime Sludge Ponds, the Active and Inactive 
Fly Ash Disposal areas, and the Southfield. A report on the development of remedial alternatives can 
be found in the final "Initial Screening of Alternatives for Operable Unit 2" (ISA) report of April 1991 
(DOE 1991). Waste treatment technologies identified for Operable Unit 2 wastes include cement- 
based solidification for the Lime Sludge Ponds and Fly AsWSouthfield areas and for the residuals from 
rotary kiln incineration of Sanitary Landfill wastes (which could contain radionuclides not eliminated 
by incineration). 
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1.1 PURPOSE OF TREATABKITY STUDY 
The purpose of this study is to provide additional information to support the feasibility study (FS) and 
subsequent remedy selection for Operable Unit 2. Specifically, the study will demonstrate whether 
solidification can achieve a desired level of material strength, as well as obtain quantitative data for 
geochemical modeling and subsequent computer modeling of groundwater contaminant transport. The 
results of the contaminant transport modeling will be used to quantitatively assess the relative 
effectiveness of the removal and nonremoval alternatives that are being evaluated. 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. 

The study is composed of two parts: preliminary stages (to support remedy screening) and advanced 
stages (to support remedy selection). The preliminary stage involves evaluating a range of solidifica- 
tion mix formulations in order to determine a representative formulation which meets the proposed 
strength criteria. The advanced stage study involves performing toxicity characteristic leaching 
procedure (TCLP) leach tests on solidified waste using representative formulations determined in the 
preliminary stage. The data resulting from this treatability study will be used to support the FS 
through comparison of leachate test results from the advanced stage testing with leaching results from 
tests performed on representative samples of unsolidified Operable Unit 2 wastes. The unsolidified 
waste testing will be performed under a separate program. The data resulting from the two-part 
treatability study will also be used to support the FS by establishing or identifying the following: 
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Confirmation of technology applicability to Operable Unit 2 waste 21 

Compliance of technology with ARARs 22 

Analytical results to be used for fate and transport modeling 23 

Leachability data to support residual risk calculations in support of the effectiveness criteria 24 
25 evaluation for the detailed analysis of alternatives 

Refinement of process requirements for cost estimation purposes 26 

Initial database for use in subsequent remedy design studies 27 

In some instances it is appropriate to distinguish between solidification (techniques used to encapsulate 28 

waste within a monolithic solid of high structural integrity) and stabilization (techniques used to 29 

reduce solubility, mobility, and toxicity). However, for purposes of this work plan, the two terms will 30 

be used interchangeably. 31 
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1.2 SITE DESCRIPTION 
The following subsections contai a brief summary of site characterizatia information for Operable 
Unit 2 based on data available at this time. Additional sampling and analytical testing of Operable 
Unit 2 waste areas are currently being conducted in support of site characterization. Figure 1-1 depicts 
the location of Operable Unit 2 waste disposal areas and monitoring wells within the FMPC property. 
Chemicals of potential concern for Operable Unit 2 (previously identified during the development of 
preliminary documents, based on limited characterization) are listed in Table 1-1. 

1.2.1 Sanitarv Landfill 
The Sanitary Landfill was used for the disposal of cafeteria waste, rubbish, and other types of wastes 
from nonproduction areas. Materials reported to have been disposed of in the past include, but are not 
limited to, nonburnable and nonradioactive sanitary wastes generated on property, nonradioactive 
construction rubble placed in the landfill, and the soil that was used to cover exposed wastes that may 
have been contaminated with radionuclides. The five existing cells, when filled to capacity, were 
covered with soil. Use of the landfill was halted in early 1986. 

The Sanitary Landfill contains the highest diversity of organic and inorganic chemicals among the 
Operable Unit 2 sites. A large variety of organic compounds, including polychlorinated biphenyls 
(PCBs) (e.g., aroclors 1242, 1248, and 1254), polynuclear aromatic hydrocarbons (e.g., benzo[a]pyrene 
and benzo[b]fluoranthene), other volatile organics (e.g., 1,1,1-trichloroethane and benzene), semivol- 
atile organics (e.g., naphthalene and phenol), and common laboratory contaminants 
(e.g., acetone, methylene chloride, and di-n-butyl phthalate) were all detected in samples of waste from 
the landfill. In addition to the organic compounds, the following were detected at concentrations 
above available background levels: cadmium, zinc, uranium-234, U-235, and U-238. Ranges of 
detected values of contaminants in the Sanitary Landfill waste are presented in Table B-1 of 
Appendix B. 

Chemicals detected above blank and background concentrations in both the source and perched 
groundwater were cadmium, U-234, and U-238. Wells 1035 and 1038 are screened in the perched 
groundwater beneath the Sanitary Landfill. Well 1035 is located north of the landfill, and Well 1038 
is located south of the landfill. The concentrations of cadmium ranged from 0.007 to 0.0128 ppm. 
The highest concentration of cadmium was detected in Well 1038. U-234 and U-238 detected in the 
perched groundwater beneath the Sanitary Landfill ranged from 1.2 f 0.4 picocuries per liter @Ci/Q) 
to 4.6 f 0.7 pCi/Q and from 1.0 f 0.3 pCi/Q to 3.9 f 0.6 pCi/Q, respectively. 
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TABLE 1-1 
CHEMICALS AND RADIONUCLIDES OF POTENTIAL CURRENT CONCERN 

FOR OPERABLE UNIT 2 

Lime Sludge Inactive Fly Ash 
Sanitary Landfill Ponds Disposal Area Active Fly Ash Pile Southfield 

Bis(2-ethy1)hexyl 

Di-n-butyl phthalate 
Cadmium 
Uranium 
Zinc 
Uranium-234 
Uranium-238 

phthalate Acetone Lead Acetone 
Uranium Uranium Methylene chloride 
Thorium-230 Radium-226 Lead 
Thorium-232 Radium-228 Uranium 
Uranium-234 Uranium-234 Radium-228 
Uranium-238 Uranium-238 Uranium-234 

Uranium-235 
Uranium-238 

Cadmium 
Mercury 
Uranium 
Radium-226 
Radium-228 
Uranium-234 
Uranium-235 
Uranium-238 
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1.2.2 Lime Sludne Ponds 
Spent lime sludges from FMPC water treatment plant operations (lime alum sludges and boiler plant 
blowdown) were pumped to these ponds and allowed to settle. Organic compounds (maximum 
detected concentrations denoted parenthetically) detected in both the North and South Lime Sludge 
Ponds include: phenol (61 pgkg), acetone (140 pgkg), bis(2-ethylhexy1)phthalate (310 pgkg), di-n- 
butyl phthalate (330 pgkg), and methylene chloride (240 pgkg). Detection of these chemicals may 
be attributed to laboratory contamination. Inorganic chemicals and radionuclides detected at concen- 
trations greater than background levels in the lime sludge were thorium-230 (20 pCi/g), U-234 
(3.1 pCi/g), U-235 (0.3 pCi/g), U-238 (7.6 pCi/g), and strontium-90 (2.2 pCi/g) (North Pond only). 
Ranges of concentrations are contained in Table B-2 of Appendix B. 

Radionuclides detected at concentrations above background levels in both the Lime Sludge Ponds and 
perched groundwater were Th-230, U-234, and U-238. In the Lime Sludge Ponds, the background 
level for Th-230 is 1.5 pCi/g; for U-234 and U-238 it is 1.4 pCi/g. In the perched groundwater the 
background level is 1.0 pCi/Q for these same radionuclides. U-234 and U-238 detected in the perched 
groundwater beneath the Lime Sludge Ponds ranged from 1.4 f 0.4 pCi/Q to 9.5 k 1.5 pCi/Q and from 
1.7 f 0.5 pCi/Q to 9.7 f 1.5 pCi/Q, respectively. The highest concentration of U-234 and U-238 were 
measured in Well 1042, located southwest of the Lime Sludge Ponds. The highest concentration of 
Th-230, 1.6 f 0.6 pCi/Q, was measured in Well 1041, located in the east berm of the South Pond. 

Organics detected in the Lime Sludge Ponds were not detected in perched groundwater beneath the 
ponds. This suggests that these organics have been contained within the Lime Sludge Ponds or bound 
in the surrounding glacial overburden. 

1.2.3 Active Fly Ash Pile 
This waste disposal area has received fly ash resulting from the combustion of coal as part of the 
FMPC boiler plant operations. Fly ash from the mechanical and electrostatic precipitators is combined 
with bottom ash and hauled to the Active Fly Ash Pile. Chemical analyses of constituents in the 
Active Fly Ash Pile were performed for barium and chromium (identified as hazardous metals by the 
Resource Conservation and Recovery Act [RCRA]), volatile organics, and radionuclides in composited 
and surface soil samples. Analyses for inorganic and PCB constituents will be performed on 
additional samples collected. Organics detected in the Active Fly Ash Pile were acetone (940 pgkg). 
2-butanone (67 p@g), chloroform (1 1 p e g ) ,  methylene chloride (1 100 pgkg), 1.1.1-tricholoroethane 
(420 pgkg), and toluene (89 pg/kg). Acetone and methylene chloride are common laboratory 
contaminants. In addition to these constituents. lead (Pb)-210, Ra-226, Th-228, Th-230, U-234, 
U-235, and U-238 were detected at above background levels in the Active Fly Ash Pile. Ranges of 
concentrations are contained in Table B-3 of Appendix B. Neither inorganic nor PCB analyses were 
performed on samples taken in the Active Fly Ash Pile. Concentrations of these constituents were 

- 

1 4  
F ~ d d C T ~ k  s \ o U Z T S l S ~ U - 2 1 - 9 1  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 



RI/FS Treatability Work Plan 
August 22. 1991 
voi. WP-Section 1.0 1 73 0 
Page 7 of 20 U 

assumed to be similar to those in the Inactive Fly Ash Disposal Area. The only inorganic chemicals 
detected at above-background concentrations in the Inactive Fly Ash Disposal Area were cadmium and 

The mean background levels for cadmium and lead are 1.7 m a g  and 17 m a g ,  respectively. 

1 

2 

3 lead. 

Metals, including radionuclides, detected at concentrations above background levels in both the Active 
Fly Ash Pile and the perched groundwater underneath it were U-234, U-238. and cadmium. 

4 

5 

6 

U-234 
and U-238 detected in the perched groundwater ranged from 4.5 f 1.0 pCi/Q to 6.6 f 1.2 pCi/Q and 
from 4.0 f 1.0 pCi/Q to 6.9 f 1.1 pCi/Q, respectively. U-234 and U-238 were detected in Well 1048, 
located north of the Active Fly Ash Pile. Cadmium was detected at a concentration of 0.0069 mglQ in 
Well 1048. 

.1.2.4 Inactive Flv Ash Dismsal Area 
This disposal area also received fly ash from the FMPC boiler plant from 1951 to the mid 1960's. 
Comparison of both chemicals and radionuclides in the Inactive Fly Ash Disposal Area to concentra- 
tions detected in blanks and background samples reveals PCBs (aroclors 1242, 1254, and 1260) 
(0.29 mgbcg), cadmium (3.82 mg/kg), lead (56 m a g ) ,  Pb-210. Ra-226, Ra-228. U-234, U-235, and 
U-238 as chemicals of potential concern at the source. Ranges of concentrations are contained in 
Table B-4 of Appendix B. 

Metals, including radionuclides, detected at concentrations above background levels in both the 
Inactive Fly Ash Disposal area and perched groundwater underneath it were cadmium, U-234, and 
U-238. U-234 and U-238 concentrations ranged from 3.7 f 0.6 pCi/Q to 7.4 pCi/Q and from 2.1 f 0.4 
pCVQ to 3.6 f 0.7 pCi/Q, respectively. U-234 and U-238 were detected in Well 1047, located north 
of the Inactive Fly Ash Disposal Area. Cadmium was detected at a concentration of 0.009 mg/Q in 
Well 1047. 

1.2.5 Southfield 
The Southfield is a large, heterogeneous site that overlaps the boundaries of the Inactive Fly Ash 
Disposal Area. The Southfield was reportedly used as a burial site for construction rubble and soils 
that may have contained low levels of radioactivity; this includes debris from the razing of the old 
administration building. Chemicals and radionuclides detected in the Southfield at concentrations 
exceeding available background levels were PCBs (aroclors 1242, 1254, and 1260) (1 100 p a g ) ,  
acetone (280 pgkg), chloroform (10 pgbcg), methylene chloride (280 pgkg), toluene (26 pa@, 
cadmium (5 pgkg). cobalt (27.7 pgnCg), lead (34 pg/kg), nickel (48 pg/kg), mercury (1.2 jigbcg), 
Pb-210, Ra-226, Ra-228, Th-228, Th-230, Th-232, U-234, U-235, and U-238. Acetone and methylene 
chloride are common lab contaminants. Ranges of concentrations are contained in Table B-5 of 
Appendix B. 
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Radionuclides detected in concentrations above-background levels in both the Southfield and the 
perched groundwater beneath it were Th-228. Th-230, U-234, and U-238. Th-228 and Th-230 were 
detected in Well 1046 at concentrations of 1.1 f 0.5 pCi/Q and 1.0 f 0.5 pCi/Q, respectively. Well 
1046 is located at the northern boundary of the Southfield. U-234 and U-238 detected in the perched 
groundwater beneath the Southfield ranged from 2.0 f 0.5 pCi/Q to 2.8 f 0.5 pCi/Q and from 1.9 f 
0.4 pCi/Q to 2.3 f 0.5 pCi/Q. respectively. 

Organics detected in the Southfield were not detected in the perched groundwater beneath the 
Southfield. This suggests that these organics have been contained within the Southfield or are bound 
in the surrounding glacial overburden. 

1.2.6 Remedial Action Obiectives 
Remedial action objectives (RAOs) are 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 to be considered (TBC) guidelines 
EPA guidance for risk to public health from hazardous chemicals 
Regulatory standards for control of radiation and radioactivity in the environment. 

The remediation objectives for Operable Unit 2 must cover all constituents (radiological and chemical) 
that contribute to a reasonable maximum exposure (RME) scenario. Alternatives for remediation must 
meet airborne RAOs (at a point immediately adjacent to the waste units or at a location determined by 
an RME scenario to be of greatest risk to human and environmental receptors) as well as drinking 
water RAOs (in the aquifer that might be encountered directly below Operable Unit 2). 

RAOs were developed based on chemical-specific and radionuclide-specific ARARs. The media for 
which RAOs were developed include: wastes, air, soils, sediments, surface water, and groundwater. 
RAOs are presented in Figure 1-2. 

1.2.7 EPA Guidance 
The EPA's "Guide for Conducting Treatability Studies Under CERCLA" outlines a three-tiered 
approach to conducting treatability studies for a Superfund site. The original interpretation of the 
approach can be seen in Figure 1-3. 
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Since publication, the terminology of this approach has been revised as follows: 

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 1-4 illustrates these three levels of treatability testing and how 
this treatability study work plan compares with these requirements. 

Pre-ROD treatability studies provide the critical performance and cost data needed to (1) evaluate all 
'potentially applicable treatment alternatives and (2) select an alternative for remedial action based on 
the nine RI/FS evaluation criteria. The detailed analysis of alternatives phase of the RI/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 nine RI/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 contaminants/matrix of interest. These tests are typically 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 quality 
assurance/quality control (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 
screened out at this time. 
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The remedy selection tier of the treatability study program is designed to determine whether a 
treatment alternative can meet the opcrable 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 phases of the FS. The cost data developed in this tier should support costs 
estimates of +50 percent to -30 percent accuracy. The performance data will be used to determine 
whether this technology will meet ARARs or 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 require 
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. 

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, which is not a part of this 
treatability study. Remedy design studies require moderate to high QA/QC and are typically vendor 
specific. 

This work plan covers the remedy screening and remedy selection tiers of the treatability studies. The 
remedy screening is performed in the preliminary screening study, and the remedy selection is 
performed in the advanced treatability study. 

1.3 TREATABILITY STUDY DESCRIPTION 
1.3.1 General 
As discussed in Section 1.1, this treatability study consists of preliminary and advanced stages. 
Preliminary Stage I testing will consist of evaluating various mixtures of reagents and waste to 
determine those mixtures which demonstrate favorable compressive strength properties. If a minimum 
of six samples do not achieve adequate compressive strength (approximately 500 pounds per square 
inch [psi] measured by unconfined compressive strength [UCS] testing), then Preliminary Stage I1 
testing will begin. Stage I1 will consist of one to ten additional formulations which will be determined 
based in part on the results of Stage I. UCS testing will be performed on all Stage I1 samples. The 
advanced testing will consist of TCLP and permeability tests performed on those samples which have 
compressive strength of approximately 500 psi. The estimated number of experiments are shown in 
Table 1-2. The concentrations contained in the TCLP extract analyzed for chemicals of concern will 
be considered representative of concentrations of leachate generated from treated waste for purposes of 
alternative comparison in the FS. Leachate concentrations from the TCLP tests will be used as input 
for groundwater fate and transport modeling. 
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1.3.2 
1.3.2.1 

Soecific Treatabilitv for Individual Waste Units Within Owrable Unit 2 
Sanitary Landfill 

Samples of landfill waste will be burned in a lab furnace in order to generate ash samples for 
solidification studies. The waste samples will be weighed when they are received. Certain types of 
material may require segregation prior to burning in the laboratory furnace, such as rubber or metallic 
fragments. These samples will be weighed both before burning and after burning is completed so that 
percent reduction can be estimated. The ash will be mixed with other reagents (as discussed in 
Section 4.0) and analyses performed as discussed in Section 1.3.1. 

1.3.2.2 Lime Sludge Ponds 
Lime sludge waste will be mixed with other reagents (as discussed in Section 4.0) and analyses 
performed as discussed in Section 1.3.1. 

1.3.2.3 Southfield 
Southfield waste will be mixed with other reagents (as discussed in Section 4.0) and analyses 
performed as discussed in Section 1.3.1. 

1.3.2.4 Inactive and Active Fly Ash DisDosal Areas 
Specific tests involving solidification of FMPC fly ash alone are not being conducted as part of this 
study, since FMPC fly ash (from the Active Fly Ash Disposal Pile) is being used as one of the 
reagents. Should the reagent mixture prove effective for Operable Unit 2 (and/or other operable units), 
it is likely that a substantial quantity of FMPC fly ash will be utilized in the solidification of Operable 
Unit 2 and/or other operable unit wastes. Waste from the Inactive Fly Ash Disposal Area also is 
being considered for the study (on a more limited scale) and is a potential source should the Active 
Fly Ash Pile be depleted. It is noteworthy that ash from both the Active and Inactive Fly Ash 
Disposal Areas is being examined for potential use as an additive for treatment of Operable Units 1 

and 4 wastes, for both cement solidification and vitrification technologies. Should either of these 
technologies prove viable, the need for solidification of FMPC fly ash may become nonexistent. 
Should residual amounts of fly ash remain after treatment of other wastes, comparison studies 
(treatment versus nontreatment) made for the other Operable Unit 2 wastes should be valid for fly ash 
as well. 

1.3.3 General Selection Criteria 
For cement stabilization, the most promising formulations will have UCS, after a 28-day curing period, 
of approximately 500 psi; will pass all of the TCLP leaching requirements; will have relatively low 
permeability; and will have minimal volume increase after treatment. Appendix A contains a more 
detailed discussion of the justification for using a compressive strength of approximately 500 psi. 
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The best technology will be determined by comparison of multiple criteria during the detailed analysis. 
The detailed analysis of alternatives phase of the RI/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 nine RI/FS evaluation criteria (see Section 1.2.7). 

The relationship between the evaluation criteria and the data that will be generated during treatability 
studies is shown in Table 1-3. 

Compliance with ARARs would be determined by whether the treated material meets compressive 
strength requirements for disposal, whether the leachate exceeds established discharge standards, and 
on factors relating to waste form. A full evaluation of the technology for compliance with ARARs 
will be performed in the FS. 

Treatability testing that relates to a technology's long-term effectiveness and permanence include its 
shear strength and durability for handling and disposal purposes, its solubility as measured by 
leachability, and the extent to which it transmits water based on permeability. The waste form itself 
also influences long-term stability. 

The ability of a technology or formulation to reduce the toxicity, mobility, or volume will 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, which is an indicator of the volume 
of treated waste that must be handled and disposed of and by the specific technology chosen. 

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

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

Additional information on use of the evaluation criteria and treatability data in the feasibility study 
process can be found in "Guidance for Conducting Remedial Investigations and Feasibility Studies 
Under CERCLA" (EPA 1988). 
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1.4 APPENDICES 1 

This work plan contains four appendices that provide additional information supporting the treatability 2 

study. Appendix A provides additional justification for (1) using the portland cemenvfly ash process 3 

to solidify waste, and (2) using the UCS of approximately 500 psi. Appendix B is a description of 4 

Operable Unit 2 waste characteristics. Appendix C is the health and safety plan for the treatability 5 

6 

bulking factor measurement, for determining UCS, and for entering data into laboratory notebooks. 7 

program for Operable Unit 2. Appendix D contains standard operating procedures for determining 
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2.0 REMEDIAL TECHNOLOGY DESCRIPTION 1 

2.1 SUMMARY OF ALTERNATIVES 2 

3 

4 

5 

6 

7 

8 

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 ISA Report For Operable Unit 2 (DOE 
1991). The alternatives listed represent those which survived the initial screening phase and are 

for each of the waste areas would involve no implementation of corrective action; but under this 
proposed for further analysis as part of Lhe FS. The no-action alternative that is proposed in the ISA 

alternative, ongoing water quality monitoring would continue. 

As stated in Section 1.3.1, results obtained from the treatability study will be considered representative 
of leachate concentrations of treated waste for use in groundwater fate and transport modeling of 

nontreatment alternatives, leaching experiments using the TCLP will be performed on untreated waste 

9 

10 

11 

12 

13 

14 

15 

removal and treatment alternatives. In order to provide comparative data for nonremoval and 

(conducted under a separate program) to support groundwater fate and transport analysis. It is 
noteworthy that the Lime Sludge Ponds are candidates for in situ solidificationlstabilization, and 
therefore will not be a part of this treatability study. 

2.1.1 Sanitarv Landfill 16 

Alternative 1: Containment 17 

Under this alternative, the waste would remain in place. Access restrictions. monitoring activities, 18 

capping, and runoff control would be implemented. 19 

Alternative 2: Containment with Perched Groundwater Treatment 20 

21 

22 

23 

This alternative is identical to Alternative 1, except that the perched groundwater underlying the waste 

contained within these saturated sand lenses present in the glacial overburden. 
areas would be removed and treated. Pumping wells would be utilized to remove groundwater 

Alternative 5: Removal and Treatment of Waste, Perched Groundwater Treatment, and On-Prowrtv 24 

Dismsal 25 

This alternative combines access restrictions, monitoring, and runoff control with mechanical removal; 
treatment and on-property disposal of waste materials; and removal and treatment of perched 
groundwater. The technologies that would be utilized for waste treatment are rotary kiln incineration 
and cement-based stabilization of treatment residuals. 
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Alternative 6: Removal and Treatment of Waste, Perched Groundwater Treatment, and Off-Site 1 
Dismsal 2 

This alternative is identical to Alternative 5, except that the waste would be disposed of at an off-site 
location after its removal and treatment. 

3 

4 

2.1.2 Lime Sludge Ponds 5 

Under this alternative the waste would remain and be stabilized 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 fly ash to produce a stabilized end product that could 

would be implemented. 11  

Alternative 1: Containment with In Situ Stabilization 6 

7 

8 

9 

10 support the weight of a cap. Access restrictions, monitoring activities, capping, and runoff control also 

Alternative 2: Containment with In Situ Stabilization and Perched Groundwater Treatment 12 

13 

14 

15 

This alternative is identical to Alternative 1 except that perched groundwater underlying waste areas 
would be removed and treated. Pumping wells would be utilized to remove groundwater contained 
within these saturated sand lenses present in the glacial overburden. 

Alternative 3: Removal and Treatment of Waste, Perched Groundwater Treatment, and On-Prowrty 16 

DisDosal 17 

18 

19 

20 

21 

This alternative combines access restrictions, monitoring, and runoff control with mechanical removal, 

groundwater. The technology that would be utilized for waste treatment is solidification using a 
cemenvfly ash mixture and applying a process similar to that used in producing concrete in a batch 
plant. 22 

treatment, and on-property disposal of waste materials, and removal and treatment of perched 

Alternative 4: Removal and Treatment of Waste, Perched Groundwater Treatment, and Off-Site 

This alternative is identical to Alternative 3, except that the waste would be disposed of at an off-site 

23 

Dismsal 24 

25 

location after removal and treatment. 26 

2.1.3 Flv AsWSouthfield Area 27 

The Fly Ash/Southfield area comprises three distinct areas: the Active Fly Ash Pile, the Inactive Fly 28 

Ash Disposal Area, and the Southfield. The Inactive Fly Ash Disposal Area is adjacent to the 29 

Southfield. The Active Fly Ash Pile is separated from the Southfield by an unpaved road. 30 
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Alternative 1: Containment 
Under this alternative the waste would remain in place. Access restrictions, monitoring activities, 
capping, and runoff control would be implemented. 

Alternative 2: Containment with Perched Groundwater Treatment 
This alternative is identical to Alternative 1, except that the perched groundwater underlying the waste 
areas would be removed and treated. Pumping wells would be utilized to remove groundwater 
contained within these saturated sand lenses present in the glacial overburden. 

Alternative 5: Removal and Treatment of Waste, Perched Groundwater Treatment, and On-Prowrtv 
Disposal 
-This alternative combines access restrictions, monitoring, and runoff control with mechanical removal. 
treatment, and on-property disposal of waste materials, and removaVtreatment of perched groundwater. 
The technology that would be utilized for waste treatment is solidification, using a mixture of cement 
and fly ash and applying a process similar to that used for production of concrete in a batch plant. 

Alternative 6: Removal and Treatment of Waste, Perched Groundwater Treatment, and Off-Site 
Disposal. 
This alternative is identical to Alternative 5 ,  except that the waste would be disposed of at an off-site 
location after removal and treatment. 

2.2 SOLIDIFICATION OF WASTE MATERIAL 
Solidification/stabilization immobilizes contaminants in soils and sludges by binding them in a 
concrete-like, leach-resistant matrix. Contaminated waste materials are collected, screened to remove 
oversized material, and introduced to a batch mixer, The waste material is then mixed with water, fly 
ash, portland cement, and possibly other reagents. The quantity of water added depends upon the 
existing moisture content of the waste and the total moisture content required to provide proper 
solidification. The treated waste will form a solid mass with significant UCS, high stability, and a 
rigid texture similar to that of concrete. 

2.2.1 Cement Stabilization for ODerable Unit 2 Treatability Study 
The waste samples will be treated with varying combinations of cement, sodium silicate, clay, zeolite, 
and fly ash from the Active Fly Ash Pile to determine the viability of the cement stabilization option. 
Portland Type I or I1 cements, PQ Corporation Type N sodium silicates, Operable Unit 2 fly ash, 
attapulgite, clinoptilolite, and water will be used in various combinations to determine the optimum 
overall mix. Site fly ash will be used as a pozzolanic agent in !he screening in an effort to determine 
its effectiveness in achieving an adequate stabilized waste form. 
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A limited number of test runs will be made using samples obtained from the Inactive Fly Ash Disposal 
Area, for comparison with results obtained from the Active Fly Ash Pile. 
details on the experimental design. 

1 

2 

3 

Section 4.0 contains more 

32 
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1.720 
3.0 TEST AND DATA QUALITY OBJECTIVES 1 

The purpose of this preliminary screening is to assess the performance of various stabilization 
technologies on the Operable Unit 2 wastes in support of the RIPS. To select a preferred alternative 
for the Operable Unit 2 RIPS, a waste treatment technology must be screened to support evaluations 
of the alternative during the detailed analysis of alternatives, In addition, the level of QA/QC applied 

2 

3 

4 

5 

6 during experimentation and analysis must be established. 

This section will establish the performance objectives for the treatment technologies, the additional 7 

8 data desired for use in subsequent stages of the RIPS, and the data quality objectives (DQOs). 

-3.1 PERFORMANCE OBJECTIVES AND DESIRED DATA 9 

Specific test objectives have been established so that the performance of the various stabilization 
mixtures can be evaluated in the areas of leachability, UCS, and final waste form volume. These 
performance objectives will be used to determine whether a particular reagent mixture produces an 

10 

11  

12 

13 acceptable waste form. The specific objectives of the preliminary and advanced stages are as follows: 

To determine the cement stabilization reagents and relative quantities required, so that the final 
waste form meets TCLP criteria 

14 
15 

To determine the cement stabilization reagents and relative quantities required, so that the final 
waste form achieves a UCS (American Society of Testing and Materials [ASTM] D2166) of 

16 
17 

approximately 500 psi 18 

To estimate the volumes of treated waste that will be generated by each process 19 

To provide preliminary cost and design data for the FS 20 

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

21 
22 

To develop preliminary reagent mixtures 23 

To develop preliminary process parameter data for use in the advanced phase studies for cement 24 
25 

description of waste before and after reagent addition, and permeability (EPA Method 9100, 26 
EPA 1986) 27 

solidification, Le., shear strength, waste form temperature rise with reagent addition, general 

To obtain the chemical and radiological data as shown in Table 3-1. 28 

The chemicals and radionuclides listed in Table 3-1 represent a general list for the FMPC. The 
contaminants of concern listed in Table 1-1 were determined based on limited characterization data 
obtained prior to the current field characterization program being conducted for Operable Unit 2. 

29 

30 
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TABLE 3-1 
CHEMICAL AND RADIOLOGICAL INFORMATION TO BE 

IN ADVANCED STUDY 

TCLP Analysis List' 

ACQUIRED 

Organicsb Inorganic Chemicals" Radionuclidesd 

TCL volatiles 
TCL semivolatiles 
TCL pesticidesPCBs 

Aluminum (Al) Radium-226 
Antimony (Sb) Radium-228 
Arsenic (As) Total thorium 
Barium (Ba) Total uranium 
Boron (B) 
Calcium (Ca) 
Chromium (Cr) 
Cobalt (Co) 

Copper (CUI 
Cyanide (CN) 
Iron (Fe) 
Lead (Pb) 
Magnesium (Mg) 
Manganese (Mn) 
Mercury (Hg) 
Molybdenum (Mo) 
Potassium (K) 
Nickel (Ni) 

Selenium (Se) 
Silver (Ag) 
Sodium (Na) 
Thallium (Tl) 
Vanadium (V) 
Zinc (Zn) 

Analysis by Contract Laboratory Protocol (CLP). 
Organics will be performed only if found in the characterization study. 
Inorganic chemicals will only be analyzed for if determined to be of concern from additional 
data being collected as part of the RWS for Operable Unit 2. In addition, inorganic chemicals 
listed in Table 1 of 40CFR261.24 will be analyzed to determine if the waste exhibits the RCRA 
characteristic of toxicity. 
If additional radionuclides are determined to be concern of Operable Unit 2, they will be 

" 

d 

analyzed for. isotopic distributions will be obtained from site characterization. 34 
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the inorganic chemicals listed in Table 3-1, a determination will be made based on the existing data 
plus the new data as to which inorganic chemicals are of concern. Analysis for the revised list of 
chemicals of concern will then be done. 

3.2 DATA QUALITY OBJECTIVES 
DQO analytical levels are defined in EPA's "Guide for Conducting Treatability Studies Under 
CERCLA" @PA 1989). This guide states that the requisite analytical levels are dictated by the types 
and magnitudes of decisions to be made, based on the data and the objective of the screening. A 
description of the analytical levels is presented in Table 3-2, an excerpt from EPA's guide. A 
discussion of the DQOs for each stage of laboratory screening for cement stabilization follows. 

The establishment of DQOs is the part of the process that defines the data quality needs of the project. 
The implementation of an appropriate QA/QC program is required to ensure that data of known and 
documented quality are generated. The DQOs will define the level of QA/QC for the treatability 
testing and analysis. The DQOs for this laboratory screening are quantitative in nature because the 
stabilized waste must meet specific performance criteria, namely UCS of approximately 500 psi (see 
Appendix A) and TCLP. A list of tests and associated DQOs for cement stabilization are in 
Tables 3-3 and 3-4. 

3.2.1 Preliminarv Screening - Stage I 
The preliminary screening will be an initial run of a minimum of 12 formulations for each of the three 
waste types (Sanitary Landfill, Lime Sludge Ponds, and the Southfield). All stabilized waste samples 
will be tested for shear strength and temperature rise after mixing waste and reagents. UCS tests will 
be performed on samples at 28 days. The 28-day samples will be tested for bulking factor, and those 
that meet UCS criteria will also be tested for TCLP (Table 3-1) under the advanced study. The TCLP 
samples will not be analyzed for organics unless organics are present in the waste. 

The bulk density of the treated waste will be calculated by dividing the weight of the UCS solid 
cylinder (2 inches x 4 inches) by its volume. (See EPA 1989. EPA/625/6-89/022, Section 4.2.4, for a 
description of bulk density measurement of stabilized waste.) 

35 
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TABLE 3-2 
SUMMARY OF ANALYTICAL LEVELS 

Level I 

Type of analysis Field screening or analysis with portable instruments. 

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

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

Level I1 

Type of analysis Field analyses with more sophisticated portable instruments or mobile laboratory. 
Organics by GC; inorganics by AA, ICP, or XRF. 

Limitations Detection limits vary from low parts per million to low parts per billion. Tenta- 
tive identification of compounds. Techniques/instruments limited mostly to 
volatile organics and metals. 

Data quality Depends on QNQC steps employed. Data typically reported in concentration 
ranges. 

Level I11 

Type of analysis 

Limitations 

Data quality Detection limits similar to CLP. Rigorous QNQC. 

Organicshnorganics performed in an off-site analytical laboratory. May or may 
not use CLP procedures. Laboratory may or may not be a CLP laboratory. 

Tentative identification of compounds in some cases. 

Level IV 
~~ ~~ ~ ~~~ 

Type of analysis Hazardous Substances List (HSL) organicshnorganics by GC/MS, AA, ICP. Low 
parts-per-billion detection limits. 

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

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

Level V 

Type of analysis Analysis by nonstandard methods. 

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

Data quality Method-speci fic. 

SOURCE: EPA, "Guide for Conducting Treatability Studies under CERCLA," December 1989. 
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The bulking factor is calculated as shown: 

loo*( 100tA)/PI- 100/Pr 
100/Pr 

BF= 

where 

BF = percent bulking factor 
A = percent additives added 
PI = density of treated waste 
P, = density of raw waste 

The temperature, shear strength and bulking factor are DQO analytical Level I. The UCS and TCLP 
are DQO analytical Level 111. 

3.2.1.1 Compositing. of Waste Samples for Preliminaw Stage Testing 
Discrete archived samples of waste from the Sanitary Landfill, the Lime Sludge Ponds, and the 
Southfield will be composited at the FMPC before shipment to the lab. Discrete samples will be taken 
at random depths from a particular borehole and composited with discrete samples from other 
boreholes, resulting in a fairly uniform waste mixture. Landfill samples will be composited prior to 
burning. 

Active fly ash (used as a reagent) will be composited in the same manner as the waste (to be 
solidified) and will not be mixed with inactive fly ash. Inactive fly ash (used as a reagent) will also 
be composited in the same manner as the waste (to be solidified). 

3.2.2 Preliminary Screening - Stage I1 
The Stage I1 experiments may consist of one to 10 new formulations if results of Stage I testing 
identify this to be necessary. The samples will be tested for shear strength and temperature rise after 
mixing waste and reagents. The bulking factor and UCS will be run after 28 days of curing. 

3.2.3 Advanced Stape Exwriments 
TCLP leach tests and permeability tests will be performed on a minimum of six samples achieving a 
minimum compressive strength of approximately 500 psi. The results of the leach tests will be 
evaluated and used in determining representative leachate concentration for groundwater fate and 
transport modeling. EPA method 9100 @PA 1986) will be used as a guide for permeability testing of 
solidified waste samples. 
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4.0 EXPERIMENTAL DESIGN AND PROCEDURES 1 

4.1 PRELIMINARY (STAGE I) SCREENING 
There are many unknown variables involved in the behavior and activity of the waste and the perfor- 
mance of the proposed reagents with the waste. Since there is no way of knowing in advance which 
reagent combination will provide optimal performance, a matrix of experimental tests has been created 
for the Operable Unit 2 wastes. If the results of the tests indicate that a particular reagent combina- 
tion(s) will not produce the desired results, then that combination(s) will be eliminated from consider- 
ation. As discussed in Section 4.1.4, additional testing may be required if more data are needed to 
evaluate the performance of various reagent combinations. A flow chart of the overall testing process 
is shown in Figure 4-1. 

The rationale used for the reagent combinations shown in Tables 4-1 through 4-3 is contained in 
Appendix A. FMPC fly ash samples from the Active Fly Ash Pile are being utilized in this study 
because of its value to resource recovery. The overall volume increase for Operable Unit 2 can be 
minimized by utilizing this source of material for solidificationhtabilization, provided the FMPC fly 
ash proves effective in this type of use. On a limited basis, some comparative samples of Inactive Fly 
Ash will be substituted for Active Fly Ash so that comparisons can be made. Conner (1990) also 
discusses different types of materials and processes used in stabilizationholidification. Generally, 
water/cement ratios are approximately 0.3 and fly aswcement ratios range from 2 to 4. Due to the 
existence of moisture in Operable Unit 2 wastes, the water (to be added) is shown as a range because 
of the likelihood of differing moisture contents in the waste and fly ash. 

The procedure to be followed will involve the following steps. Fly ash (used as a mixture) will be 
ground to pass through a 3/8-inch mesh screen before mixing testing since the fly and bottom ash have 
historically been codisposed of at the FMPC. Obvious debris, noncoal ash, or other foreign substances 
will be removed. Waste material from the landfill, sludge ponds, and Southfield will also be ground 
to pass a 3/8 inch mesh screen. The percent of volume removed weight and visual observation will be 
noted. In the preliminary phase, waste and correct amounts of reagents 
(Tables 4-1 through 4-3) will be mixed in a plastic container, slightly compacted by tapping with a 
bolt, and sealed within the container with a lid. Enough mixture to make two cylinders for UCS 
testing will be produced for each formulation for each waste stream. The amount of water added will 
be determined empirically; enough water will be added to make the mixture into a paste. If too much 
bottom ash is present in the fly ash, a commercial fly ash may be substituted. Mixing will be done by 
hand with a spatula until the mixture has an even consistency without any lumps. 
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SET 3 WASTE TYPES 

PER WASTE TYPE 
2 MOLDSFORM 

1-10 FORMULATIONS 

INCINERATION OF 

SANITARY LANDFILL WASTE 

SET 3 WASTE TYPES 

MIN. 12 FORMULATIONS 

PER WASTE TYPE 
2 MOLDS/FORMULATION 

28-DAY CURE PRELIMINARY STAGE I 

t - G' PASS (MINIMUM OF 6 FORMULATIONSMIASTE TYPE) 

MINIMUM OF 6 
FORMSMIASTE TYPE 

I TT I ADVANCED 

PERMEABIUTY u 
NOTE: 

BULKING FACTOR ANALYSES WILL BE DONE PRIOR TO USC TESTS. 

SHEAR STRENGTH AND TEMPERATURE RISE ANALYSIS WILL BE PERFORMED WHEN SAMPLES AREMIXED. 

FIGURE 4-1. FLOW CHART OF TREATABILITY TESTING FOR OPERABLE UNIT 2 
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TABLE 4-1 f 720 
SANITARY LANDFILL ASH 

CONSTITUENTS FOR STABILIZATION PER SAMPLE IN GRAMS 

Potential 
Range of 

Water 
Required 

Attapulgite & 
Clinoptiloli te 

Each 

Type 1 
Portland 
Cement 

Waste" 
(Ash) 

300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 

FMPC 
Fly Ash 

150 
150 
150 
75 
75 
150 
150 
75 
75 
90 
90 
90 

Sodium 
Silicate Run No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

75 
75 
75 
75 
75 
150 
150 
150 
150 
45 
45 
45 

0.00 
0.15 
0.15 
0.00 
0.15 
0.00 
0.15 
0.00 
0.15 
0.00 
0.09 
0.09 

15 
0.00 
15 
15 
0.00 
5 
0.00 
5 
0.00 
3 
0.00 
3 

15-60 
15-60 
15-60 
15-60 
15-60 
30-60 
30-60 
30-60 
10-20 
12-18 
12-18 
12-18 

TABLE 4-2 
LIME SLUDGE POND WASTE 

CONSTITUENTS FOR STABILIZATION PER SAMPLE IN GRAMS 

Run No. 

Potential Range 
of Water 
Required 

Type 11 
Portland 
Cement 

Attapulgite & 
Clinoptilolite 

Each 
FMPC 

Fly Ash 
Sodium 
Silicate Waste" 

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 
150 
150 
150 
150 

150 
150 
150 
75 
75 
150 
150 
75 
75 
90 
90 
90 
150 
150 
150 
150 

0.00 
0.15 
0.15 
0.00 
0.15 
0.00 
0.15 
0.00 
0.15 
0.00 
0.09 
0.09 
0.00 
0.15 
0.00 
0.15 

15 
0.00 
15 
15 
0.00 
15 
0.00 
15 
0.00 
9 
0.00 
9 
15 
0.00 
15 
0.00 

0-60 
0-60 
0-60 
0-60 
0-60 
0- 120 
0- 120 
0- 120 
0-120 
0-36 
0-36 
0-36 
0-180 
0-180 
0-180 
0-180 

42 a Wet weight of waste 
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SOUTHFIELD WASTE 

Run No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 

CONSTITUENTS FOR STABILIZATION PER SAMPLE IN GRAMS 

Waste" 

300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 

Type 1 
Portland 
Cement 

75 
75 
75 
75 
75 
150 
150 
150 
150 
75 
75 
75 

FMPC 
Fly Ash 

150 
150 
150 
75 
75 
150 
150 
75 
75 
15d) 
1 Sob 
l5d) 

Sodium 
Silicate 

0.00 
0.15 
0.15 
0.00 
0.15 
0.00 
0.15 
0.00 
0.15 
0.00 
0.09 
0.09 

Attapulgite & 
Clinoptilolite 

Each 

15 
0.00 
15 
15 
0.00 
15 
0.00 
15 
0.00 
9 
0.00 
9 

Potential 
Range of 

Water 
Required 

0-75 
0-75 
0-75 
0-75 
0-75 
0-150 
0-150 
0-150 
0-150 
0-75 
0-75 
0-75 

Wet weight of waste 
Substitute Inactive Fly Ash for Active Fly Ash 

43 
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After mixing, shear strength and temperature rise will be measured. The treated samples will be cured 
at room temperature in the sealed containers. After 28 days, one of each set of two test cylinders will 
be subjected to UCS tests. Those samples which are acceptable will then be subjected to TCLP testing 
under the advanced program. If less than six formulations for each waste stream are judged to be 
successhl, Stage I1 (see 4.1.5) will be initiated with new formulations. 

1 

2 

3 

4 

5 

4.1.1 Sanitarv Landfill Ash 6 

7 

8 

Waste from the Sanitary Landfill will be placed in a lab furnace for two hours at approximately 200°C. 

ty studies for solidification. 9 

then two more hours at approximately 550°C. The resulting ash will be used to conduct the treatabili- 

Stabilization reagents will be blended with landfill ash in a graduated plastic cup and mixed by hand, 
using a spatula, until they are homogeneous (more than two minutes). Each composite sample will be 
dosed with stabilization reagents according to the stabilization matrix (see Table 4-1). FMPC fly ash 

10 

11  

12 

13 

14 

15 

(from the Active Fly Ash Pile) is being used in these experiments. UCS measurements using method 
ASTM D2166 will be taken on day 28. Those judged to be acceptable will be subjected to TCLP 
tests (Table 3-1) under the advanced program. 

4.1.2 Lime Sludge Ponds 16 

Stabilization reagents will be blended with pond waste in a graduated plastic cup and mixed by hand, 17 

using a spatula, until they are homogeneous (more than two minutes). The cup is then covered with a 18 

tight-fitting lid. Each sample will be prepared according to the stabilization matrix (see Table 4-2). 19 

20 Type I1 portland cement is used instead of Type I due to possible sulfate reactions between the 
reagents and sludge wastes. 21 

4.1.3 Southfield 22 

23 

24 

25 

Table 4-3). 26 

Stabilization reagents will be blended with waste in a graduated plastic cup and mixed by hand, using 

fitting lid. Each composite sample will be prepared according to the stabilization matrix (see 
a spatula, until they are homogeneous (more than two minutes). The cup is then covered with a tight- 

4.1.4 Data Reauired 
The following data will be recorded during cement stabilization preliminary screening: 

21 

28 

UCS (ASTM D2166) 29 
Bulking factor 30 

31 
32 
33 

Waste form temperature rise, after waste and reagents are mixed 
General descriptions of the waste, before and after reagent addition 
Approximate shear strength, measured within 10 minutes after waste and reagents are mixed 

4 4  
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Physical characteristics-percent moisture and bulk density 
The amount of water added to each waste form. 

4.1.5 Preliminaw (Stage 11) Screening 
Results from the Stage I runs may not yield six successful mixtures. If this is the case, an additional 
experimental matrix will be designed to gather this data. This additional testing could consist of from 
one to 10 experiments. The test procedures and data requirements are the same as the Stage I 
screening. Two molds will be cast for each formulation, with one being used for the Stage I1 UCS 
test. 

4.2 ADVANCED TESTING 
Those formulations passing Stage I or Stage I1 28-day UCS tests will be subjected to the advanced 
testing. This will involve a minimum of six formulations for each of the three types of waste. TCLP 
tests will be conducted utilizing the sample specimen used previously for preliminary Stage I or I1 
testing. Permeability testing for the advanced testing will utilize the other mold. 

4.2.1 Data Reauirements for Advanced Testing 
The following data will be recorded during advanced testing: 

Results of TCLP tests performed on solidified waste sample 
Permeability (EPA Method 9100) 

1 
2 

9 

10 

11 

12 

13 

14 

15 

16 
17 
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5.0 EQUIPMENT AND MATERIALS 1 

The equipment and materials needed for each test will be established and supplied by International 
Technology (IT) Corporation, the subcontractor performing the solidification experiments and 

2 

3 

analytical analysis. Table 5-1 lists the major equipment to be used for this treatability study. 4 

46 
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TABLE 5-1 
EQUIPMENT AND MATERIALS' 

Number of Items Description 

Multiple 

Multiple 

Multiple 

1 

1 or more 

1 

1 

1 

1 

Multiple 

1 

1 

Multiple 

Plastic containers, 8 02. and 5 02. 

Spatulas 

Crucibles 

HACH digital pH meter 

Laboratory furnace 

Soiltest Laboratory vibrating shaker 

Thermometer, calibrated and traceable 

Scale, calibrated 

Soiltest Torvane 

2 x 4 Jatco Co. plastic molds for UCS 

Hobart ASTM Grade Planetary Mixer 

Drying oven 

Crucible tongs 

Additional equipment used to perform analytical tests (e.g., GCFIS, etc.) are not listed. 
Additional equipment requirements are also listed in the standard operating procedures contained 
in Appendix D. 

47  
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6.0 SAMPLING AND ANALYSIS 

The samples collected for the purpose of these tests will be obtained from archived samples gathered 
under the Work'Plan Addendum for Operable Unit 2, "Additional Sampling Activities for Operable 
Unit 2" (DCR41). 

Upon completion of the treatability study, all wastes will be drummed and returned to the Femald site 
(currently operated by Westinghouse Environmental Management Company of Ohio [WEMCO]). All 
Department of Transportation requirements must be met for transport of these wastes. 

Archived sampIes of waste and FMPC fly ash (to be used as a stabilization reagent) will be compo- 
sited at the site prior to conducting the study, as discussed earlier in this work plan. 

If the waste material and/or fly ash samples archived are of insufficient volume to complete the study, 
additional waste material will be obtained from existing drill cuttings, which have been stored in 
drums at the FMPC site. These drill cuttings are from the additional sampling activities conducted for 
Operable Unit 2. 

1 

8 

9 

10 

11 

12 

13 
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7.0 DATA MANAGEMENT 1 

Two types of laboratory notebooks will be used for this project. All laboratory notebooks are uniquely 
numbered and have sequentially numbered pages (Appendix D). 

2 

3 

Project-specific notebooks will be signed out by the facility quality control coordinator (QCC) to the 
individuals working on the project. All daily laboratory activities associated with the project will be 

4 

5 

6 recorded in the project-specific notebooks. 

Separate nonproject-specific logbooks will be used to record the injection or introduction of samples 

.with instruments (Appendix D). 9 

7 

8 into analytical instrumentation. These logbooks are also to be used to record maintenance or problems 

At the completion of the project, the project-specific laboratory notebooks and logbooks will be 
returned to the facility QCC for retention. Instrument logbooks will be returned to the facility QCC 
when the books are filled. 

10 

11  

12 

All data will be written into standard laboratory notebooks or onto standard formatted data entry 13 

sheets. All records management and reporting will follow standard QA/QC prbtocol. Standard 14 

QNQC protocol, as it applies to testing within the laboratory, will follow these guidelines: 15 

One hundred percent verification on al l  numerical results - All raw data entries, transcriptions, 
and calculations will be checked and recalculated by the laboratory manager. 

16 
17 

Data verification through test reasonableness - Summaries of all test results for individual 
reports will be reviewed by the operations supervisor to determine the presence of any data that 

18 
19 
20 may be considered as outliers. 

Routine instrument calibration - All instruments, gauges, and equipment used in testing will be 
calibrated in accordance with the project quality assurance project plan (QAPP). 

21 
22 

Use of trained personnel to conduct tests - All technicians will be trained in the application of 

internal QC checks. 25 

23 
24 standard laboratory procedures for analyses as well as in the QA measures to be implemented for 
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8.0 DATA ANALYSIS AND INTERPRETATION 

8.1 EFFECTIVENESS OF WASTE FORMS 
The results of the leaching tests will be used to evaluate the long-term effectiveness of each waste 
form. The concentrations of radioactive and hazardous constituents in the leachate will be used as 
input into the geochemical models described in the RI/FS Work Plan Draft Addendum on risk 
assessment methodology. These models will be used in conjunction with groundwater fate and 
transport models to generate data that will then be used to calculate concentrations of contaminants in 
the aquifer at the location of the RME. These concentrations will, in turn, be used to calculate the 
magnitude of that exposure and the resulting risks to human health and the environment. 

8.2 CEMENT STABILIZATION 
For the preliminary screening, Stages I and 11, advanced phase testing, the reagent formulation. UCS 
(where appropriate), reaction temperature, permeability (EPA Method 9100) (when appropriate), shear 
strength, physical characteristics, and the bulking factor increase will be presented in a tabular format 
for each test run. The results of the TCLP will also be listed for those mixtures achieving a UCS of 
approximately 500 psi. 

8.3 DATA PRECISION, ACCURACY, AND COMPLETENESS 
The following procedures are used to assess data precision, percent recovery, and completeness. 
Calculations of precision, percent recovery, and completeness will be used to assess data quality. 

Example calculations of precision: 

(C, -C2)xlo0% 

(C, +CJP 
RPD= 

where 

RPD = relative percent difference 
C, = larger percent difference 

C, = smaller of the two observed values. 
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Example of calculation of percent recovery: 

V %C=loO%x- 
n 

where 

100% x(S-U) 

c, 
%R= 

where 

%R = percent recovery 
S 
(I 

C,, 

= measured concentration in spiked aliquot 
= measured concentration in unspiked aliquot 
= actual concentration of spike added. 

Example of calculation of completeness: 

RUFS Treatability Work Plan 
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%C = percent completeness 
V 

n 

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

confidence in decision making. 

1 

2 

7 

8 

9 

10 

11 

12 

An example of the form used for reporting precision of duplicates and accuracy of spikes is shown in 13 

Figure 8-1. 14 
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FIGURE 8-1 

GENERAL QMQC REPORT 

Analyte: 
Matrix: 
Sample Number: 

Precision of Duplicates 
Spike Value (b) = 
Spike Dup. Value (a) = 

Precision (RPD) 

Accuracy of Spike 
Original Value (a) = 
Observed Spike Value (b) = 
Spike Level (c) = 

Accuracy = 

b-a -xlOo%= 
C 

Accuracy of Spike Dup. 
Original Value (a) = 
Observed Spike Dup. Value (b) = 
Spike Level (c) = 

Accuracy = 

b-a -xlOo%= 
C 
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9.0 HEALTH AND SAFETY 

See Appendix C for the site-specific health and safety plan. 
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10.0 RESIDUALS MANAGEMENT 

10.1 STABILIZED WASTE 
This project will generate approximately 100 kg of cement-stabilized waste. There may also be waste 
samples that have not undergone treatment that must be handled as residual waste. These residuals 
will be shipped to the FMPC (currently operated by WEMCO) for disposal. All waste and residual 
shipments must comply with the provisions of the Federal Treatability Study Sample Exemption Rule 
(see Section 3.9 of "Guidance for Conducting Treatability Studies Under CERCLA." EPA 1988). 

10.2 LEACHATE 
As a result of the TCLP, approximately 50 liters of stabilized waste leachate, possibly a RCRA waste, 
will be generated. This leachate will be sent to the IT Oak Ridge Laboratory in Oak Ridge, Tennessee 
for analysis and then will be shipped to the FMPC (currently operated by WEMCO) for disposal. All 
waste and residual shipments must comply with the provisions of the Federal Treatability Study 
Sample Exemption Rule (see Section 3.9 of "Guidance for Conducting Treatability Studies Under 
CERCLA," EPA 1988). 

All treatability studies will be conducted in accordance with Tennessee's Hazardous Waste Manage- 
ment Regulations for treatability study samples (Tennessee Rule Chapter 1200-1-1 1-.02-16) and 
samples undergoing treatability studies at laboratories and testing facilities (Tennessee Rule Chapter 
1200- 1-1 b.02-19). 
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11.0 REPORTS 1 

An interim draft report will be issued following the completion of the laboratory screening which will 
document the results of the stabilization and extraction procedures. This report will identify those 
reagent combinations that yielded the best results and may recommend further testing for later 
treatability studies. In addition, all raw data will be presented in a tabular format. 

2 

3 

4 

5 

The final report for the laboratory screening will be issued after reviews by concerned organizations 6 

7 have been completed. The following outline can be used as a guide when preparing the reports. 

SUGGESTED ORGANIZATION OF TREATABILITY STUDY REPORT 8 

1 .O Introduction 9 

1.1 

1.2 

1.3 

1.4 

Site description 
1.1.1 Site name and location 
1.1.2 History of operations 
1.1.3 Prior removal and remediation activities 
Waste stream description 
1.2.1 Waste matrices 
1.2.2 Pollutants/chemicals 
Remedial technology description 
1.3.1 Treatment process and scale 
1.3.2 Operating features 
Previous treatability studies at the site 

2.0 Conclusions and Recommendations 
2.1 Conclusions 
2.2 Recommendations 

3.0 Treatability Study Approach 
3.1 Test objectives and rationale 
3.2 Experimental design and procedures 
3.3 Equipment and materials 
3.4 Sampling and analysis 

3.4.1 Waste stream 
3.4.2 Treatment process 

3.5 Data management 
3.6 Deviations 
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4.0 Results and Discussion 
. 4.1 Data analysis and interpretation . 

4.1.1 Analysis of waste stream characteristics 
4.1.2 Analysis of treatability 
4.1.3 Comparison to test objectives 

4.2 Quality assurance/quality control 
4.3 Costs/schedule for performing the treatability study 
4.4 Key contacts 

References 
Appendices 

A. Data summaries 
B. Standard operating procedures 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 
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a. I720 
12.0 COMMUNITY RELATIONS 

Treatability studies and community information and involvement activities are required in the 
CERCLA process. Community relations activities shall be conducted: (1) to support treatability 
studies for Operable Unit 2 to explain the role of treatability studies in the RI/FS and (2) to raise the 
public's confidence in cleanup alternatives and technologies identified in the alternatives screen- 
ing/analysis process and in the preferred alternative for this operable unit. The treatability study 
community relations activities for Operable Unit 2 will comply with the Community Relations Plan - 
"Remedial InvestigationEeasibility Study and Removal Actions at the U.S. Department of Energy 
Feed Materials Production Center, Femald, Ohio," August 1990. At a minimum, the following 
community relations activities will be conducted to explain treatability studies for Operable Unit 2. 

Community Meetings-Held a minimum of three times per year to provide status on cleanup 
issues, and to ensure that interested area residents have a routine public forum for receiving new 
information, expressing their views, and getting answers to their questions, the meetings will 
focus on operable unit' updates, removal actions, major RI/FS documents, and other appropriate 
topics. 

Publications-RI/FS materials such as progress reports, factsheets, a community newsletter 
(Fernald Sire Cleanup Report), and updates of CERCLA-related activities at the FMFT will 
include information on treatability study activities for this operable unit. 

Presentations to Community Groups-Information about treatability studies for this operable unit 
will be included in briefings to community groups in Ross, Crosby, and Morgan townships, and 
to Femald Residents for Environment Safety and Health, as appropriate. Also, this information 
will be included in presentations to other organizations, as requested. 

Key milestones in treatability studies will be identified and progress reported to the community in 
these presentations and publications. These milestones include: 

Submittal of the work plan to DOE and EPA 
EPA approval of the work plan 
Treatability testing 
Submittal of the treatability study report 

Other activities identified in Section 4.0 of the Community Relations Plan may be utilized as 
appropriate to effectively communicate treatability information to the community. Such activities may 
include workshops and community roundtables. 
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13.0 MANAGEMENT AND STAFFING 

The project organization for this treatability testing is shown in Figure 13-1. 
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A.l.O INTRODUCTION 1 

The purpose of this Appendix is to provide additional justification for choosing 
stabilizationholidification using a portland cemenvfly ash mixture as the treatment process option to 
treat the lime sludge, the Southfield waste, and the resultant ash from incinerating the Sanitary Landfill 
waste. The wastes would be solidified using the fly ash from the Active Fly Ash Pile, although 

2 

3 

4 

5 

6 solidification using fly ash from the Inactive Fly Ash Disposal Area also will be examined on a 
limited basis. 7 

The additional justification will be provided by discussing results from a literature search of 
solidification technology. The literature search provides information which indicates that solidification 
of the wastes will provide a waste form that could pass extraction procedure (EP) toxicity leach tests 
and allow mixed wastes to be disposed of as nonhazardous or low-level wastes. 
Appendix will be the reasoning for using the cement to fly ash ratios and water to cement ratios 

8 

9 

10 

11 

12 

indicated in Section 4.0 and the justification for using an unconfined compressive strength (UCS) of 13 

approximately 500 psi. 14 

Also discussed in this 

A.2.0 LITERATURE SEARCH 15 

A.2.1 TYPES OF SOLIDIFICATION 16 

Various solidification processes exist which could be used to solidify waste. Systems which could be 17 

18 

19 

used for solidification are the portland cement-based process, the portland cement/soluble silicate 

cement/fly ash process. 20 

process, the lime/fly ash-based systems, the kiln dust and fly ash-based process, and the portland 

A.2.1.1 Portland Cement-Based Process 21 

22 

23 

24 

25 

26 

27 

28 

29 

With the portland cement process, water in the waste reacts chemically with the cement to form a 
hardened concrete-like material. 
be a monolithic solid or may have a crumbly soil-like consistency (EPA 1985). The optimum 

Depending upon the amount of cement added, the final product may 

combination of waste, water, and portland cement will vary with waste type and composition. The 

upon the moisture content of the waste. The addition of too much water may result in free-standing 
minimum water to cement ratio is about 0.40, by weight, for portland cement, but this also depends 

water on the surface of the solidified product, as well as a reduction in its strength and an increase in 
the permeability of the final product (Conner 1990). 

The bulk density of cement-based waste forms varies between 1.25 and 1.75 g/cm3, with water 
contents ranging from about 15 to 60 percent. The UCS vanes also, depending upon the mix ratio. 
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Most products range from 15 to loo0 psi but can be strengthened by other additives. Permeability is 
influenced by solidification of the waste. The permeability of cement-based waste forms is similar to 
that of clay (Comer 1990). 

The chemical properties of cement-based forms are described in terms of leachability. The interaction 
of organic and inorganic substances in cement affects the setting and hardening of the cement matrix. 
Salts of manganese, tin, zinc, copper, and lead tend to reduce the strength of the waste form. Cement 
solidification can immobilize metals; but if the waste form is subjected to even a mild acidic solution, 
leaching could take place (EPA 1985). Because of these limitations, portland cement is normally used 
as a setting agent in combination with other solidification processes. 

.The cost of the portland cement-based process is low and the equipment for the process is readily 
available. 

A.2.1.2 Portland CemenVSoluble Silicate CPCSS) Processes 
The PCSS process is based on the reactions between soluble silicates and portland cement to produce a 
solid matrix. This process is dependent upon three different reactions, the first being a rapid reaction 
between the soluble silicate (such as sodium silicate) and metal ions to produce a low-solubility metal 
silicate. The second set of reactions occurs between the soluble silicate and the portland cement. The 
third set of reactions occur among the cement, waste, and water. The soluble silicate functions as a 
surfactant (keeping retarders such as oil or particulates in suspension), which helps in the setting and 
hardening of the waste. 

By adding soluble silicate to the portland cement, low-solid waste can be solidified without the 
addition of massive amounts of bulking agents. This is a cost-effective approach; but the water 
content of the waste form is high, and this increases the porosity of the solid. Higher water content 
also causes reduced strength and higher permeability. The UCS ranges between 15 and 100 psi, but 
stronger products can be prepared (with the addition of cement). The advantages of this process 
include relative low cost and small volume increase; however, the UCS is lower than the 500 psi 
proposed by the Nuclear Regulatory Commission (NRC 1991) and discussed in Section A.3.0 of this 
appendix. 

A.2.1.3 Limemy Ash-Based Process 
Combining lime and fly ash with water forms a cementitious material. Initially a noncrystalline gel, 
which eventually becomes a calcium silicate hydrate, is formed. The reactions which occur are similar 
to cement-based systems. However, the reactions are slower.and do not produce the same products as 
the cement-based system in terms of physical and chemical properties. A problem with the lime/fly 
ash process is that fly ash is a by-product of coal-burning power plants and its composition depends 
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upon the type of coal burned and how the plant was operated. Unburned organics in the fly ash can 
reduce the cementing action by covering reactive surfaces. Also, the lime-based process is not as 
effective in reducing leachability as the cement-based systems, due in part to its high pH. 
lime/fly ash treatment used has been in nonhazardous waste applications. 

1 

2 

3 

4 

Much 

A.2.1.4 Kiln Dust and Fly Ash-Based Process 
Kiln dust and fly ash have been used in several solidification projects. They function primarily as 
absorbents or bulking agents. The kiln dusts are highly alkaline, which gives them the ability to 
remove free water by hydration of calcium oxide to calcium hydroxide. This process can produce 
hard, strong solids that continue to harden with time. The actual setting reactions of the kiln dust and 
fly ash are powolanic and resemble those of portland cement. A limitation on the use of these 
materials is that they contain significant amounts of metals, which leach at levels above regulatory 
standards. These materials are available, and their costs are low compared to portland cement. 
However. the cost of these materials has been increasing; if the trend continues, they could be replaced 
by more expensive but more efficient reagents (Conner 1990). 
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14 

A.2.1.5 Portland Cementmy Ash Process 15 

Portland. cement and fly ash have been used in applications for many years. When fly ash is used 16 

with cement in an application, the percentage of cement required is reduced significantly. Since fly 17 

18 ash itself is a waste, it is desirable to use it as a component in solidification systems. 

Fly ash in portland cement acts as a bulking agent and as a pozzolan. The reaction between the two 19 

20 

21 

22 

23 

24 

25 

materials produces a product that may have higher strength than when portland cement is used alone. 
The fly ash also helps to bind additional water and decrease pH, as well as acting as an adsorbent for 
metal ions. The greatest disadvantage of this process is the volume increase associated with large 
additions of fly ash. The range of the fly ash to cement ratio (by weight) is two to four, with total 

process is the optimum choice (Conner 1990). 
weight increases of 50 to 150 percent. Where increase in volume is not important, the cemenvfly ash 

In a pure water-cement system, the permeability is essentially zero at a water to cement ratio of 0.32. 26 

The water to cement ratio can be increased when a bulking agent such as fly ash is added to the 27 

process. 28 

Several vendors use the cemenvfly ash process and many studies have been performed. One such 
program was performed on waste at the Idaho National Engineering Laboratory (INEL). 
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A.2.2 INEL STUDIES 
The Waste Engineering Development group of EG&G Idaho (the operating contractor), in an effort to 
develop a safe, cost-effective method for treating hazardous and mixed wastes, initiated a program to 
investigate (1) treatment options available for the various hazardous and mixed wastes at INEL, (2) 
available commercial solidification methods and their applicability to INEL wastes, (3) lab-scale 
testing of solidification methods for developing waste formulas, and (4) testing solidified waste 
samples to verify that they pass EP toxicity criteria. The program intent was to provide a treatment 
method that would result in a nonhazardous stable waste form that would satisfy EPA regulations. 

Two of the wastes that were inventoried and characterized as containing hazardous constituents were 
fly ash that was collected in the baghouse of the Waste Experimental Reduction Facility (WERF) 
during incineration operations and incinerator ash that is bottom ash generated from operation of the 
WERF incinerator. Analysis .of the baghouse fly ash indicated the hazardous constituents in the waste 
to be cadmium and lead. Solidification was recommended as the proposed treatment option. The 
incinerator ash contained a lead concentration that was above the EP toxic limit for lead. 
Solidification also was recommended as the proposed treatment method for the incinerator ash, to bind 
the hazardous constituent and immobilize the radioactive constituents (Boehmer 1986). 

According to Boehmer's conclusions, solidification processing is the best method of disposition 
available for EP toxic or corrosive wastes with metal contents in excess of the limits. The reason for 
this is that the solidification process chemically binds the metals in the cement matrix and prevents 
them from leaching out of the solidified waste monolith, enabling the waste form to pass leach tests. 
Solidification processing also provides a stable waste form for disposal. Once the solidified waste has 
passed the leach tests, it can be disposed of as a nonhazardous or low-level radioactive waste, 
depending on its radioactivity. 

After proposing solidification as the method to treat the fly ash, an investigation of available 
commercial solidification methods was performed. It was determined that the most suitable systems 
for INEL wastes were the Delaware Custom Material cement-silicate and United States Gypsum 
Company's ENVIROSTONE. These two systems were chosen because they could be used very 
effectively for processing small volumes of waste and could provide acceptable waste monoliths for a 
variety of waste streams. These two systems were also chosen for their short implementation time, 
ease of operability, and cost-effectiveness. 

The next phase of the program involved lab-scale testing of actual waste samples to determine or 
develop optimum binder-to-waste ratios. Lab-scale testing was conducted on the baghouse dust using 
various combinations of cement, silicate, ENVIROSTONE, and water. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

21 

28 

29 

30 

31 

32 

33 

h a l d X ) U 2  T d 5 I A p p c n d - A . 2 l d l -  15-9 1 66 



RI/FS Treatability Work Plan 
August 22, 1991 

Page 5 of 7 
Vol. WP-Appendix 

The results of the fly ash testing showed that successful solidification required 30 grams of cement per 
50 grams of fly ash with a minimum of 100 mQ of water. 

1 

2 

Addition of the silicate to the cement tended to reduce the amount of lead that leached from the 
sample. Silicate alone, however, had no effect on the leach rates of any of the three contaminants. 
successful solidification of the fly ash using the ENVIROSTONE binder was not obtained. 

3 

4 

5 

A 

The results of the fly ash testing have shown that the fly ash can be successfully solidified using water 6 

7 

8 

and cement or the potassium-chromate solution with the cement-silicate binders. This will provide a 
safe, efficient, cost-effective treatment method for long-term disposal of the fly ash waste (Boehmer 
and Larsen 1986). 9 

A.2.3 SOLIDIFICATION PROCESS CHOSEN FOR OPERABLE UNIT 2 10 

The portland cemenvfly ash process is the technology that has been chosen to solidify the wastes in 
Operable Unit 2. Since fly ash in the Active Fly Ash Pile is a waste, it can be used as a resource to 

11  

12 

13 

14 

15 

16 

aid in solidifying other wastes. As stated in Section A.2.1.5, the portland cement/fly ash process 
produces a solidified product that has a higher UCS than that of the product when portland cement is 
used alone. The water to cement ratio of 0.32 and the portland cement to fly ash ratio of 2 have been 
used in formulating the tables in Section 4.0. 

A.3.0 JUSTIFICATION OF UCS 17 

An objective of the treatability study is to provide a waste form that possesses a UCS of 
approximately 500 psi. The 500 psi UCS is one that has been recommended by the NRC in a 

technical position paper and is stated as follows: 

Portland cement mortars, which are comprised of mixtures of cement, lime, silica sand 
and water, are readily capable of achieving compressive strengths of 5000 to 6000 psi; 
that is approximately two orders of magnitude greater than the minimum compressive 
strength required to resist deformation under load in current low-level waste burial 
trenches. Therefore, to provide greater assurance that there will be sufficient 
cementitious material present in the waste form to not only withstand the burial loads, 
but also to maintain general "dimensions and form" (i.e., to not disintegrate) over time, 
it is recommended that cement-stabilized waste forms possess compressive strengths 
that are representative of the values that are reasonably achievable with current cement 
solidification processes. Taking into consideration the fact that low-level radioactive 
waste material constituents are not in most cases capable of providing the physical and 
chemical functions of silica sand in a cement mortar, a mean compressive strength 
equal to or greater than 500 psi is recommended for waste form specimens cured for a 
minimum of 28 days (see Section 1II.B of Appendix A). This value of compressive 
strength is recommended as a practical strength value that is representative of the 
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quality of cementitious material that should be used in the waste form to provide 
assurance that it will maintain integrity and thus possess the long term structural 
capability required by Part 61 (NRC 1991). 
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C.1.0 INTRODUCTION 

This Health and Safety Plan (HSP) establishes the work practices necessary to help ensure protection of 
IT Corporation (IT) personnel during the Operable Unit 2 (OU2) laboratory screening to be performed at 
IT’s Environmental Technology Development Center (ETDC) Laboratory in Oak Ridge, Tennessee. 

The objective of this plan is to provide a mechanism for the establishment of safe and healthy working 
conditions at the laboratory. The safety procedures that have been established are based on analyses of 
potential hazards at the laboratory, and procedures have been developed to minimize the potential for 
accident or injury. 

All laboratory operations will be performed in accordance with applicable state and local regulations, IT 
corporate procedures and Occupational Safety and Health Administration (OSHA) requirements. 

C.l. 1 SCOPE OF WORK 
This laboratory screening will involve mixing Operable Unit 2 waste samples with various reagents to 
conduct cement stabilization. Sanitary Landfill samples will be heated in a lab furnace up to 1200°C prior 
to stabilization. The stabilized wastes will then be tested for compressive strength using a pocket 
penetrometer (Soiltest CT-421) and the unconfined compressive strength (UCS) method (ASTMD2 166) 
using a Soiltest U-590. Following compressive strength testing, the wasteforms will be tested for leaching 
characteristics using the Modified Toxicity Characteristics Leaching Procedure (MTCLP) test, a full TCLP 
test. All testing will be performed at IT’s ETDC Laboratory. The samples for this treatability study will 
be drawn under the Operable Unit 2 Sampling and Analysis Plan (SAP). 

C.l.l.l Preliminary Characterization 
The samples drawn under the Operable Unit 2 SAP will be composited and analyzed at the IT Oak Ridge 
Laboratory in Oak Ridge, Tennessee. These activities will be governed by the Health and Safety Plan for 
the SAP. 

C.1.1.2 Cement Stabilization 
The cement stabilization laboratory screening will consist of mixing cement stabilization reagents (Portland 
cement, fly ash, sodium silicate, attapulgite, clinoptiloite, and water) in varying quantities with waste 
material. These stabilization reagents will be mixed with 100 grams of composited waste in a graduated 
plastic cup. Mixing will be performed by hand in a laboratory hood with a spatula until the mixture is 
homogeneous (approximately 2 minutes). After a prescribed setting period the stabilized wastes will be 
tested for compressive strength and leachability characteristics. 

O W U 2  Task SlAppcnd-CnjlloS-07-91 
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C.2.0 RESPONSIBILITIES 

The following list explains which personnel are responsible for various activities in the HSP and what their 
responsibilities are. 

ETDC Health and Safety (H&S) Officer (Keith Hood) - Responsible for the technical development 
and coordination of the HSP. Inquiries regarding the HSP. IT Corporate H&S Procedures, and 
other technical or regulatory items shall be addressed to the Health and Safety Officer. 

Laboratory Project Supervisor (Ernie Stine) - Responsible for implementation of the HSP. This 
shall include communication of requirements to all personnel and interaction with client 
representatives and regulatory agencies. Additional communication may include consultation with 
the H&S Manager regarding the execution of the project and the HSP. 

Laboratory personnel-Responsible for understanding and complying with all site H&S requirements. 
Each team member shall receive training on the requirements of this HSP prior to the beginning 
of the project. 

Emergency coordinators (Tom Geisler, Rick Greene) - Responsible for and having the full authority 
to commit any personnel or equipment necessary for response and recovery operations during spills, 
disasters, or other emergencies. 
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C.3.0 SITE HISTORY 

A variety of chemical and metallurgical processes were utilized at the Feed Materials Production Center 
(FMPC) for the manufacture of uranium products. During the manufacturing process, high quality 
uranium compounds were introduced into the FMPC 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 (UOJ 
powder. This compound was reduced with hydrogen to uranium dioxide (UOJ and then converted to 
uranium tetrafluoride (UF,) by reaction with anhydrous hydrogen fluoride. Uranium metal was produced 
by reacting UF4 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. 

Operable Unit 2 wastes are wastes from the Sanitary Landfill, the Lime Sludge Ponds, the Active Fly Ash 
Pile, the Inactive Fly Ash Disposal Area, and the Southfield. 
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C.4.0 TASK-SPECIFIC HAZARD ASSESSMENT 

The following hazard assessment is based on historical information and defined task activities. Laboratory 
personnel routinely reassess the hazards before beginning work, to ensure that conditions have not 
changed. All newly identified hazards will be addressed with the H&S Officer to determine the degree 
of hazard and if any changes to the HSP are needed. 

C.4.1 PHYSICAL HAZARDS 

The physical hazards involved in the testing procedures are high temperature furnace operation and 
radiological hazards (U-238 and its daughter products). Table C-1 shows derived air concentrations 
(DACs) and action limits for the latter. 

TABLE C-1 

PHYSICAL HAZARDS 

Con tam i nant DAC" Action Limit 
.25 x D A C  

Thorium-230 3E-12 pCi/mQ 

Uranium-238 2E-11 pCi/mQ 

Uranium-234 2E-11 pCi/mQ 

DAC - Derived Air Concentration 

7.5E-13 pCi/mQ 

5E-12 pCi/mP 

5E-12 pCi/mQ 

I 0RX)UZ Task SlAppcnd-QljrlOsU7-91 



RUFS Treatability Work Plan 
August 22. 1991 
Vol. WP-Appendix C 
Page 5 of 16 

A high temperature furnace (up to 550°C) will be used to process Sanitary Landfill samples. The 
Laboratory Project Supervisor shall review the preliminary characterization results obtained in Appendix 
B to ensure that samples can be heated without threat of fire or explosion. Samples will not be heated 
until this review is completed satisfactorily. Workers shall follow proper safe work practices and 
protective clothing requirements of this HSP while performing operations involving the furnace. 

C.4.2 CHEMICAL HAZARDS 
The chemicals in Table C-2 will be used as reagents or may be present in the samples and pose potential 
hazards. Other materials, such as fly ash, lime, and cemenVsodiurn silicate will be present, but pose no 
significant hazard due to their relatively low toxicity and small quantities. 

TABLE C-2 

CHEMICALS THAT POSE POTENTIAL HAZARDS 

Chemical Permissible Exposure Limit (PELa) 

Reagents 
Acetic acid 
Sodium hydroxide 

S E L C  

1 0 m g / ~ 3  None 
None 

Contaminants 
Uranium 
(soluble compounds) 0.05mg/m3 

Uranium 
(insoluble compounds) 0.2mg/m3 0.6mg/m3 

PEL - Permissible exposure limit (maximum airborne exposure allowed by the Occupational 
Health and Safety Administration (OSHA) 
TWA - Time-weighted exposure limit (average exposure allowed over an 8-hour shift 
STEL - Short-term exposure limit (maximum average exposure during a 15-minute period 
Ceiling - Maximum allowable instantaneous exposure 

C.4.3 POTENTIAL ROUTES OF EXPOSURE AND HAZARD ASSESSMENT 
The identified site wastes are solid in nature and the majority of the reagents to be used are liquids. The 
potential routes of entry into the body are inhalation, absorption, and ingestion, in their order of 
importance. Radioisotopes in the samples pose an external and internal exposure hazard. The internal 
hazard is largely eliminated by the procedures to be utilized. The external hazard will be controlled S I  
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through air monitoring. Direct skin contact with the corrosives may result in destruction of skin tissue 
and absorption of other contaminants if in solution. 

In order to minimize the potential exposure hazards, nearly all  of the operations to be carried out during 
this project will be performed inside a laboratory exhaust hood, which is located inside an environmental 
containment cubicle. These operations include sample preparation, pouring reagents, and packaging for 
disposal. The only operations planned to be performed outside the hood are transport of the waste samples 
to and from the hood and transport of containerized reagents to the hood. All container opening will be 
done only inside the hood. Reagents have been prepared and packaged at an off-site location to further 
minimize on-site handling. 

The use of the hood greatly minimizes any potential for exposure to the hazards associated with the 
samples or the reagents. To minimize the potential for radiation exposure, air monitoring will be 
conducted to quantify the exposure and to assure that the procedures in use are appropriate. 
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C.5.0 MONITORING 

C.5.1 GOALS 
Air monitoring for chemical exposure (reagents, etc.) will not be necessary because chemical 
concentrations in the workers’ breathing zone should neither approach nor exceed the concentrations 
specified by established exposure levels. 

Exposures to chemicals should be kept as low as possible, because there are insufficient data to predict 
the combined effects of most chemical mixtures. 

C.5.2 EXTERNAL RADIATION HAZARD MONITORING 
A health physics technician will monitor all locations before start of work and will frequently monitor 
exposures in all areas that exceed the one millirem (mrem)/hour action limit. Measures such as increasing 
shielding, increasing distance, or reducing exposure time will be taken to minimize exposures. Radiation 
monitoring instruments include: 

Ludlum Model 177, or equivalent, with a G-M pancake probe; 

Ludlum Model 3, or equivalent, with a ZnS alpha scintillation probe; and 

Eberline Model Alpha-SA alpha air monitor 

C.5.3 ACTION LIMITS 
Table C-3 provides types, scheduling, and actions for monitoring. 
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TABLE C-3 

MONITORING TYPES, SCHEDULING, AND ACTIONS 

Instrument/Chemical Interval Limit . Action 

Alpha probe Pre-job and inter- 20 cpm" HP Review 
mittent 

Betdgamma probe Pre-job and inter- 500 cpm" HP Review 

External radiation Pre-job >1 mremhour HP Review 

Continuous air monitor Continuous 7.5 E-13 pCi/mO APR 
(CAM) (25% Th-230 MPC) Withdraw 

Thermolumi- Continuous N/A, no real time 
nescent dosimetry results 
(TLD) badge 

mittent 

" Above background 
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C.6.0 PERSONAL PROTECTIVE EQUIPMENT AND EXPOSURE REDUCTION 

C.6.1 PERSONAL PROTECTIVE EQUIPMENT 

C.6.1.1 Respiratory Protection 
The need for respiratory protection shall be evaluated, prior to the commencement of activities, by a 
professional industrial hygienist and health physicist. 

C.6.1.2 Eve Protection 
Personnel using concentrated acids and bases in the performance of testing shall wear face shields with 
goggles to protect themselves from splashes. Personnel who work at or in the vicinity of the high 
temperature furnace shall wear tinted safety shields. 

C.6.1.3 Protective Clothing 
Personnel who work with concentrated acids and bases shall wear rubber aprons, long-sleeved clothing, 
and chemical-resistant gloves. Those workers at or in the vicinity of the high temperature furnace shall 
wear heat-resistant gloves and jackets. 

C.6.2 EXPOSURE REDUCTION 
C.6.2.1 Engineering Controls 
The operations shall be performed under a laboratory exhaust hood in an environmental containment 
cubicle, under negative ventilation. This cubicle is located in the environmental containment cubicle mom, 
which is also under negative ventilation. A slant manometer or magnehelic gauge shall be utilized to 
measure and indicate the pressure differential created by the air flow. 

The laboratory exhaust hoods will be kept free of materials placed where they could block the vents and 
reduce air flow. 

C.6.2.2 Administrative Controls 
Access Control to Work Area 
Access to contamination work areas shall be regulated and limited to authorized personnel. Warning signs 
shall be affixed in readily visible locations in or near the work area as required by applicable regulations. 
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1.720 

Exclusion zone - This zone will include the highest potential concentrations of contaminants. This 
zone has the highest potential for skin contamination and inhalation exposures. The exclusion zone 
will be the environmental containment cubicle. 

Contamination reduction zone - This zone includes all areas immediately adjacent to the exclusion 
zone. Personnel contamination monitoring will take place in this zone. 

Support zone - This area covers all areas outside of the contamination reduction zone. Exposure 
to harmful chemicals or radioactive materials in this zone is highly unlikely. 

C.6.2.3 Safe Work Practices 
All personnel shall follow the safe work practices outlined in the chemical hygiene plan for the ETDC. 

C.6.2.4 EauiDment Insuection 
All equipment used in the testing shall be inspected prior to use. Defective equipment will be reported 
to the Project Manager and repaired or replaced prior to use. 
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C.7.0 LABORATORY ACCESS AND ENTRY PROCEDURES 

Access to the environmental containment cubicles during treatability studies will be limited to personnel 
who have completed required training and have had required medical exams. . 

C.7.1 BIOASSAY SAMPLING 
A baseline 24-hour urine sample shall be taken before starting treatability activities and a post-work 
24-hour urine sample shall be submitted upon completion of activities. 

Additional urine samples will be required if air samples indicate an acute exposure of 40 DAC-hours 
(two percent of the annual limit of intake). This correlates to a gross alpha activity for the most 
conservative nuclide, Th-230, of 1E-10 FCi/mQ averaged over a one-hour exposure. No respirator 
protection factors are built into these action levels. 

C.7.2 MEDICAL MONITORING 
In accordance with 29CFR1910.120 OSHA requirements, all personnel involved in the treatability study 
are required to participate in a medical monitoring program which includes: 

A baseline medical examination 
An annual medical examination 
Medical examinations that may be required after potential exposures. 

C.7.3 TRAINING REOUIREMENTS 
All ETDC personnel involved in the treatability study shall have the following training: 

IT Chemical Hygiene Plan 
ETDC Emergency Contingency Plan 
General Employee Training - Rad Worker Training 
Hazard Communication Training 

Documentation of employee training can be obtained from the regional Health and Safety Coordinator. 

C.7.4 EXCLUSION ZONE 
The exclusion zone is the zone of high potential hazard due to physical, chemical, or radiological dangers. 
Access to the exclusion zone is restricted to employees who must enter in order to perform their job 
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functions. The areas inside the environmental containment cubicles are considered to be the exclusion 
zones. 

C.7.5 LABORATORY ENTRY PROCEDURES 
The following activities shall be conducted prior to and during the work day, as appropriate: 

Perform respirator check-out and fit-test prior to use 
Locate the nearest eyewash/shower and fire extinguisher prior to initiating activities 
Verify that all instruments are calibrated 
Visually scan the laboratory for signs of contamination. 

Note: The H&S Manager and all members of the team have the authority to halt the work if and when 
imminent or serious safety hazards or conditions exist. Restart of work will be allowed only after the 
hazard or condition has been abated or reduced to an acceptable level. 
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C.8.0 L A B O R A T O R Y  EXITING PROCEDURE 

C.8.1 CONTAMINATION DETECTION 
All personnel are required to follow decontamination procedures themselves and then confirm the 
effectiveness of the decontamination. The effectiveness shall be determined by frisking with a hand-held 
radiation monitor. 

The monitor must be held within 1/2 inch of the surface and moved at a rate of approximately one inch 
per second for effective radiation monitoring. If the frisking count exceeds "detectable," additional 
decontamination is required. This decontamination will be conducted by gently scrubbing with soap and 
water. 

In the event that contamination cannot be removed to below the action levels (100 cpm betdgamma or 
detectable alpha radiation above background), the H&S Manager shall be notified. 

C. 8.2 DECONTAMINATION 
Decontamination reduces contaminant concentrations to acceptable levels, but does not generally remove 
it totally. Contamination shall be avoided, where possible, by making minimum contact with the 
contaminant. 

Personnel decontamination procedures are as follows: remove disposable protective (dry) equipment; 
gently scrub hands, face, and any other exposed skin that has contacted potentially contaminated wastes 
with detergent and tepid water. 

Equipment decontamination procedures are as follows: Any exposed areas of the equipment surface shall 
be wiped with a damp paper towel/cloth to remove contamination (dampening with a detergent solution 
may be necessary for removal of greasy materials). 

The effectiveness of decontamination must be confirmed by frisking. 

39 
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C.9.0 EXPOSURE SYMPTOMS 

Acute exposure to solvents and corrosives may produce dizziness and/or initation. Exposure to low levels 
of radioactivity do not produce acute exposure symptoms, but may cause delayed effects such as cancer. 
Since biological effects from radiation exposures are cumulative, exposures are to be kept as low as 
reasonably achievable (ALARA). 

In the event of an accident or emergency release, refer to the Emergency Contingency Plan (ECP) 
prepared for the ETDC. 
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C.10.0 OPERATIONALLY DERIVED WASTES 

Operationally derived wastes are wastes generated in the performance of various activities. These wastes 
include, but are not limited to, disposable personal protective equipment, such as Tyvek coveralls, gloves, 
and booties and disposable decontamination supplies. 

Protective clothing will be placed in plastic bags, placed in a B-25 box or metal drum, and returned to 
the Femald site. 

Operationally derived wastes are the property of the client and are to be shipped back to the Femald site 
(currently operated by Westinghouse Environmental Management Company of Ohio) unless otherwise 
specified in the written contract. 

The client will be responsible for proper transport, shipment, or disposal unless otherwise specified in the 
written contract. 
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C.11.0 CONTINGENCY PLANS 

Contingency plans for injuries, spills, releases, fires, and explosions are given in the ECP for the ETDC. 
The ECP identifies ETDC emergency coordinators. Agencies that may be requested to provide assistance 
in an emergency are also listed along with phone numbers. All employees at the ETDC are provided with 
a copy of the ETDC ECP. 
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.o 

LO 

3.0 

1.0 

1.1 The purpose of this SOP is to determine the volume increase when additives 
are mixed with homogenized sludge. This procedure proves to be the best test 
instead of trying to read the volume increase directly from a plastic or glass 
container because the sludge tends to stick to the sides, therefore giving an 
erroneous result. 

References 
2.1 ITAS-TDL Chemical Hygiene Plan. 

d SOPS and -le Methods 

3.1 None 

Definitions 

4.1 

4.2 

4.3 

4.4 

4.5 

4.6 

4.7 

er Volume (& 

The volume of deionized water that the container will hold. 

Volume of Water Plus Sludae (61 

The amount of deionized water it takes to fill container with a known weight of 
sludge 

. .  itial Volume Cu 
Initial volume of sludge in cm3. 

Amount of deionized water needed to fill container that contains treated sludge. 

ILmwm&a 
Raw sludge that has been mixed with additives. 

Tremd Volume (01 

Treated volume amount of sludge. 

Chance in Vohme (RFL 

Difference of initial volume (I) of sludge and treated volume (D) of sludge. 
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5.1 Summary 

5.1.1 A known volume of deionized water is added to a known weight of a 
sludge sample. A percent volume change is then calculated. 

5.2 Interferences 

5.2.1 No known interferences. 

5.3 Sample Handling, Preservation, and Holding Time 

5.3.1 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. 

5.3.2 All applicable safety and compliance guidelines set forth by IT 
Corporation and by federal, state, and local regulations must be followed 
during pe;formance 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. 

5.3.3 There are no holding times applicable to this procedure. 

5.3.4 There are no preservation requirements applicable to this procedure. 

5.4 Required Equipment 

5.4.1 Two 5-02. S/P Dispoo polypropylene container or equivalent. 

5.4.2 Graduated cylinder. 

5.5 ReagentdStandards 

5.5.1 Deionized water. 

5.5.2 Additives. 
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5.0 PIocedure (continued) 

5.6 Calibration 

5.6.1 Determine the container volume (A). For example, a 5-02. SIP Dispoa 
polypropylene container which is graduated from 10 to 140 ml is used. 
Calibrate the 5-02 container by filling the container with deionized water 
using a graduate cylinder. 

5.7 Anal y si s/O pe rat io n 

5.7.1 Add a known weight in grams of raw sludge to a 5-02 container. Tap 
container with raw sludge to release air bubbles. Add deionized water 
by a graduate into container until full. Designate the volume of deionized 
water added as the volume of water plus sludge (e). 

5.7.2 In another 5-02 container, add same weight as above of raw sludge plus 
the percent additives and mix well. Tap container to release a ir  pockets. 
Fill rest of container using a graduate with deionized water. Designate 
the volume of deionized water added as volume of water with treated 
sludge (C). 

5.8 Calculations 

5.8.1 Initial volume (I) of sludge is equal to (A-B) and units are in cm3. 

where: A = container volume and 
B = volume of water plus sludge. 

5.8.2 (A-C) equals treated volume (D). 

where: A = container volume, 
C = volume of water with treated sludge, and 
D = treated volume. 

5.8.3 Calculate the difference of initial volume (I) and treated volume (0). 
Designate this amount as change in Volume (BF). 

where :' I = initial volume, 
D =treated volume, and 
BF = change in volume. 107 
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1720 
5.8.4 To get percent change in volume, take (BF) divided by initial volume (I) 

and multiply by 100. 

O h  Change in Volume = BF/I X 100 

where: BF = change in volume and 
I = initial volume. 

5.9 Quality Control 

5.9.1 None 

6.1 Any failure to follow this procedure will be noted on a nonconformance memo. 
The corrective action will be verified by the Quality Control Coordinator and 
approved by the appropriate Operations Manager. 

7.0 Records Manaaement 

7.1 All data will be recorded in standard laboratory notebooks. 



STANDARD OPERATING PROCEDURE 

ITAS-TECHNOLOGY DEVELOPMENT LABORATORY 

TITLE : SOP NO: TDL1109 
DATE INITIATED: 7/31/89 

DATE REVISED: 3/28/90 
PAGE 1 OF 19 

UNCONFINED COMPRESSIVE STRENGTH REVISION NO: 1 

DATE PREPARED BY APPROVED BY DATE QA CONCURRENCE 

1.0 Purpose and Amlication 

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. 

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

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. lgSoil 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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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. 

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

deformation or compaction. 

4.2 

4.3 Bleed water - water expelled from the soil due to 

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 

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

7.1 
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Standard Test Method for 
iJNCONFfNED COMPRESSIVE STRENGTH OF COHESIVE 
SC)IL' 

This stanoJm IS ISSUCO uno- rne fixed designation D 2 166: the numow immediaulv follown?. the deugnation i n d i a t a  the vcu of 
Jnginal JjODtiOn or ,n ine clsc oi revision. inc bear 01 lasi revision. 4 numoer in oarcnrncse inaiuta inc vcar 01 Iw RapgmvU. 
1 SumrXnDt emiion i t  I inoicitcs an eaironaf cningc since rne 1351 revision or mwmvai. 

1. Scope 
i . I This test method covers the determination 

~i rhe unconiined compressive strengtn ot'cone- 
sive soii in  [ne maisturbed. remolded. or corn- 
gactea condition. using strain-controiied appii- 
cation o i  the u i a i  load. 

! 2 This test method provides an approximate 
value 01' the strength of cohesive soils in terms 01' 
total stresses. 

1.3 This test  method is appiicabie oniv to 
ronesivc m r e n i s  which wiil not expei bleed 
s.vater r*.varer =..:relied from the soii due to deror- 
xation or cmuaction) dunng the ioading por- 
;Ion cr :ke :s: ma wnich wiil retain intrinsic 

s t rengn :::e: r-movai o i  conlining pressures. 
jucn 3s C i ; t i S  Oi :ernentea soils. Dp and crumoil; 
a i s .  i'ssuren, .:r :.an.ea matenais. siits. peats. and 
;anas c3nnct 7 5  rested wttn this metnoa IO oomn 
.. 211a uncc:::i::=.cl compression strengtn vaiues. 

... 
'.I)TE - . . :: xiemination oi  the unconsoiidatea. 

:nonineu :::c-z:n 01' conesive soiis witn latemi con- 
.Inemen[ :: ;;:=::a bv Test Methoa D ISSO. 

, . -. 
! ,d i .;IS !est method is not a substitute tor 

itst .\letr.oa 2 2850. 
..: : .:? * iiues stated in SI units are 10 be 

zzxaea ii ::: stanaara. The vaiues starea in. 
:ncn-ooum :.?:ts are approximate. 

i .j I :::: .):ixuuru mu\* rnvoive na:araous rna- 
: L W ( I I ~ .  I .vcru(wru. ana eqiciprnenl. This sranaara 
does nor m r m w  ru a a a m  ail ofthe satery pro6 
lrrns assuc:u:cu  in rrs use. Ir is the resvonsroil- 
:i I' o t  i twtwer :mas ..ius sianaara 10 consuii ana 
. ~ . Y ~ ~ D I I . S I I  u nnrr v r r  Lii LJ su1t.l.r ana heair n pracr ices 
ma dcrcrmrnt. !tic aopiicaodilr 01 remaror! iirnr- 
:a[ivns prror IO use. 

. . -. 

-. 

1 

2. .ipplicable Documents 
1.1 .GTM Srandards: 
D 422 Yethod for Panicle-Size 4nalvsls of 

Soils2 
D 653 Terms and Svmbols Relating to Soil 

and Rock' 
D 854 Test Method for Specific Gravity of 

soils2 
D 1587 Practice ior Thin-Walled Tube Sam- 

piing of Soils' 
D 22 16 Method for Laboratom Detenninauoa 

o i  Water I Moisture t Content o t  Soil. Rock. 
and Soil-Aggrcgate Mixtures' 

D 2487 Test Method for Classification of Sods 
for Eng~neenng P u r p e  

D 1488 Pracuce ior Descnption and Idenufi- 
mion of Soils I Visual-Manuai Proceaure? 

D 3 5 0  Test Method for Unconsolidated. Cin- 
drained Compmsive Strength o i  Cohmve 
Soils in Tnaxial Compresson' 

D4120 Practices tor Preserving and Trans- 
poninq soil Sampies' 

D 43 I8 Test Method for Liquid Limit. PlaSUc 
Limit. and p!asticitv index o i  Soils' 

3. Terminology 

standard definitions of terms. 
3. I Refer to Terms and Svmbols D 653 for 

' This ten rnmod u unda the jundmon 0i A m  C O q  
nittcc 0- I8 on Soil and R a k  a d  u Ihe d m  raporrpUV a 
Subcommittee D18.05 on Stnmunl Roams ofsorh 

C u m i  eQiuon Julv 26. 1985. PuMnhcd 
cyr 1985. Onpnalv p u m a s  D 2166 - 63T.  AS 
coition 0 2 I66 - 06 1979Y'. 

: innup161wm ol A S S f  Siondordr, VolO4.08. 111 
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j.2 Dmripiions o j  Terms Specjfic to [his 
unucrrd: 

j 2 . 1  irnconrined compressive strenqth (q,,j- 
!hc compressive strcss at which an unconfined 
.\lindncal specimen of soil will fail in a simple 
.urnpression test. In this test method. unconfined 
,umpressive strength is taken as the maximum 
..;~d attained per uni t  area or the load per unit 
,xs J( is CC ixial strain. Khichever is secured 
*;nt durinE the pertormance of a test. 

3.2.1 shear srrengih (s.1-for unconfined 
. :~mpressivr strength test specimens. the shear 
.;rcngtn is calcuiated to be of the compressive 
.;rcss st failure. 35 derined in 3.2.1. 

4 .  Significance and Use 
A. I The primary purpose of the unconfined 

.mpression test is to quickly obtain the spprox- 

.mate compressive strength of soils that possess 

.uilicirnt conesion to permit testing in the un- 
.unlined state. 

4 . 1  Sunpies ot' soils having slickensided or 
rissured stmcture. samples of some types of loess. 
:C? sori clays. dry and cnrmblv soils and varved 
mtenais. or umpies containing significant por- 
!wns 01' silt or sand. or both (all of which usually 
:.thtbit cohesive propenies,. frequently display 
.::sner sne3r strenetns wnen tested in accordance 
~ i i n  Test .\lethod D 1850. .Also. unwuntea 
.NS u-iil  usuiily exnibit aiiferent shear strengths 
.inen rested in accoraance with Test Method 
0 2350. 

A.; If both an undisturbed and a remolded 
:est are penomed on the same sample. the sen- 
;iitvity 01'the matenai c3n be determined. This 
netnod oidetermining sensirivitv is suitable only 
r'or soiis that can reiain a stable specimen shape 
!n tne remolded state. 

VOTE :--For soils that will not remn a stable shape. 
1 vane snear tm or Test Method 0 1850 c3n be used 
io dctemine sensiovitv. 

5. .lppar;lrus 
5 .  i Cornpression Device-The compression 

device rnav be 3 platform weighing scale 
equipped with a screw-jack-acrivated load yoke. 
J hsdraulic loading device. or any other com- 
pression device with sufficient capacitv and con- 
trol to provide the rate of loading p d b e d  in 
7 .1 .  For s o i l  with an unconilnd comprrsslve 
strength of less than 100 kPa ( 1.0 ton/ft') the 
compression device shail be capable of measuring 

0 2166 
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the compressive stress to within 1 kP3 (0.01 ton! 
ft% For soil with an unconfined compressive 
strength of 100 kPa (1.0 ton/ft2) or greater. the 
cornpression device shall be capable of measuring 
the compressive stress to the nearest 5 kPa rO.05 
ton/ft% 

5.2 Sample Extruder. capable ofextmding the 
soil core from the sampling tube in the same 
direction o i  travel in which the sample entered 
the tube. at a uniform rate. and wth negiipble 
disturbance ot'the sample. Conainons at tne time 
of sample removal may dictate the direction of 
removal. but the principal concern is to keep the 
deeree of disturbance negiigible. 

5.3 Delbrmarion lndicaror-The deformation 
indicator shall be a did indicator gnduatea to 
0.03 mm (0.001 in.) or better and having a travel 
range of at least 20 e0 of the length of the test 
specimen. or some other measuring device. such 
Y an electronic deformation measuring device. 
meeting these requirements. 

3.4 Dial Cornparafor. or other suitable device. 
for mevunng the physical dimensions of the 
specimen to within 0.1 5% of the measured di- 
mension. 
NOTE 3-Vcrnier c311~en are not recommended for 

isit specimens. whicn will defom Y the cdipcn art 
set on the soecimen. 

5 . 5  Timu-4 riming ucvice indicating tne 
dzpsed testing rime to the nearest second snail 
be used for establishing the rate 01' strain appii- 
cation prescnbed in 7 .  i. 

5.6 Balance-The balance used to wei& spec- 
imens shall determine the mass ot' the specimen 
LO within 9.1 '3 oi its t o d  m a .  

5.7 Eyurpmeni. s specified in llethoa 
D 2216. 

5.8 .\f Isceilanrorts .-ippurarus. including spec- 
imen trimming and carving toois. remolding ap 
paratus. water content cans. and data sheets. Y 
required. 

6. Preparation of Test Specimens 

6.1 Specimen Six-Specimens shall have 3 

minimum diameter of 30 mm 1 I .3 in. I ana the 
largest particle contained wrthin the tm spm- 
men shall be smaller than one tenth of the spec- 
imen diameter. For specimens hanng a diameter 
of 72 mm (2.8 in.) or larger. the largest panicle 
size shall be smaller than one sixth of the spm- 
men diameter. If. after completion of a test on 
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Jn undisturbed spectmen. it is found. based on 
visuai observation. that larger panicies than pcr- 
mitred are present. indicate this information in 
!he remarks section of the repon of test data 
I Note 4). The neight-todiameter rxio shall be 
between 2 and 2.5. Determine the averaee heignt 
3nd diameter oi the resf spmmen using the ap- 

!hree height measurements l120' auan). and at 
least three diameter measurements at the quarter 
points ol'tne height. 

XOTF l - ; f  large soli omlc la  arc found in tne 
>dmoie ~ i i x  ::sune. 3 mnlcie-size maitsis ,oeriormea 
.n acccrrclance wirn Jfetnod D 121 mav be oerformea 
io conrirm m e  wsuai ooservation ana the resuils pro- 
%. idea u i rn  [ne test reuort. 

a . 1  L'tiarsrirroca Spccirncn.s--Prepare undis- 
iuroea specimens from large undisturbed sam- 
ples or :rom sampies secured in accordance witn 
Practice D 1597 and preserved and transponed 
in xcoraance -.vith the pnctices for Group C 
samuies in  Practices D 4220. Tube specimens 
may be testea Lvithout trimming except for the 
squanng 01' mas. if conditions of the sampie 
,; U S ~ I I ' ~ :  : R I S  zrxeaure.  Handle specimens care- 
:u;. .I . .  - _... iiisturbance. changes in cross 
s:c::::. - r .::s .Ji water content. i f  comuression 

. - - . . noticeable disturbance wouid be _ _ _ _  c-. . i';tnsion device. split the wmpie 
;.Jet :..n-.-. .t 1 s t  or cut it oif in smail sections 10 

.-.- . _... gv3I of the specimen witnout dis- 
~ ~ i c ~ ~ ~ ~ .  ?-:?:re carved specimens without ais- 
. -, _... :. -:.: '.vnenever possible. in a numidity- 

. I C . . C -  :-YZI. \lake every effon to prevent 
~ n i  i.:::~! ': -.vater content of the soil. Speci- 
mer.: :: .:i uniform circular cross section 
..vitn :ncs zorrondicuiar to the longitudinal axis 
,I.  .-a l:.- cxc:nTlen. When carving or tnmming. 
r e n o \  e 271. 57aii pebbles or shells encounterea. 
~ : : : : y : : ~ *  .. .ids on the surthce oithe specimen 

. _... u.L-- jo~i obtained from the Irimmings. 

:rregg:x;;.. 1: :ne ends. cap the specimen with 3 

minimu= ::::mess of plaster of pans. hyoro- 
stone. :r 5:miiar matenai. When sample condi- 
iion oermits. ;i venical lathe that will accommo- 
date !?e Iorai ssmuie may be used as an aid in 
carvine rne c,oecimen to the required diameter. 
Where ?revention or the development of appre- 
ciable caoiiiap iorces is. deemed imponant. seal 
the suecimen with a rubber membrane. thin plas- 
tic coxines. or with a ; a t i n s  of grease or spraved 

- .  pard;.ds c - m m i * n n  ....,- - !n 5.4. Take 2 r?.:nimum c!' 

---, 0 - .  
- . .  

_'r ....., . .  - 2  ... 
'I.,< ..,. - .  , - . >  

:LIc-II.".. --l- 

. . , v - q  -.-  
-.3-J"- ..... 7 

- 
*.,-,,, ..aI. 

' 

\vhen - . > n n a . s , :  --... . _ _  ~r crumbling result in excessivc 

plastic immediatelv after preparation and during 
the entire testing cvcle. Determine the m a s  and 
dimensions of the test specimen. If the spmmen 
is to be capped. its mass and dimensions shouid 
be determined before capping. If the entire ta t  
specimen is not to be used for determination of 
water content. secure 3 repmentauve sample of 
ixt ings for this purpose. placing them immedi- 
aielv in a covered container. The water content 
determination shall be performed in accordance 
with Method D 2216. 

6.3 Rcwoidcd Spccrntcns-Specimens mav 
r?e prepared either from ;1 failed undisturbed 
c~ecimen or from a disturbed sample. providing 
i t  is representative oithe faiied undisturbed spec- 
imen. In the case of failed undisturbed speci- 
mens. bvnp the matenal in a thin rubber mem- 
bnne  and work the matenal thoroughiy with the 
tingen to assurc completc remolding. Avoid en- 
trapping air in the specimen. Exemse care to 
o'ntain a unitorm dcnsity. to remold to the same 
\.old a t io  as the undisturbed spccrmen. and to 
preserve thc natunl water content of the soil. 
Form thc disturbed matenal into a mold of cir- 
x i a r  cross scction having dimensions meeting 
:ne requirements 01' 6.1. After removal from the 
Toid. determine tne mass and dimensions ofthe 
:cst spccimens. 

6.4 C '( ) I  i ipucitd .T1)ccr rncri.s--Speci mens shall 
5c prcpxcd to the predetermined water content 
Jnd dcnsity prescnbed bv the individual assign- 
!ne the tcst I hotc 5 I. After a specimen is  formed. 
trim the ends pcrpcndicular to the longnudinai 
JXIS.  rcmovc from the mold. and determine the 
mass and dimcnsions of the test specimen. 

YOTI' i-ETDcncncc indicates that it is dificult to 
jornvxt. nmalc. ana Oht3ln vaiia results with s p m -  
~ : C I I S  tnai na\c a Jcgrcc 01' wiurauon that IS mala 
:!Ian 30 r o  . 

-. Procdurc 
- 1 Plxc  thc spccimcn In the loading device 

50 that it IS centered on thc bottom platen. Adjust 
~iic  loading dcvicc carctull~ so that the u p p r  
plaicn just makes contac1 with the spcclmen. 
Zero the delbrmation indicator. Apply the load 
53 as to produce an axial strain at a rate of '12 10 
2 ';/min. Record load. deformation. and time 
ialucs at tuI7icicnt intervals to define the shap 
of the stress-stmn curve u t d i v  IO IO I s poind 1 3 
arc sufficient ). The rate of strain should k chosen 
so that the time to failure docs not ex& about 



: 5 rnin I Note 6). Continue loading until the load 
.dues decrease with incrraslng strain. or until 
: 5 5 strain is reached. The rate of strain used for 
..my sealed specimens mav be decreased if 
;cemed desirable for better tm results. Indicate 
'7c  rate of stnin in the repon oithe test data. as 
.=.xired in 3.1.7. Determine the water content 

. I '  the test speclmen using the entin specrmen. 
-nicss represenrative cuttings arc ootainea for 
nis purpose. Y in the case of undisturbed specl- 

Tens. Indicate on the test rcpon whether the 
6;lter content sample was obtained before or 
-i'ier [he snear test. as required in 9.1.2. 

X'OTE a-Softer matenais that will exhibit laqer 
:iiormaIion at failure should be tested at a higher rate 

I wain. C'onverselv. stiifor brittle matends that wtil 
. *.nibit m a i l  deformations at failure should be tested 
.I 3 iower rue ot'stmin. 

-2 Make a sketch. or take a photo. of the test 
.mimen at failure showing the slope ande of 
:x r'iiure sun'ace if the angle is measurable. 

' . 3  ,A copy ot a sample data sheet is included 
In .Appendix .XI. Any data sheet can be used. 
provided the form contains ail the required data. 

3. Calculations 

.. i '-:. for a given appiied ioad. ;IS tollows: 
* .  I Cicuiate the axiai strain. t i .  to the nearest 

= UiL, 

..i nere: 
if. = !enern channe 01' specimen as read from 

deformation indicator. mm I in. I. and 
,'.., = initiai lcngtn otltest specimen. mm 1in.t. 
;.1 Cdcuiate [ne average cross-sectional area. 

I. ibr 3 given ;loplied load. ;1s follows: 
. I  = . I o i ( l  - r l ~  

here: 
I,, = iniriai a\emge cross-sectional area of the 

:, = axiai srrain tor ine aven ioad. %. 
3 . 3  Cdculate the compressive stress. ur. to 

:hree signiricant tigures. or nearest I kPa 10.01 
:on/ it',. for a given applied load. as follows: 

Qc = ! f / . 4 )  

where: 
P = given appiied load. kP3 Iton/ft% 
. i  = corresoondinq avenge cross-sectional are3 

8.4 Graph-If desirrd. 3 graph showing the 
relationship between compressive stress (orrti- 

specimen. mm' I in.'), and 

mmz I in.:,. 
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nate) and axial strain cabscissa) may be plotted. 
Selea the maximum value of compressive sucss. 
or the compressive stress at I5 5 axial strain. 
whichever is secured ftm. and report as the un- 
confined compressive strengrh. qu. Whenever it 
is considemi ncccsary for proper interoretation. 
include the gaph oi the stress-strain aata Y Dan 
of the data reponed. 
i.5 If the unconrincd compmsive strengtn IS 

determined. the sensttivitv. Sr. is calculated as 
follows: 

- 0. (undisturbed soearnen1 
\-- = ' -  
- i f  - 

Uu (remoided specimen I 

9. Report 
9. I The report should include the followrnq: 
9. I .  I Identification and visual description of 

the specimen. including soii classification. sym- 
bol. and whether the spmmen is undisturoed. 
remolded. compacted. etc. Also include s p e a -  
men identifving 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.' Initial dry densitv and water content 
lspeciiv if the water content joecimen was ob- 
tained before or after shear. ina wnether from 
rutrings or the entire specimen I. 

9.1.3 Degree of saturation I Yote 3. if com- 
puted. 

YOTE ?-The specific gravitv detemined in accora- 
3nce with Test Method D 854 is reauircd for calcuiation 
of the degrre or' saturation. 

9.1.4 Unconfined compressive strength ana 
shear strength. 

3.1.5 Avenge height and diameter o i  speci- 
men. 

9. I .6 Height-todiameter ratio. 
9.1.7 Average rate oistmn to failure. %. 
3 .  I .8 Strain at failurr. %, 
3.1.9 Liquid and plastic limits. if determined. 

in accordance with Test Method D 43 18. 
9. I. 10 Faiiun sketch or photo. 
9.1. I 1 Stms-strain graph. if prepared. 
9. I .  I2 Sensitivity. if determined 
9.1. I3 Particle size anaiysir if determined in 

accordance with Method D 422.3nd 
9. I .  14 Remarks-Note anv unusual con&- 

tions or other data that would be consldemi 
ncccssap to propcriy interpm the mults ob- 
tained for example. slickensdu. suauficauon. 114 
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shells. pebbles. roots. or brittleness. the type of 
failure (that is. bulee. diagonai shear. etc. 1. 

10. Precision and Bias 

from apparently homogeneous soil deposits at 
the same location often exhibit sigmficantly dif- 
ferent strength and stresstrain properties. 

10.2 X suitable test material and method of 
specimen preparation have not been dewloped 
i r  the derenninauon of laboratory variance due 

soil speamens. No estimates of precision for this 
!est method arc avuiable. 

i 0.1 50 rnetnoa presenriv exists to etaiuare 

sjon tests on undisturbed specimens due to spec- 
imen variability. Undisturbed soil speamens 

- h m  ..._ ~ F D C I C I  r. --.-:cz 31' 1 g v u p  of unconfined compres- !o the difftcultv in produang identical cohesive 

(Nonmandatory Information) 

X1. Example Data Sheet 

-.. 
UYCOSRNED COMPRESSION TEST-GI 

Lod S m = -  Corn. A m  

Dau snm conitnued 
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I I I 

Atucn 3 onoto or sirercn oi  the  I=- 

-en mer miurc :o inlr form 

116 
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UNCONFiSED COIMPRESSION TEST 

i. iNT2ODUCT:ON. The unconfined cornpression test is used to .mea.- 
upe the unconiinea compressive strength oi  a cohesive soil. The uncon- 

;;nee ;Jm?ression test is s??iicsbie oniv ;a coherent materials such as 

saturated ciavs o r  cementea soiis that retain intrinsic strength a f te r  r e -  
movai o i  coniining pressure:  :t is not a substitute )or  the Q test. Dry o r  
cr*ynblv soils, fissured o r  varved materials,  si l ts ,  ana sands cannot be 
tested meaningidly in unconiinea compression. .a this test, a laterally 

unsupported cyiinaricai specimen is subjected'to a gradually increased 
axiai cgmpression ioaa unt:l iaiiure occurs. The unconfined comprcsrion 

test  is a iorm of triaxial test ir: wnicn the major principal s t r e s s  is  equal 
:o tke aapiied axiai s t ress .  ana the intermediate ana minor principal 
3 ; , 2 5 5 e :  i:e cauai to zero. 
_ _  ___._._ - as the maximum ~ i t  axiai campressive s t ress  at failure o r  a t  
.I ' - - 3 F - 0 1 7  --. __._. strain, wnichever cccxrs i irst .  The undrained shear strength, 

.. . 

?:e unconiinei compressive strength, q,, 
. - ,.. -=-  

- :: a s s u m e d  ta be eauai to one-naif the unconfined compressive 

. - - .  _ _  _.___ ;.. :r:arn procedure. in wnici. the s t r e s s  is appiiea to produce a pre-  

-e , - - -  .-.... .-=:a rate oi strain,  ;r :v the controiled stress procedure, in which 

d 

j : r o ~ z : t z .  3 e  axiai load mav b e  appiiea to the specunen either by the con- 

- 
:ke i::zss is  appiiea in preaererminea increments o i  load. 
2 .  .--=?.A--UTt'S. The apparatus consists of the following: 

Eauioment for ?reoarinn Soecimen. A trimming frame as de- 
scrrked 1: paragraph 3 e  ox Appendix X, TRLAXIAL COMPRESSION TESTS. 

-. .--..g - 
-rarrc:s 2:zes ana types ior  z s e  wrn the trimxniaq frame. A motorized 
soli :Axe rrray be used advantageously under certain circumstances. A. 
. x t e r  :ax o r  cradle is required to trim the specimen to a fixed length a d  
t3 ensure that the ends of the specimen a r e  po ra i ld  with each other and 
ier3cnaicuiar to the vertical axis of the smcimen. 

- i. 
.d. - -  =. - --.-.- .- ..--..zag cyiinder-with bevcieu cutting edger mry be used for trim- 

i h e  eauip.menr snouid inciude wire saw8 and knives oi ssec:.xens. 

. .  - ' 2 .  Loading Device. A number of commercially available 

.:oz:r=i;ea-atrain or controilea-stress types of loading devices are s u i t -  
. .  

11 7 abie io: appiying the axiai loads in the unconfined compresrion te i t .  In 

XI- i 
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I gencrai, controilea- strain 
type ioading devices a r e  
preferable, ana :he proce- 
dures described nerein a r e  
bareo on the use of this type 
of equipment. Lf avarlable, 
an automatic s t ress -s t ram 
recorder may be used to 
measure and record appiied 
axid loads and dispiact- 

rncntr. A typical loading 

device is shown in Figure i. 
Any equipment used should 
be calibrated so that the 

loads actually applied to the 
soil specimen can be deter-  
ninea. Tie required sensi- 

: iviw o i s tr e s s - me a sur urg 

equipment fo r  botn controlled- 
s t ress  ana controiicd-strain 

testing w i i i  vary with the 
strengtn cnaracteristic s o i  
the soii. For teiativeiv weak 

soils (compressive strengths 
less  than 1.0 ton par sq f t) ,  

the unit load shouid be mea- 

surable to within 0.01 ton per 
b a  i:. t o r  soils with comprsjsive strengths of 1.0 ton per sq i: o r  greater,  
the ioiicis snould be measur3ble to the nearest  0.05 ton per sq ft. 

k'ryur e l. Typical unconiinca compre I- 
sion t e s t  apparatus 

- c .  Measuring eouiument. such as  dial indicators and calipers, 

sniLable ior measuring the dimen.oions and axioi deformrtiorA of a specimen 

X I - 2  118 
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:o the nearest  C.001 in. 
z .  ' 

e. 

i. Other. Apparatur necessary to determine -tar content and 
specific 2:aVity (eee Appendixes I ,  WAT,ZR CONTENT - GENERAL, a d  
IV ,  SPEC:iIC GUVXTY) .  
3 .  PREPARATION O F  SPECLMENS. - a. Smc-men Size. Unconfined 
compression specrrnenr rhail have a minimum diarrmer of 1.0 in. (prefer -  
abiy 1.4 in.), ana the largest  particle in any tesi' ipccimen will be no 
greater than o n e - a h  the specunen diameter. The neight-to-diameter 

ratio sirail be not i e r r  

compression specimens a r e  1.4 ana 2.8 in. Speciznens of 1.4-in. diameter 
a r e  generally used for testing cohesive soils which conuia  a negkgable 
3 X Z O U X  z: gravei. 

-:-i-" device. either a watck G: clock with second b n d .  
Balances. sensitive to 0.1 g. 

- 
- 
- -  

2.1. Commonly urea diameters of uncoafiaea 

:. t'naisturbea SDecimrns. C e n e r r l y ,  undisturbed specunens 
&:e zra-area from unaisturoea tube o r  chunk 88mples of a larger size 
:?an t z e  [est specimen. Core o r  thin-wail tube sampler of rekt ively s m r l  
diameter rnav be teated wrthout further t r v n m i n g  except for squaring the 
3 ~ s .  ;: :.:e condition of the soil requires thir procedure. Specinrkns must  

';e zancied careiully to prevent remoiding, chaager i n  c rosr  aecfion, o r  
:ass  3 :  marsture. To miaimrte a i ~ t u r b a n c e  caured by skin friction between 

jarr.?res ana metal sampling tube8, the tube8 rhould be cut into short  
i anq tns  oeiore ejecting the sarnries. Sample ejectron snouid be accom- 

ziisnea *atla a smooth continuous, and fairly tamd motion in the same 

. .  

-. d..ecz:s~ - c h a t  the sample entered the tube. Al l  specimens ahai l  be pre-  
Zaiei  :: a numia room KO ?revent evaporation oi  moisture. The specimen 

snail > e  ?reparea as foilowr: 

(I) From the undisturbed sample cut a section somewhat 

la ree t  ir: length ana diameter than the desired specimen size. 

X I - 3  
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It is generally desirable to prepare duplicate specimens ior unconiinea 
compression testing, and selection of material for  testing snouid be made 

with this in mind. 

(2 )  Carefully t r im the specimen to the rtc,.t:=.zd dia,-;lster 

Using a trimmrng ' frame and various t r imming  tools (ree Fig. 7 ,  Appendix 
x, TRIAxfAL COMPRESSION TESTS). Remove any small sneils or  
pebbles encountered duriag the trimming operations. Carefully iill voids 

on the surface of the specimen with remolded soil obtained from &e t r im-  
mings. Cut the specimen to the required length, using a miter box ( s e e  

Fig. 8 ,  Appendix X, TRIAXIAL COMPRESSSON TESTS). 'Hhere the pres-  
ence of pebbles or crumbling results in excessive itrcguiarity at the enas, 

cap the specimens with a minimum thickness of plaster of Par i s ,  nydro- 
stone, o r  other support material. Care must be taken to insure that the 
end8 of the specimen a r e  parallel with each other and perpendicuiar to the 

vertical axis oi  the specimen. 

( 3 )  
spcciiic gravinr ana wa te r  conLdnt determinations ( see rippenaixes i, 
WATER CONTENT - GENERAL, ana IV, SPECIFIC GaAVITYI. 

'rom the soil trimmings obtain 200 g o i  xater ia i  i o r  

(4) Weigh the specimen to an accuracy of * O . O i  g ior 1.4-in.- 
diameter specmiens and t 0 . i  g for 2.8-in.-diamtter specimens. Lf spcci- 
mens a r e  to.be capped, they rhould be weigned before capping. 

( 5 )  .Measure the heignt of the specimen with calipers or  a 

scale and the diameter with calipers o r  circumference 3easurmg devices. 
If the specimen is cut to a fixed length in a miter box, the. iength o i  the 
miter box caa  be taken as the height of specimen for routine tests, and 
aaditional height measurements a r e  not usually necessary. It i s  always 

advisable to measure the diameter o i  the sbecimen after trimming, even 
though specimens a r e  cut to a nomlrul diameter in a trimming irame. 

Make all measurements  to the nearest  +0.01 in. Determine the average 

initial diameter ,  Do, of the specimen using the diameters measured a t  
and bottom, Db, of the specimen, a s  follows: the top, D,, center,  Dc' 

120 
xf -4  
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D, + 2Dc c Ut 
4 D =  

3 

( 6 )  if the specimen is not tested immediateAy after preparation, 
precautions must be taken to prevent drying and consequent development of 
capillarv stresses. When drying before o r  during the test i s  anticipated, 
:be sueci:..ta may be covered - w i t 5  a thin coating of grease such a s  pctro- 

!aturn. 3 i s  coatmg cannot be used if the specimen is to be used in a sub- 
sequent remolded test. 

- c. Remolded Smcinens.  Remolded specmans  u n t U y  are pre- 

pared in conjunction with tests made on undisturbed specimens after the 

-latter ;?as been tested t o  iailure. The remolded specimen8 a r e  tested to 
aetetzziae the effects o i  remolding on the shear strength of the soil. The 
temoiaea specunen snouid have the same water content a 1  the undisturbed 
specimen in order to permit a campariron of the r emi t s  of the tes ts  on 
:he cxo guecimcns. The remoiaea specimen snail be prepared as ioilows: 

' I )  ?lace the ialled undisturbed specimen in a rubber mem- 
'5rane ~ n c  knead it thoroughly with the iingers to asaure complete remoid- 
inp or rze specimen. Take reasonable care  to avoid entrapping air in the 
spec:.Y.cn ana to obtain a uniiorm density. 

Remove the soii i rom the membrane and compact it in a 
C , . $ . - C I - . C -  --a. I mold with inside dimensions identicai with tho88 of. the undis- 

-..-- .-- "ea s?ecvrrea 
contents o i  8011s rubjectea to remolded tertr  are alwrya considerably 
wetter :;?an optirnum. Core must be ukea, however, to inruro uniform 
iensitv tzrougnout the rpecimen. A thin coat of pouolarurn on the inrido 

01 :he rzoiding c y b a e r  w i l l  a s r i s t  in the r emovd  of the rpeciman After 
c ompactisn. 

. .  

( 2 )  
. .  -. 

The compaction eifort i r  not crit icai  rince the water 

( 3 )  Carefully remove the rpecirnen fram the m i d ,  preforrbly 

by mean8 of a clore  f i t t ing piaton. and plane off the top of the spacim~n. 

T3e specrrrren is then ready for tearing. 



SOP NO: TDL1109 
DATE INITIATED: 7/31/89 
REVISION NO: 1 
DATE REVISED: 3/28/90 
PAGE 14 OF 19 

EM 1110-2-1906 
A p p n d L  XI 
3 Q  Nov 70 

(4) Follow the rtepr outlined in paragraph8 3k(!4) and 3 b ( S ) .  

4. PROCEDURE. The procedure rrull conrirt  of the following EtepE: 

- 
- a. Record all identifying idormation f o r  the sample ruch as 

project, boring number, virual clarrification, and other pertinent data on 

the dam rheet (rae Plate X I - 4  which i r  a ruggerted form). The data rheet 

is d r o  ured for recording tart  obrervazionr dercribed below. 

- b. Place the specimen in the lo8ding device EO that it i s  centered 
3n the bottom platen: then adjurt the loading device carefully EO that the 
loading ram or upper platen barely is in contact with the rpecimen. It a 

proving ring i r  ured for determining the U i . 1  1o.d. coauct  of the platen 
ana rpecimen i s  indicated by a alight deflection of the proving r i a g  dial. 
Attach a d k l  haica tor ,  renritive to 0.004 in., to the loading ram to mea- 
sure  vertical deformation of the rpecimen. Record the initial readiag of 
the dial indicator on the data rhear (Plate XZ-4;. Teat the rpecimen at an 
axid rcrain ra te  of about I percent per minute. For very rtiff or  brittle 
materulr which exhibit small deformations i t  failure, it may be derirable 
to test  the rpecimen at a sloaer rate of etrain.. Obrerve and record the 

remalting ioaa correrpondiag to increments of 0.3 percent etrain i o r  the 

first  3 percent of rtrain and in incremcntr of I or  2 percent of etraia 

thereafter. Stop the t e r t  when the axkl  lo8d r enu in r  conrunt  or wnen 
20 percent =aaA rtrain har been produced. 

. 

- 

- c.  Record the auration of the test, in minuter, to peak rtrength 
(t ime to failure),  type of failure (ahear or bulge), and a riotch of rpeci- 
men after fajiurr on the data. rhoet (Plate m-2). 

- d. After the tert, p k c o  tho entire rpecimaa o r  a reprerenut ive 
portion thereof ia a container of known weight aad dotormine the water 

content of the specimen in accordance with Appendix I. WATER CONTENT 
- GENERAL. 
5. COMPUTAT'IONS. The compuutionr conrir t  of the following rtepr: 

- a. From the obrerved data, compute and record on the data rheet 

(Plate la-i) the w a t e r  content, volume of rolidr, void ratio, degree of 

122 
XI-6 



SOP NO: TDLl109 
DATE INITIATED: 7/31/89 
REVISION NO: 1 
DATE REVISED: 
PAGE 15 OF 19 

.EM 1110-2-1906 
Appendix X I  

30 Nov 70 

saturation, ana dry density, u s i n g  the iormular presented in Append& U, 
UNIT WEIGHTS, VOID RATIO, POROSITY, AND DEGREE O F  SATURATION. 

5. Compute ana record on the data sheet the axial strain, the cor -  - 
Yectea area,  and the compressive s t ress ,  at each increment of rtrain by 

using the following formulas: 

AH Axial strain, t = - 
.io 

% Corrected a rea  of specimen, A sq c m  = cor t '  

? compressive s t ress ,  tons per sq ft = - X  0.465 
Acorr 

where 
LE = change in height o i  q e c i m e n  dur,ing test, cm 
14 
-4 

? 

= initial height of specimen. cm 
= initial a r ea  of specimen, sq cm 

= applied axial load, !t, 

3 

3 

3. XESENTATION O F  RESULTS. 'The results o i  the unconfined com- 
;=ression t e s t  shall be recoraea on the report  form snown a s  Plate n - 2 .  

;:e?arz?q the specimen, o r  anv unusual features of each specimen (ouch 

is siickensides, Stratification, sneils, pebbles, roots, o r  bri t t lenesr) 
3nouia be shown under "Remarks.*' The applied compressive s t r e s s  
3naii be  plotted versus the axia1,etrain in Plate XI-2. The unconfined 

:sm=te¶sivc strength, q,, of the specimen shall be taken a8 the 

:.ux = r  ?eak compressive stress.  For tests  contirrued to 20 percent 

3trair. without reduction of axial load occurring, the unconfined compres- 
sive strength a s  a ruie rhall be taken as the compressive stress at is per -  

- - -art.- _ _  .... cnt information regarding the condition of the specimen, method of 

cent strain. 
123 
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Where the unconfined Conipresqiv* strepqgth of a sp-rimen 1s also ob- 

S,, shall aiso be calculated mined after remolding, the sensitiv!ty ratio, 
aad reported. The rensitivity ratio i s  riefiried as follows: 

7 .  POSSIBL& ERRORS. Folinwirig a r e  F O S S I ~ I -  error!: that w e u l d  c a u s e  

inaccurate determinations of unconfincci cumpreqsive strength: 

- a. Test not appropriate to type of so:!. 

- b. 
c .  

Specimen disturbed 1.. hiie tr:ttiming. 

L o s s  of initial water  content. .A smail change in water content - 
can cause a larger  change in tne strength of a clay, so it is essential that 
everv ca re  be taken to protect the specimen against evaporation while 
trimming and measuring, during the t r s t ,  ana when remolding a specimen 
to determine the rensitivitv. 

d. Rate of strain o r  rate of loading too fast. - 
8. 
STRENGTH D E T ~ M I N A Y I O N S .  
ment, such as cone penetrometers and vane shear apparatus, mav be u8ea 
advantageourly in the laborattrrv as a suppieinent to  the oasic unconiinea 
compression test equipment f o r  determining the unarainea shear strength 

US& OF OTHER TYPES OF EQUIPMENT FOR UNDRAINED SHEAR 

Various other types o i  laboratory equip- 

of cohesive soiis. The use  of these testing devices generally rcsuits in 
savings in cost  ana time. However, the devices should be urea 
t ion until sufficient data and procedu.ra1 details a r e  estabiisnea 
their succerrful application. Use of such testing apparatus, as  

with cau- 

to a s su re  

a rule, 
124 
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1 .o 

SOPNO.: TDL1504 
DATE INITIATED: 1121191 
REVISION NO.: 0 

* .  ose and 

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

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

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 R e f e r e m  

2.1 Writina the W r v  Notebook , Howard M. Kanare, 1985. 

3.0 d SOPS and 

3.1 ITAS SOP No. TDL1503, “Analytical Logbook Recording Procedures.” 

4.0 Definitions 

4.1 None 

5.0 Procedurg 

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 laboratory notebooks must be kept free of chemical contamination 
while being used on benchtops, in field settings, etc. 

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 Dersons. The notebook’s security and maintenance are 
your responsibility. In case of damage, loss, o i  disappearance, repo 128 
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5.0 p r o c e w  (continued) 

facts to your supervisor at once. When the notebook is filled or upon 

quality/o pe ration files. 
* termination of your employment, it must be returned to the laboratory 

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 

130 
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calculations that lead to the generation of a resutt which is reported to the 
client either verbally or in writing. Any values which have not had a 20 
percent QC check (one of evefy 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 (Le., 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 . l  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. 

5.4. 

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

.8 Conclusion - how objective was met and any interpretation of 
results. 



SOP NO.: mL1504 
DATE INITIATED: 1 RlB1 
REVISION NO.: 0 
DATE REVISED: N/A 
PffiESOF5 

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 

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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1.720 
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. 

References 
2.1 he -, Howard M. Kanare, 1985. 

ed SOPS and AD-le Methods 

3.1 ITAS SOP No. TDL1504, "Laboratory Notebook Recording Procedures." 

4.1 None 

Procedure 

5.1 Safety 

5.1 . l  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, losa 3rd -- -L 
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5.0 P r o c w  (continued) 1.720 
disappearance, report the facts to your supervisor at once. When 
the logbook is filled, or upon termination of your employment, it 
must be returned to the laboratory quality/operation files. 

5.3 Procedure 

5.3.1 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. 

5.3.2 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. 
\ 

5.3.3 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. 

5.3.4 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. 

5.3.5 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. 

5.3.6 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. 

5.3.7 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. 135 
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6.0 ce and Corrective 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 

7.2 

TDL Analytical Logbooks are the property of IT Corporation. 

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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LABORATORY SIEVES 
SPECIFICATION, CALIBRATION, AND MAINTENANCE 

1.0 Pumose 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. 

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

5 . 2  

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. Due to the amount of time 
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. 

5.5 Sieves with a mesh size of # 2 0 0  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 
holes, broken mesh, or any ather condition which may 
make the sieve unsuitable for use. Sieves which are 
clogged will be cleaned with a suitable brush. Caution 
shall be used when cleaning fine sieves with a wire 
bristle brush as this may damage the sieve. Any sieve 
deemed unsuitable for use will be immediately 
discarded. 

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 (<120 '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 Nonconf o m  ance 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/Documentatiorl 

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

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 Reference 

2.1 ITAS-SW SOP No. MW104R0, "Calibration of Thermometers." 

3.0 d SOPS -le M e U  

3.1 fTAS System Procedure No. 9014-HSC-01, "General Health and Safety 
Practices for Tasks Performed in the Laboratory." 

4.0 

4.1 None. 

5.0 Procedure 

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 p r o c a  (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. .4? bast 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 TDLlO2-1) 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 l°C) 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 heatth or safety of any ITAS Associate, and must be reported 
immediately to a laboratory supervisor. 
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6.0 .I.?2(? Honconfarmance and ~ ~ U S t i Y e  miQn 
6.1 Any thermometer that does not meet the acceptance criteria (* 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 TDLl02-1) shall be completed for each 
working thermometer calibrated and placed in the Quality/Operation files. 
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Calibration 
Method Number 

ITAS TECHNOLOGY DEVELOPMENT LABORATORY 

Temperature Reading 

Reference Thermometer Thermometer Being Calibrated 

THERMOMETER CALIBRATION 

Date: 
Number of thermometer being calibrated: 
Description of thermometer being calibrated: 

Date last calibrated: 
Time since 
Description 

last calibration 
of reference thermometer: 

Working range: 
Acceptance criteria: f "C 

Signed: 




