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1.0 PROJECT DESCRIPTION 

The Femald Environmental Management Project (FEMP), formerly the Feed Materials Production 
Center (FMPC). is a contractor-operated federal facility for the production of purified uranium metal 
for the U.S. Department of Energy (DOE). The FEMP is located on 1050 acres in a rural area 
approximately 20 miles northwest of downtown Cincinnati, Ohio. On July 18, 1986, a Federal 
Facilities Compliance Agreement (FFCA) was jointly signed by the U.S. Environmental Protection 
Agency @PA) and DOE to ensure that human health environmental impacts associated with past and 
present activities at the FEW are thoroughly investigated so that appropriate remedial actions can be 
assessed and implemented. 

A remedial investigation/feasibility study (RI/FS) has been initiated to develop these remedial actions. 
A part of this RWS is Operable Unit 4, which consists of Silos 1 and 2 (K-65 silos) and Silo 3 (metal 
oxide silo), the unused Silo 4, and the silo structures and surrounding berms. Operable Unit 4 is 
located south of the waste pit area. The FS for Operable Unit 4 is considering remedial actions for the 
silo structures and for waste stored in the silos and in the adjoining silo berms. 

1.1 BACKGROUND INFORMATION 

1.1.1 Site DescriDtion 
A variety of chemical and metallurgical processes were utilized at the FEMP for manufacturing ura- 
nium products. Uranium compounds were introduced into the FEMP processes at several points 
During the manufacturing process. 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 (UOa and then converted to uranium tetrafluoride (UF4) by reaction 
with anhydrous hydrogen fluoride. Uranium metal was produced by reacting UF, and magnesium 
metal in a refractory-lined vessel. This primary uranium metal was then remelted with scrap uranium 
metal to yield a purified uranium ingot. 

From 1953 through 1955, the FEMP refinery processed pitchblende ore from the Belgian Congo. 
Pitchblende ore contains all daughter products of the uranium decay chains and is particularly high in 
radium. No chemical separation or purification was performed on the ore before its arrival at the 
FEW. Beginning in 1956, the refinery feedstock consisted of uranium concentrates (yellowcake) 
from Canada and the United States. Canadian concentrates were not processed after 1960. In the 
production of these concentrates, most of the uranium daughters had been removed. Radium-226 (Ra-226) 
and thorium-230 (Th-230), however remained in the yellowcake in amounts that varied with the process. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11  

12 

13 

14 

15 

16 

17 

18 

19 

m 
21 

22 

23 

24 

25 

26 

n 
28 

29 

30 

31 

32 



2247 
RUFS Treatability Work Plan 
October 5. 1991 
Vol. WP-Section 1.0 
Page 2 of 23 

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

Large quantities of liquid and solid waste were generated by the various operations at the FEW. 
Before 1984, disposal of solid and slurried waste from FEW processes was in the on-property waste 
storage area. This area, which is located west of the production facilities, includes seven low-level 
radioactive waste storage pits and a clearwell; two earthen-bermed concrete silos containing K-65 
waste that are high-specific activity and low-level radium-bearing residues resulting from the pitch- 
blende refining process; one concrete silo containing metal oxides (raffinate solids disposed of in the 
pits are similar to those initially dried and pneumatically transferred to that silo) and one unused con- 
crete silo; two lime sludge ponds; and a sanitary landfill. The waste storage area is addressed under 
Operable Units 1, 2, and 4. 

An inactive fly ash disposal area and an active fly ash pile, addressed under Operable Unit 2, are 
located approximately 3000-feet south-southeast of the waste storage area. One pile remains active for 
the disposal of fly ash from the FEMP coal-fired boiler plant. Fly ash from this area will be tested in 
the Operable Unit 1 treatability studies. An area between and adjacent to the fly ash areas, known as 
the Southfield, is believed to be the disposal site for construction debris and possibly other types of 
solid waste from FEW operations. The Southfield is also being addressed as a solid waste unit under 
Operable Unit 2. 

1.1.2 Ouerable Unit 4 DescriDtion 
Operable Unit 4 is located south of the waste pit area and consists of four concrete silos. Silos 1 and 
2 were used for the storage of radium-bearing residues formed as by-products of uranium ore 
processing. Silos 1 and 2 received residues from 1952 to 1958. Raffinates (residues resulting from 
uranium solvent extraction) were pumped into the silos where the solids would settle. The free liquid 
was decanted through a series of valves placed at various levels along the height of the silo wall. 
Settling and decanting continued until the silo material was approximately 4 feet below the top of the 
vertical wall. 

Historic analysis of the Silos 1 and 2 residues indicates that approximately 11,200 kilograms (kg) of 
uranium (0.71 percent uranium-235 [U-235]) is present. Analytical results of residue samples taken in 
July 1988 indicated the uranium concentration was 1400 parts per million (ppm) in Silo 1 and 1800 
ppm in Silo 2. In addition, approximately 0.13 to 0.2 1 ppm of radium was estimated to be in the silo 
residues. 
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Data from the 1989 sampling effort conducted by Westinghouse Environmental Management Company 
of Ohio (WEMCO), formerly Westinghouse Materials Company of Ohio (WMCO), for Silos 1 and 2 
indicate that the concentration of Ra-226 in Silo 1 ranges from 89,280 picoCuries/gram @Ci/g) to 
192,600 pCi/g; in Silo 2 it ranges from 657 to 145,300 pWg. Th-230 concentrations in Silo 1 range 
from 10,569 to 43,771 pCi/g and from 8365 to 40,124 pCi/g in Silo 2. The concentration of lead-210 
(pb-210) in Silo 1 ranges from 48,490 to 181,100 pCi/g and from 77,940 to 399,200 pCi/g in Silo 2. 
Total uranium concentrations in Silo 1 range from 1189 to 2753 ppm and from 137 to 3717 ppm in 
silo 2. 

Due to the probable diffusion of radon into the berms, it is believed that the berms and subsoils 
contain elevated levels of Pb-210 and polonium-210 (Po-210). There may have been leakage from the 
existing leachate collection system beneath the silos into the surrounding soils. If this has occurred, 
the potential for uptake of long-lived radionuclides would be a major hazard. Sampling of the berms 
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and soil beneath the silos is scheduled and, upon completion, will confirm the nature and extent of 
contamination and contaminant migration, if any. 

Silos 3 and 4 were constructed in 1952 in a manner similar to Silos 1 and 2; however, the silos were 
designed to receive dry materials only.' Raffinate slumes from refinery operations were dewatered in 
an evaporator and spray-calcined to produce dry materials for storage in the silo. The material was 
blown in under pressure to fill Silo 3. 

15 
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17 

18 Silo 4 was never used and remains empty today. 

Silo 3 contains silica, uranium (738 to 4554 ppm), Th-230 (21,010 to 71,650 pCi/g), a very small 19 

amount of Ra-226 (467 to 6435 pCi/g), and other metal oxides. Silo 3 is not a significant radon m 
source, and due to the physical characteristics of the silo contents (dry and powdery), it is not believed 
to be the source of any contaminant migration to the surrounding and underlying areas. It is, however, 
still a source of radioactivity and a potential airborne contaminant hazard due to its dry, powdery 
consistency. 24 

21 

22 

23 

1.2 REMEDIAL ACTION OBJECTIVES 25 

The overall program goals, i.e, 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 purposes of 
RAOs are to ensure site-wide compliance with: 

26 

n 
28 

29 

Chemical-specific applicable or relevant and appropriate requirements (ARARs) and to 

Regulatory standards for control of radiation and radioactivity in the environment 

30 

be considered (Tl3C) guidelines 31 

EPA guidance for risk to public health from hazardous chemicals 32 

33 
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The RAOs for Operable Unit 4 must cover a l l  constituents (radiological and chemical) that contribute 
to a reasonable maximum exposure (RME) scenario. RAOs for operable Unit 4 are given in Figure 1- 
1. Alternatives for remediation must meet airborne RAOs and direct radiation RAOs at a point 
immediately adjacent to the silos, as well as drinking water RAOs in perched water that might be 
encountered directly below the silos. The treatability study goals are given in Section 1.4. 

Ten remediation alternatives for Operable Unit 4 are listed in the DOE report "Initial Screening of 
Alternatives for Operable Unit 4. Task 12 Report, October 1990." Nine of these alternatives are still 
under consideration. Laboratory data are needed to evaluate the alternatives, eliminate alternatives that 
are not technically feasible, and aid in the selection of a preferred altemative(s). Further details of the 
alternatives are given in Section 2.0. 

1.3 JUSTIFICATION 
The justification to conduct these tests is provided by EPA in "Guide for Conducting Treatability 
Studies Under CERCLA" @PA 1989). The document recommended treatability tests for those 
substances that do not have standard treatment methods or supporting data in the literature that prove 
the material of interest can be effectively treated by reducing its volume, toxicity, or mobility. The 
RAOs and treatability goals for Operable Unit 4 are discussed in Sections 1.2 and 1.4. 

Westinghouse is conducting vitrification tests on the Silos 1 and 2 materials. The stabilization tests in 
this work plan are required so that comparisons of vitrification and stabilization that will be made in 
the FS and in subsequent engineering designs can be based on fact rather than on conjuncture. 

Because the Silo 3 wastes were produced at the FEW site, and because metal reduction by solvent 
extraction is a proven technology for uranium oxides, these oxides are not the subject of an extraction 
study. Yet, because of the unique nature of the Silo 1 and 2 materials and the lack of process 
knowledge concerning their chemical rather than elemental composition, it is not obvious if an 
extraction process can be developed that would remove a sufficient quantity of metals in order to 
render the material nonhazardous as defined by the Resource Conservation and Recovery Act (RCRA). 
Unlike the Silo 3 material, the original Silos 1 and 2 material was processed at the Mallinckrodt 
Chemical Works. Production records from this facility are no longer available except for elemental 
analyses developed by NLO, formerly National Lead Company of Ohio (Bettis et al.). These analyses 
are not sufficient in detail to support a metals extraction decision as feasible or not feasible. 
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Similarly, the cementation process requires a unique recipe to be formulated for each unique waste 
form. Because neither the Silo 3 nor the Silos 1 and '2 materials have been the basis of a cementation 
study, a treatability study must be performed to determine whether cementation is a feasible option. 

These treatability studies are necessary to eliminate alternatives in the Operable Unit 4 FS. This study 
is currently carrying nine alternatives and two different stabilization options. The studies are needed 
to defintively provide information that would reduce the number of options that must be considered. 

Finally, because of the unique nature of the material in the silos, the materials deserve special 
consideration to ensure that the ultimate remedial action alternative selected by DOE in the Record of 
Decision (ROD) can be supported without the potential for criticism by the local community and 
environmental political action groups. The project cannot afford to amve at the end of the pmcess 
without the appropriate documentation of its decision-working process. 

1.4 GOALS OF TREATABLITY STUDY 
The primary goal of the treatability study is to support remedy selection during the FS. It supports the 
FS by providing data about the waste treatment under consideration by the FS. This infomation is 
used to select the most promising treatment technologies for further consideration, in conjunction with 
other aspects of the proposed alternative designs. 

This treatability study is designed to provide data for technologies that lower the leachability of 
contaminants by chemically fixing them in an altered material matrix. These data will be compared to 
preliminary remediation goals (PRGs), toxic constituent regulatory limits (toxicity characteristic 
leaching procedure [TCLP] limits), 
any or al l  of these goals is feasible 
goals are developed in Section 3.0, 
objectives. 

and site background concentrations to determine if attainment of 
using the technologies listed in Section 1.5. These quantitative 
which outlines the treatability study's specific performance 

1.5 TREATABILITY STUDY 

1.5.1 EPA Treatability Guidance 
EPA's "Guide for Conducting Treatability Studies Under CERCLA" (EPA 1988) outlined a three- 
tiered approach to conducting treatability studies for a Superfund site. This original interpretation of 
the approach can be seen in Figure 1-2. The remedy evaluation phase of the RWS, in accordance 
with the EPA guidance, may require a minimum of three tiers of treatability testing: 

Remedy screening 
Remedy selection 
Remedy design 
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Figure 1-3 reflects the approach recommended by dePercin, Bates, and Smith of EPA in their article 
"Designing Treatability Studies for CERCLA Sites: Three Critical Issues," (1990). This illustrates 
these three levels of treatability testing and how this treatability plan compares with these 
requirements. 4 

1 

2 

3 

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 RIPS evaluation criteria. 

The detailed analysis of alternatives phase of the RWS follows the development and screening of 
alternatives and precedes the actual selection of a remedy in the ROD. During the detailed analysis, 
al l  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, and 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" (EPA 1988). 

The relationship between the evaluation criteria and the data that will be generated during treatability 
studies as shown in Table 1-1. For example, the ability of a particular waste formulation or 
technology (cement stabilization versus vitrification) to provide protection of human health and the 
environment would be determined by evaluating factors such as concentration of contaminants in the 
leachate, the durability of the waste form, its compressive strength as it relates to disposal and 

handling, permeability, and intrinsic properties of the waste form (glass versus cement). 

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 
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specific). If the feasibility of the treatment cannot be demonstrated, the alternative should generally be 
screened out at this time. 

The remedy selection tier of the treatability study program is designed to provide information, which 
will be used to determine whether a treatment alternative can meet the operable units’ cleanup criteria 
and at what cost. This tier generates the performance and cost data necessary for remedy evaluation in 
the detailed analysis of the FS alternative phase. The cost data developed in this tier should support 
cost estimates of +SO/-30 percent accuracy. The performance data will be used to determine if the 
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 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 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 with the purpose of generating detailed, scale-up design and cost data. The 
study should focus on optimizing process parameters. These studies require moderate to high QNQC 
and are typically vendor specific. 

1.5.2 Amroach 
Treatability studies on the silo materials will be performed as part of the remedy evaluation phase of 
the RI/FS. These treatability studies will aid in the selection of a remedial action alternative that is 
feasible, implementable, and cost-effective. These studies will consider cement stabilization of the ’ 

Silos 1 and 2 and Silo 3 material and the leaching, leachate stabilization, and leachate purification of 
the Silos 1 and 2 wastes. Because of the differences in the hazardous and radioactive substances 
found between Silos 1 and 2 and Silo 3, these materials will be handled as separate treatability study 
samples. See Figure 1-4 for overall flowsheet for this treatability study. TCLP, unconfiied 
compressive strength (UCS), radiological analysis, modified TCLP (MTCLP), and product consistency 
test (PCT) will be used to compare the effectiveness of the various stabilization formulations. 

This work plan covers the remedy screening and remedy selection tiers of the treatability studies as 
described in the EPA guidance. The remediation screening is performed in the preliminary phase 
studies and the remediation selection is performed after the advanced phase treatability studies. The 
preliminary phase studies will determine the potential reagents and conditions for stabilization and/or 
leaching of the silo material. Composite samples will be tested in the preliminary phase experiments 
to minimize total experiments, cost, and waste generation. The effect of silo material 
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variability will be evaluated in the advanced phase studies by testing the formulations and/or leaching 
on the top, middle, and bottom layers from each silo. 

1.5.3 Stabilization of Untreated Silo Material 
In the preliminary phase, the main effects of various stabilization reagents (Le., portland cement Type 
11, Type F fly ash, sodium silicate, attapulgite, clinoptilolite, and water) will be tested. The samples 
from the 1990 archive and 1990-1991 sampling efforts will be subjected to this screening process. 
The data produced will be used to determine the scope of the advanced phase studies. Samples from 
the 1990-1991 sampling effort will be used in the advanced phase studies. Figure 1-5 illustrates the 
phases and stages of testing to be performed. The analytical tests to be performed in each stage are 
listed in Table 1-2. 

From the available analytical data and the process history of the waste, the organic compound 
concentrations should be low. The work plan was written to reflect the known constituents in the 
waste. It is expected that the inorganic inhibitors (e.g.. MgFz and inorganic or organic phosphate 
compounds) will cause more problems than the organic contaminants. Due to the anticipated problems 
resulting from the inorganic inhibitors and the potential organic constituents, a wide range of cement 
and fly ash concentrations will be investigated in the preliminary phase. In Stage 1, the proposed 
range of reagents (see Tables 4-2 and 4-3) land will be investigated on archive samples. The 
experiments were designed such that trends could be identified and utilized in the subsequent 
experiments in this treatability study. When possible, contour maps of UCS and MTCLP results 
versus reagent loadings will be created to aid in visualization of the trends. Based on the results of 
the tests, the ranges for each reagent may be adjusted before Stage 2. In Stage 2, contour maps will 
also be used. The contour maps will separately plot UCS, bulking factor, and MTCLP results versus 
reagent loadings. 

The general procedure of this work plan is an iterative process where the results from matrices of 
experiments are used to determine the course of the next set of experiments. 

Vitrification studies of untreated silo material are not included in the scope of this work plan but are 
being conducted separately. It is mentioned here so that the reader is aware that all cumntly available 
stabilization technologies are being considered. 

1 S.4 Silos 1 and 2 Metals Extraction/PreciDitation/Stabilization/Vitrification 
The work plan was customized to the limited availability of samples from each silo. This limitation 
restrains the depth of experimentation with the sample. The treatability study will determine the proof 
of principle of the leaching process. In the remedy design phase, the details of the process may be 
investigated. If the matrix of experiments indicates that multiple extractions are needed, this will be 
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Preliminary Phase 

Stage I 

1990 Archive Samples- Silos 1 & 2 Composite Samples 

1989 - Silo 3 Composite Samples 

Preliminary Phase 

Stage I I  

1990 - 91 Silos 1 & 2 Composite Samples 

1989 Silo 3 Composite Samples 

I 

Preliminary Phase 

Stage 111 

1990 - 91 Silo 1 & 2 Composite Sample 

1989 Silo 3 Composite Samples 

Advanced Phase 

1990 - 1991 Silos 1 & 2 Strata Sample 

1989 Silo 3 Composite Sample 

/ 

Optional Phase 

1990-1 991 Silos 1 & 2 Strata Sample 

1989 Silo 3 Composite Sample 

FIGURE 1-5. Stabilization of Untreated Material (Silos 1, 2, and 3) 
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TABLE 1-2 

ANALYTICAL TESTS - STABILIZATION OF UNTREATED SILO MATERIAL 

*Optionally, after extraction for 5 days, the samples will be soaked for an additional 85 days. 
The sample may be inspected for physical degradation. 
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noted in the repon. Also, if there is sample available and the investigator discretion, a few 
experiments with multiple extractions may be investigated. The screening will test various chemical 
leaching techniques on residues from the Silos 1 and 2. The samples will be subjected to this 
screening process to determine the responsiveness of the silo material to various acid (hydrochloric, 
nitric, and acetic acids) and ethylenediaminetetraacetic acid (EDTA) leaching schemes. Hydrochloric 
and nitric acids were selected as a result of their use in the uranium mining industry and because most 
metal chloride and nitrate salts are soluble. Nitric acid has the additional benefit of being able to 
oxidize UO, to a more soluble hexavalent uranium complex. Acetic acid was selected due to its mild 
complexing ability that may accentuate the metal solubilities. 

A flow diagram showing phases and stages of experiments to be performed is presented in Figure 1-6. 
The analytical tests to be performed in each stage are listed in Table 1-3. The general procedure of 
this work plan is an iterative process where the results from matrices of experiments are used to 
determine the course of the next set of experiments. 

The most promising leaching methods, as determined in the preliminary phase, will be applied in the 
advanced phase analysis. The treatability study will also study vitrification of the leachate, leaching 
kinetics, solids washing, solid/liquid separation, precipitation of remaining metals in the leachate solu- 
tion, and stabilization of the material precipitated from the leachate. The leachate will be vitrified by 
first removing the liquid by evaporation followed by heating the dried waste combined with glass 
former/modifiers at 1250°C. The glass former/modifiers tested in this study are alumina-silicates (soil 
and fly ash) and sodium hydroxide. The most effective stabilization reagents determined from the 
screening that is described in Section 1.3.3 will be used as a guide in determining the formulations to 
investigate. Up to 10 formulations will be examined with the precipitated material. 

The precipitation of the leachate experiments are preliminary phase tests to determine which type(s) of 
precipitation reagents will be needed to remove the majority of the hazardous and radioactive metals 
from the leachate before the liquid is sent to the site-wide water purification system. The subsequent 
stabilization or vitrification of the leachate are also preliminary phase tests. They will be used to 
determine if the treatment of the precipitated material has a reasonable chance of success and to 
provide preliminary cost data for analysis of the total leaching alternative. MTCLP will be conducted 
to determine the RCRA metal leachability of the treated material. A PCI' to measure durability will 
also be performed. If the leaching alternative is carried forward, a full TCLP should be conducted 
during the remedy design phase when the actual precipitating reagents and larger volumes are used. 
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Advanced Phase 
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Stage I I  
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FIGURE 1-6. Metal Extraction of Composite Samples From Silos 1 and 2 33 
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1.5.5 General Selection Criteria 
During these pre-ROD treatability studies, the most promising cement-based formulations will meet at 
a minimum the following standards: a UCS of approximately 500 pounds per square inch (psi), pass 
all of the TCLP leaching standard, and have a minimum volume increase after treatment. 

The third criteria will be a secondary requirement. For vitrification, the formulations should pass all 
of the TCLP leaching requirements, form a durable glass, and have minimum volume increase. In 
addition, the leaching data will also be inspected from a risk assessment perspective as a key 
consideration in the selection of the most promising formulations. 

The best technology will be determined by comparison of multiple criteria during the detailed analysis. 
The detailed analysis of the 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, and volume through treatment 
Short-term effectiveness 
Implementability 
cost 
State acceptance 
Community acceptance 

The relationship between the evaluation criteria and the data that will be generated during treatability 
studies was shown in Table 1-1. For example, the ability of a particular waste formulation or tech- 
nology (cement stabilization versus vitrification) to provide protection of human health and the 
environment would be determined by evaluating factors such as concentration of contaminants in the 
leachate, the durability of the waste form, its compressive strength as it relates to disposal and hand- 
ling, permeability, and intrinsic properties of the waste form (glass versus cement). 

Compliance with ARARS would be determined by whether the mated material meets compressive 
strength requirements for disposal, whether this 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. 
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, Treatability testing that relates to a technology's long-term effectiveness and permanence includes its 
shear strength and durability for handling and disposal purposes, its solubility as measured by leacha- 
bility, and based on permeability, the extent to which it transmits water. The waste form itself (glass 
or cement) also influences long-term stability. A glass for instance, would tend to be a more stable 
waste form provided the glass is of good quality. 

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 reduction, leachate analysis for toxicity and mobility, 
permeability, and waste form 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 
short-term impacts associated with implementing cement stabilization would be different from vitrifica- 
tion because these technologies have significantly different requirements to construct, operate, and 
maintain during remediation. 

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 (glass versus cement). 'As with implementa- 
bility, cost is impacted by the technology selected and the volume of waste to be generated. Because 
cement stabilization and vitrification are radically different processes, each will require different 
equipment and facilities. 

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 the 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 @PA 1988). 
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2.0 REMEDIAL TECHNOLOGY DESCRIPTION 

Several remediation technologies are being considered for Operable Unit 4. These alternatives have 
been described in detail in the DOE report, "Initial Screening of Alternatives for Operable Unit 4, Task 
12 Report, October 1990 (DOE 1990)." In the Task 12 report, Silos 1 and 2 are treated by the same 
alternatives because the materials in the structures are similar. Silo 3 is treated in separate alternatives. 

The stabilization technology considered in the following alternatives consists of making a concrete-like 
material out of the waste with the addition of cement, fly ash, and some other compounds. The 
leaching technology consists of dissolving the radioactive and hazardous components with a solvent, 
followed by precipitation and stabilization or vitrification of the metals in the leachate. The leaching 
procedure would greatly reduce the volume of material to be stabilized and disposed of as low-level 
radioactive waste. The reduction in volume of radioactive and hazardous waste material would greatly 
reduce the final disposal and transportation costs, which represents the major costs associated with all 
the viable remedial action alternatives. Solids remaining from the metals extraction would be 
classified as a solid waste under Ohio law and could then be disposed of in a sanitary landfill. 

2.1 SUMMARY OF ALTERNATIVES - SILOS 1 AND 2 

Alternative OA - No Action 
This alternative calls for no action and provides a baseline against which the other alternatives can be 
compared. It provides for the silos and its contents to remain unchanged without the implementation 
of any removal, treatment, containment, or mitigation technologies. It does however include the instal- 
lation of long-term monitoring equipment as well as the cost of the monitoring program. 

Alternative 1A - Nonremoval, Silo 1 Isolation 
This nonremoval alternative for Silos 1 and 2 consists of enhancing the containment integrity of the 
silos and utilizing them as permanent disposal facilities. An impermeable clay cap and slurry wall are 
among the technologies considered for this alternative. 

Alternative 2A - Nonremoval, In Situ Stabilization, and CaD 
This nonremoval alternative for Silos 1 and 2 consists of in situ stabilization and capping. Conven- 
tional physical stabilization and vitrification were considered as options. In situ vitrification was 
however screened out as a process option due to concems about the difficulty of implementability. 
The capping and isolation technologies, with the exception of the sluny wall, are identical to those 
described for Alternative 1A. 
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Alternative 6 - Removal, Treatment. and On-Promrtv Diswsal 
This alternative for Silos 1 and 2 calls for the removal and conventional stabilization or vitrification of the 
silo contents before on-property disposal in an engineered disposal facility. This alternative 
includes silo demolition and disposal of the debris. See Figure 2-1 for a flow diagram of Alternative 6. 

Alternative 7 - Removal, Treatment, and Off-Site Dismsal 
This alternative for removal of the Silos 1 and 2 material is identical to Alternative 6 except that the 
material would be packaged for shipment to an approved off-site disposal facility. The flow diagram 
for Alternative 7 is in Figure 2-2. 

Alternative 8 - Removal, Contaminant Separation, and On-Prooertv Dismsal 
This removal alternative for the Silos 1 and 2 material is similar to Alternative 6 but adds an 
additional step of contaminant separation to remove various radionuclides and metals before 
stabilization or vitrification and on-property disposal. This would result in significant volume 
reduction of material to be disposed of as radioactive waste. The waste materials will be subjected to 
acid and EDTA leaching processes to dissolve the radioactive and hazardous metals, including lead, 
uranium, thorium, and radium. This leaching process is based on data from Seely (1976), Mound 
Laboratories, Rawlings (1951), and NLO, Inc. and Battelle (1981). Lead, barium, copper, and other 
metals will also be dissolved in the extraction fluid. Following this leaching stage, the remaining 
solids will enter a solid/liquid separation stage, and the leachate containing the radioactive and 
hazardous materials will be sent to a precipitation stage. This precipitation stage will add selected 
anions to yield a radioactive/hazardous precipitate to be vihfied or stabilized for disposal. With the 
successful leaching process, the raffinate residues remaining after the acid or EDTA leaching processes 
will be disposed of as a nonhazardous, nonradioactive solid waste. See Figure 2-3 for the flow 
diagram of this alternative. 

Alternative 9 - Removal, Contaminant Separation. and Off-Site Dismsal 
This alternative is identical to Alternative 8, except that the material would be packaged and shipped 
to an approved off-site disposal facility and the nonhazardous portion is sent to a landfill or is used as 
backfill on property. See Figure 2-4 for the flow diagram. 

2.2 SUMMARY OF ALTERNATIVES - SILO 3 , 

Alternative OB - No Action 
The no-action alternative for Silo 3, as was the case for Silos 1 and 2, provides a baseline but no 
remedial action. Only installation of long-term monitoring equipment and the cost of the monitoring 
program are included. 
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Alternative 1B - Nonremoval, Silo Isolation 
This nommoval alternative for Silo 3 consists of enhancing the containment integ&y of the silo and 
utilizing it as a permanent disposal facility. An impermeable clay cap and slurry wall are among the 
technologies considered for this alternative. 
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4 

Alternative 2B - Nonremoval, In Situ Stabilization, and Cao 

isolation technologies, with the exception of the slurry wall, are identical to those described in 
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Alternative 1B. 8 

This nommoval alternative for Silo 3 consists of in situ stabilization and capping. The capping and 

Alternative 3 - Removal and On-Roperty Dismsal 
This alternative for Silo 3 caUs for removal and conventional stabilization or vitrification before dis- 
posal in an engineered on-property disposal facility. This alternative includes silo demolition and dis- 
posal of the debris. The flow diagram for Alternative 3 for Silo 3 is identical to Alternative 6 for 
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13 Silos 1 and 2 except that the feed for the process is from Silo 3. 

Alternative 4 - Removal of Metal Oxides and Off-Site Diwsal 
This alternative for Silo 3 is identical to Alternative 3, except that the material would be packaged for 
shipment to an approved off-site disposal facility. The flow diagram for Alternative 4 is analogous to 
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that for Alternative 7. 17 

Alternative 5 - Removal and Redacement in Rehabilitated Silos 
This alternative for Silo 3 provides for the removal of the metal oxides and their return to a rehabili- 

18 

19 

20 

21 

tated Silo 3 or Silo 4 reconstructed as a permanent disposal facility. This alternative was not carried 
through to detailed analysis because of its inadequate effectiveness and implementability: 

Three alternatives for the three silos are considered nonviable. These alternatives are the "No Action" 

Rehabilitated Silo 3." 24 

22 

23 alternatives, OA (Silos 1 and 2) and OB (Silo 3); and Alternative 5, "Removal and Replacement in 

For Silos 1 and 2, the data from this matability study will be used to help evaluate the stabilization 
Alternatives 2A, 6, and 7 and the leaching/stabilization Alternatives 8 and 9. The data will be used in 

25 

26 

the evaluation of the Silo 3 stabilization Alternatives 2B, 3, and 4 (see Figure 1-3). n 

As currently planned, vitrification studies for untreated silo material will be conducted separately. 23 
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3.0 TEST AND DATA QUALITY OBJECTIVES 

The purpose of this treatability study is to assess the performance of various stabilizatiofleaching 
technologies on the Operable Unit 4 wastes in support of the W S .  To select a preferred alternative 
for the Operable Unit 4 RIPS, a waste treatment technology must be screened, data for risk assess- 
ment studies and ARARs determination must be generated, and the foundation for the subsequent 
treatability studies must be set. In addition, the level of QA applied during experimentation and 
analysis must be established. 

This section will establish the performance objectives for the ueatment technologies, the additional 
data desired for use in subsequent stages of the RI/FS, and the data quality objectives (DQOs). 

Concentration-based performance objectives and the resulting DQOs for the advanced phase of the 

treatability testing are driven by the remediation goals (RGs) established for the site. RGs are 
chemical-specific, medium-specific numerical concentration limits that should address all contaminants 
and al l  pathways found to be of concern during the baseline risk assessment process. The baseline 
risk assessment for Operable Unit 4 has not been completed, but PRGs based on chemical-media- 
specific concentrations have been developed using results of the RI/FS investigation presently 
available. These PRGs are based on a risk level (as a point of departure) and are presented in 
Tables 3-1, 3-2, and 3-3 for radiological and chemical constituents, respectively. 

Although these PRGs are used to provide preliminary goals for evaluating the effectiveness of the 
treatment technology, they are not intended to provide fmal action levels for contaminants in leachate, 
soils, or waste residues. Therefore, if the technology does not achieve individually specified levels, it 
should not be judged ineffective solely for that reason. The technology may later be determined to be 

the best available technology for treating the silo contents. 

Additional information has been provided in Tables 3-1, 3-2, and 3-3 to give some perspective on how 
the listed PRGs compare with detection limits, background concentrations, and existing ARARs. 
These tables also contains a column titled "DLRL," which stands for Derived Leachate Reference 
Level. The DLRL numbers were calculated using the same methodology as that used by EPA to 
determine the regulatory levels of toxic constituents published in Table IV-3 of the Federal Register 
(FR Vol. 55, No. 61, pp. 11796-1 1877). The DLRL concentrations will be used as minimum 
performance criteria during initial screening, keeping in mind that the PRGs are the current proposed 
action levels for the FEW. Background concentratio& and detection limits are provided for 
comparative purposes only. 
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Thallium 

Uranium 

Vanadium 

Zinc 

TABLE 3-2 

5.60 560 NA 1 

2.40 x le 24000 4.2 NA 

5.60 x Id 56000 66 5 

1.60 x io4 1600000 52 2 

COMPARISON OF ARARs, TBCs, PRELIMINARY REMEDIATION GOALS, DERIVED 
LEACHATE REFERENCE LEVELS, FEMP BACKGROUND CONCENTRATIONS, AND 

CONTRACT LABORATORY REQUIRED DETECTION LIMITS FOR SOIL 

VRG for a noncarcinogen in soil calculated from: Cleanup Level = (RFD*Body 
Weight)/(htake*Absorption Factor); for an intake of 0.2 gram/day for a 16 kg child and an absorption 
factor of 1. Federal Register, 7/27DO, Vol. 55, No. 145, p. 30870 

PRG for a carcinogen in soil calculated from: Cleanup Level = (Risk Level *Body Weight*Assumed 
Lifetirne)/(CSF*Intake*Absorption Factor*Exposure Duration); for a soil intake of 0.1 -day for a 70 

48 
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kg adulfl0-year lifetime exposure. The risk level used was lo4, the absorption factor was 1, and the 
exposure duration was 70 years. See document cited in footnote "a"? 

Lowest resulting soil concentration is reported as PRG 

berived leachate reference level. Calculated using the same methodology used by EPA to determine 
regulatory levels found in 4OCFR261. The dilution attenuation factor used was 100. (Federal Register 
Vol. 55, NO. 61, 117% - 11877) 

'Contract laboratory required detection limit (CLRDL) 

dToxicity data were inadequate for risk-based calculation (EPA 1990) 
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TABLE 3-3 

COMPARISON OF ARARs, TBCs, PRELIMINARY REMEDIATION GOALS, DERIVED 
LEACHATE REFERENCE LEVELS, FEMP BACKGROUND CONCENTRATIONS, AND 

CONTRACT LABORATORY REQUIRED DETECTION LIMITS FOR WATER 

NA - not available 

aARARs are from 7/18/91 memo, "Drinking water MCLs and HAS.", from J. Dee. ARARs listed for 
Amclor-1242, -1248, -1254, and -1260 are for total P a s  

k A 0  for a noncarcinogen in water calculated from: Cleanup Level = (RFD*Body Weight)/Intake; for an 
intake of 2 liters/day for 70 kg adult. (HEAST) 

RAO for a carcinogen in water calculated from: Cleanup Level = (Risk Level*Body 
Weight)/(CSPIntake); for a water intake of 2 liters/day for a 70 kg adult and a risk level of lo4. 
(HEAST) 

Lowest resulting water concentration was reported as the PRG 

so 
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(Continued) 

%rived leachate reference level. Calculated using the same methodology used by EPA to determine 
regulatory levels found in 4ocFR261. The dilution attenuation factor used was 100. (Federal Register 
Vol. 55, NO. 61, 11796 - 11877.) 

dContract laboratory required detection limit (CLRDL). 

%posed maximum contaminant level 

‘Current drinking water standard 

gToxicity data were inadequate for risk-based calculation @PA 1990) 
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3.1 PERFORMANCE OBJECTIVES AND DESIRED DATA - STABILIZATION OF UNTREATED 
MATERIAL 

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 if a particular reagent mixture produces an accept- 
able waste form. The specific objectives of this treatability program are as follows: 

To develop a database of stabilization nagents and corresponding hazardous and radioac- 
tive materials leachability for stabilized waste forms 

To determine the cement stabilization reagents and relative quantities required to minimize 
leachate concentrations of radionuclides and Hazardous Substance List (HSL) constituents 
from the final waste form 

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

To minimize the final volume of treated waste 

4 

5 

6 

1 

a 

9 

10 

11 

12 

13 

14 

To estimate the volumes of waste that will be generated by each process 15 

\ 

To provide preliminary cost and design data for the WS 16 

. To provide leaching characteristics for use in fate and transport modeling 17 

. To develop preliminary reagent mixtures for use in later treatability studies 18 

To develop process parameters for use in later treatability studies: . 19 

- For cement general stabilization: shear strength, waste form temperature rise with 
reagent addition, general description of waste before and after reagent addition, perme- 
ability of stabilized percent water in the waste, pH of the leachate solutions, and 

20 
21 

22 

23 evolution of gas during mixing or during curing process 

To provide chemical and radiological data as shown in Table 3-4 24 

Establish the proof of process and applicability of the selected stabilization technology 2.5 

Screen a large number of parameters and identifj'those that will be critical for later bench- 26 

scale studies n 

To provide data for evaluation of Silos 1 and 2 alternatives: 25 

- 2A - Nonremoval, In Situ Stabilization, and Cap 
- 6 - Removal, Treatment, and On-Property Disposal 
- 7 - Removal, Treatment, and Off-Site Disposal 

29 

30 

31 
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and Silo 3 alternatives: 

- 2B - Nonremoval, In Situ Stabilization, and Cap 
- 3 - Removal and On-Property Disposal 
- 4 - Removal and Off-Site Disposal 

3.2 DATA QUALITY OBJECTIVES - STABILIZATION OF UNTREATED MATERIAL 
The data quality needs are used to establish DQOs. The implementation of an appropriate QNQC 
program is required to ensure that data of known and documented quality are generated. The DQOs 
will define the level of QNQC for the matability testing and analysis. 

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 3-5. A list of tests and associa& DQOs for 
stabilization are listed in Table 3-6. In addition, the appendices that contain the descriptions of the 
procedures are listed. Standard Operating Procedures (SOPS) and nonstandard test methods are 
described in Appendices B and C, respectively. In Table 3-6, two different appendices are listed for 
bulking factor. If the untreated waste is a slurry, the bullcing factor will be determined according to 
the SOP in Appendix B. If the untreated waste is a solid, the bulking factor will be calculated using 
densities in accordance with Appendix C. (See Table 1-2 for a list of procedures for each phase and 
stage of the project.) 

Composite samples will be used in the initial stage@) to minimize the total number of experiments, 
cost, and waste generation. These experiments will aid in the resolution of general ranges'of reagent 
formulations needed to stabilize and vitrify the waste and to elucidate on potential problems with 
different stabilization schemes. Experiments with strata samples will be conducted to determine the 
effects of waste material variability on the stabilization processes. See Section 4.0 for a detailed 
discussion of the experimental design and lists of desired data. 

3.3 PERFORMANCE OBJECTIVES AND DESIRED DATA - METAL EXTRACTION/ 
PRECIPITATION/STABILIZATION/VITRIFICATION 

Specific test objectives have been established so that the performance of various acids. precipitation 
agents, and stabilizing reagents can be evaluated. These performance objectives will be used to 
determine if metal extraction/precipitation/stabilization/vitrification merits further testing or consider- 
ation. The objectives are as follows: 

To extract RCR4 metals so that the insoluble residue will meet TCLP standards, Le., 
produce a nonhazardous residue as defined by RCRA (Table 3-1) 
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Limitations 

Data quality 

TABLE 3-5 
SUMMARY OF ANALYTICAL LEVELS 

~~ 

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

Method-specific 

11 Type of analysis I Field screening or analysis with portable instruments. 

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

11 Data Quality I Can provide an indication of contamination presence. Few QNQC requirements. 

Type of analysis Field analysis 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. Tentative 
identification of compounds. Techniques/imtruments limited mostly to volatile 
organics and metals. 

~~ ~ ~ ~~ ~ 

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

Data quality 

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

11 Limitations 1 Tentative compound identification in some cases. 

1) Data quality 1 Detection limits similar to CLP. Rigorous QNQC. 

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

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

I( Data quality 1 Goal is data of known quality. Rigorous QNQC. 

11 Type of analysis I Analysis by nonstandard methods. 

FERx)U4-6/lK.361-3uo9-29-9 1 56 
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To reduce the level of radioactive components in the insoluble residue and achieve PRGs 
where possible (Table 3 4 )  2 

1 

To determine the leaching time required 3 

To determine effect of different waste-to-leach solution ratios on the extractions 4 

To determine the reagents and conditions necessary to precipitate the metals in the leachate 5 

solution 6 

To determine the cement stabilization reagents and relative quantities required so that the 7 

8 final waste form achieves an UCS of approximately 500 psi 

To determine the leachability of all radionuclides and HSL constituents from the final 
waste form 10 

9 

To determine the cement stabilization reagents and relative quantities required to minimize 
leachate concentrations of radionuclides and HSL constituents from the final waste form 

11 

12 

To minimize the final volume of treated waste 13 

To estimate the volumes of wastes that will be generated by each process 14 

To provide preliminary cost and design data for the RI/FS 1s 

To provide leaching characteristics for use in fate and transport modeliig 16 

To develop preliminary reagent mixture and process parameter data for use in the bench- 
and pilot-scale studies as follows: 

17 

18 

- For cement stabilization: shear strength, waste form temperature rise with reagent 19 

20 
21 

2.2 

addition, general description of waste before and after reagent addition, permeability of 
treated sample, percent water in the waste, pH of leachate solutions, and indications of 
gas evolution during mixing and curing 

- For vitrification: percent water in the waste, and types and percent additives required 23 

To provide data for the evaluation of Alternative 8 - Removal, Contaminant Separation, 
and On-Property Disposal; and Alternative 9 - Removal, Contaminant Separation, and Off- 
Site Disposal 26 

2rl 

25 

3.4 DOOS - METAL EXTRACTION/PRECIPITATION/STABILIZATION/VITRIFICATION n 
A list of tests, locations of procedure descriptions, and associated DQOs for metal extrac- 
tio~recipitation/stab~izatio~~fication are in Table 3-7. See Table 1-3 for a list of procedures for 

28 

29 

30 each phase and stage of the project. All screening will be done using composite samples. Qualitative 
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tests for lead and uranium in the leachate will be used to screen out the least effective solvents. These 
tests are described in Appendices C and D. 

1 

2 

The leaching tests will include analyses of the insoluble residue remaining after the metals have been 
extracted. These tests include TCLP for RCRA metals, organics, and radiological analysis for 
uranium, radium, thorium, polonium and lead. These tests will identify the most effective solvents. 

If the leaching process is successful (i.e., the insoluble residue from the leaching has favorable TCLP 
and risk-based radiological test results), the leachate from the successful runs will be used in the 
precipitation screening. Various precipitation reagents will be used to precipitate metals from the 
leachate. The relative effectiveness of the various reagents will be determined. The precipitated 
material from the most effective precipitation reagents will be subjected to stabilization tests and 
vitrification experiments. See Section 4.0 for a detailed discussion of the experimental design and lists 
of desired data. 
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4.0 EXPERIMENTAL DESIGN AND PROCEDURES 

4.1 STABILIZATION OF UNTREATED MATERIAL 

4.1.1 Preliminary Phase 
In the preliminary phase, the main effects of various stabilization reagents (Le., portland cement Type 
11, Type F fly ash, sodium silicate, attapulgite, clinoptilolite, and water) will be tested. Composite 
samples from the 1990 archive and 1990-1991 silo sampling programs will be tested. The data pro- 
duced will be used to defme the scope of the advanced phase better. A stabilization flow sheet is 
given in Figure 4-1. The preliminary phase data will also help to define the best reagents to stabilize 
the metals and radioactive materials precipitated from the leaching processes (Alternatives 8 and 9). 

The preliminary phase consists of up to three separate stages, Stage 1, Stage 2, and Stage 3. The 
experimental matrices for the Stages 1 and 2 are in Table 4-1. The formulations for Stage 3, if 
required, will be developed after analyzing the results from the initial screening test. 

There are two sets of tests in Table 4-1, a statistically based screening test matrix (Group I) and two 
single variable matrices (Groups II and 111). 

In the statistical screening matrix, composite samples will be treated with a combination portland Type 
I1 cement, PQ Corp Type N sodium silicate, and Type F commercial fly ash (Table 4-1, Group I). 
The stabilization matrix is based on the extreme vertices design for mixtures that have constraints' on 
the values of each factor (McClean and Anderson 1966; Diamond 1981). Because this is a screening 
study, all two-dimensional face centroids have been omitted from the study. 

The statistical experiments will be used to produce mathematical models to predict results and, if 
necessary. to design more comprehensive experimental matrices. The single variable matrices will be 
used to demonstrate the effects of changing the source of fly ash and the amount and type of 
adsorbents. 

In the Group I1 experiments. site fly ash is substituted for a commercial fly ash. The substitution of 
site fly ash will allow the stabilization of contaminated material from two operable units at the same 
time. 

Group 111 experiments are comparisons to Experiment 9 of Group I. The level and type of the 
adsorbents (attapulgite and clinoptilolite) are changed. This may affect the leachability of the heavy 
metals and radionuclides in the treated samples. 

FEREou4-6mC361.4/lM)2-91 
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FIGURE 4-1. Stabilization Flowsheet 
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4.1.1.1 Preliminary Phase - Stage 1 1 

Samples from the 1990 archive for Silos 1 and 2 will be treated according to the Group I and I1 
matrices in Table 4-1. The shear strength and waste form temperature rise will be measured within 10 
minutes of mixing waste and reagents. The UCS MTCLP and bulking factor will be measured on Day 

2 

3 

4 

28. 5 

In addition, the following observations, measurements, or tests will be performed: general description 6 

I 

8 

9 

of waste before and after reagent addition, permeability of treated sample, percent water in waste, pH 
of stabilized waste analytical leachate solutions, and indication if there is gas evolution during mixing 
or during the curing process. 

A metals TCLP analysis of a blank consisting of reagent with sand or quartz will be conducted 10 

4.1.1.2 Preliminary Phase - Stage 2 11 

After completion of the Stage 1 tests, separate composited samples from Silos 1 and 2 from the 
1990/1991 sampling period and from Silo 3 from the 1989 sampling period will be treated according 
to the stabilization matrix (Table 4-1). This series of tests will include Groups 1 through I11 of Table 
4-1. 1s 

12 

13 

14 

The shear strength and waste form temperature rise will be measured within 10 minutes of mixing the 
waste and reagents. The UCS and the bulking factor will be measured on Day 28. MTCLP for metals 

16 

17 

18 

19 

u) 

21 

will also be run on the samples. In addition, the following observations, measurements, or tests will 

sample, percent water in waste, pH of stabilized waste analytical leachate solutions, and indication if 
there is gas evolution during mixing or during the curing process. 

be performed: general description of waste before and after reagent addition, permeability of treated 

Approximately 100-gram samples will be used in these tests. The ranges listed in Table 4-1 may be 
narrowed depending on the results Stage 1.  

22 

23 

The screening studies on the 3 composite samples will entail up to 39 experiments (3 composite 
samples x 13 runs). Insight gained from completed studies on one of the composite samples may 
allow the elimination of specific reagents and conditions from the treatment studies of other composite 
samples. In this case, the total number of experiments with the composite samples may be reduced. 
Also, the ranges of the reagents in the matrices may be changed as more is learned about the samples 
and when experiments are completed. It is expected that 20 to 30 percent of the samples (4 to 8 
samples) will meet the 500 psi compressive strength goal. The bulking factor will be measured on 
Day 28. 

67 
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4.1.1.3 Preliminary Phase - Stage 3 1 

The most promising formulations from Stages 1 and 2 are those with a high UCS (approximately 500 
psi), low leachability for hazardous and radioactive constituents, minimum volume increase of 'the 
resultant waste, and low cost of reagents. 

2 

3 

4 

If the initial screening tests provide sufficient data to define ideal conditions, then further testing with 

is promising, but more data are required to evaluate its performance. If this is the case, additional 
tests will be designed to gather these data. The mathematical models developed in Stages 1 and 2 will 

be used to aid in the development of these experiments. 

5 

6 

7 

8 

9 

other reagent mixtures may not be necessary. The results may indicate that a reagent combination@) 

The shear strength and waste form temperature rise will be measured within 10 minutes of mixing the 
waste and reagents. The UCS and the bulking factor will be measured on Day 28. MTCLP for metals 
will also be run on the samples. In addition, the following observations, measurements, or tests will 

10 

11 

12 

13 

14 

1s 

, 
be performed: general description of waste before and after reagent addition, permeability of treated 
sample, percent water in waste, pH of stabilized waste analytical leachate solutions, and indication if 
there is gas evolution during mixing or during the curing process. 

The number of experiments may range from zero to five formulations per composite sample. 16 

4.1.2 Advanced Phase - Silos 1 and 2 
The most promising two formulations (those giving the best combination of leachability, UCS, the 
lowest bulking, and lowest reagent loading) from the composite sample study will be tested on the top, 
middle, and bottom strata (Zones A, B, C) of the Silos 1 and 2 (six strata samples) to determine the 
effect of the variability of the samples' composition on the objective functions. Twenty percent of the 
samples will be set and tested in duplicate. The UCS will be determined with a Soiltest U-590 or U- 
610 instrument. TCLP, 5-day static leach test, and permeability will be perfoned on the samples. 
The bulking factor of the stabilized material will be measured. Radon emission tests will be 
conducted. In addition, the following observations, measurements, or tests will be performed: general 
description of waste before and after reagent addition, permeability of treated sample, percent water in 
waste, pH of stabilized waste analytical leachate solutions, and indication if there is gas evolution 
during mixing or during the curing process. 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

n 
28 

Bentonite will be added to Silos 1 and 2 as pan of a removal action to act as a sealant to stop or 29 

30 

31 

32 

reduce radon emissions from the silos. Therefore, the stabilization tests on the top stratum of both 
Silos 1 and 2 will use 20/80 weight percent bentonitehilo material as the feed instead of silo material 
only. A 10/90 weight percent bentonite/silo material will be used for tests on the middle stratum. 

68 
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4.1.3 Advanced Phase - Silo 3 
Composite samples will be used instead of individual strata samples. The most promising two formu- 
lations for Silo 3 will be repeated. Twenty percent of the samples will be set in duplicate. The UCS 
will be determined using a Soiltest U-590 or U-610 instrument. TCLP, 5day static leach test, and 
permeability will be performed on the samples. The bulking factor of the stabilized material with the 
appropriate UCS will be measured. In addition, the following observations, measurements, or tests 
will be performed: general description of waste before and after reagent addition, permeability of 
treated sample, percent water in waste, pH of stabilized waste analytical leachate solutions, and 
indication if there is gas evolution during mixing or during the curing process. Radon emission tests 
will be conducted. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

4.1.4 Advanced Experiments - ODtional 11 

It is possible that some waste forms that appear to be promising will fail TCLP, or exhibit other traits 12 

casting doubt on the formulations. If this occurs, optional experiments might be designed. Waste 13 

forms from optional tests would, as a minimum, be subjected to the same tests used in Stages 1 and 2 14 

15 

physical degradation after 90 days of leaching. The leachate may be analyzed as during the advanced 16 

phase. 17 

of the advanced experiments. The treated sample from the 5-day static test may be inspected for 

4.1.5 Data Rewired 18 

The following data will be recorded during cement stabilization preliminary and advanced phases: 19 

UCS measured by a Soiltest U-590 or U-610 instruments (SOP No. TCL 1109, Appen- 
dix B) 21 

20 

Permeability (for advanced phase) 22 

MTCLP (for preliminary phase), or TCLP and 5day static leach test (for advanced 
Phase) 24 

23 

. Bulking factor 25 

Waste form temperature rise after waste and reagents are mixed, and the time between 
mixing and temperature measurements 27 

26 

Approximate shear strength measured within 10 minutes of when waste and reagents are 28 

mixed 29 

Physical characteristics: percent moisture, bulk density 30 

Amount of water added to each waste form 31 
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The maximum particle size treated; weight and percentage ofmaterial sieved from the 1 

raw waste before matment 2 

General description of the waste form before and after reagents are mixed. This 3 

for UCS 5 

includes a description of any grinding of the sample to meet particle size requirements 4 

Description of vapor or gas released during mixing and during curing of mixture 6 

Physical appearance of mold after 90-day soak in deionized water in optional phase 7 

pH and Eh of the reagent waste mixture before adding mixture to molds 8 

pH of MTCLP and TCLP extraction fluids, pH of TCLP extraction fluid determination 9 

test 10 

pH of 5-day static leach solution 11 

pH of 90-day leach solution in optional phase 12 

pH and Eh of slightly wet water waste mixture 13 

Radon emission test results (advanced phase) 14 

TCLP metals results for reagents combined with clean sand or quam 15 

4.2 METAL EXTRACl"I0NS 

4.2.1 Leaching 
The objective is to determine the effectiveness of various acid/EDTA leaching solutions in removing 
lead, uranium, thorium, and radium from the material in Silos 1 and 2. (The leaching treatability plan 
is graphically demonstrated in Figure 4-2.) The preliminary phase consists of up to three sets of tests: 
Stage 1, Stage 2, and Stage 3. In the Stage 1 and 2 tests, the leachates resulting from the application 
of the various acid and EDTA solutions to the samples will be analyzed for lead and uranium. 
Uranium and lead are selected as the target compounds in this study because they are present in 
greater concentrations than thorium or radium. The removal of thorium, uranium, lead, polonium, and 
radium will be demonstrated in the advanced phase. A typical detailed leaching screening plan is 
shown in Figure 4-3. 
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4.2.1.1 LeachinP Preliminarv Phase - Starre 1 n 
1990 archive will be investigated during this stage. The acid and EDTA leaching experiments are 
listed in Tables 4-2 and 4-3, respectively. Selected experiments from Table 4-2 will be conducted first 
to determine which acids have promise and the effects of temperature and acid concentration on the 
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Test Eight Acid Runs/EDTA I 

Spot Test Leachate Acid Runs Spot Test Leachate Acids 
For Lead and Uranium For Lead and Uranium 

- 

I I I I 
Ineffective 

Delete Acid Runs Ineffective Acid Runs 
Runs 

Radiation Analysis of Solids TCLP of 
Solid Residue 

Preliminary Phase - Stage 2 
1990/91 Composite Samples 
Silos 1 & 2 - Bentonite Added 

Solvent Addition I 
Spot Test Leachate 

For Lead and Uranium 
Delete Least 

Effective Solvents 

Most Effective 
Acid Runs 

Advanced Phase 

Solids - Wash 3 Times (Pb & U in Wash) 1 
Fail Fail leevaluate 

r Delete + 

ieff ective 
,cid Runs Leachate from Effective Acid Runs c 

To Precipitation Phase 

FIGURE 4-2. Overall Leaching Flowsheet - Silos 1 and 2 
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TABLE 4-2 

ACID EXTRACTIONS 

12.5% HOAc (2N) 

This test program will comprise 108 discrete samples (2 silos X 18 acids X 3 treatments). 

Witric acid. 
bHydrochloric acid. 
‘Acetic acid. 
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TABLE 4-3 

EDTA EXTRACTIONS 

74 



RI/FS Treatability Work Plan 
October 5. 1991 
Vol. W-Section 4.02 2 4 7 

~ - -  
Page 13 of 24 a 

metal solubilities. In these initial tests, the 
acids by testing them at ambient and 80°C. 

effect of temperature is measured with the concentrated 
The effect of acid concentrations is being measured by 

testing concentrated acidand dilute acid at elevated temperatures. For each acid this entails three test 
points; that is, Run Nos. 1, 2, 6, 7, 8, 12, 13, 14, and 18 in Table 4-2 will be conducted first. 

Hydrogen peroxide, chlorine bleach (NaOCl), and femc chloride will be added if it is apparent that 
uranium is not extracting from the solid. Hydrogen peroxide and bleach are added to oxidize lower 
valence uranium species to more soluble uranium (VI) species. Femc chloride is a catalyst for this 
oxidation reaction. 

During this stage, a matrix of experiments is being conducted to determine trends of solubilities. If it 
is apparent from the analytical results that a particular acid is not successfully leaching the metals, the 
acid will be eliminated from further testing. If the analytical results indicate that a particular 
leachant(s) extracts more uranium and lead than another leachant, then it is considered promising. The 
promising leachant may be investigated further to define better the effect of acid concentrations and 
temperature on the solubilities. 

The appropriate omitted experiments from Table 4-2 may be conducted if the results indicate that they 
are warranted. Also, if the extraction procedures listed in Table 4-2 are effective, then the EDTA 
extraction procedures (Table 4-3) will be omitted. 

4.2.1.2 Leaching - Preliminarv Phase - Stage 2 
After completion of the Stage 1 tests, composite samples from the 1990-1991 sampling effort will be 
tested. Bentonite will be added to the samples (20 percent by weight) prior to testing. Run numbers 
from Tables 4-2 and 4-3 will be selected based on the Stage 1 results. 

4.2.1.3 Leaching - Advanced Phase 
The objective of the advanced phase is to demonstrate on larger samples that the leached material is a 
nonhazardous material as defined by RCRA and that uranium, lead, thorium, polonium, and radium 
were successfully leached from the solid. The 5 to 10 treatments from the preliminary phase tests that 
yield leachates with the greatest concentrations of lead and uranium will be repeated on a larger scale 
(presumably 100 to 500 grams). Composite samples with bentonite added will be used. The solid 
material will be filtered and washed three times with deionized water to remove the soluble com- 
pounds. The leachate and wash water will be analyzed for lead and uranium. The solid material from 
these latter experiments will be analyzed at the IT Analytical Services (ITAS)-Oak Ridge Laboratory. 
The analyses will include TCLP analysis to establish that the extracted materials are nonhazardous as 
defined by RCRA. In addition, lead, thorium, radium, polonium, and uranium content will be 
determined by radiation analyses. 
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To evaluate Alternatives 8 and 9, the removal effectiveness of the leaching step is the most important 
step. The results will provide a rough guide by which the viability of remedial action Alternatives 8 
and 9 can be preliminarily evaluated. 

4.2.2 Vitrification of Leachate - Preliminaw Phase - Stape 1 
This laboratory screening will consist of one phase - preliminary phase - Stage 1. The effects of the 
adding sodium hydroxide, site fly ash, and site soil will be demonstrated. Except for tests on the dried 
leachate, no experiments will be conducted until the chemical characterization of the leachate, soil, and 
fly ash are completed. As a target, the reagent waste mixture will have between 40 to 60 percent 
combined SO, and Al,O, content and 10 to 20 percent sodium oxide content when dried. It is ex- 
pected that this range of SiO, and Al,O, content will produce a durable glass. The melting point of 
the glass mixture can be lowered by increasing the sodium oxide content of the glass. Sodium hydro- 
xide may be added to the mixture before heating to increase the sodium oxide content of the vitrified 
waste. Sodium hydroxide is converted to sodium oxide during the vitrification process. Enough 
sodium hydroxide will be added to cause the mixture to melt at 1250°C in a muffle furnace. This 
temperature was chosen to give a reasonable compromise between the cost of adding sodium oxide 
content to lower the melting point, the expected increase in leachability as the melting point of mixture 
is lowered, and the energy cost to melt and form the vitrified material. It is generally recognized in 
the glass manufacturing industry by companies such as Corning that to form homogenous and durable 
glass mixture with hazardous waste melt temperatures between 1250" and 135OoC are needed. If this 
process is carried forward to the remedy design phase, the effect of melt temperature may be 
investigated. 

Figure 4 4  presents a flow sheet for the vitrification process. The leachate will be analyzed on a dry 
basis for the content of total aluminum as alumina, silicon as silica, and sodium as sodium oxide. The 
leachate will be slowly dried in a beaker on a hot plate. Using the chemical analyses of the leachate, 
fly ash, and soil as guide, a series of range-finding experiments will be performed. Various amounts 
of sodium hydroxide will be added to mixtures of waste, fly ash, and soil to determine the sodium 
hydroxide concentration needed to lower the melting point temperature to about 1250°C. These range- 
finding experiments will be followed by an experimental matrix similar to Table 4 4 .  The ranges 
given in Table 4 4  may be changed after completion of the range-finding experiments and consider- 
ation of the chemical analysis of the leachate, soil, and fly ash. 

According to Table 4-4, sodium hydroxide will be added at three levels: 0 percent, 10 percent, and 20 
percent of the dry weight of the waste. The site fly ash and soil will be added at 50 percent of the dry 
weight of the waste. 
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Fly Ash c 

Leachate from Effective Acid or EDTA Runs 

Mix Reagents with 
Dried Leachate 

(Table 4-4) 

I Analysis of Leachate 

A I 1 

Condensate 
Evaporate Leachate I to Dry Solids 

I I 

r -7  Range Finding 

I Determination I 

Bulking Factor + 
PCT 

FIGURE 4-4. Vitrification FI ows heet 
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TABLE44 . 

VITRIFICATION EXPERIMENT MATRIX 

0 0 0 

0 50 0 

0 0 50 

10 50 0 

10 0 50 

20 50 0 

20 0 50 
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For each of the experiments that are not range-finding experiments, the bulking factor will be 
recorded. MTCLP and PCI' leaching tests will be performed. Radon emission tests will be conduct- 

1 

2 

ed. 3 

4.2.3 Leaching Time and TemDerature - Preliminary Phase - Stage 1 

This set of experiments will use the most promising formulation from Section 4.2.1.3. Initial range- 
finding experiments will be conducted to determine the maximum time the samples will be extracted 
in the later statistical experiments. The samples will be extracted at 8U'C for 7 and 24 hours. 
Uranium will be analyzed by ion chromatography (IC). Lead will be checked with the inductively 
coupled plasma (ICP). If the concentrations of uranium and lead in the leachate are similar for the 
two experiments, the seven-hour extraction times will be used as the maximum extraction time in the 
statistical study. Otherwise, the maximum time will be 24 hours. The range-finding experimental 
matrix is in Table 4-SA. 

The proposed statistical matrix is in Table 4-5B. Experiment Numbers 1 through 5 ,  in Table 4-5B, are 
constructed in a two by two factorial experimental design matrix with a center point. The minimum 
temperature and time of extraction are 25OC and one hour. The maximum temperature and time of 
extraction are 80°C and seven hours. The proposed maximum time of extraction may be increased as 
a result of the range-finding experiments. 

Ten to twenty gram composite samples with 20 percent bentonite will be used in these experiments. 
A mathematical model will be derived from these experiments. An experiment at the optimum 
conditions predicted from the mathematical model will be completed. 

4.2.4 Washing Studies - Preliminary Phase - Stage 1 
Washing studies of the leached solid will be executed using washing data from Section 4.2.1 as a 
guide. Fifty grams of sample will be extracted for these tests. The filter cake will be washed 10 
times with deionized water in a buchner funnel. The volume of each wash will be half the volume of 
the leachate solution. The uranium and lead content in each wash liquor will be tested by IC and ICP, 
respectively. 

4.2.5 PteciDitation of Metals in the Leachate Solutions 

4.2.5.1 PreciDitation of Metals in the Leachate Solutions - Preliminary Phase - Stage 1 

Acid Extractions Solution 
Precipitation reagents will be added to aliquots (3 to 5 cc) of the leachate solutions from Section 
4.2.1.3. The reagents to be investigated are the sodium or potassium salt solutions of hydroxide, 
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1 

2 

TABLE 4-SA 

RANGE-FINDING LEACHING TIME MATRIX 

100 7 

100 24 

3 

4 

TABLE 4-5B 

100 1 

100 7 

LEACHING TIME AND TEMPERATURE MATRIX 

2 25 7 

5 62.5 4 
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sulfide, sulfate, carbonate, and phosphate. Alum, femc sulfate, and aqueous sodium silicate (N+O: 
Si09  will also be investigated. Alum and femc sulfate additions will be followed by the appropriate 
pH adjustments. Slunies of magnesium oxide and calcium hydroxide and dolomitic lime will also be 
tested. The solutions will be either syringe-filtered or filtered through a centrifugal microfilter using a 
0.45-micron filter. The filtrate will be analyzed for uranium and lead as noted in Appendix B. 

1 

2 

3 

4 

5 

A 0.45- micron filter is used to determine if a removable precipitate is formed. If larger particulates 6 

i are needed to improve filtrations or settling, polymer addition and a filter aid may be used. 

A series of reagents will also be added in a sequential order where the "fiat addition" reagent is added 
and allowed to react before the "second addition" reagent is added. A list of the tests using sequential 
addition is in Table 4-6. A flow sheet for precipitation of extracted metals is given Figure 4-5. 

The most promising reagent formulations will be determined by use of professional judgment. The 
experiments will note the appearance of turbidity and precipitation in the solution, Correlations 
between change in pH and onset of turbidity and precipitation, and correlations of pH with volume or 
weight of titrant added will be noted. The experiments will also note the rate of setting and which 
reagents lower the uranium and the lead the most. The general procedure of this work plan is an 
iterative process where the results from matrices of experiments are used to determine the course of 
the next set of experiments. 

EDTA Chelant Extraction Liauid Decontamination 
The metal-laden chelant solution from the most promising extraction treatment will be treated for 
metals removal from the liquid by the following methods. The methods are listed in order of testing 
sequence. If one of the bulleted methods work. the methods listed in subsequent bullets may not be 
tested. 

Alkaline precipitation - Tests will be performed by addition of sodium hydroxide, 
Na&O,, or Na3P04 to the liquid. Filtration and subsequent analysis of the treated 
liquid wiU determine the effectiveness of the treatment. IF none of the above are 
successful, a preliminary treatment with Fe3' (to displace other metals) will be used, 
followed by alkaline precipitation. 

Insoluble chelant treatment - Tests will include treatment with and without Fe3' 
preliminary addition at a pH 3 of 6 (to displace other metals), followed by addition of 
another organic chelant that forms a smnger insoluble complex. The correct pH (using 
sodium hydroxide addition) will be determined empirically based on previous experi- 
ence. 

Electrochemical treatment - An electrochemical cell can be used to remove metals while 
regenerating the chelant extraction liquid. This process consists of an electrochemical 
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N%O:SiO, 
N%O:SiO, 

N%O:SiO, 

Na,O:SiO, 

MgO 
MgO 
MgO 

NaOH 
NaOH 
NaOH 

Na3P04 
Na3P04 
Na3P04 

NA,O:SiO, 

N%O:SiO, 

TABLE 4-6 

NaOH 
Na3P04 

Na,S 

Ca(OH), 

Na3P04 
Na,CO, 

Na2S 

Na3P04 
Na,CO, 

Na,S 

NaOH 
MgO 

Ca(OH), 

Na2C03 

MgO 

PRECIPITATION OF LEACHATE SOLUTION 
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Spot Test Filtrate Reagents 
For Lead and Uranium 

Leachate From 
Effective Acid Runs 1 

Precipitation 
Preliminary Phase - Stage 2 

- 

Precipitation 
Preliminary Phase - Stage I 

(Leachate from Leaching Tests) 

Precipitates 
From most 
Effective 

L L Test for Pb and U Reagents Secondary Chemical 

Add Reagent, then Filter t 

in Filtrate by ICP and IC Treat men t 

Stabilization 
Preliminary Phase - Stage 1 

Radon 
Determination 

Add Reagents Per Section 4.1 

~ 

Bulking Factor - Determination * * ucs Mod if i ed 
TCLP 

FIGURE 4-5. Precipitation Flowsheet 

83 



RUFS Treatability Work Plan 
October 5.1991 
Vol. WP-Section 4.0 2 2 4 7 
Page 22 of 24 

cell divided into two chambers by a cationic ion exchange membrane. One chamber 
contains the cathode and metal chelate solution, while the second contains Na$O, and 
the anode. During the process, metals are plated at the cathode while, Na' ions migrate 
across the cationic exchange membrane to place the working chelant in the Na' form. 

Sodium sulfide treatment - If none of the above treatments are successful, sodium 
sulfide will be added to the metal chelate liquid to produce the insoluble metal sulfides. 
After filtration of the precipitate, samples will be analyzed for metals. 

4.2.5.2 PreciDitation of Metals in the Leachate Solutions - Preliminarv Phase - Stage 2 
Larger aliquots (50 to 100 cc) of the leachate solution will be tested with the most promising 
precipitation reagents from Section 4.2.5.1. Settling rates will be determined. Aliquots of these 
mixtures will be filtered or centrifuged. Solutions from the latter two operations will be tested for 
uranium and lead content. 

Note, if three or more precipitation tests are necessary, then further composite waste samples 
(presumably 300 to 500 grams) will need to be extracted to finish the tests. 

4.2.5.3 PreciDitation of Metals in the Leachate Solution - Settling - Polymer - Preliminarv Phase - 
Stage 2 

If settling or filtration rates are very slow, then jar tests using inorganic coagulants (such as femc 
sulfate) and/or organic polymers (such as Nalco #I7768 anionic polymer). Preliminary range finder 
tests will be performed with up to 10 different reagent combinations, incrementally adding the reagents 
until the appearance of floc. The most promising treatment, based on dosage versus sludge volume 
and effluent quality, will be tested at four different dosages to determine the most effective reagent 
dosage. A settling test will be run on the best treatment and dosage. The clear supernatant liquid will 
be sampled and analyzed for total and dissolved lead and uranium. 

4.2.5.4 Precipitation of Metals in the Leachate Solutions - Settling - Filter Aid - Preliminary Phase - 
Stage 2 

If the filtration rates are slow, these tests will be conducted. The feed solids concentration will be 
adjusted to pumpable solids concentration and the body feed concentrations to three different dosages 
of filter aid. Filter aid concentrations will be those recommended by the manufacturer. The treated 
samples will be filtered in a buchner funnel. The optimum dose of reagents will be that producing the 
driest cake and the most filtrate in the shortest time. The filtrate will be analyzed to determine if the 
process successfully lowered the metal content. 

4.2.5.5 Precipitation of Metals in the Leachate Solutions - Ion Exchange - Preliminarv Phase - Stage 2 
Ion exchange will be tested as a final polishing step for precipitatiordfiltration-treated extraction liquid. 
This testing will consist of 10 isotherms using several different ion exchange resins. 
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4.2.6 Stabilization of PreciDitated Material - Preliminaw pfiase - Stage 1 
The most effective stabilization reagents determined from the screening described in Section 4.1 will 

be used as a guide in determining the formulations to investigate. Up to 10 formulations will be 
examined with the precipitated material. Precipitated material generated in the conduct of Section 
4.2.2 will be used. Shear strength and temperature rise will be recorded within 10 minutes of mixing. 
Volume increase will be measured on Day 28 by water displacement. Samples with a UCS of 
approximately 500 psi will be subjected to MTCLP. Radon emission tests will be conducted. If 
necessary, more waste will be extracted to produce the leachate and metal precipitate for this process. 
Figure 4-5 shows how stabilization fits into the metals extraction studies. 

4.2.7 Data Reuuired 
The following data will be recorded during the leachant screening: 

Acid (solvent) and concentration 
Quantity of acid 
Quantity of waste 

Percent bentonite in waste 
Description of uranium and lead analyses results 

TCLP of insoluble residue (Stage 3 screening) 

The following data will be recorded during the precipitation screening: 

Precipitation reagents and quantities 
Quantity and type of solvent used to produce leachate 

Lead and uranium in filtrate 

The following data will be recorded during the precipitation secondary chemical treatment tests: 

Leachate being tested 

0 

Polymers, coagulants, Nalmet 8154, and filter aid added, and their dosages 
Lead and uranium before and after addition of any polymers, coagulants, and filter aid 

The following data will be recorded during cement stabilization of precipitated material: 

UCS as measured by a soiltest U-590 or U-610 instrument (SOP No. TCL 1109. 
Appendix B) 

MTCLP 

Bulking factor 

Waste form temperature rise after waste and reagents are mixed and the time between 
mixing and temperature measurement 
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Approximate shear strength measured within 10 minutes of when waste and reagents are 1 

mixed 2 

Physical characteristics: percent moisture and bulk density 3 

Amount of water added to each waste form 4 

The maximum particle size treated; weight and percentage of material sieved frdm the 5 

raw waste before treatment 6 

General description of the waste form before and after reagents are mixed. This 7 

includes a description of any grinding of the sample to meet particle size requirements 8 

for UCS 9 

Description of vapor or gas released during mixing and during curing of mixture 10 

pH and Eh of mixture before adding mixture to molds 11 

pH of MTCLP extraction fluids 

- Radon emission test results for the solidified material 

The following data will be recorded during the vitrification screening: 

MTCLP 
PCT 
Weights of reagents and waste in final waste form 
Temperature of oven 
Time heating sample 
Bulking factor 
General description of the waste before and after melting 
Physical characteristics: percent moisture. bulk density 
Radon emission tests results 

The following data will be recorded during the leaching time and temperature tests: 

Solvents being tested 
Quantity of waste and solvent being tested 
Lead and uranium in the leachate as a function of time 

The following data will be recorded during the washing studies tests: 

Type of solvent used for leaching 
Quantity of leached solid being rinsed 
Quantity of water used for each rinse 
Uranium and lead in each batch of rinse water 
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5.0 EQUIPMENT AND MATERIALS 

See Table 5-1 for a listing of the major equipment to be used during the laboratory screening. 

, 
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Multiple 

Multiple 

Multiple 

1 

1 

TABLE 5-1 

EQUIPMENT AND MATERIALS 

Plastic containers, 5 oz and 8 oz 

Spatulas 

Crucibles 

HACH digital pH meter 

Glass melter furnace 

1 

1 

II 2 I HACH COD digesters Model 45600-00 and associated vial 

Soiltest laboratory vibrating table 

Thermometer, calibrated and traceable 

1 

1 

Multiple 

1 

Multiple 

1 

1 

1 

50 

Scale, calibrated 

Aluminum heating block 

2 x 4 Jatco Co. plastic molds for UCS 

Centrifuge 

50 cc centrifuge tubes 

Hobart quart or equivalent planetary mixer 

alpha survey meter and beta, gamma scanner 

Soil test Torvane 

TFE bombs 

Note: This equipment list does not include analpcal instrumentation for leachate analyses; equipment 
for TCLP, P a ,  or 5-day static leach tests; equipment for radion determination; or general 
laboratory equipment. 

88 
FEwOU4-6mC361.SAn 042-91 



RUFS Treatability Work Plan 
October 5. 1991 
Vol. WP-Section 6.0 22 4 7 
Page 1 of 10 

6.0 SAMPLING AND ANALYSIS 1 

A review of the Characterization Investigation Study (CIS) (Weston 1986) data revealed additional 
requirements for Silos 1 and 2. These data are needed for the final design of the remedial actions and 
also for the evaluation of the risks associated with remediation. Consequently, a Sampling and 
Analysis Plan (SAP) for resampling Silos 1 and 2 has been prepared and approved. Actual field 
sampling ended in August 1991. The samples taken in this sampling program will be used for this 
laboratory screening. 

A total of 24 samples were taken from Silos 1 and 2 under the sampling program (Figures 6-1, 6-2, 
and 6-3). The spatial variability of the silo contents considered both horizontal and vertical variability. 
The known disposal history indicated that the K-65 residuals are homogeneous in the horizontal 
direction and nonhomogeneous in the vertical direction. The 1990 resampling program established, 
through a visual observation of archive samples recovered from the southwest manways of Silos 1 and 
2, that there is not a continuous strata variability in the vertical direction. 

8 

9 

10 

1 1  

12 

13 

The sampling technique involved sampling each silo manway in one-third attempts. With the 14 

1s 

16 

17 

homogeneous nature and minimal horizontal variability of the silo content material, a composite 
sample for analytical and physical analysis from each one-third sample attempt would yield sufficient 
data to characterize the K-65 silo material in Silos 1 and 2. 

Each one-third sampling effort yielded one sample composite per sampling attempt. 
high radiological sample per manway core, a total of four samples was retrieved from each silo 

With a required 18 

19 

20 

21 

22 

23 

manway. Three manways per silo were sampled with the fourth manway (southwest) completed 
during the 1990 resampling program for archival purposes only. Each silo shall yield 12 composite 
samples for analytical and engineering analysis. A total of 18 composite samples with 6 radiological 
samples were collected for Silos 1 and 2 analytical analyses. 

The physical analysis will be performed on zone composites. A zone is considered to be the material 
retrieved in a single one-third sampling attempt. An additional sample is a silo composite, which is a 

24 

25 

26 

27 

28 

composite of each zone for all three manways for each silo. Three zone composites and a silo 
composite will be submitted for physical analysis for each silo. Undisturbed samples from each 
manway sampled has been retrieved for geotechnical analysis. 

According to the S A P ,  a full range of radionuclide, organic, and inorganic analyses will be conducted 
on the retrieved samples. These analyses are listed in Table 6-1. For the material to be treated, this 
study requires that the presence and concentrations of a number of analytes be known as well as a 
number of physical parameters. The analytes and physical parameters are of interest because their 
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SlLO#l (Sl) 

SILO #2 (S2) 

General Sample nomenclature is as follows: 

Silo Number - Manway I.D. - Zone I.D. - Section I.D. 

Example: 251 -SW-A-1 indicates second sampling period, 

Silo 1 - Southwest manway - Zone A - Section 1 
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SILO CONTENT MATERIAL SAMPLE CORE SUBSAMPLES SHALL BE TAKEN FROM ALL 

OF THE SPECIFIED ZONES ABOVE. THESE ZONES SHALL BE DETERMINED BY THE 

ONE-THIRD INCREMENT IN WHICH EACH MANWAY IS SAMPLED. ALL SECTIONS SHALL 

BE BEWEEN 12 AND 18 INCHES IN LENGTH. A COMPOSITE SAMPLE SHALL BE 

COLLECTED FROM EACH ZONE FOR ANALMICAL TESTS SUCH AS HSL INORGANICS, 

HSL OROANICS, TCLP ORGANICS, TCLP METALS, AND RADIONUCLIDES. A HIGH 

RADIOLOQICAL SAMPLE SHALL BE TAKEN FROM ONE SECTION PER MANWAY CORE. 
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2S2-NE 

FIGURE 6-2. Sectloning of SE, NW, and NE Sample Cores 
91 
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251 -NW 2S1 -NE 2S2-SE 2S2-NW 2S2-NE 

THE SE, NW, AND NE SAMPLE CORES WILL BE SUBSAMPLED FOR ENGINEERING 

TESTS. THREE COMPOSITED SAMPLES FROM EACH SILO WILL BE MADE UP OF 

SUBSAMPLES FROM THE SAME HORIZONTAL LAYERS (ZONES). CRITERIATO SELECT 

SPECIFIC ZONES FROM EACH CORE FOR SAMPLING WILL BE BASED ON SAME CRITERIA 

USED IN SECTIONINQ NE, SE, AND NW CORES LESSTHE RADIOLOGICALLY MOST 

ACTNE ZONE CRITERIA. 

FIGURE 6-3. Subsampling of Sample Cores for Engineering Tests 92 
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General Chemistry: 
Total phosphorous 
Total organic carbon 
Ammonia 
Total Kjeldahl nitrogen 
Total organic nitrogen 
Oil and grease 
Soil pH 
Bromide (By Ion Chromatography) 
Chloride (By Ion Chromatography) 

0 Nitrate (By Ion Chromatography) 
Sulfate (By Ion Chromatography) - 

TABLE 6-1 

ANALYTICAL CHARACTERIZATION PARAMETERS 
FOR SILOS 1 AND 2 IN,OPERABLE UNIT 4 

Radiological: 
Isotopic uranium 
Isotopic thorium 
Isotopic radium 
Lead-2 10 
Gamma spectroscopy 
Total uranium 
Polonium-2 10 
Protactinium-23 1 
Actinium-227 

Chemical: 
TAL inorganics* 
HSL volatiles 
HSL semivolatiles and tributylphosphate 
HSL pesticides and PCBS (if positive hits, confirm 
by GCFrS) 
TCLPmetals 
TCLP organics 

ples 

24 
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18 
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presence and/or high concentrations may have adverse effects on the proposed cement stabilization, 
chemical separation, and vitrification testing. 

1 

2 

The tests to determine physical parameters are listed in Table 6-2. 3 

Silo 3 was sampled under the 1989 program carried out by WEMCO. Results of the analyses for 
radionuclides, inorganics, and organics are given in Tables 6-3, 6-4, and 6-5. 

4 

5 

94 



IUJFS Treatability Work Plan 

Vol. WP-Section 6.0 
Page 7 of 10 

October 5. 1991 224 7 

D2216-80 

D43 18-84 

D854-83 

D422-63 

D2435-80 

D4253-83 

D4254-83 

No ASTM Designation 

D698-78 

D1557-78 

No ASTM Designation 
Depamnent of Army 
EM 11 10-2-1906 

TABLE 6-2 

GEOTECHNICALPHYSICAL TESTS 

Water Content Determination 8 

Atterberg Limits 8 

Specific Gravity Determination 8 

Grain Size Distribution with Hydrometer 8 
Analysis 

One-Dimensional Consolidation 8 

Maximum Index Drained Triaxial Density 6 

Minimum Index Granular Soils 6 

In Situ Soils Density Determination 6 

Standard Proctor 6 

Modified Proctor 8 

Consolidated Undrained Triaxial with 6 
Pore Pressure 

95 
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Th-230 
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TABLE 6-3 

RADIONUCLIDE CONCENTRATIONS IN SILO 3 

~~ 

266 - 931 

ND - 998 

21,010 - 71,650 

11 Ac-227 I 412 - 1363 

Th-232 

Ra-224 

ND - 911 

64 - 453 

Ra-226 

Ra-228 

467 - 6435 

ND - 559 

(I Pb-210 I 454 - 6427 

U-Total (ppm) 

I( u-234 1 348 - 1935 

738 - 4554 

11 U-235/236 1 ND - 127 

(1 U-238 1 320 - 2043 
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Arsenic 

BariUm 

Beryllium 

Cadmium 

Calcium 

Chromium 

Cobalt 

Copper 

Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Nickel 

Potassium 

Selenium 

Silver 

Sodium 

Thallium 

Vanadium 

TABLE 6-4 

532 - 6380 

118 - 332 

10.0 - 39.9 

21.5 - 204 

21300 - 39900 

139 - 560 

ND - 3520 

1610 - 7060 

13900 - 67600 

646 - 4430 

38200 - 80900 

2420 - 6500 

ND - 0.69 

1200 - 6170 

1300 - 22800 

101 - 349 

9.2 - 23.8 

22900 - 51700 

3.1 - 73.9 

418 - 4550 

INORGAMCS CONCENTRATIONS IN SILO 3 
(1989 Sampling Program) 

Aluminum I 10800 - 23700 
~~ 

Antimony 

Zinc I 301 - 672 

Cyanide IND 

ND = not detected 
Note: Data validation is currently in progress 97 
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TABLE 6-5 

ORGANICS CONCENTRATIONS IN SILO 3 

VOLATILE ORGANICS ANALYSIS DATA (ppb) 

Methylene Chloride 
Acetone 
Chloroform 
2-Butanone 
4-Methyl-2-pent anone 
Toluene 
Trichloroethane 
Chloromethane 
Styrene 
Total Xylenes 

ORGANICS ANALYSIS DATA (ppb) 

Bis( 2-Ethylhexy1)Phthalate 
Di-n-Octyl Phthalate 

PESTICIDE ORGANICS ANALYSIS DATA (ppb) 

Aroclor- 1248 
Aroclor-1254 

loo0 - 2800 
3400 - 12000 
560 - 810 
9700 - 16000 
ND 
180 - 6800 
ND 
ND - 140 
ND 
ND 

ND - 40 
ND 

ND 
ND 

ND - not detected 
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7.0 DATA MANAGEMENT 

7.1 GENERAL, 
This section pertains to work performed at the Technology Development Laboratory (TDL) only. Two 
types of laboratory notebooks will be used for this project. All laboratory notebooks are uniquely 
numbered and permanently bound with sequentially numbered pages. 

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 
recorded in the project-specific notebooks. Refer to the SOP in Appendix B. 

Separate nonproject-specific logbooks will be used to record the injection or introduction of samples 
into analytical instrumentation. These logbooks are also used to record maintenance or problems with 
the instrument. Refer to the SOP in Appendix B. 

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

All records management and reporting will follow standard, QA/QC protocol in the Quality Assurance 
Project Plan (QAPP) and Volume 4 of the RI/FS Work Plan. Standard QA/QC protocol, as it applies 
to testing within the laboratory, will adhere to the following guidelines: 

One hundred percent verification on al l  numerical results - transcriptions, and calcula- 
tions are checked and recalculated. 

Data validation through test reasonableness - summaries of all test results for individual 
reports are reviewed to determine the overall reasonableness of data and to determine 
the presence of any data that may be considered outlicrs. 

Routine instrument calibration - will be performed under guidance from the QAPP. 

Use of trained personnel conducting tests - al l  technicians are trained in the application 
of standard laboratory procedures for analyses as well as the QA measures implemented 
for internal QC checks. 
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TCLP - During the site characterization, the TCLP leachate from the sample will be 
spiked. Spike recovery will be calculated separately for each silo (1, 2, 3) and for each 
zone (A, B, C). These spike recovery values will be used with all subsequent TCLP 
results. 

Blanks 

Reagent blank - Solidify sand or quartz, run TCLP on solidified mass 
Radionuclide test will use a water blank 
TCLP will use the ORL laboratory blank 

Duplicate Analysis 

There will be a 20 percent experimental duplicate of all tests during the advanced phase. 

. .  
7.3 LEACHING/PRECIPITATION/STABILIZATION/VITRIFICATION 

Spikes 

TCLP - During the site characterization, the TCLP leachate from the sample will be 
spiked. Spike recovery will be calculated separately for each silo (1, 2, 3) and for each 
zone (A, B, C). These spike recovery values will be used with al l  subsequent TCLP 
results. 

Blanks 

Radionuclide test will use a water blank 
TCLP will use the OFU laboratory blank 

Duplicate Analysis 

There will be 20 percent experimental duplicate of all tests during the advanced phase 
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8.0 DATA ANALYSIS AND INTERPRETATION 

8.1 EFFECTIVENESS OF WASTE FORMS 
The results of the leaching tests (MTCLP, TCLP, P a ,  and 5-day static) will be used to evaluate the 
long-term effectiveness of each waste form. The concentrations of radioactive and hazardous 
constituents in the TCLP leachate (and possibly PCT and 5-day static) will be used as input into the 
geochemical models described in the draft RI/FS Risk Assessment Work Plan Addendum on Risk 
Assessment methodology. These models will be used with groundwater fate and transport models, 
which will then be used to calculate concentrations of contaminants in the aquifer at the reasonable 
maximum exposure. These concentrations will in turn be used to calculate the magnitude of that 
exposure, and the resulting risks to human health and the environment. Fate and transport models are 
discussed in the draft "Risk Assessment Work Plan Addendum" (DOE 1991). 

8.2 STABILIZATION 
The reagent formulation along with the following data will be presented in tabular form: 

Waste form temperature rise after waste and reagents are mixed, and time between 
mixing and temperature measurements 

General descriptions of the waste before and after reagent addition. This includes a 
description of any grinding of the sample to meet particle size requirements for UCS. 

Approximate shear strength measured within 10 minutes of when waste and reagents are 
mixed 

Physical characteristics: percent moisbre, bulk density 

Amount of water, raw waste, and reagents added to each waste form 

UCS (SOP TDL 1109) 

Permeability (for advanced screening) 

Bulking factor 

The maximum particle size treated; weight and percentage of material sieved from the 
raw waste before treatment 

Description of gases or vapors released during mixing and during curing of mixture 

Physical appearance of mold after 90-day soak in deionized water in optional phase 

pH and Eh of the reagent waste mixture before adding mixture to molds 
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pH of MTCLP and TCLP extraction fluids, pH of TCLP extraction fluid determination 
test 

pH of 5-day static leach solution 

pH and Eh of slightly wet water mixture 

pH of 90-day leach solution in optional phase 

Radon emission test results in advanced phase 

MTCLP (for preliminary phase) 

5-day static (for advanced phase) 

TCLP (for advance phase). TCLP results will be reported three ways: (1) actual 
analysis of extract, (2) results corrected for spike recovery, and (3) results corrected for 
spike recovery and dilution by stabilization reagents. 

8.3 LEACHING/PRECIPITATION/STABILIZATIONNITRIFICATION 

8.3.1 Leaching 
The following data will be evaluated and presented in tabular form for all preliminary phase Stage 1 
tests: 

Acid (solvent) and concentration 
Quantity of acid 
Quantity of waste 
Description of uranium and lead analyses results 

The data recorded for preliminary phase Stage 2 will be the same parameters as for Stage 1, except 
that Stage 2 will also include 20 percent bentonite. 

Advanced phase data will be presented as in Stage 2, with the addition of the following parameters for 
each test run: 

TCLP of insoluble residue 
Uranium, thorium, radium, and lead content of insoluble residue 

8.3.2 PreciDitation 
The following data will be presented in tabular form for each experimental run: 

Precipitation reagents and quantities 
Quantity and type of solvent used to produce leachate 
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Lead and uranium in filtrate 

The following data from the secondary chemical treatment tests will be tabulated: 

Leachate being tested 
Polymers, coagulants, Nalmet 8154, and filter aid added, and their dosages 
Lead and uranium before and after addition of any polymers, coagulants, and filter aid 

8.3.3 Stabilization 
The following data will be tabulated for each stabilization test of precipitated material: 

UCS measured according to SOP TDL 1109 

MTCLP 

Bulking factor 

Waste form temperature rise after waste and reagents are mixed and the time between 
mixing and temperature measurement 

General descriptions of the waste before and after reagent addition 

Approximate shear strength measured within 10 minutes of when waste and reagents are 
mixed 

Physical characteristics: percent moisture, bulk density 

Amount of water, treated waste, and reagents added to each waste form 

Radon emissions test results for the solidified material 

Maximum particle size treated; weight and percent of material sieved from the raw 
waste before treatment 

Description of gases or vapors released during mixing and during curing of mixture 

Physical appearance of mold after 90-day soak in deionized water 

pH and Eh of the reagent waste mixture before adding mixture to molds 

pH of MTCLP extraction fluids 

8.3.4 Vitrification 
The following data will be tabulated for the vitrification screening: 
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PCT 
Weights of reagents and waste in final waste form 
Temperature of oven 
Heating time of sample 
Bulking factor 
General description of the waste before and after melting 
Physical characteristics: percent moisture, bulk density 
Radon emissions test results 

8.3.5 Leaching Time and Temmrature 
The following data will be presented in tabular form: 

Solvents being tested 
Quantity of waste and solvent being tested 
Lead and uranium in the leachate as a function of time 

8.3.6 Number of Washes 
The following data will be tabulated for each leached solid being tested: 

Type of solvent used for leaching 
Quantity of leached solid being rinsed 
Quantity of water used for each rinse 
Uranium and lead in each batch of rinse water 

8.4 PROCEDURES USED TO ASSESS DATA PRECISION, ACCURACY, AND COMPLETENESS 
The following are procedures used to assess data precision, accuracy, and completeness: 

Calculations of precision, accuracy, and completeness will be used to assess data quality. These 
formulas can be found in "Preparing Perfect Project Plans" (EPA 1989b). 

Example calculations of precision: 

where 
RPD = relative percent difference 
C, 
C, 

= larger of the two observed values 
= smaller of the two observed values 
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Example calculation of accuracy: 

100% x (S -0 
csa 

%R = 

where 
%R = percent recovery 
S 
U 
C,, = actual concentration of spike added 

= measured concentration in spiked aliquot 
= measured concentration in unspiked aliquot 

Example of calculation of completeness: 

V %C = 100% x - 
n 
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where 
%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 

An example of the TDL form used for reporting precision of duplicates and accuracy of spikes is 
given in Figure 8- 1. 
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Figure 8-1 
General QNQC Report 

Analyte: 
Matrix: 
Sample Number: 

Conc. 
0 

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

Precision (RPD') (a+b)/2 

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

la-bl x :OO% = 

Accuracy= 
- b-a x 100% = 

C 

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

Accuracy = 
b-a x 100% = - 

C 
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9.0 HEALTH AND SAFETY 

An alpha-CAM detector will be used to measure radon emissions continuously during testing. The 
primary purpose of alpha-CAM is for the health and safety of the lab personnel. 

The radon emissions will be minimal in the treatability study. This is based on the following assump- 
tions: 

Radon and radium are in secular equilibrium in the contained sample. 

The radium concentration is 192,600 pCi/gm (Operable Unit 4 Remedial Investigation 
Report). 

Upon opening the sample container, all of the enclosed radon will escape immediately 
and be captured by the hood. 

After the initial radon cloud is emitted, the contained radium will continue to decay into 
radon, which will escape immediately and be captured by the hood. 

The initial sample weighs five pounds. 

The worst-case calculations indicate that the instantaneous release of radon upon opening the container 
will be approximately 0.4 mCi, and the radon rate from a single opened sample container will be less 
than 3.6 pCi/hr. Samples will be handled inside the hood. The hood will use carbon adsorbers and 
high-efficiency particulate air (HEPA) filtration (in series), which is considered the best available 
technology to control emissions. 

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

10.1 STABILIZATION OF SILOS 1 AND 2 AND SILO 3 MATERIALS 
The project will generate from 24 to 37 kg of treated solid waste. 

10.2 LEACHING/ANALYSIS/DISPOSAL OF SILOS 1 AND 2 AND SILO 3 MATERIALS 
The project will generate four basic waste streams. Stream 1 will consist of approximately 2000 to 
6600 grams of radioactive waste residue (Silos 1 and 2 material) resulting from the acid/EDTA 
leaching process. These residues will be sent to IT’S Oak Ridge Laboratory or other QAPP laboratory 
for analysis and then will be shipped to DOE’S FEMP integrator or environmental remediation 
management contractor for disposal. 

Waste Stream 2 will be the residual leachate, approximately 15 to 30 liters of high lead RCRA waste. 
This waste will be stored in five-gallon carboy containers in a secondary containment system. Waste 
Stream 3 will be approximately two to four liters of aqueous cyanide waste generated from the 
addition of a potassium cyanide (KCN) buffer to the leachate for the lead analysis. The final waste 
stream, Waste Stream 4, will be approximately one to two liters of uranium/RCRA waste generated 
from the lead analysis. 

10.3 STABILIZATION/VIlXIFICATION OF LEACHED WASTE 
The total amount of residue will depend on the metal concentration in the waste. Potentially, 10 to 

20 kg of solid waste will need to be leached to produce enough leachate for the analysis. This would 
produce about 3.5 to 7 kg of treated solid waste, 30 to 60 kg of treated leachate, and 30 to 60 kg of 
treated wash water. 

10.4 DISPOSAL 
All of the waste materials will be shipped to DOE’S FEMP integrator or environmental remediation 
management contractor for disposal. 
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11.0 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 4, (2) to explain the role of treatability studies in the RIPS, and ( 3 )  to raise 
the public's confidence in cleanup alternatives and technologies identified in the alternatives screening/ 
analysis process and in the preferred alternative for this operable unit. The treatability study 
community relations activities for Operable Unit 4 will comply with the Community Relations Plan 
"Remedial InvestigationFeasibility Study and Removal Actions at the U.S. Department of Energy 
Feed Materials Production Center, Fernald, Ohio, August 1990." At a minimum, the following 
community relations activities will be conducted to explain treatability studies for Operable Unit 4. 

Community meeting - Held a minimum of three times/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, meetings 
will focus on operable unit updates, removal actions, major RIPS documents, and other 
appropriate topics. 

Publications - RI/FS materials such as progress reports, fact sheets, a community newsletter 
(Fernuld Site Cleanup Report), and updates of CERCLA-related activities at the FEMP and 
will include infomation on treatability study activities for Operable Unit 4. 

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 town- 
ships, and to Fernald Residents for Environmental 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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12.0 REPORTS 1 

An interim draft report, which will document the results of the stabilization and leaching tests, will be 
issued following the completion of the preliminary phase. This report will identify the promising 
stabilization formulation and extraction solutions and will recommend whether those procedures be 
stabilization formulation and extraction solutions and will recommend whether those procedures be 
further tested in the advanced treatability program. To determine the success of the recommended 
stabilization formulations and extraction solutions, it will be necessary to have the residues and 
leachates analyzed for radium and thorium at IT’s Oak Ridge Laboratory. In addition, a l l  raw data 
will be presented in a tabular format. 

The advanced phase report will be issued following the completion of the experimental portion of the 
advanced tests. This report will identify the stabilization formulations and extraction procedures that 
are promising and that identify any problems. To determine the success of the recommended 
stabilization formulations and extraction solutions in removing contaminants, it will be necessary to 
have the residues analyzed at IT’s Oak Ridge Laboratory. The following outline can be used as a 
guide when preparing the reports. 

SUGGESTED ORGANIZATION OF TREATABILITY STUDY REPORT 

1.0 Introduction 
1.1 Site description 

1.1.1 Site name and location 
1.1.2 History of operations 
1.1.3 Prior removal and remediation activities 

1.2 Waste stream description 
1.2.1 Waste matrices 
1.2.2 PollutaWchemicals 

1.3 Remedial technology description 
1.3.1 Treatment process and scale 
1.3.2 Operating features 
Previous treatability studies at the site 1.4 

2.0 Conclusions and recommendations 
2.1 Conclusions 
2.2 Recommendations 

3.0 Treatability Study Approach 
3.1 Test objectives and rationale 
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13.0 SCHEDULE 1 

The schedule tocomplete all treatability related activities is shown in Figure 13-1. The activities and 
dates are based on the Operable Unit 4 Consent Agreement Schedule. 
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14.0 MANAGEMENT AND STAFFING 1 

An organizational chart for the management of the Operable Unit 4 treatability study is provided in 
Figure 14-1. The principle parties include: DOE Femald, WEMCO, ASVIT, and IT Technology 
Development Laboratory. 

Personnel involved in the management of the entire RIPS include: Jack Craig, DOE RI/FS Project 
Director, John Wood, ASI/IT’s Project Director for the RIPS consultant; and ASI/IT’s John Razor, 
who serves as Deputy Project Director and is responsible for the technical content within al l  of the 
RI/FS consultant’s documents. 

Additional personnel involved in the management of RIPS treatability programs for all operable units 
include Briand Wu, ASI/IT’s Technical Integration Manager, who is responsible for the RI, NEPA, 
and Treatability. Also, Sam Wolinsky serves as treatability coordinator for all operable unit 
treatability studies performed by the RI/FS consultant. 

Those personnel specifically involved in Operable Unit 4 include: Randi Allen, the DOE Operable 
Unit manager, Dennis Nixon, WEMCO’s (the integration contractor) Operable Unit manager; and 
Steve Hammitt, operable unit manager for Parsons, the remedy design contractor. Susan Rhyne of 
ASVIT serves as the RIPS consultant (acting) Operable Unit manager and is the focal point for 
supervision of the laboratory performing the treatability study. 

The IT Technology Development Laboratory personnel will perform the actual treatability testing. 
Those personnel include Ed Alperin, laboratory manager, who is responsible for all of the treatability 
testing programs within the treatability laboratory. Darrell Drouhard, project manager/engineer, 
coordinates all treatability laboratory work between labs and site. Emie Stine, operations supervisor, is 
responsible for the technical aspects of the treatability programs at the laboratory; Ken Sadler and Ed 
Morren perform most of the experiments; Patti Carswell is responsible for all QA activities and reports 
directly to Jack Hall, the Lab Director. 
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APPENDIX A 

A.l.O TASKS TO BE PERFORMED 

Previously collected samples of the K-65 silo contents will be prepared and analyzed in search of 
effective treatment methods. All prepmtions and analyses will be performed in a high-efficiency 
particulate air (HEPA) filtered hood located in an environmental containment cubicle. The cubicle 
will be located in the mixed waste testing area in the IT Environmental Technology Development 
Center. 

Job tasks are summarized below. For detailed information, please consult the work plan. 

I. 

11. 

111. 

IV. 

V. 

Stabilization 

The following procedures will be conducted in a hood. Samples from each of the silos will be 
sieved through a 3/8-inch screen. The sieved material will be mixed with stabilizing reagents 
in a planetary mixer and then placed in molds. 

Metal Extractions 

IIa. Acid Extractions - One gram aliquots of each composite will be weighed and placed in 
HACH digester vials. Room temperature and 100 degree centigrade tests with acid will 
be run for two hours. Acids used for the extractions will be: nitric (60 to 15 percent), 
hydrochloric (36 to 9 percent), acetic (50 to 12.5 percent). 

Liquids will be diluted 1/1,OOO and analyzed for lead content. Reagents involved 
include potassium cy ani de^ and l,l,l-trichloroethane. The chemical oxygen demand 
(COD) vials have been preloaded with potassium cyanide so that the maximum quantity 
handled at any one time will be five milliliters. 

IIb. EDTA Extractions - Extractions will be performed with 0.2 molar ethylenediamine- 
tetraacetic acid (EDTA). 

Leaching Time and Temperature - Leaching test with varying time and temperature using the 
most promising leaching solution will be conducted. The leachate will be analyzed to 
determine time and temperature effects. 

Washing Studies - The insoluble residue from the leaching experiments will be rinsed several 
times with deionized water. Each rinse will be analyzed. 

Precipitation of Leached Materials - Reagents such as sodium or potassium salt solutions of 
hydroxide, sulfide, sulfate, carbonate, and phosphate will be tested to determine effectiveness 
of precipitating the metals. Also, alum, femc sulfate, aqueous sodium silicate, magnesium 
oxide, and calcium hydroxide may be tested. The supernatant will be filtered and analyzed. 
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VIII. Solidification/Stabilization of Leached Material - Some of the leachate will be dried to solids, 
mixed with sodium hydroxide, soil, and other reagents, as appropriate, and melted in an oven. 
Some of the precipitated solids fmm V above will be mixed with cement, fly ash, and other 
suitable stabilizing reagents. These vitrified and stabilized samples will be subjected to a 
modified Toxicity Characteristic Leaching Procedure (TCLP) extraction to determine its status 
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A3.0 K-65 BACKGROUND INFORMATION 

The K-65 silos contain waste from the World War I1 program that produced the first atomic bombs. 
For this work, a uranium-rich ore called pitchblende was imported from the Belgian Congo. 
Pitchblende was treated with nitric acid to dissolve the uranium away from the ore. The remaining 
residues were mixed with water and pumped into the silos, where the solids settled. The liquids at the 
surface were pumped back out of the silos into a treatment facility. What remains in the silos now is 
about 9,700 tons of residual solids. The residues in the silos emit radiation. The radioactivity levels 
of the residues are higher than ordinary tailings from uranium mining and milling. Like other uranium 
ore tailings, these residues produce radon gas, but in considerably larger quantities. 

123 



RI/FS Treatability Work Plan 
October 5.1991 
Vol. WP-Appendix 224 7 

Contaminant 

Thorium-230 

Radium-226 

Uranium-238 

Radon Daughters 
(POl~niUm-2 18, 

Lead-2 14, 
Bismuth-214, 
POIO~Um-2 14) 

Radon-222 

Page 4 of 16 

A3.0 TASK-SPECIFIC HAZARD ASSESSMENT 

Derived Air Concentration Action Limit .25DAC 

3 x 10-l2 UCi/mL 

3 x lo-" uci/mL 

2 x lo-" UCi/mL 

7.5 x 10-l~ uci/m~ 

7.5 x 10-l2 UCi/mL 

5 x 10-l2 uci/mL 

0.3 working level 0.075 working level 

60 pCi/L (50 percent 
equilibrium) 

15 pCi/L 

The following hazard assessment is based on historical information and defrned task activities. The 
treatability team routinely reassesses the hazards before starting work to ensure that conditions have 
not changed. AU newly identified hazards will be addressed with the health and safety engineer to 
determine the degree of hazard and if any changes to the safety plan are needed. 

A.3.1 PHYSICAL HAZARDS 

Radiological hazards 
- Uranium-238 (U-238) and daughters 
- Uranium-235 (U-235) and daughters 
- Radium-226 (Ra-226) and daughters 

Uranium-235 (trace levels of 
actinium series) 

5 x uCi/mL 

A.3.2 CHEMICAL HAZARDS 
The following chemicals will be present, either in the samples or in the reagents and will pose 
potential hazards. Other materials, such as fly ash, EDTA, sodium carbonate, sodium sulfide, lime, 
and cement/sodium silicate will be present but will pose no significant hazard due to their relatively 
low toxicity and small quantities. 
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I PELa 

VEL - Permissible exposure limit, or maximum airborne exposure allowed by the 
Occupational Safety 
and Health Administration (OSHA). Types of PELS include W A S ,  STELs, and ceilings. 

%A - Time-weighted average, or average exposure allowed over an 8-hour shift. 
‘STEL - Short-term exposure limit, or maximum average exposure during a 15-minute 

dC - Ceiling, or maximum exposure allowed, even instanemsly. 
period. 

A.3.3 POTENTIAL ROUTES OF EXPOSURE AND HAZARD ASSESSMENT 
The identified site contaminants are either solid or gaseous in nature, and the majority of the reagents 
to be used are liquids. The routes of entry into the body are inhalation, absorption, and ingestion (in 
order of importance). Radioisotopes in the sample pose an external and internal exposure hazard. The 
internal hazard is largely eliminated by the procedures and engineered controls to be utilized. The 
external hazard will be conmlled through monitoring. Direct contact with the cormsives may result in 
destruction of skin tissue and absorption of other contaminants if in solution. The inorganic lead in 
the samples poses a potential inhalation hazard, which is minimized by the task procedures. Cyanide- 
containing reagent poses a potential for the release of hydrogen cyanide (HCN) gas, but the limited 
quantities per container (less than 5 mL) and the task procedures will prevent any significant hazard 
unless a spill occurs. 

To minimize the potential exposure hazards, nearly all of the operations to be carried out during this 
project will be performed inside the hood, which is located inside an environmental containment 
cubicle. This includes acid digestions, sample preparation, pouring reagents, and packaging for 
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sample results. All container opening will be done inside the hood. Reagents have been prepared and 
packaged off site to further minimize on-site handling. 

1 

2 

There is also a potential that acidic reagents and the potassium cyanide ( K O  reagents might be 
mixed in a spill. This would liberate HCN gas, which has an OSHA PEL (STEL) of 5 m a 3 .  The 
treatability team will evacuate if a major spill occurs but will remain to control minor spills. 

KCN. Each KCN vial contains 10 mL of 0.1 percent w/w KCN in water. Therefore, the total CN per 
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I 

A minor 
spill is a spill inside the hood of 50 mL or less. This is equivalent to one vial of acid and one vial of 

vial is: 8 

10,OOO mg liquid X 0.001 mg KCN X 26 mg CN/65 mg KCN = 4 mg CN 

This quantity of CN mixed with acid would liberate HCN in the following quantity: 

4 mg CN X 27 mg HCND6 mg CN = 4.15 mg HCN 

This amount of HCN could be dispersed into one cubic meter of air without exceeding the OSHA 12 

PEL. 13 

The use of the hood greatly minimizes any potential for chemical exposure from the silo samples or 
from the reagents. A potential for some radiation exposure exists and monitoring will be conducted to 
quantify this exposure and ensure that the procedures in use are appropriate. 
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Instrument/chem. 

A.4.0 MONITORING 1 

Need Interval 

A.4.1 GOALS 2 

Air monitoring will be performed to ensure that contaminant concentrations in the breathing zone do 
not exceed the concentrations specified by established exposure levels. 

3 

4 

Y 

Y 

Exposures to chemicals should be kept as low as possible because there are insufficient data to predict 5 

6 the combined effects of most chemical mixtures. 

Continuous 

Continuous 

A.4.2 EXTERNAL RADIATION HAZARD MONITORING 7 

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: 

A health physics technician will monitor all locations before start of work and will frequently monitor 8 

9 

10 

11 

Ludlum Model 177, or equivalent, with a G-M pancake probe 12 

Ludlum Model 3, or equivalent, with a ZnS alpha scintillation probe 13 

Eberline Model Alpha-SA alpha air monitor or equivalent 14 

A.4.3 ACTION LIMITS 
The following table provides types, scheduling, and actions for monitoring. 

Alpha probe Y &-job and inter- 
mittent 

BeWgamma 
Probe 

Y 1 Pre-job and inter- 
mittent 

Pre-job I y I  External radia- 
tion 

Continuous air 
monitor (CAM) 

Thermolumi- 
nescent 
dosimetry 
rnD) badge 

Limit 

20 cpma 

500 cpma 

>1 mrem/hour 

4I"C-hOUrS Of 
Th-230 

_ _ _ ~  ~~ 

NA, no real time 
RSUlts 

Action 

HP Revied 

HP Review 

HP review 

Withdraw 
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Need Interval Limit Action 

Y Continuous NA, no real time 
R S U l t S  

I 1 

aAbove background. 2 

%&face air-purifying respirators (APRs) with organic vapor, acid gas, and fume cartridges. 
Disposable protective clothing, such as TyVekTM coveralls, and a step-off decontamination pad will 
also be required at any time APRs are used. 
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A5.0 TASK-SPECIFIC PERSONAL PROTECTIVE EQUIPMENT 1 

All employees working in the environmental containment cubicles shall wear, as a minimum, safety 
glasses, lab coat, Tyvek coveralls, and disposable gloves. If certain action limits specified in Section 
4.4 are reached, air purifying respirators will be required. The protective equipment needs will be 
evaluated routinely by the health and safety engineer as the project progresses. 
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A.6.0 LABORATORY ACCESS 

A.6.1 ACCESS 
Access to the environmental containment cubicles during treatability studies will be limited to 
personnel who have completed necessary training and have had required medical exams. 

I 

A.6.2 BIOASSAY SAMPLING 

Bioassav Samding 
A baseline 24-hour urine sample will be taken before starting treatability activities. This sample will 
be analyzed for baseline urine levels. 

A post-work, 24-hour urine sample will be submitted upon completion of work and will be analyzed 
for uranium and Ra-226. If significant uptake of radioactivity is suspected, fecal samples will be 
analyzed for Th-230. 

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 [ALII). A one-hour exposure leading to 40 DAC-hours for 
radon daughters is 12.0 WL or 1,200 pCi/L for Rn-222 in 100 percent equilibrium with its daughters. 
A point worth noting is that no respirator protection factors are built into these action levels. 

A.6.3 MEDICAL MONITORING 
In accordance with 29 CFR 1910.120 OSHA requirements, all personnel involved in the treatability 
study are required to participate in a medial monitoring program that includes: 

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

A.6.4 TRAINING FEOUIREMENTS 
All personnel at the Environmental Technology Development Center (ETDC) involved in the 
treatability study have the following training: 

. IT Chemical Hygiene Plan 
ETDC Emergency Contingency Plan . General Employee Training - Radiation (Rad) Worker Training 
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A.6.5 CONTAMINATION ZONES 1 

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 are required to enter in order to 
perform their job functions. 4 

2 

3 

The area inside the environmental containment cubicles is considered to be the Exclusion Zone. 5 
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A.7.0 EXPOSURE SYMPTOMS 1 

Acute exposure to solvents and corrosives may produce dizziness or imtation. Exposure to low levels 
of radioactivity do not produce acute exposure symptoms. The potential exposures may cause delayed 
effects such as cancer. Because biological effects from radiation exposures are cumulative, exposures 
are to be kept ALARA. 

2 

3 

4 

5 

FIRST AID FOR EXPOSURES 6 

7 

8 

No treatment is anticipated for the predicted contaminants and concentrations. Refer to the Emergency 
Contingency Plan prepared for the IT ETDC. 
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A.8.0 LABORATORY ENTRY PROCEDURES 

Locate the nearest eyewaWshower before initiating site activities. 

Verify that all instruments are calibrated. 

Visually scan the laboratory for signs of contamination. 

Perfom respirator check out and fit test before use (if required). 

Note: The Health and Safety Officer and any member of the team have the authority to stop work 
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 a level deemed acceptable. 
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A.9.0 LABORATORY EXITING PROCEDURE 

A.9.1 CONTAMINATION DETECTION 
All personnel are required to decontaminate themselves and then confirm the effectiveness of the 
decontamination. The effectiveness will 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 beta and gamma radiation monitoring. If frisking count exceeds 
DETECTABLE, additional decontamination is required. This decontamination will be conducted by 
gently scrubbing with soap and water. 

If contamination cannot be removed to below the action levels (100 cpm betalgamma or detectable 
alpha radiation, above background), notify the laboratory health and safety officer, Keith Hood. 

A.9.2 DECONTAMINATION 
Decontamination reduces contaminant concentrations to acceptable levels, but does not generally 
totally remove it. Try to avoid contamination where possible by making minimum contact with the 
contaminant. 

Personnel: Dry removal of disposable protective equipment; wash hands, face, and any other exposed 
area of skin. Detergent and tepid water should be used to gently scrub skin surfaces that have 
contacted potentidy contaminated wastes. 

The effectiveness of decontamination must be confirmed by frisking. 

Any exposed areas of the equipment surface will be wiped with a damp paper towe4cloth to remove 
contamination. Wiping with a cloth dampened with detergent solution may be necessary to remove 
greasy materials. 
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A.lO.O OPERATIONALLY DERIVED WASTES 

Operationally derived wastes are wastes generated in the performance of various activities. These 
wastes include, but are not limited to: 

Disposable decontamination supplies 

Disposable personal protective equipment such as Tyvek coveralls, gloves, and booties 

Protective clothing will be placed in plastic bags, in a B-25 box, or metal drum for disposal as 
compactible, potentially contaminated waste by DOE’S FEMP integrator or environmental remediation 
management contractor. 

Operationally derived wastes are the property of the client and are to be shipped back to Femald 
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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PLANS 

Contingency plans for injuries, spills, releases, fires, and explosions are given in the Emergency 
Contingency Plan (ECP) for the ETDC. The ECP identifies ETDC emergency coordinators, Tom 
Geisler and Rick Greene. Agencies that may be requested to provide assistance in an emergency are 
also listed along with telephone numbers. All employees at the ETDC are provided with a copy of the 
ETDC ECP. 
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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 ReferenceS 

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

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

4.0 Definitions 

4.1 None 

5.0 Procedu re 

5.1 Safety 

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

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 persons. The notebook's security and maintenance are 
your responsibility. In case of damage, loss, or disappearance, report the 
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5.0 P r o c e m  (continued) 

facts to your superviso 

5.3.1 

5.3.2 

5.3.3 

5.3.4 

5.3.5 

5.3.6 

at once. When th 

SOPNO.: TDL1504 
DATE INITIATED: 1R1/91 
REVISION NO.: 0 
DATE REVISED: N/A- 22 4 7 
PAGE3OF5 

notebook is filled or upon 
termination of your employment, it must be returned to the laboratory 
qua li t y/o pe rat i o n f i I es. 

5.3 Procedure 

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. 

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

It is necessary to fill each page and keep the sequence of entries in 
chronological order. 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. 

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. 

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. 

A co-worker performs a QC check on your calculations by recalculating 
20 percent and verifying the formula used. Have him make a check in 
red ink beside each answer which was recalculated and sign and date 
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5.0 Procedure (continued) 

calculations that lead to the generation of a result which is reported to the 
client either verbally or in writing. Any values which have not had a 20 
percent QC check (one of every five calculations has been checked) are 
considered "preliminary" and will be marked as such on any material 
leaving the TDL lab. If an error is found during the 20 percent check, 
then a 100 percent QC check will be performed. 

5.3.7 If one of your co-workers has witnessed an experiment you have 
conducted, to an extent that enables him to state of his own knowledge 
what you did and what results you secured, have him sign and date the 
notebook page(s) as "Witnessed and understood by." If the experiment 
seems to you to be of sufficient importance (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 fhP 
expected or desired result. 

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

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

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

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

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

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

5.4.1.8 Conclusion - how objective was met and any interpretation of 
results. 
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6.0 Nonconformnce 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. 

7.0 fiecords Manaaerneat 

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 .o ose and A- 

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

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

2.0 References 

ritina the W r v  N o t e m ,  Howard M. Kanare, 1985. . .  2.1 

3.0 AsspCiated SOPS a nd AeDlicable Methods 

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

4.0 

4.1 None 

5.0 Procedure 

5.1 Safety 

5.1.1 

5.1.2 

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 superbisor. 

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

5.2 Summary 

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

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 

5.3.4 

5.3.5 

5.3.6 

5.3.7 

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

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

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

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

Each entry in an analytical logbook is to be initialed and dated. 
The "Completed by" is signed by the last person to make entry on 
a given page and indicates that the page has been checked for 
completeness of entries. 
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6.0 ce and Corrective A c t i ~  

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 Becords Manaaement 

7.1 TDL Analytical Logbooks are the property of IT Corporation. 

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

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

1.0 Purpose 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 Assokiated SOPS 

3.1 None. 

4.0 Definitions 

4.1 None. 

5.0 Procedure 

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

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

5.3 Calibration certificates should be provided by the 
manufacturer. 
come with the sieve, either return it, or get a 
certificate from the vendor. 
will be kept in the Quality/Operations files maintained 

If a calibration certificate did not 

Calibration certificates 
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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 betused 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 #200 or smaller will be 
replaced one year after initially being placed into 
service. Each sieve will be labeled with the 
replacement date at the time it is placed into service. 

5 . 6  Prior to use, each sieve will be visually inspected for 
holes, broken mesh, or m y  other condition which may 
make the sieve unsuitable for use. Sieves which are 
clogged will be cleaned with a suitable, brush. 
shall be used when cleaning fine sieves with a wire 
bristle brush as this may damage the sieve. 
deemed unsuitable for use will be immediately 
discarded. 

Caution 

Any sieve 

5 . 7  Sieves used in washing samples or sieves used with 
corrosive samples will be cleaned with water and a 
brush after use. It may be useful to place the sieve 
in a drying oven ( ~ 1 2 0  " C )  to dry. This will help to 
keep corrosion to a minimum. 

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

6.0 Nonconformance and Corrective Action 

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

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

2.0 

3.0 

4.0 

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. 

SOPS and A-le Methods 

3.1 None 

Definitions 

4.1 

4.2 

4.3 

4.4 

4.5 

4.6 

4.7 

Container Volume (A) 

The volume of deionized water that the container will hold. 

Volume of Water Plus Sludae CB] 

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

Jnitial Volume I )  

Initial volume of sludge in cm3. 

Volume of Water with Treated S ludae (C) 

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

lmwsUB 
Raw sludge that has been mixed with additives. 

Treated Volume CD) 

Treated volume amount of sludge. 

Chanae in Volume (BFl 

Difference of initial volume (I) of sludge and treated volume (D) of sludge. 
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5.0 Procedure 

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. 

Sample Handling, Preservation, and Holding Time 5.3 

5.3.1 

5.3.2 

5.3.3 

5.3.4 

Application of these procedures on hazardous waste samples must 
consider the known or suspected hazardous compounds present. 
Project-specific selection of work area, safe working practices, and 
personal protective equipment shall be made based upon exposure 
potential to the hazardous components. 

All applicable safety and compliance guidelines set forth by IT 
Corporation and by federal, state, and local regulations must be followed 
during performance of this procedure. All work must be stopped 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. 

There are no holding times applicable to this procedure. 

There are no preservation requirements applicable to this procedure. 

5.4 Required Equipment 

5.4.1 Two 5-oz. S/P Dispo@ polypropylene container or equivalent. 

5.4.2 Graduated cylinder. 

5.5 ReagentdStandards 

5.5.1 Deionized water. 

5.5.2 Additives. 

1 5 4  
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5.0 Procedure (continued) 

5.6 Calibration 

5.6.1 Determine the container volume (A). For example, a 5-02. S/P Dispo@ 
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 Analysis/Operation 

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 (B). 

5.7.2 In another 5-OZ container, add same weight as above of raw sludge plus 
the percent additives and mix well. Tap container to release air 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. 

A - B = l  

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

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

A - C = 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 (D). 
I Designate this amount as change in Volume (BF). 

D - I = B F  

where:' I = initial volume, 
D =treated volume, and 
BF = change in volume. 
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5.0 Procedure (continued) 

5.8.4 To get percent change in volume, take (BF) divided by initial volume (I) 
and multiply by 100. 

% Change in Volume = BFA X 100 

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

5.9 Quality Control 

5.9.1 None 

6.0 Nonconformance a nd Co rrective Action 

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. 
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. .  e a- 

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. 

References 

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

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

. . .  e f i m  

4.1 None. 

Procedure 
5.1 Copies of the NBS traceable certification of reference thermometers will be kept 

i n the Qu ality/O pe rat i o n s files. 

5.2 Every three years reference thermometers will be recertified with equipment 
directly traceable to the NBS. A record of the date of this certification will be 
kept in the Equipment Maintenance and Calibration files by the QCC. 

5.3 Each working thermometer in use in the laboratory will be assigned a unique 
number and will be calibrated annually against a reference thermometer using 
the calibration methods listed below as appropriate for the specific use of the 
thermometer: 
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5.0 Procedure (continued) 

5.3.1 Calibration Method 1 : 

5.3.1.1 Working thermometer anG reference thermometers are allowec 
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 a? sane level. At least the whole 
bulb on each thermometer must be completely immersed. Wait 5 
minutes and read. 

5.3.4 Calibration Method 4: 

5.3.4.1 Working thermometers and a reference thermometer are allowed 
to remain together in a freezer for at least one hour. After one 
hour, read the thermometers. 

A Thermometer Calibration form (Figure TDLl02-1) shall be completed for each 
working thermometer calibrated and placed in the Quality/Operation files. 

Any thermometer that does not meet the acceptance criteria (k 1OC) shall be 
tagged to prevent inadvertent use. New thermometers that do not meet the 
acceptance criteria will be sent back to the vendor. Old thermometers that do 
not meet the acceptance criteria will be removed from the lab. 

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

6.1 Any thermometer that does not meet the acceptance criteria (5 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. 

7.0 Records W e m e a  

7.1 A Thermometer Calibration form (Figure TDLlO2-1) shall be completed for each 
working thermometer calibrated and placed in the Quality/Operation files. 

qhc\MACLop\TDL102 
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Reference The m o  meter 

FIGURE TDL102-1 

Thermometer Being Calibrated 

ITAS TECHNOLOGY DEVELOPMENT LABORATORY 

THERMOMETER CALIBRATION 

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

Date last calibrated: 
Time since last calibration 
Description of reference thermometer: 

Calibration 
Method Number 

Working range: 
Acceptance criteria: f "C 

Signed: 

I 
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STANDARD OPERATING PROCEDURE 

ITAS-TECHNOLOGY DEVELOPMENT LABORATORY 

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

DATE REVISED: 3/28/90 
PAGE 1 OF 18 

UNCONFINED COMPRESSIVE STRENGTH REVISION NO: 1 

DATE PREPARED BY APPROVED BY DATE QA CONCURRENCE 

1.0 Purpose and ADDlication 

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 terms 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. "Soil and Rock: 
Building Stones; Geotextiles. Vol. 4.08. 

3.0 Associated SOPS and Applicable 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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3.5 ASTM D-4220 .  

. 3 . 6  ASTM D-4318 .  

4 . 1  Unconfined compressive s t rength - the  compressive s t r e s s  a t  
which an unconfined cy l indr ica l  specimen of s o i l  w i l l  f a i l  i n  
a simple compression t e s t .  

4 . 2  Shear s t rength - for  unconfined compressive s t rength t e s t  
specimens, the shear s t rength i s  calculated t o  be one-half of 
the  compressive s t r e s s  a t  f a i lu re .  

4 . 3  Bleed water - water expelled from the s o i l  due t o  deformation 
o r  compaction. 

5 . 1  ASTM Standard Method D-2166. 

6 . 0  

6 . 1  I f  t h i s  procedure cannot be followed for  any reason, a 
nonconformance memo w i l l  be f i l e d  w i t h  the  Qual i ty  Control 
Coordinator. Corrective act ion w i l l  be approved by the  
Operations or  Project Manager. 

7 .0  Records-- 

7 . 1  Data i s  t o  be recorded i n  a standard laboratory notebook w i t h  
the  pro jec t  it per ta ins  t o  c lear ly  labeled on the  notebook 
Page 

qhc\wordS\sop\TDL1109 
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Standard Test Method for 
Unconfined COmpteSSiVe Strength of Cohesive Soil' 

1. scope 
1.1  This test method covers the determination of the 

unconfined compressive strength of cohesive soil in the 
undisturbed, remolded, or compacted condition, using 
straincontrolled application of the axial load. 

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

1.3 This test method is applicable only to cohesive mate- 
rials which will not expel bleed water (water expelled from 
the soil due to deformation or compaction) during the 
loading portion of the test and which will retain intrinsic 
strength after removal of confining pnssurrs, such as clays or 
cemented soils. Dry and crumbly soils, fiyurcd or varved 
materiais, silts, peats, and sands cannot be tested with this 
method to obtain valid unconfined compression strength 
values. 

NOTE I - T k  ' .on of the unconsolidated, undrained 
of cohesive soils with l a d  confincmmt k QwQcd by Tat 

M~thod D 2850. 

1.4 This test method is not a substitute for Test Method 
D 2850. 

1.5 The values stated in SI units arc to be regarded as the 
standard. The values stated in inch-pound units arc approx- 
imate. 

1.6 This standard may involve hazardous materials. opm- 
ations, and equipment. This standard does not purpon to 
address all of the safay problems asoeiated with its use. It is 
the responsibility of whoever uses this standard to c o d t  and 
establish appropriate safay and health practices and deter- 
mine the applicability of regulatory limitations prior to use. 

2. Referenced Documents 
2.1 ASTMStandards: 
D422 Method for Particle-SiZt Anal* of&@ 
D653 Terminology Relating to Soil, Rock, and Contained 

D 854 Test Method for Spcci6ic Gravit~ of So@ 
D 1587 Practice for Thin-Walled Tube Sampling of Sou 
D 22 16 Method for Laboratory Denrmna . tion of Water 

(Moisture) Content of Soil, Rock and Soil-AgSrrgatc 
Mixturrs2 

D2487 Test Method for Classification of Soils for Engi- 
n k w  Purposes2 

Fluids' 

~ ~ 

I This M method is &the juisdhion of- CommmCC D18oa Soil 
ond Rock and is thc dbsl mpondbility of SuboDmmirtcc D18.05 on Seucnrnl 
Roprris of Soik 

Cumnl edilion .pplwrd July 26. 1985. publirbcd mba 1985.%ill.uy 
publishal as D 2166 - 633. Lra previous edition D 2166 - 66 (1979)''. 

a A n n d  Bwk of ASTM V d  04.08. 

D 2488 Practice for Description and Identification of Soils 
(Visual-Manual Procedure)2 

D2850 Test Method for Unconsolidated, Undrained 
Compressive Svength of Cohesive Soils in Triaxid 
Compression2 

D4220 Practices for Preserving and Transporting Soil 
Samples2 

D 43 18 Test Method for Liquid Limit, Plastic Limit, and 
Plasticity Index of So@ 

3. Terminology 

of terms, 
3.1 Refer to Terminology D 653 for standard definitions 

3.2 Descriptions of T e r n  Specific to this Standard: 
3.2.1 unconfined compressive strength (q J-the compm 

sive stress at which an unconfined cylindrical specimen of 
soil will fail in a simple compression test. In this test method, 
unconfined compressive strength is taken as the maximum 
load attained per unit area or the load pcr unit area at 15 96 
axial strain, whichever is secured first during the perform- 
ance of a test. 

3.2.2 shear strength (s J-for unconfined compressive 
strength test specimens, the shear strength is calculated to be 
*h of the compressive stress at failure, as defined in 3.2.1. 
4. Silcwe a d  use 

4.1 The primary purpose of the unconfined compmsion 
M is to quickly obtain the approximate compressive 
strength of soils that posscss sutlicient cohesion to permit 
testing in the unconfined state. 

4.2 Samples of soils having slickensided or h u e d  struc- 
ture, samples of some typcs of loess, very soft clays, dry and 
crumbly soils and varved materials, or samples containing 
significant ponions of silt or sand, or both (all of which 
usually exhibit cohesive properties), frequently display higher 
shear strengths when tested in accordance with Ten Method 
D 2850. Also, unsaturated soils will usually exhibit different 
shear strengths when testcd in accordance with Test Method 
D 2850. 

4.3 If both an undisturbed and a remolded test are 
performed on the same sample, the sensitivity of the m a t e d  
can be demmincd. This method of determining sensitivity is 
suitable only for soils that can retain a stable specimen shape 
in the remolded state. 

NOTE I-ForrOilthalarill not retain anable shap. a vane sham 
or Tat Mahod D 2850 can be used to dctumine sensitivity. 

5. Appnratus 
5.1 Compression Device-The comprcsion device may 

be a platform weighing scale equipped with a screw-jack- 
activated load yoke, a hydraulic loading device, or any other 

164  



SOP NO: TDL1109 
DATE INITIATED: 7/31 
REVISION NO: 1 

@ D2166 DATE REVISED: 3/28/90 

compression device with sufficient capacity and control to 
Drovide the rate of loading pnmibed in 7.1. For soil with an 
unconfiaed compressive smngth of l m  than 100 kPa (1.0 
ton/@) the comprtssion device shall be capable of mea- 

’ suring the compressive strcss to within 1 kPa (0.01 ton/fP). 
For soil with an unconfined compressive Jtrength of 100 kPa 
(1.0 ton/*) or greater, the compression device shall be 
capable of mtasuring the compressive strcss to the nearest 5 
kPa (0.05 ton/fP). 
5.2 Sumpfe &ruder, capable of extNdiLLg the soil con 

from the sampling tube in the same direction of travel in 
which the sample entered the tube, at a uniform rate, and 
with negligible diswbance of the sample. Conditions at the 
time of sample removd may dictate the direction of re- 
moval but the principal concern is to keep the dcmc of 
disturbance negligible. 
5.3 Deformation Indicator-The deformation indicator 

shall be a dial indicator pduated to 0.03 mm (0.001 in.) or 
better and having a travel range of at least 20 % of the length 
of the test specimen, or some other meanving device, such as 
an elecrronic deformation measuring device, meeting these 
requirements. 
5.4 Dial Comparator, or other suitable device, for mea- 

suring the physical dimensions of the specimen to within 
0.1 95 of the meaSund dimension. 

NOTE 3-V& calipers are not r&ommmbed for soft Spcimcnr, 
which wiU ddm as thc calipcrsare sct on thc .rrcimcn. 

5.5 Timer-A timing device indicating the elapsed testing 
time to the nearcst second shall be used for establishing the 
rate of serain application prescriba! in 7.1. 
5.6 BolrmceLThe balance used to weigh fpecimens shall 

detnmiaethemasoftheSpecimentowithin0.1Sb ofits 
total mass. 
5.7 Equipment, as specified in Method D 2216. 
5.8 Misceffaneouc Appo~olt~s, including Specimen trim- 

ming and carving too4 remolding apparatus, wata content 
cans, and data shects, as required 

6. Prepantion of Test S p e c c i  
6.1 Specimen Size-Spedmcns shall have a minimum 

diameter of 30 mm (1.3 in.) and the largest particle con- 
tained within the test specimen shall be smaller than one 
tenth of the specimen diameter. For spuimcns having a 
diameter of 72 mm (2.8 in.) or huger, the largest @de Sizt 
shall be smallerthan one sixth ofthe specimen diameter. U, 
after completion of a test on an undishubed spaken, it is 
found, based on visual obsaration, that larger @des than 
permitted are present, i n d i e  this idonnation in the 
remarks section of the rrport of test data (Note 4). The 

mine the average height and diameter of the test specimen 
using the apparatus specified in 5.4. Take a minimum of 
thrce height measurements (12V apt),  and at least thne 
diameter measurements at the quarter points of the height. 

height--- ratio shall be betwan 2 a d  25. Deta- 

N m  4-If lprsc soil parrictes are found ~II tht aRer tahg,  a 
prformed in poeordrna with Method D422 m y  pvcictarioc 

aprformcdtocollhrmthevinulobsantton . .adthtnsutfsp?ovided 
WiththctmrcporL 

PAGE 4 OF 18 
6.2 Undisturbed Specimens--Rcpan undisturbed spaci- 

mens from large undisturbed samples or from samples 
Secured in accordance with Practice D 1587 and preserved 
and transported in accordance with the practices for Group 
C samplcs in Practices D4220. Tube specimens may be 
tested without trimming except for the squaring of ends, if 
conditions of the sample justifv this procedure. Handle 
specimens carefully to prevent dismban ce, changes in cross 
section, or loss of water content. If compression or aqy type 
of noticeable disturbance would be caused by the extrusion 
device, split the sample tube lengthwise or cut it off in small 
sections to faditate removal of the specimen without 

and whenever possible, in a humidity-controlled mom. 
Make every effort to prevent any change in water content of 
the soil. Specimens shall be of uniform circrrlar cross section 
with en& perpendicular to the longitudinal axis of the 
specimen. When carving or trimming, remove any small 
pebbles or shells encountered. Carefully f2l voids on the 
surface of the specimen with remolded soil obtained from the 
tnmrmngt. When pebbles or mmbhg rtJUlt in exccssive 
imsulanty at the ends cap the specimen with a minimum 
thickness of plastcr of paris, hydrostone, or similar material. 
When sample condition permits, a vertical lathe that will 
accommodate the total sample may be used as an aid in 
carving the specimen to the required diameter. whm 
prevention of the development of appreciable capillary forces 
is deemed imponant, sed the specimen with a rubber 
membrane, thin plastic cuatings, or with a coating of grease 
or sprayed plastic immediately after preparation and during 
t h ~ ~ t i n ~ c y c l e . D e t a r m n  . e the mas and dimensions 
ofthe test specimen. Ifthe specimen is to be capped, its mass 
and dimensions should be detcrmm ’ ed before capping If the 
entire test specimen is not to be used for determination of 
water content, sccun a rrprrsentative sample of cuttingr for 
this purpose, piacing them immediately in a covered con- 
tainer. The water content detmnination shall be performed 
in acu~dance with Method D 2216. 
6.3 Remolded Spacimm-Spccimens may be prrpand 

c i t h c r h m a f a i l e d u n d h w k l  Specimen or from a dis- 
turbcd sample, providing it is rrpresentative of the failed 
undismdxd specimen. In the case of failed undhurbd 
specimens, wrap the mataial in a thin rubber membrane 
and work the material thoroughly with the finger3 to assure 
complete remolding Avoid entrapping air in the specimen. 
Exercise care to obtain a uniform density, to remold to the 
Same void ratio as the undhwkl specimen. and to pmcrve 
the natural water content of the soil. Form the dhurbd 
material into a mold of circdar cross section having dimen- 
sions meeting the requirements of 6.1. Afta removal from 
the mold, detamine the mass and dimensions of the test 

6.4 Compaaed Specimem-Spechcm shall be prepared 
totheprcdamm * ed water content and density prrscribcd 
by the individual tht test (Note 5). Aftcr a 
specimen is formed, trim the en& perpendicular to the 
longitudinal axis, remove from the mold, and detniiiine the 
mass and dimensions of the M Specimen. 
 re s-trpricnccindicauthatit bditiinrtttocompan. handle. 

ando- valid r c 5 u l t s W i t h e a  that hrvtadefce ofmJrdtion 
that isgrcaurthn 90 w. 

dimrbance. Rcpan carved Specimens without disturbance, 

. .  
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7 .  Roecdmc 
7.1 Place the specimen in the loading device so that it is 

antered on the bottom platen. Adjust the loading devia 
carefully so that the upper platen just makcs contact with the 
specimen. Zero the deformation indicator. Apply the load so 
as to produce an axial strain at a rate of Yz to 2%/min. 
Record load, deformation, and time values at sufiicient 
intervals to define the shape of the s t m s a a b  curve ( u s d y  
10 to I5 points are sdlicient). The rate of strain should be 
chosen so that the time to failure docs not exceed about I5 
min (Note 6). Continue loading until the load values 
dmcascwithincrwsingStain,orunti l l5%strainis  
reached. T'he rate of strain used for testing scald specimens 
may be dccrrased if deemed desirable for better test results. 
Indicate the rate of strain in the rcport of the test data, as 
required in 9.1.7. Determine the water content of the test 
specimen using the entire specimen, unless reprrsentative 
cunings are obtained for this purpose, as in the case of 
undisturbed specimens. Indicate on the test report whether 
the water content sample was obtained before or after the 
shear tcst, as required in 9.1.2. 
NOTE 6-Sok materials that will exhibit h g ~ ~  &formation at 

failure should k tated at a higher rptc of strain. ConMdy. mor 
brittle Luamiakthatwillexhibit ddcformrXionsatfPilurc~uldk 
teRed at a Iowa ntc of maia 

7.2 Make a sketch, or take a photo, of the test specimen at 

angle is measurable. 
7.3 A copy of a sample data sheet is included in Appendix 

XI. Any data sheet can be used, provided the form contains 
all the required data. 

8. ColcaiPtioas 

a given applied load, as follows: 
@ I ' U &  

whm: 
U = length change of specimen as read from deformation 

I-,, = i n i ~ l e n g t h o f t e s t s p e d m ~ ~ ( h ) .  
8.2 Calculate the average cmssscdonal a m ,  A, for a 

given applied load, as follows 

whm: 
&, = initial average cross-Jectional area of the specimen, 

e l  = axial strain for the given load 96. 
8.3 Calculate the compresivt SUCS% a, to three signifi- 

cant figuns, or nearest I k ~ a  (0.01 ton/*), for a given 
applied load, as follows: 

a, = (PIA) 

failure showing the slope angle of the failure surface if the 

8.1 Calculate the axial strain, c I ,  to the nearest 0.1 %, for 

indicator, mm (in.), and 

A N(l - ti) 

mm2 (in?), and 

where: 

A = corresponding average crws-sectional area mm2 (in.2). 
8.4 Gruph-If dcsid, a graph showing the relationship 

between compressive stress (ordinate) and axial strain (ab- 

P = given applied load, kPa (ton/*), 

scissa) may be plotted. Select the maximum value of 
compressive strrss, or the compressive stnss at 15 % axial 
strain, whichever is sccuftd fim, and report as the 
unconfined compressive strength, qw Whenever it is consid- 
md ntccssary for proper intapretation, include the graph of 
the -strain data as part of the data reported. 

8.5 If the unconfined compressive strength is determined, 
the sensitivity, s, is calculated as follow: 

qu (undisturbed specimen) 
ST = qu (remolded specimen) 

9. Report 
9.1 The report should include the following: 
9.1.1 Identification and visual description of the spec- 

imen, including soil classification, symbol, and whether the 
specimen is un- remolded, compacted, etc. Also 
include specimen identifying information, such as project, 
location, boring number, sample number, depth, etc. Visual 
descriptions shall be madc in accordance with Practice I 

D 2488, 
9.1.2 Initial dry density and water content (specify if the 

water content specimen was obtained before or after shear, 
and whether h m  cuttings or the entire specimen), 

9.1.3 Dcgne of saturation (Note 7). if computed, 

9.1.4 Uncontined compressive strength and shear 
mngth, 

9.1.5 Average height and diameter of specimen, 
9.1.6 Heigbt-t+diameter d o ,  
9.1.7 Average rate of Strain to failure, %, 
9.1.8 Strain at tailure, 96, 
9.1.9 Liquid and plastic limits, if determined, in accord- 

a n a  with Test Method D 43 18, 
9.1.10 Failure sketch or photo, 

9.1.12 Sensitivity, ifdetcrmined 
9.1.13 Partide size analysis, if determined, in accordance 

9.1.14 Remanlcr-Note any unusual conditions or other 

the d t s  obtained, for example, slickensides, stratification, 
shells, pebbles, roots, or brittleness. the typt of fdurc (that 
is, bulge, diagonal shear, etc.1. 

9.1.11 strrJs-sa;un * graph,ifprepared, 

withMethodD422,and' 

data that would be considaed necessary to Proptrly interpm 

IO. Prrcisioa d Bhs 
10.1 No method presently exists to evaluate the precision 

of a group of unconfined compression MS on undisturbed 
Specimens due to spechen variability. Undisturbed soil 
specimens b m  apparently homogeneous soil deposits at the 
same location often exhibit SgnifiCantly diflirrat strength 
andstrrss-stram - propemes. 

102 A suitable test material and method of specimen 
pqxuation ha- not been developed for the detnmina tion 
of laboratory varianm due to the ditficulty in producing 
identical cohesive soil qkcimtns. NO estimatcS of precision 
for this M method arc available. 
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APPENDIX XI: 

UNCONFINED COMPRESSION T E S T  

1. INTRODUCTION. The unconfined compression test i s  used to meas-  

ure the unconfined compressive strength of a cohesive soil. The uncon- 

fined compression test is  applicable only to coherent materials such a s  

saturated clays or cemented soils that retain intrinsic strength after re-  

moval of confining pressure; it i s  not a substitute lor the Q test. Dry or 

crumbly soils, fissured or varved materials, silts, and sands cannot be 

i tested meaningfully in unconfined compression. iri  this test, a laterally 

unsupported cylindrical specimen i s  subjected'to a gradually increased 

axial  compression load until failure occurs. The unconfined compression 

test i s  a form of triaxial test i n  which the major principal stress i s  equal 

to the applied axial stress, and the intermediate and minor principal 

stresses  a r e  equal to zero. The unconfined compressive strength, %, 
i s  defined a s  the maximum unit axial  compressive stress at  failure or at  

1 5  percent strain, whichever occurs first. The undrained shear strength, 

s 

strength. The axial load may be applied to the specimen either by the con- 

trolled strain procedure, in which the stress  i s  applied to produce a pre- 

determined rate of strain, or by the controlled stress procedure, in which 

the stress  i s  applied i n  predetermined increments of load. 

2. A P P A R A T U S .  The apparatus consists of the following: 

i s  assumed tb be equal to one-half the unconfined compressive 
U '  

- 
a. Equipment formpreparing Specimen. A trimming frame as de- 

8cribed-h paragraph 3 5  of Appendix X, TRIAXIAL COMPRESSION TESTS, 
or a trimming cylinder with beveled cutting edges m a y  be used for trim- 
ming specimens. The equipment should include wire saws and knives of 
various sizes  and types for use with the trimming frame. A motorized 
soil  lathe may be used advantageously under certain circumstances. A. 
miter box or cradle is required to t r i m  the specimen to a fixed length and 
to ensure that the ends of the specimen are parallel with each other and 
perpendicular to the vertical axis of the specimen. 

b. Loading Device. A number of commercially available 
control1;d-strain or controlled-stress types of loading devices are suit- 
able for applying the axial loads in the unconfined compression test. In 

XI-1 
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general, controlled- strain 

type loading devices are  

preferable, and the proce- 

dures described herein are  

based on the use of this type 

of equipment. If available, 

an automatic stress-strain 

recorder may be used to 

measure and record applied 

axial loads and displace- 

ments. A typical loading 

device i s  shown in Figure i. 
Any equipment used should 

be calibrated so that the 

loads actually applied to the 

soil specimen can be deter- 

mined. The required sensi- 

tivity of stress-measuring 

equipment for both controlled- 

stress and controlled- strain 

testing will vary with the 

strength characteristics of 

the soil. For relatively weak 

soils (compressive strengths 

less than 1.0 ton per sq ft), 
Figure l. Typical unconfined compres- 

sion test apparatus 
the unit load should be mea-  

surable to within 0.01 ton per 

crq ft .  'For soils with compressive strengths of 1.0 ton per sq f t  or greater, 

the loads should be measurable to the nearest 0.05 ton per sq ft. 

c.  Measuring equipment, such as  dial indicators and calipers, - 
st1i;able for measuring the dimeiiPions and axial deformatior. of a specimen 

XI -2  
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to the nearest 0 . O O i  in. 

- d. Timing device, either a watch or clock with second hand. 

- e. Balances, sensitive to 0. i  g. - f .  Other. Apparatus necessary to deternine water content and 

specific gravity (see Appendixes I, WATER CONTENT - GENERAL, and 

IV, SPECIFIC G U V I T Y ) .  

3. PREPARATION O F  SPECIMENS. a. Specohen Size. Unconfined 

compression specimens shall have a minimum djam.eter of 1.0 in. (prefer- 

ably 1.4 in.), and the largest  particle in any trs’; specimen will be no 

greater than one-sixth the specimen diameter. The height-to-diameter 

ratio shall be not less  than 2.1. Commonly used diameters of unconfined 

compression specimens a r e  1.4 and 2.8 in. Specimens of 1.4-in. diameter 

a r e  generally used for testing cohesive soils which contain a negligible 

amount of gravel. 

- 

- b. Undisturbed Specimens. Generally, undisturbed specimens 

a r e  prepared from undisturbed tube or  chunk samples of a larger size 

than the test specimen. Core or thin-wall tube samples of relatively small 

diameter may be tested without further trimming except for squaring the 

ends, if  the condition of the soil requires this procedure. Specimens must 

be handled carefully to prevent remolding, changes in cross  section, or 

loss of moisture. To minimize disturbance caused by skin friction between 

samples and metal sampling tubes, the tubes should be cut into short 

lengths before ejecting the sam,les. Sample ejection should be accom- 

plished with a smooth continuous, and fairly rapid motion in the same 

direction that the sample entered the tube. All specimens shall be pre- 

pared in a humid room to prevent evaporation of moisture. The specimen 

shall be prepared a s  follows: 

(1) From the undisturbed sample cut a section somewhat 

larger i n  length and diameter than the desired specimen size.  

X I - 3  
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It i s  generally desirable to prepare duplicate specimens for unconfined 

compression testing, and selection of material for testing should be made 

with this in mind. 

(2) Carefully trim the specimen to the required diameter 

using a trimming frame and various trimming tools (see Fig.  7 ,  Appendix 

X, TRIAXIAL COMPRESSION TESTS).  Remove any small shells or 

pebbles encountered during the trimming operations. Carefully fill voids 

on the surface of the specimen with remolded soil obtained from the trim- 

mings. Cut the specimen to the required length, using a miter box (see 

Fig.  8 ,  Appendix X, TRIAXIAL COMPRESSION TESTS). Where the pres-  

ence of pebbles or crumbling results in excessive irregularity at  the ends, 

cap the specimens with a minimum thickness of plaster of Paris,  hydro- 

stone, or other support material. Care must be taken to insure that the 

ends of the specimen are parallel with each other and perpendicular to the 

vertical  axis  of the specimen. 

(3) F r o m  the soil trimmings obtain 200 g of material for 

specific gravity and water content determinations (see Appendixes I, 
WATER CONTENT - GENERAL, and IV, SPECIFIC GRAVITY). 

(4) Weigh the specimen to an accuracy of *O.Oi g for 1.4-in.- 

diameter specimens and t O . 4  g for 2.8-in.-diametex specimens. If speci- 

mens a r e  to be capped, they should be weighed before capping. 

(5) Measure the height of the specimen with calipers or a 

scale and the diameter with calipers or circumference measuring devices. 

If the specimen i s  cut to a fixed length in a miter box, the length of the 

miter box can be taken a s  the height of specimen for routine tests, and 

additional height measurements are not usually necessary. It is  always 

advisable to measure the diameter of the specimen after trimming, even 

though specimens are cut to a nominal diameter in a trimming frame. 

Make al l  measurements to the nearest * O . O i  in. Determine the average 

initial diameter, Do, of the specimen using the diameters measured at 

the top, D,, center, Dc, and bottom, Db, of the specimen, a s  follows: 

XI -4 
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Dt + 2Dc + 
4 

Do = 

( 6 )  If the specimen is  not tested immediately after preparation, 
precautions must be taken to prevent drying and consequent development of 

capillary stresses. When drying before or during the test is anticipated, 

the specimen may be covered with a thin coating of grease such as  petro- 

latum. This coating cannot be used if the specimen is to be used in a sub- 

sequent remolded test. 

- C. Remolded Specimens. Remolded specimens usually are pre- 

pared in conjunction with tests made on undisturbed specimens after the 

latter has been tested to failure. The remolded specimens are tested to 

determine the effects of remolding on the shear strength of the soil. The 

remolded specimen should have the same water content a s  the undisturbed 

specimen in order to permit a compariron of the results of the tests on 

the two specimens. The remolded specimen shall be prepared a s  follows: 

Place the failed undisturbed specimen in a rubber mem- 

brane and knead it thoroughly with the fingers to assure complete remold- 

ing of the specimen. Take reasonable care to avoid entrapping air in the 

specimen and to obtain a uniform density. 

(4 )  

(2)  Remove the soil from the membrane and compact it in a 
cylindrical mold with inside dimensions identical with those of. the undis- 

turbed specimen. The compaction effort i s  not critical  since the water 

contents of soils subjected to remolded teste are  always considerably 

wetter than optimum. Care must be taken, however, to inrure uniform 

denrity throughout the specimen. A thin coat of petrolatum on the inside 

of the molding cylinder will assist  in the removal of the specimen after 

compaction. 

by means of a close fitting piston, and plane off the top of the specimen. 

The specimen i s  then ready for teoting. 

(3) Carefully remove the specimen from the mold, preferably 

l a - 5  
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(4) Follow the eteps outlined in paragraphs 3b(4) and 3g(5). 
4. PROCEDURE. The procedure shall consiat of the following steps: 

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

the data sheet (eee Plate XI-* which is  a suggested form). The data sheet 

i e  alro ueed for recording test observations dercribed below. 

on the bottom platen; then adjurt the loading device carefully eo that the 

loading ram or upper platen barely i s  in contact with the specimen. If a 

proving ring i r  ured for determining the axial load, contact of the platen 

and epecimen ie indicated by a alight deflection of the proving ring dial. 

Attach a dial indicator, eenritive to 0.001 in., to the loading ram to mea- 

sure vertical deformation of the rpecimen. Record the initial reading of 

the dial indicator on the data eheet (Plate XI-I) .  Teat the rpecimen at an 

axial rtrain rate of about i percent per minute. For very rtiff or brittle 

materials which exhibit rmall deformations at  failure, i t  may be desirable 

to t e a t  the rpecimen at a dower rate of rtrah..  Obrerve and record the 
remlting load correeponding to incremente of 0.3 percent rtrain for the 

f irrt  3 percent of rtrain and in increments of 1 or 2 percent of strain 

thereafter. Stop the test when the axial load remains conrtant or when 

20 percent axial strain has been produced. 

Record the duration of the teat, in m u t e r ,  to peak rtrength 

(time to failure), type of failure (shear or bdge), and a sketch of rpeci- 

men after failure on the data rheet (Plate XI-2). 
After the test, place the entire rpecimen or a representative 

portion thereof in a container of known weight and determine the water 

content of the specimen in accordance with Appendix I, WATER CONTENT 

- GENERAL. 

5. COMPUTATIONS. The computationr conrirt of the following steps: 

(Plate m-4) the water content, volume of rolidr, void ratio, degree of 

- 
- a. Record all  identifying information for the sample such a s  

- b. Place the epecimen in the loading device so that it i e  centered 

- C. 

- d. 

a. F r o m  the obrerved data, compute and record on the data eheet - 

XI-6 
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saturation, and dry density, using the formulas presented in Appendix XI, 
UNIT WEIGHTS, VOID RATIO, POROSITY, AND DEGREE OF SATURATION. 

- b. Compute and record on the data sheet the axial strain, the cor-  

retted area, and the compressive stress,  at each increment of strain by 

using the following formulas: 

AH Axial  strain, L = - 
HO 

AO Corrected area of specimen, Acorr,  sq cm = i-c 

Compressive stress,  tons per 

where 

AH = change in height of specimen during 

Ho = initial height of specimen, c m  

A. = initial area of specimen, sq c m  

P = applied axial load, lb 

P sq ft = - X  0.465 
Acorr 

test, c m  

6. PRESENTATION OF RESULTS. The results of the unconfined com- 

pression test shall be recorded on the report form ehown a s  Plate XI-2. 

Pertinent information regarding the condition of the specimen, method of 

preparing the specimen, or any unusual features of each specimen (such 

as  slickensides, stratification, shells, pebbles, roots, or brittleness) 

should be shown under "Remarks." The applied compreesive stress 

shall be plotted versus the axial strain in Plate XI-2. The unconfined 

compressive strength, qu, of the specimen shall be taken a s  the maxi- 

mum or peak compressive stress. F o r  tests continued to 20 percent 

rtrain without reduction of axial load occurring, the unconfined compres- 

eive strength a s  a rule shall be taken a s  the compressive stress at  45  per- 

cent strain. 

XI-7 175 
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Where the unconfined conrpresiivq strength of a spscimen is also ob- 
shall also be calculated St' 

tained after remolding, the sensitivity ratio, 

and reported. The sensitivity ratio is defined as  follows: 

qu (undislurbed) 

't - q,, (remolded)'- 
- --- 

7.  POSSIBLE ERRORS. Follnwirig are possihlr errors that would causa 

ina c curate de t e r mina tions o f  un c on f i ue J c urn pr e 9 s i v e s t r c ng th : - 

- a.  Test  not appropriate to type of soil. 

- b. 
c.  

Specimen disturbed while triittming. 

Loss of initial water content. A small change in water content - 
can cause a larger change in the strength of a clay, so it is  essential that 

every care be taken to protect the specimen against evaporation while 

trimming and measuring, during the test, and when remolding a specimen 

to determine the eensitivity. 

d. Rate of strain or rate of loading too fast. - 
8. 

STRENGTH DETERMINATIONS. 

ment, such a s  cone penetrometers and vane shear apparatus, may be used 

advantageously in the laboratory as  a supplement to the basic unconfined 

compression test equipment for determining the undrained shear strength 

of cohesive soils. The use of these testing devices generally results i n  

savings in cost and time. However, the devices should b.e used with cau- 

tion until sufficient data and procedural details are established to assure 

their successful application. 

USE OF OTHER T Y P E S  OF EQUIPMENT FOR UNDRAINED SHEAR 

Various other types of laboratory equip- 

Use of such testing apparatus, as a rule, 

X I  -8 
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rhould be preceded by careful corralationr with tb. r o d t r  of teato with 
the h a i c  unconfined compraarion tact squipanost 011 

8ad correlationr devalopod fot 8 liven t y p . o f  roil r W d  mot be urad in- 
dircrimbately for 811 aofla. 

rune type of ooil, 

XI-9 177 



SOP NO: ~ ~ ~ 1 1 0 9  
DATE INITIATED: 2/2&79 
REVISION NO: 1 
DATE REVISED': 3/28/90 
PAGE 17 OF 18 

EM 11iO-2-1906 
Appendix XI 
30 Hov 70 - -1onTET 1 

1 D.t. 



2247 SOP NO: TDL1109 
DATE INITIATED: 7/31/89 
REVISION NO: 1 
DATE REVISED: 3/28/90 
PAGE 18 OF 18 

EM iii0-2-1906 
Appendix XI 

30 Nov 70 

0 5 20 

a s - ,  0 
h a t  lo. I I I I 

PLATE XI-Z 179 XI 4 4  



- 2247 

APPENDIX C 

PROCEDURES 



2247 

APPENDIX C 
OTHER OPERATING PROCEDURES 

TABLE OF CONTENTS 

Nuclear Waste Glass product Consistency Test - Version 3.0 (v) 

B m n g  Factor Procedure for Nonsludge Type Waste 
5-Day Static Leach Test procedure 
Modified TCLP Leach Test F’rocedure 
Waste and Reagent Mixing Procedure 
Waste Form Temperature Rise Generic Procedure 
Permeability 
Generic pH and Eh Procedure 
Proposed Radon Emissions from Stabilized Waste 
Shear Strength 
Metal Extractions 
Precipitation 
Vitrification of Leachate 
Generic Uranium by Ion Chmmatography 

1 
4 

7 
8 
9 

10 
11 
13 
14 

19 
24 
26 
27 
28 



RUFS Treatability Work Plan 
October 5.1991 
Vol. WP-Appendix C 
Page 1 of 28 2247 

NUCLEAR WASTE GLASS PRODUCT CONSISTENCY TEST - VERSION 3.0 (U) 1 

A durability test, designated for product Consistency Test (Po, has been developed for glasses 
produced in the Defense Waste Processing Facility (DWPF).' The test is designed to meet the 

-requirements of the Waste Acceptance Preliminary Specifications (WAPS) 1.3 and 1.4: Specification 
1.3 requires the DWPF to demonstrate control of the radionuclide release properties of the final waste 
form. Changes in phase composition due to devitrification do not greatly alter the rate of release of 
material from the glass3 of the type that will be produced in DWPF. The WAPS Specification 1.4 
however requires that the release properties of devitrified glass be similar to those determined in 
Specification 1.3. The D W F  is responsible for relating the results of the PCI' to a repository site- 
specific release test, or alternatively, for performing the repository site-specific release tests. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

The PCT has been developed, in part, to satisfy the WAPS requirements by providing a test which is 
(1) sensitive to glass composition and homogeneity, and (2) has the potential to be related to 

11 

12 

13 

14 

repository site-specific release tests. The test was designed to provide confirmation of the consistency 
of DWPF glass under the following considerations: 

Sensitivity of the test to glass composition and homogeneity 
Time necessary to demonstrate product quality 
Ease of sample preparation for radioactive glass 
Ease of test procedure for remote operation 
Precision of the test results 
Acceptance of waste form developers and repository projects 

15 

16 

17 

18 

19 

20 

During PCT development, sample size was limited to 100-200 mesh (149-74 m) crushed glass because 
leaching of finer mesh sizes can cause overestimation of saturation concentrations, e.g. if finer 
powders are used, mass balance calculations need to be used to determine the maximum saturation 

estimation of the sample surface area than coarser sized samples. Moreover, use of a comer mesh 
crushed glass simplifies sample preparation for radioactive service. 

21 

22 

23 

24 

25 

26 

concentration expected from a given particle size! Fine particles also contribute larger errors to the 

One test temperature, 90°C, was chosen for the PCT. This temperature is representative of the 
anticipated temperature in a repository because of the heat of decay of the radionuclides in DWPF 
waste glass. A single leachant, American Society for Testing and Materials (ASTM) Type I water, 

n 
28 

29 

was specified so that the test would be dominated by elemental species leached from the glass. 

The vso,,,/msolid ratio for the 
were evaluated. 

was chosen as 10 mL/g and test durations of 1, 3, 7, 14, and 28 days 
Seven days was chosen as the minimum test duration that optimized test precision but 

31 

32 

did not sacrifice discrimination.' 33 

182 
FERx)M/JIc361 .APc/lo-ol-91 



RUFS Treatabiity Work Plan 
Octobers. 1991 
Vol. WP-Appendix c 
Page 2 of 28 2247 

Leachate filtration to c0.45p.m was determined to improve the precision of the PCT. Flltering is 
advantageous because it removes colloidal species that would otherwise dissolve during the leachate 
acidification step and erroneously be measured as soluble elemental species. Filtering the leachate also 
removes the potential for fme glass particulates to become entrained in the leachate acidification? 
Such a dissolved particulate of glass would give an erroneously high soluble leachate concentration or 
contribute excessive radioactivity to the leachate. 

P a  sample preparation specifies that the sieved glass should be washed in ASTM Type I water and 
absolute ethyl alcohol to remove electrostatically adhering fine panicles. Comparisons of B.E.T. 
specific surface area measurements of alcohol washed and unwashed crushed basalt demonstrated that 
there was less than a 5 percent difference in the total surface area? Other studiesGg have 
demonstrated that the clpn fine particles only affect the initial non-linear kinetics of dissolution, e.g. 
the first 24-hour period. Thereafter, the fines are consumed with no further effect on the bulk 
dissolution. The amount of fines adhering to a glass sample however, is an uncontrollable quantity 
and, hence, sample washing was included in the FXT. Later experimental studies verified that sample 
washing improved the precision and the accuracy of *e P a .  

An Savannah River Laboratory (SRL) internal round mbin' and a seven-laboratory external round 
robin were completed" to determine the precision and accuracy of the FXT. Confirmatory testing on 
radioactive samples was also performed." These studies indicated that the FCI' was very 
reproducible, yielded reliable results rapidly, and could be easily performed in shielded cell facilities 
with radioactive samples. 

This draft was submitted to ASTM subcommittee C26.13 on Repository Waste Package Materials 
Testing in January 1990. 
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BULKING FACTOR PROCEDURE FOR NONSLUDGE TYPE WASTE 1 

The bulking factor is the measured percent volume increase/decrease of the treated waste, relative to 
the original waste volume. The bulking factor measurement for a pourable waste sludge will follow 
the Standard Operating Procedure (SOP) in Appendix B. For a nonsludge material, the bulking factor 
will be determined by using bulk density values. The bulking factor will be calculated by using the 

2 

3 

4 

5 

following equation: 6 

where 

BF = percent change in volume relative to untreated waste 
A = percent additives relative to untreated waste (weight to weight) 
Pt = density of mated waste 
P, = density of raw waste 

The bulk density of the raw waste will be determined in the site characterization. The bulk density of 
the treated waste will be calculated by dividing the weight of the unconfrned compressive strength 
(UCS) solid cylinder (e.g., 1.5 by 3 or 2 by 4 inches) by its volume. (See "Stabilization/Solidification 
of CERCLA and RCRA Wastes," (EPA/625/6-89/022), Section 4.2.4 for a description of bulk density 
measurement of stabilized waste.) 

Bulk density of the raw waste values used in the treatability study will be averaged values from 
several locations in each pit. These average values will be used in the bulking factor calculation. 

The BF equation was derived as follows: 

BF is defined as the percent change in volume resulting from treatment to the initial volume. This 
change can be presented mathematically as follows: 

where 

V, = volume of waste after treatment 

FERA3U4-6LfK.361.Apc/10-01-91 
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V, = volume of waste before treatment 

Volume can be expressed as a function of density. 

m V = -  
P 

where 

m = massofwaste 
P = density of waste 

Equation (2) can be used to express V, and V, 

m v, = - and 
pr 

m + t  v, = - 
p, 

where 

t = mass of reagents added 

Substituting equations (3) and (4) into (1) gives: 

This can be reduced as follows: 
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i is the fraction of reagents relative to the untreated waste. This can also be expressed as a 
percentage and redefined as follows: 

(7) 1 0 0  t - = A  
m 

Using equation (7) in (6) gives 

[(lo0 + A)/P, - 100/Prl 
BF = 100 

100/Pr 

1 

2 

3 
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,EACH TEST PROCEDURE 1 

The 5-day static leach test uses a monolith and demineralized water. These conditions are more 
representative of what would be expected for waste placed in a disposal facility. The 5-day static 
leach test is a modification of the American National Standard Measurement of the Leachability of 
Solidified Low-Level Radioactive Waste by a Short-Term procedure. The 5day static leach test 
differs from the ANSUANS-16.1-1986 as follows: the treated sample is leached for a 5 days contin- 
uously instead of 12 wash-leach periods over 90 days, the sample is supported in the leaching solution 
by a permeable polymeric material or a Teflon@ cage, the effective diffusion coefficient will not be 
calculated, and the concentration of the metals in the treated sample before leaching will not be 
analyzed. Optionally, the sample may be soaked in another batch of deionized water leachant for an 
additional 85 days. The physical appearance of the sample would be noted after the cumulative 90- 
day leaching. The leaching solution may be analyzed as with the 5day leaching solution. 
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MODIFIED TCLP LEACH TEST PROCEDURE 1 

The modified toxicity characteristic leaching procedure (MTCLP) leach test is a modification of the 
TCLP test. The TCLP procedure is in Federal Register, Vol. 55, No. 126, pages 26.986 through 
26,998. The MTCLP screening data will be acquired in the initial stage(s) to minimize costs and 
waste generation. 5 

2 

3 

4 

The same leachant to solid ratio and leachants (TCLP Type 1 and 2) are used in both procedures. The 6 

7 

8 

9 

MTCLP differs from the standard TCLP as follows: the MTCLP uses 2.5 grams of material instead of 
100 grams; the MTCLP generates 50 milliliters of leachate instead of 2 liters; and the leachate from 
the MTCLP is analyzed for metals only rather than metals and organics. 
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WASTE AND REAGENT MIXING PROCEDURE 1 

The waste will be sieved through a 3/8-inch-mesh screen before testing. Obvious debris such as 
chunks of wood and metal will be removed. The percent weight and visual observation of removed 
debris will be noted. In the preliminary phase, 100 to 110 grams of waste and correct amounts of 
reagents will be mixed in a plastic container or a metal mixing bowl. The amount of water added will 
be determined empirically. Enough water will be added to make the mixture into a paste. Mixing 
will be done by hand with a spatula until the mixture has an even consistency without any lumps or 
mixed in a Planetary mixer. The mixture will be compacted using a vibrating table. The plastic 
container will be filled approximately half full and vibrated at least 1 minute. The remainder of the 
container will be filled and vibrated for another 1 minute. The vibrating table will be set at 
approximately 38 percent maximum power. The container will be sealed with a lid and taped. The 
treated samples will be cured at room temperature for 28 days in the sealed containers; 

In the advanced phase, approximately 300 grams of waste per mold will be mixed with the correct 
amount of reagents in Planetary mixer. The mixture will be placed into a 2- by 3-inch Jatco plastic 
cylinder in three to six aliquots. The mixture will be compacted using a vibratory table. After the 
molds are loaded, they will be capped and sealed with tape until the sample is tested on day 28. 
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STABILIZATION WASTE FORM TEMPERATURE RISE GENERIC PROCEDURE 

Measure room temperature (A). 

Mix waste and reagents thoroughly to homogenize the mixture. 

Place 50 to 100 grams of homogenized mixture in a separate container. If the sample is 
cohesive, press the mixture into a mass along the side of the container. Place the thermometer 
near the center of the mass. 

Monitor the mixture temperature. Record the temperature when the temperature reaches a 
peak and starts to decline @). 

Calculate the temperature rise (dT): dT = B - A. 

The measured temperature rise is a qualitative test. It is conducted as a screening test to alert of 
potential problems and hazards during scale-up. Further investigations of the actual temperature rise 
may be made during the remedy design phase when larger equipment, which has a design similar to 
the full-scale equipment, will be used. 
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PERMEABILITY 1 

The permeability of the mated samples will be determined by using procedures in EPA SW-846 and 

matrix, and sample constraints (e.g., radioactivity and hazardous contaminants, sample condition on 
receipt, and clients’ end use). 

2 

3 

4 

5 

EM-1 1 10-2-1906 as guidelines. There are several methods to choose from, depending on the sample 

The method of choice for determining permeability of treated samples is described in SW-846, Method 6 

7 

8 

9100, Section 2.8. This is the constant-head method using a triaxial-cell with back pressure. This 
method is applicable to cohesive samples, which are supplied in a molded form. 

The constant head triaxial cell method may take a couple of days longer to run, but there is more 
control over sample conditions during the test, and a wide range of field conditions can be simulated. 

9 

10 

There will be one slight modification to the method. A permeability cell will be substituted for the 
triaxial cell. The permeability cell is similar to the triaxial cell but does not have the plunger for 

11 

12 

applying a load to the sample. This plunger is not used in permeability testing, and its absence has no 13 

effect on the test. 14 

It is anticipated that all of the samples for permeability testing will be of the cohesive, molded type. 15 

16 

17 

18 

19 

If a sample is in a form that precludes the above test, there are several options available in the 
referenced method. Items that would preclude the above test may include: small sample size due to 
radioactivity level, noncohesive sample, loose sample requiring remolding, and chemicals in the 
sample that are incompatible with the latex membrane. 

A small sample size may require permeability testing in a consolidation cell. 
addressed in SW-846, but is found in the Army Corps of Engineers Manual EM 1110-2-1906, 
Appendix VII, paragraph 8. 22 

This method is not 20 

21 

Noncohesive samples will require the use of a solid wall permeameter, such as a compaction or 
standard permeameter. These methods are found in SW-846, Method 9100, Sections 2.5.2.6. and 2.7, 
and include both constant-head and falling-head methods. The selection of constant- or falling-head 
methods is not critical as both methods provide similar results. These methods are also applicable to 
samples containing chemicals incompatible with the latex membrane. 

23 

2L( 

25 

26 

n 

If a sample requires remolding, a remolding density should be supplied. A moisture/density relation- 

remolded samples may be determined by any of the aforementioned methods. If the sample is 

28 

29 

30 

ship curve can be generated to aid in the determination of remolding density. The permeability of 
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cohesive, the constant-head method, using a viaxial cell with back pressure, is again the method of 1 

choice. 2 
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GENERIC PH AND EH PROCEDURE 1 

I. Sinjzle Commnent SamDle 2 

1. Calibrate electrode as specified by the vendor. Record calibration data. 3 

2. Place a few grams of material in a container (e.g., a 5-ounce plastic container). 4 

3. Add water to mixture and stir with a spatula until a wet slurry is produced. There should 

liquid phase with minimal wntact with the solid phase. This procedure will minimize 
damage to the electrode. 8 

5 

6 

I 

be free water pment. Enough water must be added to allow insertion of electrode in 

4. Insert pH or Eh probe in liquid phase. 9 

5. Take reading when measurement stabilizes. 10 

11. Multiwmwnent Samde 11 

The procedure is the same with the single component sample except that the sample is mixed 12 

13 before it is added to the container. 
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1 .o 

2.0 

2.1 

3.0 

3.1 

3.1.1 

3.2 

3.3 

3.3.1 

3.3.2 

PROPOSED RADON EMISSIONS FROM STABILIZED SOLIDS 

Purpose and Application 
A radon emission measurement technique is proposed for determining radon emissions from 
treated Operable Unit 4 materials. The test will determine the activity of radon emitted from 
the material’s final fonn by measuring the radon activity in the air flowing through a chamber 
containing the waste form. 

Definitions 

See Figure C-l 

Procedure 

A cylinder of solidified material, having a known volume and surface area, is placed in a 
sealed container having one inlet and one outlet. Air is pumped through the chamber until 
equilibrium is reached. The radon in the exhaust stream is then measured. The radon emitted 
from the solidified material during a known time will be equal to the radon removed in the 
chamber’s exhaust stream. 

Interference 
No known inteferences. 

Sample Handling, Preservation, and Holding Time 

Application of these procedures on hazardous waste samples must consider the known or 
suspected hazardous compounds present. Project-specific selection of work area, safe working 
practices, and personal protective equipment shall be made based upon exposure potential to 
the hazardous components. 

All applicable safety and compliance guidelines set forth by IT Corporation and by federal, 
state, and local regulations must be followed during performance of this procedure. All work 
must be stopped if a known or potential compromise to the health or safety of any IT 
Analytical Services (ITAS) Associate, and must be reported immediately to a laboratory 
supervisor. 
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3.3.3 There are no holding times applicable to this procedure. 

There are no preservation requirements applicable to this procedure. 3.3.4 

3.4 Required equipment 

3.4.1 

3.4.2 One (1) small fan. 

3.4.3 

3.4.4 One (1) rotameter. 

3.4.5 

3.4.6 One (1) desiccant canister. 

Air-tight test chamber of known volume. 

One (1) diaphragm pump (Brailsford TD-3LL or equivalent). 

Two (2) activated c a h n  radon canisters. 

. .  

3.4.7 One (1) metering valve (Swagelok B-SS4 or equivalent). 

3.4.8 Tubing, fitting, and connectors. 

3.4.9 One (1) continuous flow radon detector (Pylon AB-5 or equivalent). 

3.5 Operation 

3.5.1 Assemble test equipment as shown in Figure C-1. 

3.5.2 Place treated solid in test chamber with fan. 

3.5.3 start fan. 

3.5.4 Open value "A,". and close valve "B." 

3.5.5 start pump. 

3.5.6 Start radon detector in continuous counting mode. 
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'3.5.7 Monitor detector until counts stabilize. 

Switch detector to integrated count and count for 10 minutes. Record count. 

Repeat step 3.5.7 two (2) times and record counts each time, for a total of three recorded 
measurements. 

3.5.10 Open valve "B" and close valve "A." 

3.5.1 1 Repeat steps 3.5.6 through 3.5.8. 

3.5.12 Remove solid and store in air-tight container. 

3.5.13 Switch radon detector to continuous mode. 

3.5.8 

3.5.9 

3.5.14 Continue operating system until count rate returns to background levels. 

3.5.6 Quality Control 

3.5.6.1 None. 

4.0 

4.1 

5.0 

5.1 

Nonconformance and Corrective Action 
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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. 

Records Management 

All data will be recorded in standard laboratory notebooks. 
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Calculations: 

The radon emitted from the solidified form will be calculated using the following equation: 

A @Ci) = C (pCi/L) * Q (Lhnin) * T (min)/M (g) 

where 

A = 
C = 
M = 
Q = Flow rate (L/min) 
T = 

Radon activity emitted per gram of sample over time, t (pCi/g) 
Measured concentration of radon in exhaust air at equilibrium (pCi/L) 
Initial mass of sample in solidified material (g) 

Time of count (10 min) 

Example calculation: 
Assuming the measured concentration of radon from a 200 gram sample (M = 200) is 100 pCVL (C = 
100) during a 10-minute count (T = 10) at a flow rate of 1 L b i n  (Q = l), A becomes: 

A = 100 pCi/L * 1 L/min * 10 mid200 g 
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13 

and 
A=SpCl/g 
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SHEAR STRENGTH 

The following is a procedure to determine shear strength. 



MODEL CL-600A .224? 
TORVANE SHEAR DEVICE 

Technical Data 

Soiltest. Inc. 86 Albrecht Drive P.O. Box 8004 
Lake Bluff. Illinois 60044-8004 U.S.A. 

Telephone (708) 295-9400 
Te!ex: 687-1537 SOILT UW FAX (708) 295-9414 
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t 
1. GENERAL 2247 

The CL-600A Torvane is a s c i e n t i f i c a l l y  designed s o i l  t e s t i n g  instrument f o r  

t h e  r a p i d  determination of shear s t rength  of cohesive s o i l s ,  e i t h e r  in the  f i e l d  

o r  Li the laboratory.  

The Torvane permits t h e  r a p i d  d e t e r m i n a t i o n  o f  a l a r g e  number o f  s t r eng th  

It is simple to use and 

All t h a t  is required is a reasonably f la t  two- 

v a l u e s  wi th  d i f f e r e n t  o r i e n t a t i o n  of failure planes. 

sample tr imming is  e l i m i n a t e d .  

inch minimum diameter surface.  

' 

The Torvane,  i d e a l l y  s u i t e d  t o  f i e l d  usage, is an invaluable  addi t ion  t o  the  

Here are some sugges t ed  i n s p e c t o r ' s  k i t  o r  t o  t h e  c o n s u l t i n g  e n g i n e e r .  

app i i ca t ions  f o r  evaluat ion of shear s t rength .  

1 .  Ends of Shelby tube samples. 

2. Standard penetrat ion samples. 

3. S p l i t  spoon samples. 

4. Qlunk samples f'rom t e s t  p i t s  and backhoe excavations.  

5. Sides  of test p i t s .  

The i n s t r u m e n t  h a s  a s t r e s s  range  of ze ro  to 2.5 &./sa. c n  ( tons l sq .  f i e ) .  

This is  a l s o  t h e  approximate  r m g e  of  torque t h a t  can be e a s i l y  appl ied by t h e  

f i n g e r s .  It snould  be used on ly  f o r  f u l l y  s a t u r a t e d  c o h e s i v e  s o i l s  whose 

undra ined  s t r e n g t h  is independent of normal pressure.  

it t o  be used fo r  c lays  varying in consis tency from very sof t  t o ' s t i f f .  

Tne s t r e s s  range permits 

The d i a l  

head is  equipped with a mechanism ta hold the  m a x i m u m  reading after release. 

i n s t r u m e n t  is supplied with th ree  vanes. 

f o r  a range  of 0 to  1.0 kg./sq. cm. 

The 

Tne standard vane ( 1 inch  diameter) is 

?he s e n s i t i v e  vane ( 1  7/8 inch diameter) is 

f o r  a r ange  of 0 t o  0.2 kg./sq. cm. 

reading by 0.2 t o  g e t  the shear s t r eng th  of the  mater ia l .  

( 3 / 4  i n c h  d i amece r j  is f o r  the  range of  0 t o  2 .5  'xg./sa. cm. 

When t h i s  vane is used, rnultiply t h e  scale 

?he high capac i ty  vane 

When t h i s  vane is 

used, mul t ip ly  t h e  reading by 2.5. 
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2.4 Press the  Torvane c a r e f u l l y  i n t o  the  s o i l  with the stem at r i g h t  a g l e s  a247 o 

the surface, t o  the depth of the  blades.  

2.5 M a i n t a i n i n g  a constant v e r t i c a l  load by f inger  gressure,  s lowly t u r n  the 

Note: -4 rate of knob a t  a c o n s t a n t  rate t o  p r o v i d e  a t o r q u e  on t h e  vane. 

r o t a t i o n  such that f a i l u r e  develops in 5 to  10 seconds is rb mcomended. 

2.6 After sample fails, read Torvane shear  s t rength  cn the circular scale just 

aga ins t  t he  index. 

2.7  Multiply the  reading by t h e  proper scale f a c t o r  b ge t  the shear  s t r eng th .  

( F o r  t h e  high c a p a c i t y  vane ,  t h e  smallest, t h e  s c a l e  f a c t o r  is 2.5; fo r  the  

s e n s i t i v e  v a n e ,  t h e  l a r g e s t ,  t h e  s c a l e  fac tor  is 0.2; ?or the  s tandard vane, 

medimm size, the  sca l e  f ac to r  is 1 .  ) 

2 . 8  aefore making another t a s t ,  re-zero the sca l e  by r o t a t i n g  it with f inger  

t i p  i n  the  counter clockwise d i recc ion  u n t i l  it s tops a t  the index. 

2 . 9  Take  r e a d i n g s  a t  d i f f e r e n t  s p o t s  ( i f  p o s s i b l e )  on t h e  s u r f a c e  and 

calculate the  average value. 

3. LAB USES 

3.1  E e f o r e  zonduc t ing  unconPLned compression t e s t s  o r  t r i a x i a l  t e s t s  on 

u n d i s t u r b e d  samples, z u t  t h e  sample i n t o  s e s n e n t s  ! /2  i n c h  l o n g e r  t h a n  t h e  

d e s i r e d  l e n g t h ,  and perform Torvane t e s t  3n each end. Then trim the  material 

d i s t u r b e d  by the  test. It is e a s i e r  +a do the  test ;*'nile the specimen is i n  the  

sampling tube,  after trimming a t  me end. 

3.2 Use t h e  Torvane t e s t  as a c o n t r o l  test t o  determine the  snear  s t r eng th  

p r i o r  to o the r  'vesting. 

3.3 In  consol idat ion t e s t i n g ,  z f t a r  the  specimen has been consol idated under a 

d e s i r e d  normal s t r e s s ,  .remo*Je t h e  u p p e r  porous scone and d e t e r m i n e  t h e  

consol idated shear s t rength  of the specimen using the Torvane. 

i -3 
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METAL EXTRACTIONS 1 

1.0 Acid Extractions 
Approximately 1-gram aliquots of each sample will be weighed in the hood in HACH COD Digester 
Vials (rated pressure 10 am). Room temperature vials will be shaken with acid for 2 hours. Room 
temperature will be the actual temperature inside the hood, and this value will be recorded in a 
standard laboratory notebook. The digestions will be carried out in a HACH Micro COD Digester 
(Appendix E). The extractions will be heated at l W C  and digested for 2 hours in the HACH 
Digester within the hood. After digestion, the samples will be separated by decanting into a 20-mL 
scintillation vial. Solids will be retained in the COD vial until the decision can be made whether or 
not to carry them into the next phase. This will be based on the lead and uranium content of the 
extract. If one of the digestions is clearly superior to the others, further treatment of the others will be 
aborted. A superior digestion will be one that extracts the greatest amount of lead and uranium. If 
not processed further, solids will be transferred to a 1-pint container for disposal. Liquids will be 
syringe-filtered '(0.45 micron) into 8-mL scintillation vials. The filtered samples will be diluted (ca 
1:lOOO to 1:loooO) into 20-mL scintillation vials and analyzed for lead (Jungreis, "Spot Test 
Analysis," Appendix C). The carbon tetrachloride in the original procedure has been replaced by ' 

1; 1,l -trichloroethane. The solutions will be separated by removing the bottom layer with a Pasteur 
pipet rather than a separatory funnel. Samples diluted 1:lOOO to 1:looOO with deionized water will 
then be transferred to a COD vial containing 5 mL of 0.1 percent potassium cyanide, sealed, shaken, 
and allowed to settle. Quantification of the lead will be by HACH DRL-3. The HACH DRL-3 is a 
spectrophotometer used to measure the absorbance of the lead solution. As an extra precaution, the 
COD vials containing cyanide buffer have been preloaded with reagent so that the maximum amount 
of reagent handled at any one time will be 5 mL. Uranium analysis will be performed on the organic 
layer after the lead content has been determined. The uranium content will be determined as described 
in Appendix D ("Spot Tests in Inorganic Analysis," F. Feigl). 
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2.0 Ethvlenediaminetetraacetic Acid Extractions 26 

Literature results using ethylenediaminetetraacetic acid (EDTA) as leachate are contradictory. 
appears that EDTA might have some benefit as an extractant. Because of this, a range-finding test 

It n 
28 

29 using 0.2 molar EDTA will also be run. 

Approximately 1-gram aliquots of each sample will be weighed in the hood in HACH COD Digester 
Vials (rated pressure 10 am). Room temperature vials will be shaken with acid for 2 hours. Room 
temperature will be the actual temperature inside the hood, and this value will be recorded in a 

30 

31 

32 

33 

34 

standard laboratory notebook. The extractions will be camed out in a HACH Micro COD Digester 
(Appendix E). The sample will be extracted for 2 hours in the HACH Digester within the hood. 
After extraction, the samples will be separated by decanting into a 20-mL scintillation vial. Solids will 35 
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be retained in the COD vial until the decision can be made whether or not to carry them into the next 
phase. This will be based on the lead and uranium content of the extract. If not processed funher, 
solids will be t r a n s f e d  to a 1-pint container for disposal. 

1 

2 

3 

Samples will be analyzed for lead as before (EDTA samples may require prematment nitric acid 
digestion) and for uranium using a modified Feigl test (Feigl, "Spot Tests in Inorganic Analysis," 

4 

5 

Appendix E). 6 

Criteria for success will be the magnitude of lead and uranium leached compared to the other 
processes. 

I 

8 
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PRECIPITATION 1 

Leachate from the acid or EDTA extractions will be placed in a beaker. Measured quantities of 
precipitation reagents will be added and stimd in by hand until completely dissolved. The initial 
precipitation reagents to be investigated are sodium or potassium solutions of hydroxide, sulfide, 
sulfate, carbonate, and phosphate. Also calcium hydroxide, magnesium hydroxide, alum, ferric sulfate, 

so that the liquid can be decanted. 

2 
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I 

and aqueous sodium silicate will be investigated. The mixture may be centrifuged to settle the solids 

. .  
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VITRIFICATION OF LEACHATE 1 

The leachate will be analyzed to determine the metals concentration This will be used to estimate the 
quantities of glass-making reagents required. The leachate will be evaporated to a dry solid; reagents 
will be mixed in by hand and placed in a crucible. The mixture will be melted in the muffle furnace 
at approximately 1 25OoC. 5 

2 
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GENERIC URANIUM BY ION CHROMATOGRAPHY 
WITH POST-COLUMN REACTION AND 

PHOSPHORESCENCE OR FLUORESCENCE DETECTION 

This method uses ion chromatography in the cation-exchange mode to separate the uranium as UOg2 
(uranyl ion) from interferences. As the uranyl ion leaves the analytical column it is mixed with 39 
percent H3P04 to give a final concentration of approximately 19 percent H3P04. The addition of 
H3P04 enhances the fluorescence of the uranyl ion. Finally, the post-column reaction mixtures pass 
through a flow-through cell mounted in a fluorescence detector. Response has been found to be linear 
over the range studies (10 to 500 parts per billion [ppb]). The equipment and conditions for this 
method are listed below: 

High performance liquid chromatography (HPLC) pump - LDCMilton Roy Constametric 
III 
Post-column reagent pump - LDC/Milton Roy Constametric 111 
Injection valve - Altex 210 
Sample loop size - 147 uL 
Analytical columns - Dionex HPIC-CG2 Cation Guard 
Analytical columns - Dionex HPIC-CG2 Cation Analytical 
Post column reactor (PCR) - 1/16-inch SS low dead volume "TEE" and 12-inch coil, 
heated 60°C with a water bath 
Detector - Perkin Elmer 204 - S Fluorescence Detector 
Detector excitation wavelength - 275 nm 
Detector emission wavelength - 515 nm 
Eluant - 0.1 M H3P04 
Eluant How - 1.5 mL/min 
PCR reagent - 39 percent weight H3P04 (1 volume 85 percent H3P04 to two volumes 

PCR reagent flow rate - 1.1 mL/min 
H2O) 

The concentrations of H3P04 and brands of equipment are for examples only. They may be modified 
during the study. 
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APPENDIX D 

SPOT TESTS 
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120 APPLICATION OF SPOT TEST ANALYSIS IN GEOCHEMISTRt 

The preparation of a pla.stic rod takes about 5 hours. Castolite is a 
clear, syrupy liquid that pours easiy and forms a crystal-clear solid ex- 
tremely resistant to heat and chemicals. The addition of a hardener and 
cold-setting promoter leads to solidification. 

5.3.1. Rapid Screening for Copper. Lead, and Zinc in Soils and Rocks 

Many rapid methods have been developed for the estimation of copper. 
lead. and zinc for geochemical prospecting purposes. In most cases the 
total amount of these metals is not determined: rather. varying amounts of 
the metals enter the solution depending on the dissolution procedure. The 
determination of only the readily soluble copper. lead. and zinc is some- 
times of greater diagnostic value for prospecting than are the total values. 

Various extraction modes have been used successfully in geochemical 
prospecting. Samples of hard rock were leached. for example. with dilute 
sulfuric acid or dilute hydrochloric acid (22) for semiquantitative screen- 
ing for copper. lead. and zinc. Sediments and soils were screened for the 
same metals by partially dissolving the samples in dilute nitric acid 
(93. 24). 

In contrast to the above-mentioned leaching procedures, the pyrosul- 
fate fusion screening technique dissolves almost totall>/ the copper. lead. 
and zinc in almost all naturally occurring soils and rocks. 

The chromogen for the colorimetric estimation of zinc and lead is 
dithizone. Carbon tetrachloride solutions of dithizone form red zinc dithi- 
zonate when shaken with a buffered sample. Dithizone is also used as a 
specific reagent for the determination of lead when the masking agent 
cyanide is used to sequester the interfering ions. Copper is determined on 
the basis of the formation of the complex of monovalent copper with 2.2’- 
biquinoline. 

PROCEDURE FOR PREPARATION OF THE SAMPLE SOLUTION. Crush the 
sample to minus 80 mesh. Scoop a 0.1-g sample into a 16 x 150 mm test 
tube. add by scooping 0.5 g potassium persulfate powder. mix intimately. 
and heat. Fuse the mixure for about 2 min after the flux melts. After 
cooling, add 3 ml 50% HCI to the tube and place the tube in a hot water 
bath until the melt disintegrates completely. Crushing with a glass rod 
helps the disintegration process. After removal and cooling, dilute the 
sample to 10 ml with deionized water. Take aliquots from the sample for 
the lead. zinc. and copper determinations. 

sample solution into a 125-ml separation funnel containing 10 ml lead 
buffer solution. Add conc. ammonia dropwise in the presence of thymol 

, 

PROCEDURE FOR T H E  ESTIMATION O F  LEAD. Put a 2 - d  aliquot Of the 
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blue indicator until the pH range 8.5-9.0 is reached. This point is indi- 
cated by a color change from yellow to blue. Add 5 ml0.001% dithizone 
solution in carbon tetrachloride and shake the separating funnel for - I5 
sec. Drain the carbon tetrachloride layer into a 25-ml glass-stoppered 
graduated cylinder containing 10 ml 0.1% potassium cyanide solution. 
Shake the cylinder briefly. Compare the color of the carbon tetrachloride 
layer with those of similarly prepared standard solutions. 

Lead standards (0. 1,  2. and 3 pg) are prepared by pipetting aliquots 
from a IO-ppm standard lead solution. Calculation of the metal concentra- 
tion is according to the general formula: 

volume of sample solution in ml 
sample weight taken for analysis in g ppm .= 

ug of trace element found 
Y ' -  
A 

aliquot of sample solution in ml 

PREPARATION OF LEAD BUFFER SOLUTION. Put 50 g ammonium citrate. 
10 g potassium cyanide. and 8 g hydroxylamine hydrochloride into a large 
separation funnel. Add 800 ml deionized water and dissolve the materials 
by shaking. Add 2 mlO.2% aqueous thymol blue indicator: then add conc. 
ammonia until the color turns blue (pH 8.5). 

PROCEDURE FOR THE ESTIMATION OF ZINC.  Transfer a 2-ml aliquot of 
the sample solution to a 22 X 175 mm test tube containing 8 ml zinc buffer 
solution. Add 5 ml 0.001% dithizone solution in carbon tetrachloride. cap 
the tube, and shake for 30 sec. Compare the color of the carbon tetra- 
chloride layer with those of similarly prepared standard zinc solutions (0, 
1. 7 .  3. and 4 pg). 

thiosulfate in -400 ml deionized water in a large separation funnel. Re- 
move heavy metals by extracting with 0.01% dithizone solution and dis- 
carding the colored extract. Dissolve 300 g sodium acetate in 400 ml 
deionized water. add 60 ml g!acial acetic acid. and remove heavy metals 
as before. Combine these two solutions and dilute to 2 liters. 

PREPARATION OF ZINC BUFFER SOLUTION. Dissolve 125 g sodium 

In the presence of sodium thiosulfate. elements potentially interfering 
with the zinc determination are masked. Only pailadium and bivalent tin 
react under similar conditions. but palladium is unlikely to occur in signifi- 
cant concentrations. and tin occurs almost always in the stannic form. 
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benzidine, is used in the form of its chloride, sulfates are not precipitated, 
and molybdates are precipitated only from solutions more concentrared 
than 10 :<. Tungsten, however, is precipitated quantitatively as a wllltr 
amorphous product. 

The precipitation of tungstates by chlorides of polyatomic organic bases 
does not lead to formula-pure tungstates of the particular bases but to 
adsorption compounds of W0,-gel and the bases. This is especially true of 
the precipitation of small amounts of tungsten from acid solution. 

Procedure. A drop of the test solution is mixed with a drop of diphenyline 
hydrochloride in a micro test tube. A precipitate, or cloudiness, indicates the 
presence of tungstate. For very small amounts, a blank test should be carried 
out and compared with the test, after both have stood for 15 minutes. 

498 TESTS F O R  E L E M E N T S ,  T H E I R  I O N S ,  C O M P O U S D S  

Limit of Identification: 6 y tungsten 
Limit of Dilution: 1 : 8500 
Reagent: 1 % solution of diphenyline chloride in 2 N hydrochloric acid 

1. F. Feigl. Rrc. trac. chim., 58 (1939) 471. 
2. G. v. Xinorre, Z. anal. Chrm., 47 (1908) 37. 

U R A N I U M  

(1) Test with 8- hydroxyquinoline (oxine)l 

In neutral or masked alkaline solutions of uranyl salts, a quantitative 
precipitation of a red-brown product is obtained by adding 8-hy-droy.- 
quinoline (oxine). In contrast to other metal oxinates, whch for the most 
part are inner complex phenolates? the uranium compound contains 
also a molecule of oxine as neutral part accordmg to the formulation 
U0,(C,H,NO),.C,H,NOH.3 Probably this compound should not be viewed 
as uranyl oxinate but rather as the oxine ester of uranic acid, in other words 
as oxine uranate. 

The precipitation through oxine also occurs from solutions of the compl'es 
alkali uranyl double carbonates, which yield [vO,(CO,),]-* ions. The latter 
are produced by adding an excess of alkali carbonate to solutions of uranyl 
salts. Since all metal ions forming oxinates are precipitated by alkah car- 
bonate, it is thus possible to separate the uranium before conducting the 
test with oxine. 

Procedure. The test solution is treated with an excess of ammonium car- 
bonate solution. Any precipitate is filtered OB or removed by centrifuging. One 
drop of the clear liquid is placed on a spot plate or filter paper and treated with 
a drop of 5 yo alcohol solution of oxine. A red-brown precipitate or stain indicates 
uranium. 
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Limit of Identification: 10 y uranium 
Limit of Dilution: 1 : 5,000 
Reagant: Ammonium carbonate solution: 2 g of the salt is dissolved in 10 ml 

of concentrated ammonia and diluted with 10 ml of water 

1. .A. d e  Sousa, Mikrochcm. vcr. Mikrochim. Acta. 40 (19.3) 319. 
2. Compare F. J. Welcher, Oqznic  Analvticaf Rcagmts, Vol. I, S e w  York, 1947, p. 264ff. 
3. F. Hecht and IV. Reich-Rohrwig, Yonutsh., 53, 54 (1926) 596; F. Hecht and H. Krafft- 

Ebing, Z .  unuf. Chrm., 106 (1936) 321. 
Quantitative methods 
B. Hlik, Sucnsk Kctn. ridskr., 65 (1953) 106. 
.A. de Sousa. Jfikrochcmic Jlikrochim. Acfa, u) (1953) 319. 
A. Claassen and J. Visser, Rcc. Irav. chim., 65 (1946) 211. 
L. Silverman, L. Jloudy and D. W. Hawiev, Anal. C h o n . ,  25 (1953) 1369. 
D. L. Rulfs. .A. K. De. J. Lakritz and P. J. Elving, Anal. C h o n . ,  27 (1957) 1807. 
.A. R. 11. .il-Salihy, Dissertation Abstracts, 21 (1961) 2091. 
K. 5. Koppiker and K. B. Cajankujh, . 4 f .  Encrgy COJWZ. India Rcpt. . 4 E E ' T - m .  1965. 

(2) Test with potassium ferrocyanide 

Neutral or acetic acid solutions of uranyl salts give a red-brown precipitate 
with potassium ferrocyanide. Very dilute solutions give only a coloration. 
Uranyl potassium ferrocyanide or uranyl ferrocyanide is formed. 

This test is specific in the absence of ferric and copper salts which also 
give colored ferrocyanides. In this case, previous separation with alkali 
carbonate is necessary.(see test (I)). 

Procedure.L A drop of the slightly acid test solution is placed on filter paper 
impregnated with 3 06 potassium ferrocyanide, or a drop of the test solution 
and then the ferrocyanide are placed on filter paper. According to the concen- 
tration of uranium. a more or less intense brown stain is formed. 

Linii f  of Identification: 0.92 y uranium 
Limit of Dilution: 1 : 50,000 

Test /or uranium i n  the presence of iron and copper2 

The test for uranium with potassium .ferrocyanide can also be carried out 
in the presence of femc and cupric salts, if these metals are converted, before 
the addition of the ferrocyanide, into the nonreacting cuprous and ferrous 
forms. Reduction with iodide ions in acid solution serves this purpose: 

2 Cui% f 4 I- + Cu,I, + I, 
P Fe+J f 2 I- + 2 Feil  + I, 

If the liberated iodine is decolorized (reduced) with thiosulfate, the uranium 
may then be detected with potassium ferrocyanide. 



1 500 TESTS F O R  E L E M E S T S ,  T H E I R  I O N S ,  C O M P O C S D S  

Procedure. A drop of concentrated potassium iodide solution is placed 
filter paper and, after i t  has soaked in, a drop of the acid test solution is addeti. 
iodine is liberated. To complete the reduction, a further drop of potassiunl 
iodide is added, and then a drop of sodium thiosulfate to remove the elementar,. 
iodine. A drop of potassium ferrocyanide is placed on the decolorized fleck. .A 
more or less deeply colored brown or yellowish circle is formed, according to  tilc 
amount of uranium present. 

Uranyl ions can be separated from interfering ions by estraction tvitil 
ethyl acetate from HNO, solution.3 
1. F. Feigl and R. Stern, Z. a w l .  Chcm., 80 (1921) 39. 
2. S. A. Tananaeff and G. A. Pantschenko, Z. anorg. UllgCJif. Chcm., 150 (19261 16.4. 
3. V. V. Sergovskava, AMI. Abstrasts, 10 (1963) 4643. 
Quantitative method 
F. H. Burgstall and R. P. Linstead, J. Chcm. SOC., Suppl. 2 (1949) 311. 

(3) Fluorescence test 

Uranyl salts fluoresce best in the crystalline form, but only slightly in 
solution. If a dilute solution of uranium salts is allowed to evaporate slowI!. 
on a microscope slide, and the residue examined, single fluorescent crystals can 
be observed.' Traces of impurities or too rapid evaporation of the solution 
interfere with the test because they prevent the formation of good crystals. 

Borax beads containing uranium exhibit an appreciable green fiuores- 
cence. Fluoride beads of the alkalis and alkaline earth metals? fluoresce 
especially well. Sodium fluoride beads light up to a deep yellow color and 
are most striking. They can be used to detect uranium. 

The shape of the bead is very important when testing for uranium by means 
of activated beads. Thin flat beads are better than the round type, because 
the ultraviolet light penetrates farther. Neither Sios, TiO, nor sulfates, 
etc., should be present, nor any other material that liberates hydrofluoric 
acid or forms complex compounds with fluorides. Iron should be avoided 
because it makes the bead yellow and so absorbs the ultraviolet light at the 
surface. Manganese salts, which color the beads blue, do not interfere so 
much as iron. Thorium salts also greatly reduce the luminosity, but i t  may 
still be perceptible provided sodurn fluoride is present in excess. Only 
niobium3 as well as greater quantities of beryllium (exceeding 1 mgjml) 
give a similar fluorescence, but it is relatively so weak as to be of no 
importance. 

Procedure 1. Sodium fluoride is fused in a loop of platinum aire  (diam. 1 mm). 
When cold, the bead appears only slightly violet in ultraviolet light (reflected 
light). By means of a calibrated loop of platinum, 0.001 ml of the neutral test 
solution is placed on the bead and evaporated. After fusing for a short time. 
the bead is cooled and examined in ultraviolet light. 

\ 
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Limit of Zdenfification: 0.001 y uranium in 0.001 ml 
Limif of Dillifion: 1 : 1,000,000 

Zirconium phosphate ion exchange resin (Ionite 3) (H+, Na* or K* form) 
absorbs uranium"' salts and gives an intense yellow fluorescence under U.V. 

light. This behavior is used as the basis of a sensitive spot test for uranium.' 

Procedure 11. 4-5 beads of Ionite 3 are added to 1 drop of the sample. The 
appearance of a yellow fluorescence under U.V. light within 30 minutes indicates 
the presence of uranium. 

Limit of Identification: 0.06 y U 
Liniif of Dilution: 1 : 1,000,000 

The sample solution must be less than 0.5 N with respect to acid or less 
than 0.05 iV with respect to alkali. The fluorescence is inhibited by Ag, 
Fe and Til. 
1. P. Hernegger. Anz. Akad. IViss. Wicn, dfafh.-ndurw. K&ssc, 144 (1935) 217; F. Hernefiger 

and B. Karlik, Sitzbrr. Akad. IViss. Wicn, dfdh.-nalurw. K h s c ,  A b f .  I ra ,  I44 (1935) 217; 
Ckcnt. .4bsfracts, 30 (1936) 408. 

2. ,E. L. Sichols and >I. E;. Slatrery, /. Opficul SOC. Am., 12 (1926) 449. 
3. J. Papisch and L. E. Hoag, Pioc. .Vutl. Acad. Sci. C'.S., 13 (1927) 726. 
4. H. Kakihana, Y. Mori and Y .  Watanabe, /. Chcrtr. SOC. /upon. 8" (1961 594; .4nal. .4bstructs, 

8 (1962) 4177. 

(4) Test with Rhodamine B* 
The red dye Rhodamine B is a sensitive reagent in acid solutions for 

monobasic complex metal halogeno acids (compare pages 107, 232, 242, 476). 
Its almost colorless solutions in benzene contain an equilibrium mixture of 
the lacto form (I) with minimal amounts of the red quinoid form 111) : 

+ 

When neutral solutions of uranyl-, femc-, or bismuth nitrate (chloride) 
are shaken with a benzene solution of Rhodamine B, the benzene layer turns 
red and exhibits an intense orange fluorescence in ultraviolet light. This 
effect is surprisingly heightened if a little benzoic acid or some other benzcnc- 
soluble carboxylic acid is added to the benzene solution. In thc case of 
uranyl salts, the color (fluorescence) reaction is so marked that a sensitive 

UO,+' i- 3 CeHSCOOH % H[UO,(C,H,COO),J f 2 H+ (2) 
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test can be based on this finding. Although the benzene:soluble uran1.l 
compound has not been isolated, the underlying chemistry is probably tll:lt 
the union of uranyl ions with benzoic acid yields a slight quantity of ;L 
complex uranyl benzoic acid (2) which then produces a red benzene-solubl,. 
salt (3): 

I ,S( CIH,)*[L'O,(C,H5Cc70),: 

H[L'0,(C,H,C0013; $. (11) -c q--s . g (31 

H O O C  
'S(C zH5)Z 

On this basis, the formation of the benzene-soluble dye salt ,constantly 
disturbs equilibria (1) and (2) because the products contained in them are 
replenished after consumption and so suffice to accomplish the color reaction. 

Procedure. The test is conducted in a micro test tube. I drop of the neutral 
test solution is treated with 5 drops of the reagent solution and shaken. A red 
or pink benzene laycr results if uranium is present, the shade depending on tlic 
quantity of the latter. 

Lirnit of Identification: 0.05 7 uranium 
Limit of Dilution: 1 : 1,000,000 
Reagent: A 0.5 ?& solution of benzoic acid in benzene is treated with an esccs:'. 

If iron and bismuth are also present, they must be removed because they 
show analogous behavior. The test solution is warmed with an escess of 
sodium carbonate and the precipitate removed. The filtrate which contains 
.;UO2(C0J2]-* is taken to dq-ness with nitric acid. The residue contains 
uranyl nitrate, and can be tested by the procedure just described. -4s little 
as 0.5 y uranium can be detected in the presence of 2500 7' iron, starting 
with one drop and operating within the bounds of spot test technique. 
1. F. Feigl, V. Gentil and  D. Goldstein, unpublished studies. 
Quantitative methods 
S. R. Andersen and D. Jf. Hercules. AMI. Chrm.. 36 (19641 2138. 
H. H. P. Jfoeken and \V. A. H. van Seste ,  A M I .  Chim.  Acta, 37 (1965) 480. 
L. 11. Burtnenko and S. S. Poluektiv, Lh. Anulil .  Kh im. ,  23 (1968) 500;  A t i n f .  .4Bstracts, 18 

of Rhodamine B, shaken, and then filtered. The solution keeps. 

(1950) 105. 

(5) Other tests for uranium 

(a) A rust-brown fleck is produced by uranium when spotted on paper 
with 0.2 yo solution of quercetin or quercitrin (Idn. Limit: 3 y U).l See 
also page 273. 

(hl A drop of the neutral test solution on treatment with a drop of 0.5 K 
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Na,PO, gives a precipitate of (UO,),(PO,), which exhibits a strong yellow 
fluorescence (Idn. Limit: 2.5 y U).* 

(c) The red fluorescence of a drop of an alkaline solution of cochineal 
disappears on the addition of a drop of a solution of a uranyl salt (Idn. 
Limit: 2.5 y U)., 

(d )  A red color appears if a drop of 0.12 % of fluorescein solution and 
3 drops of 5 % ammonium chloride are added to a drop of a uranyl solution 
on a spot plate (Idn. Limit: 0.12 y UO,+*).a 

(e) Reduction of the weakly acid test solution yields Ut4 ions which 
reduce Fe+3 to Fe+*. Accordingly, a red color results if the reduced solution 
is treated with a FeCl, solution containing phenanthroline (Id% Limit: 
1 y uranium).' If only slight amounts of uranim are suspected, it is ad- 
visable to add thorium nitrate after the test solution has been reduced and 
to precipitate ThF, and UF, jointly by means of ammonium fluoride. The 
test is then conducted with the precipitate. 

( f )  Resacetophenone oxime reacts with uraniumn salts in weak mineral 
acid solution forming a reddish-brown color (Idn. Limit: 0.6 y U at pH 5.6). 
-41, Zr and Th do not interfere. Uw does not react; trivalent iron gives a 
deep purple color.5 
1. E. A. Kocsis, .\likrochcmic, 25 (1938) 13. 
-1. H .  Cot6, Sci. Rep. Tolioku L'mu.. 29 (19.10) 187. 
3. 11. Sageswara Rao and Ph. S. V. Raghawa Rao, 2. u ~ 1 .  Chrm., 142 (19%) 161. 
4. F. Lucena Conde and L. Prat ,  Jlikrochrm. A c h ,  (1935) 799. 
5. C. Rama Rao, Tufuntu, 9 (1962) 91. 
Quantitative method 
rn) J.  Kommenda, Chcm. Lisly, 47 (1953) 531; Anal .  Abstracts, 1 (19.3) 2660. 

VANADIUM 

A. Metallic Vanadlum 

Detection by conversion into alkali salts of vanadic acid 

For the discussion of the method and the procedure, see metallic molyb- 
denum (page 319). 

B. Vanadiumv Compounds 

(1) Test with hydrogen peroxide' 

A solution of vanadium containing sulfuric acid turns red-brown to 
blood-red, or, in very dilute solution, pale brown-pink, on the addition of 
hydrogen peroxide. Excess hydrogen peroxide causes partial decoloration. 
The reaction involves the formation of the colored peroxovanadium salt (I) 
which, in the presence of excess hydrogen peroxide, reacts: 
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2247 
ANALYTICAL PROCEDURES 
For DRL2000, DW3000 and DM3 Instruments 

OXYGEN DEMAND, CHEMICAL 
Reactor Digestion Method *, EPA Approvedt 
0 to 150, 0 to 1,500, 0 to 15,000 mg/L COD 
For water, wastewater, seawater 

1. Homogenize 500 mL 
of sample for 2 minutes 
in a blender. 

0 to 15,000 mgL Note: 
Homogenize 100 mL of sample. 
Pour the homogenized sample 
into a 250-mL beaker and srir 
with a magnetic srirrer. 
Note: Blending ensures 
disrriburion o f  solids and 
improves accuncy and 
repmducibilit): 
Note: I f  samples cannot be 
ana1,vzed immediarely. see 
Sampling and Sronge following 
these procedures. 

2. Turn on the COD 
Reactor. Preheat to 
150°C. Place the plastic 
shield on the reactor. 

Caution: Ensure safety 
devices are in place to 
protect analyst from 
splattering should reagent 
leaking occur. 

3. Remove the cap of a 
COD Digestion Reagent 
Vial of the desired range. 

Sample COD Digestion 
Concentration Reagent 
Range (mglL) Via1 me 

0 to 150 Low Range 
0 to 1.500 High Range 
0 to 15.000 High h n g e  Plus 

Note: The reagent mixture is 
lighr semirive. Keep unused 
vials in the opaque shipping 
conrainer. in a refrigenror i f  
possible. The amount of  lighr 
srrikinp the vials during the tesr 
uill nor affecr results. 

'kiapud from Jitka. A.M..  and Caner. M.J..  Anrl.vricaI Chcmisr~.  47 ( 8 )  139- 09-51 
tFcdcnl Regrsrcr. 45(78) 26811-26812 (April 21. 1980) 
O1989, Hach Company. Al l  rights m reserved. 

4. Hold the vial at a 
45-degree angle. Pipet 
2.00 mL (0.2 mL for the 
0 to 15.000 mg/L range) 
of sample into the vial. 

0 to 15,000 mgL Note: Piper 
only 0.20 mL of sample. nor 
2.00 mL. using a TenSetre pipet. 
For greater accuracy a minimum 
o f  rhree replicates should be 
analvzed and the results 
avenged. 
Note: Spilled reagent will affecr 
test accuraqv and is hazardous 
ro skin and other materials. Do 
not run rests with vials which 
have been spilled. I f  some spills. 
wash with running water. 
Note: For proof of  accunc): 
use COD standard solutions 
(preparation given in the 
Accunq' Check) in place o f  the 
sample. 
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5. Replace the vial cap 
tightly. Rinse the COD 
vial with deionized water 
and wipe the vial clean 
with a paper towel. 

6. Hold the vial by the 
cap and over a sink. 
Invert gently several 
times to mix the contents. 
Place the vial in the 
preheated COD Reactor. 

Note: The vial will become 
very hot during mixing. 

7. Prepare a blank by 
repeating Steps 3 to 6. 
substituting 2.00 mL (0.2 
mL for the 0 to 15.000 
mg/L range) deionized 
water for the sample. 

Note: Be sure the piper is uell 
rinsed. or use a clean piper. 
Note: One blank must be run 
wirh each set of samples. All 
rests (samples and blank) should 
be run with the same lot of  
vials. The lor number appears 
on the container label. 

Colorimetric 
OR 

Titrimetric 

9. lbrn the reactor off. 
Wait about 20 minutes several times while still following analytical 
for the vials to cool to 
120°C or less. 

10. invert each vial 

warm. Place the vials 
into a rack. Wait until the 
vials have cooled to room 
temperature. 

N O ~ C :  If a PUR green color 
appcvs in the mimed sample, 
the mgcnt capaciry ma.v have 
been cxcecded. Mcvure the 
COD and if ni-casaq, repelt 
the rest with a diluted sample. 

11. Use one of the 

techniques to determine 
the sample concentration: 
colorimetric d a m t i o n  

0 to 150 mg/L COD 
Colorimetric deermination, 

0 to 1,500 mg/L COD 
Colorimetric determination, 

0 to 15.000 mg/L COD 
Buret titration 

8. Heat the vials for 2 
hours. 

Note:  Many wvteuarer samples 
containing easily oxidized 
materials are digested 
completely in less than two 
hours. I f  desimd. measure the 
concentration (while still hot) at 
15 minute intervals until it 
remains unchanged. At this 
point. the sample is completely 
digested. Cool the vials to mom 
temperature for final 
measurement. 
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JUSTIFICATION FOR USING A MINIMUM UCS VALUE OF 500 psi 
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F.l.O JUSTIFICATION FOR USING A MINIMUM UCS VALUE OF 500 psi 

Portland cement mortars, which comprise mixtures of cement, lime, silica, sand, and water, are readily 
capable of achieving compressive strengths of 5000 to 60oO pounds per square inch (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. This value of compressive strength is recommended as a practical 
strength value that is representative of the 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 6 1. 
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F.2.0 JUSTIFICATION FOR USING A PORTLAND CEMENT/FLY ASH MIXTURE 

F.2.1 INTRODUCTION 
This appendix provides additional justification for choosing stabilization/solidification using a portland 
cemenvfly ash mixture as the treatment process option to treat the pits. The wastes would be 
solidified using the fly ash from the Active Fly Ash Pile, although solidification using fly ash from the 
Inactive Fly Ash Disposal Area will be examined on a limited basis. 

The additional justification will be provided by discussing results from a literature search of solidifica- 
tion technology. The literature search provides information that indicates solidification of the wastes 
will provide a waste form that could pass Toxicity Characteristics Leaching Procedure (TCLP) tests 
and allows mixed wastes to be disposed of as nonhazardous or low-level wastes. Also discussed in 
this appendix will be the reasoning for using the cement to fly ash ratios and water to cement ratios 
indicated in this study. 

F.2.2 TYPES OF SOLIDIFICATION 
Various solidification processes exist that could be used to solidify waste. Systems that could be used 
for solidification are the portland cement-based process, the portland cement/soluble silicate process, 
the lime/fly ash-based systems, the kiln dust and fly ash-based process, and the portland cemenvfly ash 
process. 

F.2.2.1 Portland Cement-Based Process 
With the portland cement process, water from the waste reacts chemically with the cement to form a 
hardened concrete-like material. Depending upon the amount of cement added, the final product may 
be a monolithic solid or may have a crumbly soil-like consistency @PA 1985). The optimum 
combination of waste, water, and portland cement will vary with waste type and composition. The 
minimum water to cement ratio is about 0.40, by weight, for portland cement, but this also depends 
upon the moisture content of the waste. The addition of too much water may result in free-standing 
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 unconfined compressive strength (UCS) varies 
also, depending upon the mix ratio. 
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Most products range from 15 to lo00 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 (Conner 1990). 

The chemical properties of cement-based forms am 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. 

F.2.2.2 Portland CementBoluble Silicate Processes 
The Portland Cement Soluble Silicate (PCSS) process is based on the reactions between soluble 
silicates and portland cement to produce a solid matrix. This process depends on 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 portland cement. The third set of reactions occurs 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, which 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 relatively low cost and small volume increase; however, the UCS is lower than the 500 psi 
proposed by the Nuclear Regulatory Commission (NRC 1991). 

F.2.2.3 Lime, Fly 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 that occur are similar 
to cement-based systems. The reactions are slower however and do not produce the same products as 
the cement-based system in terns of physical and chmicd properties. A problem with the lime/fly 
ash process is that fly ash is a by-product of coal-buming power plants and its composition depends 
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upon the type of coal bumed 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. Much of the 
limemy ash treatment used has been in nonhazardous waste applications. 

1 

2 

3 

4 

F.2.2.4 Portland Cementmv Ash Process 5 

with cement in an application, the percentage of cement required is reduced significantly. Because fly 
Portland cement and fly ash have been used in applications for many years. When fly ash is used 6 

I 

8 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 
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 adsohent 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 
weight increases of 50 to 150 percent. Where increase in volume is not important, the cemenvfly ash 
process is the optimum choice (Conner 1990). 
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In a pure water-cement system, the permeability is essentially zero at a water to cement ratio of 0.32. 16 

17 

process. 18 

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

Several vendors use the cemenvfly ash process and many studies have been performed. One such 19 

20 program was performed on waste at the Idaho National Engineering Laboratory (INEL). 

F.2.2.5 Kiln Dust and Fly Ash based Process 21 

Kiln dust and fly ash have been used in several solidification projects. They function primarily as 
adsorbents or bulking agents. The kiln dusts are highly alkaliie, 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 
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25 

fly ash are pozzolanic and resemble those of portland cement. A limitation of the use of these 
materials is that they contain significant amounts of metals, which leach at levels above regulatory 

26 

27 
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30 

standards. These materials are available, and their costs are low compared to portland cement. The 
cost of these materials however has been increasing; if the trend continues, they could be replaced by 
more expensive but more efficient reagents (Conner 1990). 
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F.2.2.6 Polvethvlene Process 
Brookhaven National Laboratory (BNL) has also developed a process for the solidification of salt 
wastes, incinerator ash, and ionexchange resins in polyethylene. Although the most common 
solidification agents used in solidification of low-level radioactive waste (LLW) are portland cement, 
bitumen, and thermo settling polymers, operational dfificulties such as incompatibility with waste 
constituents, low loading efficiency, premature setting, or formulation of solidified products with poor 
performance properties have been observed with these materials (Franz 1987). 

The choice'of polyethylene as an improved solidification agent was based on such considerations as 
compatibility with waste, solidification efficiency, material properties, availability of materials, 
economic feasibility, and ease of prockssibility. Because the solidification process is not dependent 
upon complex chemical reactions as it is in the case of hydraulic cements and thermosetting polymers, 
the processing is simplified and solidification of the waste is ensured. 

Polyethylene is a thermoplastic organic polymer of crystalline-amorphous structure formed through the 
polymerization of ethylene gas. At elevated temperatures thermoplastic polymers change from a hard 
material to a rubbery flowable liquid. On cooling, the polymers revert to their original form. 

Polyethylene is resistent to most acids, bases, and organics normally encountered in waste streams. 
The superior mechanical properties of polyethylene (i.e., compressive strength) allow higher waste 
loading than normally can be incorporated into other materials such as cement or bitumen, without 
compromising the integrity of the waste form. 

Some of the more important factors that affect the properties of polyethylene are density, molecular 
weight, molecular weight distribution, melt index, and cross linking. Low-density polyethylene (0.9 10 
to 0.925 g/cm3. The process parameters investigated included temperature, pressure, mixing kinetics, 
and volumetric efficiency. In general, polyethylenes with a density of 0.924 g/cm3 and melt indices of 
35.0 to 55.0 g/10 minutes were able to incorporate greater quantities of waste. In the case of the 
incinerator ash, the maximum amount of waste was 40 weight percent (dry) that represents the 
maximum amount of waste that can be incorporated to form a monolithic solid. For the determination 
of the release of radionuclides through leach tests, radioactive tracen were added to the incinerator 
ash. The radioisotopes used were cobalt-60, strontium-85, and cesium-137 because these are the 
radionuclides of greatest concern in low-level wastes. Results of this study indicated a clear 
dependence of leachability upon increased waste loadings for all  three isotopes for the incinerator ash 
samples. With increased waste loading, the average leaching of the radioisotopes decreased. Results 
of the plycthylene &dies indicate that polyethylene is a viable solidification agent for various types 
of low-level waste (Franz 1987). 
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Standards for Comparison 

Compressive strength 

Finished surface 

Acid resistance 

Free water 

Miscibility in oil 
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22-4 7 

Portland Cement Magnesium Cement 

hard very hard 

smooth glass-like 

mild reaction no reaction 

visible not visible 

no Yes 

F.2.2.7 Magnesium-based Cement 
The magnesium-based cement technology discussed here is one developed by Envirotite Incorporated 
(En). ETI literature states that approximately 65 percent of the Stabilization products marketed use 
portland cement or a mixture of portland cement and catalysts. ETI identified only three corporations 
that used magnesium-based cements for stabilization. Magnesium-based cements have been 
formulated and perfected to possess physical properties similar to ceramics. The ETI literature also 
states that due to the improved qualities of magnesium cement, it can meet more disposal needs than 
other stabilization products and offer some unique properties significantly different than those provided 
through the use of poltland cement @TI 1991). 

ETI provides the following table to show the comparison of portland cement versus magnesium 
cement: 

The magnesium-based cement offered by ETI are CERAMAG-S 1 and CERAMAG-Ll . 

CERAMAG-S 1 
CERAMAG-S1 is a magnesium-based concrete specifically formulated to stabilize hazardous wastes 
present in solid matrices such as clay, dirt, sand, gravel, ash, and sludge. CERAMAG-S1 reduces 
TCLP values less than regulatory limits for a wide variety of inorganic and organic wastes. Stabilized 
products meet applicable land disposal restriction (LDR) treatment standards. 

CERAMAG-L1 
CER4MAG-Ll is also a magnesium-based concrete specifically formulated to stabilize hazardous 
waste present in liquid matrices including acids, caustic, solutions of inorganic wastes, solutions of 
organic wastes, and petroleum products. CERAMAG-Ll reduces TCLP values less than regulatory 
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limits for a wide variety of inorganic and organic wastes. Stabilized products meet applicable LDR 
treatment standards. 

The performance data by ETI for the magnesium-based concrete indicate that there would be no free- 
standing water in the stabilized product that the UCS would be far greater than the 500 psi UCS 
quoted by the Nuclear Regulatory Commission technical position paper (NRC 1991). Specific data 
from a particular site was not provided but the chemical characteristics of the stabilized waste provided 
by ETI indicate that TCLP values for organic and inorganics are below regulatory limits. 

F.2.2.8 Modified Sulfur Cement EncaDsulation 
Modified sulfur cement is a thermoplastic material that can be easily melted, combined with waste 
components in a homogeneous mixture, and cooled to form a solid monolithic waste form. Compared 
with portland cements, sulfur cement has several advantages. For example, no chemical reactions are 
required for solidification, eliminating the possibility that elements in the waste can interfere with 
setting and thereby limit the range of waste materials that can be encapsulated successfully. Sulfur 
concrete compressive and tensile strengths twice those of comparable portland concretes have been 
achieved, and full strength is attained in several hours rather than weeks. Sulfur concretes are resistant 
to attack by most acids and salts, e.g., sulfates that can severely degrade hydraulic cement have little 
or no effect on the integrity of sulfur cement (Kalb 1991). 

As a result of defense and research activities the U.S. Depamnent of Defense (DOD) generates a broad 
range of waste types, including hazardous/radioactive waste, one of which is incinerator ash. In an 
effort to develop new methods of stabilizing/solidifying mixed wastes generated at DOE facilities, 
work is being performed at BNL to encapsulate incinerator fly ash waste. 

The incinerator fly ash in this study are generated in the Waste Experimental Reduction Facility 
(WERF) at INEL. This fly ash contains a total of 40 pCi/g of activity consisting of fission products 
((3-137) and activation products (Co-57 and Sb-125). The ash was analyzed for 12 elements and the 
results are shown below: 
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Elemental Composition of INEL 
Incinerator Fly Ash 

Element 

Zinc 
Lead 
Sodium 
Potassium 
Calcium 
Copper 
Iron 
Cadmium 
Chromium 
Barium 
Silver 
Nickel 
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~ ~ 

Weight Percentage 
~ 

36.0 
7.5 
5.5 
2.8 
0.8 
0.7 
0.5 
0.2 
BDL* 
BDL 
BDL 
BDL 

*Below detection limits (~0.05 wt. percent) 

The incinerator fly ash contains zinc, lead, sodium compounds, and highly soluble metal chloride salts 
that creates an acidic environment in the presence of moisture. The presence of these element and 
compounds have been shown to impede or interfere with cement solidification by reducing the 
ultimate mechanical strength of the waste form, by causing cracking and could greatly increase the 
mobility of contaminants (Kalb 1991). 

As stated above, however, modified sulfur cement is resistant to attack by acids and salts. 

The modified sulfur cement is a thermoplastic material that means that thermal input is required for 
processing. Also, when the sulfur cement is mixed with dry waste materials, a thick paste is formed. 
Therefore, a mixing system would be required to mix the waste and binder to form a homogeneous 
mixture. Several mixing systems were investigated and based on the processing requirements of 
modified sulfur cement/waste combinations, a double planetary orbital mixer was chosen as the most 
appropriate system. 

Formulation and process development work was concluded to determine the limits and ease of 
processibility, while at the same time producing waste forms that conform to regulatory criteria. 
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Maximum waste loadings were determined by first processing at waste loading above the limits of 
workability (i.e., extremely dry mixtures that yielded friable products with little structural integrity) 
and then adding additional increments of modified sulfur cement until acceptable workability and 
product integrity were achieved. Reported waste loadings represent weight percent of dry ash, after all 
residual moisture has been removed. Using this procedure, a maximum waste loading of 55 weight 
percent INEL incinerator fly ash was determined. Due to its low pH and high chloride content, the 
maximum waste loading using portland cement achieved at INEL was 16 weight percent (Kalb 1991). 

Among the tests conducted on the waste forms were compressive strength and leachabfity to provide 
information on structural integrity and waste form behavior in a disposal environment. Modified 
sulfur cement is a brittle material and tends to shatter under axial compressive load. 

Compressive strength testing of waste form specimens containing 40 and 55 weight percent INEL fly 
ash encapsulated in modified sulfur cement were compared with modified sulfur cement specimens 
containing no waste. The results indicated that compressive strength were not highly dependent upon 
waste loading (4053 psi to 40 weight percent ash and 4118 psi at 55 weight percent ash) "but both 
waste loadings displayed more than two times greater strength than the binder material alone (1800 
psi)." 

The INEL incinerator ash and samples of encapsulated ash at various waste loadings were tested using 
both the Extraction Procedure-Toxicity (EP Tox) and TCLP. 

The TCLP leachate data from the INEL incinerator ash show that cadmium and lead were present in 
concentration well above the EPA allowable limits for each chemical. The TCLP leachate from waste 
encapsulated in plan modified sulfur indicated that cadmium and lead above the allowable limits. 
(Leachate concentrations for encapsulated waste samples tested by the EP Tox method were found to 
be considerably lower, which demonstrates the conservative nature of the TCLP test) 

Based on results of scoping experiments and other considerations, sodium sulfide was selected as an 
additive to further reduce mobility of toxic heavy metals in the incinerator ash and to comply with 
EPA TCLP hazardous waste concentration limits. Sodium sulfide reacts with the toxic metals salts to 
form metal sulfides of extremely low solubility. sodium sulfide has been used extensively in the 
related field of waste watertreatment, and has been identified as an effective treatment technology by 
EPA. A ratio of sodium sulfide/fly ash of 0.175 was used based on the results of an experiment to 
determine the effectiveness of this additive on cadmium mobility under EPA leaching conditions. 
Optimization of INEi indneraior fly ash waste loading with added sodium sulfide (while maintaining 
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additive/ash ratio constant) yielded a maximum waste loading of 43 weight percent fly ash, 49.5 
weight percent modified sulfur cement, and 7.5 weight percent sodium sulfide (Kalb 1991). 

By using the optimal INEL incinerator ash with sodium chloride in modified sulfur cement, 2.7 times 
more incinerator ash can be used per drum (55 gallon) than when using Portland cement as the binder. 
INEL incinerator ash is difficult to stabilize using ordinary portland cement mixtures and the waste 
loading is limited to 16 weight percent. Modified sulfur cement is not susceptible to interference from 
the high concentrations of zinc, lead, sodium. and chloride as portland cement. The waste loading is 
increased significantly using modified sulfur cement. A process demonstration using production-scale 
equipment to encapsulate the incinerator fly ash in modified cement is being planned in conjunction 
with INEL. 

F.2.3 LITERATURE SEARCH 
A literature search was conducted to determine whether the performance of stabilizatiodsolidification 
have been sufficiently documented on similar wastes and the number of times the technology has been 
used. 

The literature search for Operable Unit 4 involved calling various laboratories that have been involved 
in stabilizatiodsolidification and reviewing various other available literature. Those laboratories 
contacted were the INEL, Oak Ridge National Laboratory (ORNL), and BNL. 

F.2.3.1 INEL Literature 
INEL representatives were contacted and they indicated that published information on stabiliza- 
tiodsolidification is not available because none has been performed. INEL however provided the 
name of a private company, Halliburton-NUS Environmental Company, with whom they had worked 
with previously. The contact person at Halliburton indicated he had performed work for the Savannah 
River Plant using stabilization/solidification; however, he did not know how to get the report. He 
further stated that a lot of this type information is difficult to obtain because it is proprietary. During 
the course of the conversation, he also stated that it is his experience that a treatability study would be 
needed to indicate the type of inhibitors present in the waste. Although a complete analysis of the raw 
waste may be performed, sometimes those compounds that inhibit the stabilizatiodsolidification 
process are not found until the treatability testing is done. 

F.2.3.2 ORNL Literature 
ORNL was also contacted. ORNL provided a list of reports, which provided remedial techniques for 
various waste sites at ORNL. A review of the list and of some reports indicate that they do not 
provide information with regards to ex situ stabilization/solidifi&tion. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11  

12 

13 

14 

15 

16 

17 

18 

19 

2n 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

235 
FERIDuIMIwp361 .APF/lO-O1-91 



RI/FS Treatability Work Plan 
O c m k  5.1991 
Vol. WP-Section Appendix F 

2247 Page 11 of 14 

F.2.3.3 BNL Literature 1 

BNL also provided a list of references that used stabilization/solidification methods to mat  various 
wastes. The two methods identified by BNL were the modified sulfur cement and polyethylene 
solidification processes and are discussed in Sections 2.6 and 2.8. 

2 

3 

4 

The results of the analysis performed on the solidified products produced by the two methods, indicate 

process however is the chosen method for solidifying Operable Unit 4 wastes. Therefore, the results 
offered by the sulfur cement encapsulation and solidification using polyethylene is not relevant for 
comparison to portland cement/fly ash method. 

5 

6 

I 

8 

9 

that both methods are viable for solidification agents for low-level waste. The portland cementHly ash 

F.2.3.4 Soliditech, Incomrated Literature 10 

The literature search also included a paper presented at the Forum of Innovative Hazardous Treatment 
Technologies by Soliditech, Incorporated. The paper described the Soliditech process, which is a 

11 

12 

13 

14 

15 

mixing process based on the use of pozzolans or cement and various additives that enhance the ability 
of the mixture to incorporate organic compounds into the matrix and reduce the potential for these 
compounds to leach from the solidified product. 

The Soliditech process solidifies wastes by use of URRICHEM (a proprietary chemical reagent, U.S. 16 

11 

18 

19 

20 

patent pending). additives, pozzolanic solids, and water. The proportions of reagent, additives, and 
pozzolan are optimized for each particular waste requiring treatment. The solidified material displays 

that of concrete (Brassow 1989). 
properties of excellent unconfined compressive strength, high stability, and a rigid texture similar to 

Three different waste streams weR treated as part of the demonstration, which included a soil 
contaminated with oily sludge, a filter media with a high percentage of hydrocarbons and an oily tank 

bottom sludge. The latter stream was co-treated with the filter media during the demonstration. 

21 

22 

23 

Untreated waste samples were collected for each test parameter from each of the three waste streams. 

solubles removed by leaching/extractions. The results allow a direct comparison of physical and 

treatment process (Brassow 1989). The information presented below is from the results of Brassow 

24 

These samples were analyzed for total chemical constituents, physical characteristics and the amount of 

chemical properties between the treated and untreated waste and a determination of effectiveness of the 

1989. 29 

2.5 
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n 
28 

Untreated waste -- Untreated waste from ihe site consisted of contaminated soil, filter cake, 30 

31 

32 

and filter cake/oily sludge. These wastes contained 2.8 to 17 percent oil and grease, with 
relatively low levels of other organic compounds. PCB (Aroclors 1242 and 1260) concentra- 
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tions ranged from 28 to 43 mg/g; arsenic concentrations from 14 to 94 mg/kg; lead 
concentrations ranged fmm 650 to 2470 m a g ;  and zinc concentrations from 26 to 151 
mg/kg. 

Treated Waste -- The Soliditech stabilization process produced solidified waste with high 
structural stability and low permeability. UCS values ranged from 392 to 856 psi. 
Permeability values ranged from 8.9 x to 4.5 x lo-’ cm/s. Because of the cementitious 
additives in the Soliditech process, pH values of the solidified wastes ranged from 11.7 to 
12.0. Arsenic concentrations ranged from 28 to 92 m a g ;  lead concentrations from 480 to 
850 m a g ;  zinc concentrations from 23 to 95 m a g ;  and PCB (Aroclors 1242 and 1260) 
concentrations from approximately 15 to 41 m@g. Low concentrations of phenol and p- 
cresol were found in solidified filter cake and filter cakdoily waste samples. These 
compounds were not detected in the untreated wastes. 

Extract of Untreated Waste -- Arsenic, lead, and zinc were found in EP, TCLP, and BET 
extracts of the untreated wastes. No PCBs were detected in the TCLP extracts of the untreated 
wastes. Total concentrations of up to 1.3 mg/L of volatile organic compounds and up to 0.38 
mg/L of semivolatile organic compounds were detected in TCLP extract of the untreated 
waste. Oil and grease concentrations of 1.4 to 1.9 mgL were detected in the TCLP extract of 
the untreated waste. Untreated wastes could not be tested by ANS 16.1. 

Extract of Treated Waste -- Significantly reduced amounts of metals were detected in the 
TCLP, EP, BET, and ANS 16.1 extracts of the treated waste. No PCBs or volatile organic 
compounds were detected in the TCLP extract of the treated waste. Phenol, pcresol, 0-cresol, 
and 2,4-dimethylphenol were detected in the post-treatment TCLP waste extracts. Oil and 
grease concentrations of 2.4 to 12.0 mg/L were detected in the TCLP extracts. 

The range of UCS and low permeabilities verify the solidification objective. 

The change in volume ranged from 0 to 60 percent but the median appeared to be less than 30 
percent. This is an important parameter when estimating disposal volume of treated waste and this 
level is probably an acceptable increase now (Brassow 1989). 

F.3.0 SOLIDIFICATION PROCESS CHOSEN FOR OPERABLE UNIT 4 
Section 2.0 contains descriptions of the various types of stabilizatioxdsolidification methods and their 
associated advantages or disadvantages. As a result of reviewing these methods, the portland 
cement/fly ash process is the technology that has been chosen to solidify the waste in Operable Unit 4. 

The modified sulfur cement encapsulation method, which appears to be a viable technology but data 
results from other studies using this method are not documented, to verify its success rate. Also, the 
use of the modified sulfur cement requires the use of an additive, such as sodium sulfide, to reduce the 
mobility of toxic metals. The results from the laboratory study for modified sulfur indicates that is a 

237 better binder than portland cement in that the modified sulfur cement would have higher waste 
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loadings than the portland cement. Studies using portland cemenvfly ash have however been 
performed is pozzolonic and acts as an adsorbent for metal ions. Therefore, by using portland 
cemenvfly ash, an existing waste can be used as resource to aid in treating other wastes at the site. 

1 

2 

3 

F.4.0 CONCLUSIONS AND RECOMMENDATIONS 4 

The purpose of this additional literature search was to provide additional justification for choosing 5 

6 stabilization/solidification using a portland cemenvfly ash mixture as the treatment process option. 

One of the main criteria to determine whether a treatability study is required is to determine from a 

proposed. 9 

I 

8 literature search whether sufficient documentation of results exist for the treatment method being 

Based on the results of this literature search, it can be concluded that sufficient documentation of 
results of stabilization/solidification of wastes similar to Operable Unit 4 is not available. Therefore, 
the treatability study for Operable Unit should be conducted. 

10 

11 

12 

238 



Rl/FS Treatabiity Work Plan 
October 5.1991 
Vol. WP-Section Appen@ 4 7 
Page 14 of 14 

APPENDIX F 
REFERENCES 

1 

2 

Boehmer, A.M., 1986, "Waste Characterization and Analysis Activities Conducted in Support of the 
Solidification Development h g r a m  at the Idaho National Laboratory," prepared for the U.S. 
Department of Energy Idaho Operations Office by Idaho National Engineering Laboratory, EG&G 

3 

4 

5 

6 Idaho, Inc., Idaho Falls, ID. 

Boehmer, A.M. and M.M. Larsen, 1986, "Hazardous and Mixed Waste Solidification Development 
Conducted at the Idaho National Engineering Laboratory," prepared for the U.S. Depanment of Energy 
Idaho Operations Office by Idaho National Engineering Laboratory, EG&G Idaho, Inc., Idaho Falls, 

7 

8 

9 

ID. 10 

Brassow, C.L., J.T. Healy and R.A. Bruckdorfer, June 1989, "Fixation of Organic and Inorganic 
Wastes/lntimate Mixing Technique" presented at Forum on Innovative Hazardous Waste Treatment 

11 

12 

Technologies: Domestic and International, Atlanta, GA. 13 

Conner, J.R., 1990, Chemical Fixation and Solidification of Hazardous Wastes, Van Nostrand 14 

Reinhold, New Yo&, NY. 15 

Envimtite Incorporated, May 1991, "Summary of Waste Stabilization Technology and Services," St. 16 

George, UT. 17 

Franz, E.M., J.H. Heiser and P. Colombo, 1987, "Solidification of Commercial and Defense Low- 
Level Radioactive Waste in Polyethylene," Proceedinp of the Ninth Annual Doe Low-Level Waste 
Management Conference. CONF-870859, Session VI, Denver, CO. u) 

I8 

19 

Hunt, L.F. and A.M. Boehmer, 1987; "Development Process for the Stabilization of Incineration 
Bottom Ash and Sizing Baghouse Dust Material," prepared for the U.S. Dept. of Energy Idaho 
Operations Office by Idaho National Engineering Laboratory, EG&G Idaho, Inc., Idaho Falls, ID. 

21 

22 
23 

Kalb, P.D., J.H. Heiser, and P. Colombo, 1991, "Modified Sulfur Cement Encapsulation of Mixed 
Waste Contaminated Incinerator Fly Ash," Waste Management, Vol. 11, pp. 147-153. 

2A 

2s 

U.S. Environmental Protection Agency, Oct. 1985, "Handbook of Remedial Action at Waste Disposal 
Sites (Revised)," EPA/625/6-85/006, EPA, Office of Research and Development, Cincinnati, OH, and 
EPA, Washington, DC. 28 

26 

n 

U.S. Nuclear Regulatory Commission, 1991, "Technical Position on Waste Form (Revision l)," 
prepared for the NRC Office of Nuclear Safety and Safeguards by the Low-Level Waste Management 
Branch, Division of Low-Level Waste Management and Decommissioning, NRC, Washington, DC. 

29 

30 

31 

239 



APPENDIX G 

APPLICABLE MSDSs 

2247 

240 



chemists helping chemists in research 6. industry 

afldrleh chemical co, 
P 0 BOX 355. Milwaukee. Wisconsin 53201 USA (414) 273-3850 

24 7 
ATTN: SAFETY DIRECTOR 
IT CORPORATION 
R E G I O N A L  ACCOUNTING 
312 DIR.ECTORS DRIVE 
KNOXVILLE TN 37923  
DHAYNE ROOT 

D A T E :  3 4 / r : 2 / 8 7  
CUST # 427195 P - 0 -  # 307376 

PRODUCT # 2 9 8 9 9 - 9  NAME: 1 ~ 1 ~ 1 - T R I C H L O R O E f H A N E ~  ANHYDROUSv 
UN I NH I B I T ED t 99+% 

C A S  # 71-55-6 

RT EC 
I R R l  

: S  # KJ2975000 

: T A T I O N  DATA 
ETHANE, l r l 9  1-TRICHLORO- 

EYE-MAN 450 PPM/8H 
SKN-RBT 5-&!/120-1 HLD 
SKN-RBT 500 HG/24H HOD 
EYE-RBT 100 MG HLD 
EYE-RBT 2 HG/24H SEV 

T O X I  

REV I 

M 

H 

L AT 
AL 
O F  
O P  
LOR 

IONS 
INDEF 
PM (1 
PH FE 
OETHA 

I N I T  
90 0 
REAC 
NE-A 

EPA GENETIC TOXICOLOGY PROGRAM, JANU 
REPORTED I N  €PA TSCA INVENTORY. 1983 
EpA TSCA 8 f A l  PRELIMINARY ASSESSMENT ~ 

N 8(E) STATU 
47926992  82 

EPA TSCA SECTIO 
8EHQ-09 8 2-0 4 5 7 

EPA TSCA SECTION 8 ( € )  STATU 
IN1 OSH CURRENT INTELL IGENCE 
"NIOSH MANUAL OF ANALYTICAL 
N C I  CARCINEGENESIS BIOASSAY 

N C I  CARCINOGENESIS BIOASSAY 

NTP CARCINOGENESIS STUDIES; 
MEETS C R I T E R I A  FOR PROPOSED 

(NC ITR* NCI-CG-TR-3.77) 

(NC I T R *  NCI-CG-TR-3977) 

IS REPORT 

BJ IMAG 2 8 ~ 2 8 6 9 7 1  
AIHAAP 1 9 , 3 5 3 9 5 8  
28ZPAK -928.72 
AIHAAP 1 9 9 3 5 3 9 5 8  
28ZPAK -928.72 

J O C M A 7  
NT I S** 
28ZPAK 
N T I S * *  
NT IS** 
S A I G B L  
TXAPA9 
FMCHA2 
TXAPA9 
AIHAAP 
AIHAAP 

8 , 3 5 8  966 
P 0 2 5 7 - 1 8 5  
-928.72 
P 0 2 5 7 - 1 8 5  
P 0 2 5 7 - 1 8 5  
1 3  T 226 71 
1392079 6 0  
-9C242.83 
101 1 1 9 ~ 6 7  
1993539 50 
1 9 ~ 3 5 3 ~ 5 8  

E IMEMDT 2 0 r 5 1 5 . 7 9  
M G / H 3 )  D T L V S *  3 ~ 1 6 1 ~ 7 1  

39923540974  
1R:CL 350 PPM/ lSM MMWR** 34( 

ARY 1984 

I N F O R W T I O N r  F I N A L  RULE FER 

8EHQ-0293-0471 S;8EHG-0980-0 

IS REPORT 8EHQ-3979-0310 
B U L L E T I N  2 7 ,  1978 
METHODS 3RD ED-" S E E :  METHOD 1003  
(GAVAGE! ;RESULTS INDEFINITE:HOUSE,RA 

COYPLETE 

TEST CDH 
OSHA ME0 

D; RESULT S NEGATI VE :MOUSE 9 R A  

EAC 

365: 

T 

T 

PLETEDv JUNE 1986 
1ICAL RECORDS RULE FEREAC 47r 3042 O T  

92 

ONLY SELECTED REGISTRY OF T O X I C  EFFECTS OF CHEMICAL SUBSTANCES (RTECS) 
DATA IS PRESENTED HERE. SEE ACTUAL ENTRY I N  PTECS FOR COMPLETE INFORMATICN. 

ACUTE EFFECTS 
H A Y  Z E  HARYFUL BY IbJHALATIOG* I N G E S T  I @ N ,  OR. S K I N  ABSORPTIOG. 
VAPOR OR M I S T  IS I R R I T A T I N G  TO THE E Y E S T  .YUCCUS PEYSRANES AND UPPER 
R E S P I P ~ A T C R Y  T R A C T -  



chemists helping chemists in research 6 industry 

aldrieh rchemiea~ CUB- 
P 0. BOX 355. Milwaukee. Wisconsin 53201 USA * (414)  273-3850 

224 7 

C A T A L O G  # 29899-9 NAME: 1,1, l -TRICHLORCETHANE~ ANHYDRGUSt 
U N I N H I B I T E D I  99+X 

CAUSES S K I N  IRRITATION,  

M A Y  INCREASE TOXIC E f  FECTSo 

NARCOTIC EFFECT- 

EXPOSURE T O  AND/OR CONSUMPTION OF ALCOHOL 

PROLONGED EXPOSURE CAN CAUSE: 

DE RM AT I T I S 

DAMAGE TO THE L I V E R  
DAMAGE TO THE K IDNEYS 

WATER FOR AT 1EAST 1 5  MINUTES.. 

CHRONIC EFFECTS 

F I R S T  A I D  
I N  CASE OF CONTACTr IMMEDIATELY FLUSH EYES 

I N  CASE OF CONTACT, IMMEDIATELY WASH SKIN 
AMOUNTS OF WATER- 
I F  INHALED, REMOVE TO FRESH A I R .  I F  NOT BR 
RESP IRAT ION, PREFERABLY MOUTH-TO-MOUTH, I F  
G I V E  OXYGEN. 
CALL A P H Y S I C I A N -  
WASH CONTAMINATED CLOTHING BEFORE REUS€* 

W I T H  CCP1 

WITH SOAP 

EATHING 61 
€3 R EATHT NG 

UUS AMOU 

AND COP1 

NTS OF 

OU s 
VE A R T I F I C I A L  
IS D I F F I C U L T t  

MELTING POINT: -35 C 
B O I L I N G  POINT: 7 4  C TU 76 C 
S P E C I F I C  G R A V I T Y :  1,338 

F I R E  AND EXPLOSION HAZAP.D OATA ------------ -- _.-- ------ 
FLASH POINT: NONE 

EXTINGUISHING MEDIA 

SPECIAL F I R E  F I G H T I N G  PROCEDURES 

UNUSUAL F I R E  AND EXPLOSION HAZAROS 

HATER SPRAY, 
CARBON DIOXIDE,  DRY CHEMICAL POWDER, ALCOHCL C R  POLYMER FOAM, 

WEAR SELF-CONTAINED EREATHING APPARATUS AND PROTECTIVE CLOTHING TO 
PREVENT CONTACT WITH S K I N  AND EYES- 

EMITS TOXIC FUMES UNDER F I R E  CONDITIONS- 
------ ------------- R E A C T I V I T Y  DATA ----_--------------- 

I NCOM P AT I B I L I T  I E S 
STRONG O X I D I Z I N G  AGENTS 
ALUM I NUM 
A N D  I T S  ALLOYS- 
H AGN E S IUM 
Z I N C  
STRONG BASES 

POTAS S I  UH 
SOD1 UM 

REACTS VIOLENTLY WITH: 

HAZARDOUS COMBUSTION OR DECOHPBSITION PRODUCTS 
TOXIC FUMES OF: 

CARBON MONOXIDE, CARBON D I O X I D E  
HYDROGEN CHLORIDE GAS 
PHOSGENE Gas 

S P I L L  OR LEAK PROCEDURES --------------- --------------- 
STEPS TO BE TAKEN I F  MATERIAL IS RELEASED OR SPILL€[!  

WEAR SELF-CONTAINED BREATHX NG APPARATUSt RUBBER BOOTS AhD HEAVY 
RUBBER GLOVES- 
COVER WITH DRY L I M E  OR SODA ASH, P I C K  UP, K E E P  I N  A CLOSED COFJTAINER 
AND HOLD FGR WASTE DISPOSAL. 
VENTILATE AREA AND kASH S P I L L  S I T E  A F T E R  Y A T E R I A L  D I C K U P  IS C E M P L E T E .  



cnemiscs neiping chemists in research 6 industry 

2247 w. 
P.O. Box 355. Milwaukee, Wisconsin 53201 USA (414)273-3850 

CATALOG rY 2Y89F-9 NAME: I T L ~ ~ - T R I C H L O R O E T H A N E T  ANHYDROUSI 
UN I N H  IB I T  ED 9 9+X 

HASTE DISPOSAL METHOD 
DISSOLVE OR M I X  THE MATERIAL N I T H  A COMBUSTIBLE SCLVENT 4ND BURN I N  A 
CHEMICAL INCINERATOR EQUIPPED WITH AN AFTERBURNER AND SCRUSBEP.. 

OBSESVE ALL FEDERAL. STATE & LOCAL 1AWS. 

--- PRECAUTIONS TO BE TAKEN I N  HANDLING AND STORAGE ---- 
CHEMICAL SAFETY GOG 
RUBBER GLOVES 
OSHA/MSHA-APPROVED 
SAfETY SHObiER AND E 
MECHANICAL EXHAUST 
AVOID CONTACT AND I 
DO NOT SET I N  EYES,  
WASH THOROUGHLY AFT 
I P.RI TANT. 

S T O R E  I N  A COOL DRY PLAC 
KEEP TIGHTLY CLOSED- 

ON CLOTHING- 
GO 

E- 
---------- ADDIT IONAL PRECAUTIONS AND COMMENTS --------- 

ADD1 T I O N  AL INFORMATION 
l , l T  1-TRICHLOROETHANE HAS B E E N  REPORTED TO REACT VIOLENTLY W I T H  
ACETONE, NITRXTES, AND OXYGEN- 

THE ABOVE INFORMATION IS BELIEVED TO BE CORRECT BUT DOES NOT PURPORT 

NOT BE HELD L I A B L E  F O R  ANY DAMAGE RESULTING FROM HANDLING OR F R O M  
CONTACT N I T H  THE 48C)VE PRODUCT. SEE REVERSE S I D E  OF INVOICE OR PACKING 

TO BE ALL INCLUSIVE AND SHALL BE USE0 ONLY AS A GUIDE. ALDRICH SHALL 

S L I P  FOR AOOITIONAL TERMS AND CONDITIONS OF SALE. 



if660 Cu"4 
iFf ECT I V  E : 0 5 / 0  1/8 9 

; I ' ITR IC  L C I C  

hGDUCT t iAYE:  I d I T R I t  A C I D  
OHMIN SYE;C)!lYuS: H Y C R C S E t l  I.:I TRATE;  AZ3TIC A C I D  
HEHI CAL FA!: 1 L Y  : I!:C ?GA :: :C A C ICs 
ORMULA: K t C 3  
O R H U L A  kTo: 62.01 
A S  No.: 7 6 9  7-3 7-2 

R G D J C T  USE: LXYi iR4TOP.Y SEAGENT 
RODUCT CGCES 

I OSH/RTE cs NO. : 1zu 5 775 ooo 

4 Y C  1 t 9 5 9 7  9 5 1139 9632 9 5 3  7 1 i 9598t9605996CO , 961  5 16931 r96CS906 3 1 

A a O R A T C R Y  P R O T E C T I V E  E Q U I P Y  ENT 

C G G L E S  t S!iIEL3; L A C  C U A T  C APRCX; VEhT ti3CD; PROOEZ ;LO'JZ3  

U O  S P R E C A U T I 2 N A R Y  L A E E L I  ?:G 

P O I S O F !  2APiGER 
P I L L A G E  MAY CA'JSE FIRE 3 R  L I B E R A T E  CANSEFlCUS . C A S .  iiAF!i'lF'Ji I F  : ! I t iALE?  A?!3 ;!?+Y 
AUSE C E L A Y E D  L U N G  INJU!XY. STRONG CXI9I ZERO C C N T A C T  !JITt-l 2Tt!EC; !!rlTE?..IAL ; ! k Y  
AUSE F I R E .  LI2UID A:1C VCIPGR C A U S E  SE'IERE 3UP.FIS. '!AY 3E FATAL IF S'.IALLCLJE3 OF. 
W A L E D  
EEP FROM C O N T A C T  W I T H  C L O T t i I & C  A N 3  OTHER COHDUSTICLE HATTEXIALS.  3C X O T  STOP.? 
EAR C G Y B U S T I 3 L . E  Y & T E R I A L S o  DO f43T GET IN E Y E S 9  O N  SKIFlr G:\l CLOTHINS. DO flOT 
IEATHE VAPOR. K E E P  I F J  T I G H T L Y  C L O S E D  COP!TAINERo USE U T T H  A D E 2 U A T E  
E N T I L A T I O h o  #ASH THOROUGHLY A F T E R  HANCLINC. X F l  C A S E  i3c F I X E 9  USE Y A T f P .  
PRAY. I f ;  C A S E  OF S ? I L L v  k E U T R A L I L E  iJITH S O C A  Ash 3F. LI ' .Z.  

2 4 4  



3a6G C34  
FFECTI'JE:  CS/01/89 

N I T R I C  A C I O  

I t i  T E 0.f 1 k T I 3 !J AL L A BE L I F1 G 

VOX3 COhTACT iiITH EYES. AFTER Cc7!.ITACT :.I'ITH S K I : i p  L1ASt-l 1 : 4 Y E 3 I A T E L Y  L!IT!-! 
LElJTY SF R A T E R .  KEEP C O : ; T A T X E R  T I S t i T L Y  CL2SED. 

DMPONEEIT 
ITRXC 4CIC 
4TER 

C A S  NO. YEICHT "a CISHA/PfL ~ICI; IH/TLV 
7697-37-2 65-71 L P P P  2 PP!4 
7732-19-5  2 9 - 3 5  PI:: 'V E 

7 

IILINC P3IilT: 121 C (249 F )  
( A T  76C t1H HG) 

VAPOR 2RESSUSE (PUtlG) : 9 
(2C C) 

VAPOR P E M S I T Y  ( A I P . = L ) :  ?:/A E L T I N G  PCII!.IT: -62 C ( - 4 3  F )  
(AT  7bG ! ! f ;  HG) 

P E C I F I C  G R A V I T Y :  1.41 
(HZL= 1) 

'x; V3LATILES 3 Y  VCLUE:  1cO 
( 2 1  C) 

P IYSICAL STAT;: L I 2 U i D  

245 



L A S d  P O I K T  ( C L O S E D  CUP): t i 1 . A  N F P A  ?04?l f.ATI;IG: 3-9-0 C X Y  

U T O I G I G  T I 0 ? 1  TEIYPEi7ATUqf N / A  

I R E  E X T I W U I  3HIriC f lE@I  A 
USE tJATEA SPRAY- 

PECIAL FiF .E-FI  ^ J H T I ' G  P ROCECLRES 
FIREFIGHTERS SHSUL3 WEAR PROPEi? P R 3 T E C T I V f  E 3 U I P P f P 4 T  A K D  SELF-CO;lTAIFiED 
3 R E A T H I : l C  APPAXATUS A I T H  FULL F A C E P I E C E  C P E R A T E D  Iil PaSITIVE PRESSUF,E 
MODE. H O V E  E X P J S Z  COfiTA1NEP.S F?.O!I F1P.E A R E 4  I F  XT CAr.1 2 ,  C'DNE 'riITHOUT 
R I S K ,  USE HATER T C  K E E P  FIRE-EXPGSED COt;TAIfiIEt?S COrJL; 90 tiOT G E T  WATER 
I NS I li E C 3 N T A I  'E R S  

t4USUAL F I R E  & E X P L 3 S 1 3 N  H A Z A R D S  
STFi3f.tG 0 X I D I Z S F . o  CO!.ITACT AITH OTHER t ' A T E R I A L  K A Y  C A 2 S f  F I R 2 0  K f A C T S  i J I T H  
YOST P E T A L S  TG PRZ3UCE HYDRCGEFJ G A S 9  WHICH C A t I  FO?A A'l E X P L C S I V E  Y I X T U R E  
W I T d  AIk. A V I 2 L E V T  EX3THER14IC  R E A t T I G N  CCCUP.S X I T H  \ / A T E R o  :UFFICI ,?IT H E A T  
K A Y  L3E PRODUCE3 TO IGFJITE COt4CUSTISLE K A T S R I A L S .  

O X I C  GASES PRCD'JCED 
3 X I C E S  OF N I T R O G E P i t  IiYDi? C G f r 4  

X P L D S I O h  C A T A - S E N S I T I V I  TY TG H E C A A f 4 X C A L  T M P A C T  
NOl.;f  ICE!4TIFIEC. 

XPL3SIUf; CATT-A-SENSI T 1 , ' I T Y  T C  S T A T I C  3 i S C H A R G E  
IiCFiE I C i I l T I F I f C  

HRESHCLD L I I I I T  VALUE ( T L V / T C i A ) :  5 F!G/,U.3 (2 P P M )  

246 



X I Z I T Y  OF COMPCNENTS 

P R O G U C T I V E  Z F F E C T S  
hOt;f XDENTIFIEC 0 

FECTS CF O V E R E X P 3 3 U P . E  

S K I M  C C N T A C T :  S E V E R E  I R R I T A T I C N  OR B U R N S  

-c E Y E  C 0 t : T A C T :  J L V E R E  I R R I T A T I O N  CP. BLJt?ti;S 

C H R 0 t ; T C  EFFECTS: DAMAGE TO L U ! G S r  T E E T H  

SGET O R G A N S  
E Y E S 9  SKI%,  t4UCOUS MEt-:SRAKiESr R E S P I R A T O R Y  SYSTZKT LU’ lGSr  T E E T l l r  .SI T R A I T  

I ICAL C O N C I T X O N S  GENERALLY AGGRA’IATEJ 3Y EXPOSURE 
3AhAGED S K I t J r  E Y E  31SOP.DERSt CARDIOPULHONARY C I S E A S E r  LLI:J.G P I S E A S E  

C O N T I W E 3  Oti P A G E :  5 
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. R t E & C Y  A I 4 9  FIRST A I 3  PROCEDURES 

SKI:4 CORTACT: I:1 C 4 S E  OF C9t.ITACTq IHMEDIATELY F L U S t l  SKIf.1 d:TH PLEf iTY OF 
h'ATEZ FtiR AT L E A S T  1 5  YI iJUTES H H l L f  R E ! C V I . ' I J  COtlTA!IIhATE3 
tLCT. l IP lG A A D  SHOE;, HASH CLOTHING 3EFOD,Z RE-USE.  

EYE CC::TACT: 1'1 CqSE OF EYE C3 I ITACTt  I Y l ! E D X A T f L Y  F L U S H  dJ:TFc P L E I J T Y  CF 
dATER FGR A T ' L E A S T  1 5  MINUTES. 

S A R A J T I T L E  XI X HAZA2D C A T E C 3 E I E S  A N D  L X S T S  

TE: Y L S  CHROF!IC: YES F L A ! I Y A S I L I T Y :  YES PRESS'JRZ: 110 R E A C T I S T T V :  '40 

REHELY FIAZARDCUS SUSSTANCE:  YES C G Y T A I N S  N I T R I C  A C 1 3  ( 3 3  = 1 ~ 7 0 0  L 3 S T  T P 3  
= lq002 LBS) 

C L A  HAZARCOUS SuL; ;TAGCE: Y E S  CCSTATNS N I T R I C  A t 1 3  ( 2 2  = lC00 1 3 2 1  
I C  C H E t i I C A L S :  YES CJNTAI fdS  N I T R I C  A C I D  

A I IdVENTilRY: YE; 
G E h E R I C  CLASS: Clb 

B I L I T Y :  S T A 3 L E  HAZARGOUS POLYMERIZATICr I :  ~J ILL  !JJT CCCUR 

D I T I O h S  TO A V O E :  HEAT 9 LIGHT9 !43XSTU2€ 
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' J ITRIC  A C I C  

'OR S P I L L S  OF TtiIS PRZDUCTm 

I I S P D S A L  PR0CEDUP.E 
CISPCSE IX ACCCRSAYCE- H I T H  ALL AP?LXCAGLE FEDERAL, S T A T E T  A!!E LZ3CAL 
E f4V I RCtJt! E !:TAL R ZGL'L AT1 ;3N S - 

EPA HAZkP.DCUS WASTE NUF13ER: D O O l r  3@02 ( I G N I T A 3 L E w  CCP.?.SSIVE H'ASTE) 

4ENTXLATIOt<: 

IESPXRATCRY PROTECT1 014: 

iYE /SKI : t  P R O T E C T I  0:;: 

R E S 0  IRATORY PROTECTIOt4 REi2UIRE3 I F  A I 2 3 C ! Z I E  

1P9 PPM, A C t i E H I t A L  CARTRIDGE 7.23P I?.ATOP. !=!ITtI A C I D  
CA3TRIDGE IS i'tECOK.!EElIDEDo A3':VE T H I S  L E V Z L T  A 

CO'4C ENTRATICIk EXCEEDS TLVo A T  C9!:CE!ITRATT O:.!S UP T 2  

SELF-COhTAI i iED E\REATt!ING APPARATL'S 1 2  A 9 V I  S E 3 .  

SAFETY GCGGLES ANP FACE SHIELD,  gr:If=??.':T PEOTECTIVZ  
% I T  v F i E O P R E h E  CLOVES ARE RECC)!.!r-!ZNDE3o 

uF-T-D47a* STSRAGE CCLOP, COCE: YFLLC i i  ( R E A C T I V E )  

iTOR4GE &C;UI RCt?ErlTS 
kEEP LC)IiTAIF:ER T I G t I T L Y  t L C S E C o  ST3F.E SEPARATELY AN3 AlJAY F?.C" F iA ! ' f :A3Lf  
ANC C0I:SUSTICLC ?!,ATERIALSO I S 3 L A T E  FRCN I N C O M P A T I B L E  ? l A T E P . I A L S o  K E E P  
P R C 2 U : C T  g3'JT CF L i G 4 T o  
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: i I T R x C  A C I C  

N T E R N A T I C N A L  (I 0M. 0 a) 

'ROPER ShIPPIPJS !JAKE: ? I I T R I C  A C I C  

IfJ: JNZ031 ?!A? I tCE POLL UTA?:TS-' r!O PAt t / .AS? ! IS  S89JP: I I 
I A BE L S: CCRi7 0 S i V E  

IAZARD CLASS: 8 I o ? l o E t .  PAGE: t3107 

E G U L A T D R Y  REFER5E:ICES: 49CFP. 172.102; P A R T  176; I M O  

I R  ( I o C o A o O o )  

R C P E R  S t ! I P P I % G  f.IANE: I I I T R I C  4 C I O  
IAZARD C L A S S :  3 
IN: ~ i r m 3 i  P A C K A G I N G  SRCUP: 1 I 
ABELS: C0RRC;IVE 
. E C U L A T E R Y  R E F E R E 2 1 C E S :  69CFQ. 1720101; 1 7 3 . 6 ;  P A R T  1 7 5 ;  I C A O / I > . T A  
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3 6 6 2  E24  
F F E Z T I V L :  0 5 / 0 1 / 8 9  

? l I T R I C  A C I C  

L A S T  PASE -- I- 




