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i 

On July 18,1986, the Femald Environmental Management Project ('FEIW) was placed on the National 
Priorities List (NPL) for investigation and remediation under Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA). IT Corporation (IT) was contracted in 1991 to conduct a 

treatability study on the FEMP Operating Unit 4 (OU4). The silos contaixied spent uranium tailings 
high in lead and radioactive elements including radium, uranium, and thorium. 

As a CERCLA site, where treatment of the waste is indicated, treatability testing is mandatory to 
ascertain the optimum treatment available and one that can be demonstrated for the waste under 
remedial investigation. This treatability study is concerned with cement stabilization and chemical 
extraction of the silos' contents. During the prellmlnary phase of both stabilization and chemical 
extraction, 1990 archived Silos 1 and 2 samples were used. 'Ihe archived 1989 Silo 3 samples were 
stabilized only. 

The pedormance of these samples showed no problem in achieving moderate compressive strength. 
Silo 3 samples required higher reagent loadings than Silos 1 and 2 waste to achieve the 500 pounds 

-per square inch (psi) goal. Stabilized samples of Silos 1 and 3 had significant failures for lead (Silo 1) 
and arsenic and chromium (Silo 3). The most promising stabilization formulations were carried into 
the Remedy Selection Phase of the program. 

The Remedy Selection Phase incorporated bentonite in formulations except for Silo 3. 

The Advanced phase cement stabilization samples showed extreme heterogeneity from zone to zone, 
silo to silo. It was also established that the reagents themselves were contributing lead-210 (Pb-210) 
and beryllium in the leachates. Antimony, lead, and zinc had positive percent reductions. Barium, 
boron, selenium, vanadium, and particularly molybdenum had negative percent reductions (i.e., their 
concentrations increased in the Toxicity Leaching Characteristic medure [TCLP] leachate). 
However, -210, Polonium-210 (Po-210). and total uranium had high percent reductions. 

Various acids were investigated in the Stage I prelimhmy phase chemical extractions. Hydrochloric 
and nitric acids proved better at extracting uranium and lead than acetic acid, which was dropped from 
the program. Time, temperature, and dose rates (volume to solids ratio) were varied as well as 
extractant strength. During Stage II, ethylenediaminetettic acid (EDTA) was introduced to 
improve the total radiological removal from the raffimte. EDTA proved sipifkantiy more efficient at 
lowering the gross alpha and beta activity than the acids previously investigated. It was also 
determined that multiple extractions would be required to get the best results. Multiple extractions 
were conducted with hydrochloric, ninic (HN03), EDTA, and potassium chloride (KCl) pretreatment 
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G 54.48 
followed by EDTA. The two extraction systems showing the best results, KQ/EDTA and 
EDTA/HN03, were the candidates of choice for the Remedy Selection (advanced phase) extractions. 

Remedy Selection (advanced phase) extractions were replicates of the Remedy Screening test, but on a 
larger scale. The raffinate from the KCI/EDTA extractions were below the 100 on Ci/g limit of 
-191 while the ra&nate from the Silo 1 EDTA/HN03 extractions were not. All &mates 
passed the TC regulatory levels of metals. 

The time and temperature stu&es showed that lead extractions improved with higher temperatures and 
longer times, Le., 8OoC for 7 hours was the best condition investigated. Thorium was relatively 
unaffected by increased time and/or temperatures while Uranium favored higher temperatures and 
longer times. 

Water washing of the nffinates showed generally maeasing ccmcentrations for lead and uranium 

falling off after the seventh extractions to lower levels. A pH effect was postulaied as a reason for 
this trend. 

Stage II precipitants were mvestigated for their ability to remove contamhints and provide low sludge 
volume. Sodium sulfide and Nalmet 8154 exhibited the best performance. Sulfide was dropped for 
toxicity considerations. Settleability was mvestigated at the same time using commercial polymers. 
No settling rate improvemeat was noticed. 

Advanced Phase precipitates were also stabilized with cement. Again, excellent strength was observed 
and the only detectible Resource Conservation and Recovery Act (RCRA) metal was barium at a low 
level. Uranium was nondetectable. 

Extracts were dried then vitrified using two approaches. First, spent nitric acid and EDTA/nitrate 
(from precipitation of the EDTA) were mixed with site soil then vitrified. Second, the extracts were 
combined, and the EDTA precipitated. The precipitate was calcmed, blended with site flyash, then 
vitrified. Both samples vihified with site flyash passed the modified toxicity characteristics leaching 
procedure (MTCLP) while the composite sample made with site soil failed on lead leachability. 

Based on the foregoing results a proposed process and methods for optimbation are presented. 
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1.0 INTRODUCTION I 

The purpose of this report is to document the results of the treatability study conducted in accordance 2 

with the "Operable Unit 4 Treatability Study Work Plan" for cement stabilization and chemical 
extraction approved by the United States Environmental Protection Agency (EPA) in January 1992. 
This repon was generated following the guidelines established by the EPA in the "Guide for 

3 

4 

5 

6 Conducting Treatability Studies under CERCLA" dated October 1992. 

On July 18, 1986, a Federal Facilities Compliance Agreement (FFCA) was jointly signed by the EPA 
and the United States Department of Energy (DOE) to ensure that environmental impacts associated 
with past and present activities at the Femald Environmental Management Project (FEMP) are 
thoroughly investigated so that appropriate remedial actions can be assessed and implemented. A 
Remedial InvestigatioxVFeasibility Study (RVFS) has been initiated to develop these remedial actions. 
The FEMP has been segregated into five operable units. Operable Unit 4 (OU4) consists of four 
waste storage silos: Silos 1 and 2 (K-65 Silos), Silo 3 (metal oxide silo), the unused Silo 4, and their 
ancillary structures and the surrounding soils. OU4 is located at the western periphery of the site, 
southwest of the waste pit area 

7 

8 

9 

10 

11 

12 

13 

14 

15 

The purpose of conducting treatability studies is to provide additional information for evaluating 16 

17 

18 

19 

remedial process options. This document evaluates pn>cess options that include cement stabilization 
and chemical extraction followed by cement stabilization or vitrification. The comparisons of the 0 
remedial process options will be performed during the detailed analysis of alternatives stage of the 

. Feasibility Study (FS) for OU4. The FS for OU4 is considering remedial actions for the silo 2o 

structures; for materials stored in the silos; for contaminants in the surrounding soils and perched 
water. and other structures within the boundary. 

21 

22 

1.1 SITE DESCRIPTION 23 

1.1.1 Site Name and Location 24 

The FEMP. formerly the Feed Materials Production Center (FMPC), is a conuactor-managed federal 
facility once used for the production of purified uranium metal for the DOE. The FEMP is located on 

downtown Cincinnati, Ohio, and lies on the boundary between Hamilton and Butler counties. 
production operations at the FEMP were limited to a fenced, 136-am (55-hectare) tract of land 

25 

26 

1050 acres (425 hectares) in a rural area approximately 18 miles (32 kilometers) northwest of n 
28 

29 

. located near the center of the site. 30 

The waste storage silos were constructed to provide storage for the residues resulting from the 
processing of pitchblende ores and uranium raffinate. The silos are large concrete suuctures which 

31 

32 

33 

34 

0 were built in 1951 and 1952. Each of the four domed silos is 80 feet (24.4 meters) in diameter, 36 
feet (1 1 meters) high to the center of the silo dome, and 26.75 feet (8.2 meters) tall to the top of the 

000018 
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vertical side walls. The side walls are eight-inch (20 centimeters [an]) thick concrete wrapped with 
steel post-tensioning wires. The silo sides are covered with a 0.75 inch (1.9 cm) thick layer of gunite. 
The dome roofs are made of reinforced concrete and taper from eight inches (20 cm) thick at the silo 
walls to four inches (10 cm) thick at the dome's center. 

1.1.2 Historv of Owrations 
Silos 1 and 2 were used for the storage of radium-bearing residues which are by-products of uranium 
ore processing. Silos 1 and 2 received approximately 8000 cubic yards (6117 cubic meters) of 
residues from 1952 to 1958. Raffinates (residues resulting from uranium solvent extraction) were 
pumped into the silos as a slurry where the solids would settle. The free liquid was decanted through 
a series of valves and piping placed at various levels along the height of the silo wall. This pmxdure, 
pumping of sluny, followed by the settling and decanting, continued until the waste material was 
approximately four feet (1.2 meters) below the top of the vertical wall. Historical analyses of the K- 
65 Silo residues indicate that a#pmximately 24,500 pounds (11,200 kilograms [kg]) of uranium (0.71 
percent U-235) are present in Silos 1 and 2. In addition, the estimated concentration of radium was 
between 0.13 to 0.21 parts per million (ppm) in the K-65 residues. 

Radon and the elements resulting from its decay (referred to as progeny) are the nuclides of concern 
from a health and environmental perspective. Radon is known to be emanating from the silos via 
cracks and at structural joints. Radon and its progeny are relatively mobile and capable of migrating 
through air and water. Through the RUFS characterization efforts, it was found that the berms and 
subsoils contain elevated levels of 14-210 -210) and polonium-210 (Po-210). 

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. Raflinated slumes from refinery operations were dewatered in 
an evaporator and spray-calcined to produce a dry waste for placement in Silo 3. "he material was 
blown in under pressure to N1 Silo 3. Silo 4 was never used and, except for rainwater infiltration, 
remains empty today. 

Silo 3 contains approximately 5200 cubic yards (3900 cubic meters) of calcined residues consisting of 
silica. 39,500 pounds (18,000 kg) of uranium, and very small amounts of radium, thorium, and other 
metal oxides. Silo 3 is not a significant radon source because of the physical and chemical character- 
istics of its contents. Nevertheless, Silo 3 will be considered a potential hazard because its contents 
are radioactive and, in its dry powdery state, are susceptible to airborne dispersal if exposed to wind. 

1.1.3 Prior Removal and Remediation Activities 
As part of the Silos 1 and 2 Removal Action, Removal Action Number 4 per the Consent Agreement, 
a layer of BentoGrout was placed over the K-65 residues in Silos 1 and 2 to attenuate the radon 
releases to the environment and to reduce the risk of airborne contaminants in the case of a tornado. 
It is presupposed that the added BentoGrout will be remediated in the same manner as the K-65 
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material. Data was collected during the bench-scale vitrification Sequence B testing, as defined in the 
"Operable Unit 4 Treatability Study Work Plan for the Vitrification of Residues from Silos 1.2. and 

. 3". to provide information to evaluate the vitrification of the BentoGrout with the K-65 material. 

1.2 WASTE STREAM DESCRIPTION 

1.2.1 Silo Residue Characteristics 
Several sampling attempts have been conducted that provided data on the waste material contained in 
Silos 1 and 2 (K-65 material) and Silo 3 (metal oxide). The results of several of these studies are 
summarized in Table 1-1 and Table 1-2 and, as can be seen, vary widely in the conclusions of total 
waste volume and radionuclide content Further information on the characterization of the waste 
within the OU4 boundary can be found in the "Remedial Investigation Report for Operable Unit 4." 
Also, to verify the composition of the wastes to be vitrified as part of the treatability study, laboratory 
screening tests included performing chemical and radiochemical analyses on the material provided for 
the bench-scale vitrification tests. The results of these analyses are listed in Section 4.1 of this report 

1.2.2 Constituents of Concern for OU4 
Chemicals and radionuclides of concern were identified by comparing available characterization data 
with background data. These chemicals and radionuclides of concern are illustrated in Table 1-3. 

1.3 TREATMENT TECHNOLOGY DESCRIFI'ION 

1.3.1 Cement Stabilization 
The stabilization technology considered involves the use of portland cement, flyash, and other reagents 
to make a concrete%ke material out of the waste.  his technology was tested on waste itom silos 1, 
2, and 3. 

1.3.1.1 Treatment Process and Scale 
Cement stabilization would probably be performed in a batch process. The waste and reagents would 
be fed to the mixer, mixed, and then poured into molds where the mix would cure. Commercial 
cement mixing equipment could be utilized. Almost any capacity could be provided. The limiting 
factors would be based on radiation and radon levels, and the rate at which the waste can be removed 
from the silos. 

1.3.1.2 ODerating Features - Stabilization 
Waste could be fed as a solid or slurry. If fed as a slurry, control of the water content would be 
needed to ensure that the amount required in the formulation is not exceeded, since too much water 
could result in increased reagent requirements and/or less effective stabilization of the waste. 
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TABLE 1-1 
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SILO RESIDUE CHARACTERISTICS 

silos 1 L 2 silo 3 

characteristic 1952 1974 1980 198% 1988 1987 

Physical 
~~ ~ 

Dry weight org) 1.59 x 106 - 8.79 x 106 
Volume (m3) 3 155 - 5522 5522 

Density 1179 - - 
Water Content (96) 30 - - - 

3902 

RadilUll 

Uranium 

Total thorium 

0.3 

21 10 
- 

0.28 - 0.36 

1800 - 3200 

0.2 

600 

- 

0.753' 0.13 - 0.21 

11,200 1400- 1800 

- 301 - 322 

0.015' 

18.000 

Chemical 

'Assumes all radium in K-65 midues is Ra-226 with specific activity of 0.988 CVg. 
- No data available. 
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TABLE 1-3 

CHEMICALS AND RADIONUCLIDES OF CONCERN FOR OU4 

Radionuclides Silos 1 and 2 Chemicals 

Actinium-227 (Ac-227) 

Protactinium-23 1 (Pa-23 1) 

Lead-210 (Pb210) 

Polonium-210 (Po-210) 

Radium-226 (Ra-226) 

Thorium-228 (Th-228) 

Thorium-230 (Th-230) 

Thorium-232 (Th-232) 

uranium-234 (U-234) 

Uranium-235/236 (U-235/236) 

Uranium-238 (U-238) 

2-B utanone 

2-Butanone. 3-methyl- 

2-Hexanone 

4.4' DDE 
4.4' DDT 

4-Methyl-2-pentanone 

Acetone 

Aldrin 

Antimony 
Aroclor-1254 

Aroclor-1260 

Arsenic 

Barium 

Benzoic Acid 

Beryllium 

Bis(2 ethylhexyl) phthalate 

Boron 

Butanic Acid, methylester 

Cadmium 

Carbon Tetrachloride 

Chlorfoml 

Chromium 

Cobalt 

Copper 

Cyanide 

Di-n-octyl phthalate 

Dieldrin 

Diethyl phthalate 

Dimethyl phthalate 

Endosulfan I1 

Endosulfan I 
Endrin 

Flourankne 

Heptachlorepoxide 

Iron 

Lead 

Mercury 
Methylene chloride 

Molybdenum 

Nickel 

N-nimsodi-n-propylamine 

Phenol 

Pyrene 
Selenium 

Silver 

Styrene 

Tetrachloroethene 

Thallium 

Toluene 

Total Xylenes 

Tributylphosphate 

Vanadium 

Zinc 

~ U 4 l S D E . 9 9 7 . 1  - N M 9 3  1-7 
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silo 3 

Radionuclides Chemicals 

Actinium-227 (Ac-227) 

Protactinium-231 (Pa-23 1) 

Lead-210 pb-210) 

Radium-224 (Ra-224) 

Radium-226 (Ra-226) 

Radium-228 (Ra-228) 

Thorium-228 (Th-228) 

Thorium-230 (Th-230) 

Thorium-232 (Th-232) 

uranium-234 (u-234) 

Urani~m-235/235 (U-235/236) 

Uranium-238 (U-238) 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

J Cobalt 

Copper 

1-8 

Lead 
Manganese 

Mercury 

Nickel 

Selenium 

Silver 

Thallium 

Vanadium 

Zinc 

000025 
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1.3.2 Chemical Extraction 
The chemical extraction technology was tested to determine how effectively metals and radionuclides 
could be extracted from the waste. The extraction p~ocess results in a small waste stream containing 
the bulk of the metals and radionuclides, and a much larger insoluble waste stream containing much 
lower concentrations. 

a 

1.3.2.1 Treatment Process and Scale 
In the extraction process, w e  and extractant axc placed in a reaction vessel and stirred continuously 
for a specified time at a specified temperature. At the end of each extraction, solids/liquid separation 
is accomplished by filtration or processing in a centrifuge. The technology tested included multiple 
extractions and extractants on waste samples from Silos 1 and 2. 

1.3.2.2 ODe rating: Features - Chemical Extraction 
The extraction system can be set up with any number of stages (extractions), using different extract- 
ants. The system can also be operated at any temperature ranging from ambient up to almost 100°C. 
The extraction vessels can be set up in a train so that waste and extractants flow through the system in 
a counter current process, maximizing extr;dctant efficiency. Any desired capacity can be achieved by 
setting up the appropriate number of trains. 

1.3.2.3 Treatment of Extract from Chemical Extraction Process 
The extract from the chemical exmction process was combined with portland cement, flyash, and 
other reagents to produce a concrete-like material. The extract was also combined with glass-forming 
reagents and vitrified in a high temperature process for a glass-like product. 

1.4 PREVIOUS TREATABILITY STUDIES AT THE SITE 

1.4.1 Cement Stabilization 
International Technology 0 is not aware of any previous cement stabilization studies on the silo 
Waste .  

1.4.2 Chemical Extraction 
Chemical extraction of K-65 material stored at Femald and Niagara Falls has been investigated 
previously by others. A report containing a discussion and review of this previous work was prepared 
in 1981 for DOE by Demre, et al. 

1.4.3 Vitrification 
A vitrification study was performed by Battelle at Pacific Northwest Labs. A report on this study will 

11 

12 

13 

14 

15 

16 

17 

18 

19 

m 

21 

22 

23 

24 

29 

30 

31 be released in 1993. a 
1-9 000036 



FEMP-OU4TR-2 DRAFT 
O -  5448 March 31.1993 

1.5 REPORT ORGANIZATION 

1.5.1 Sections 1 throufzh4 
0 

Section 1.0 of the Treatability Study Report of OU4 gives a brief description and history of the FEMP, 
along with brief descriptions of the waste areas that comprise OU4. Section 2.0 presents the 
conclusions of this study and the resulting recommendations. 

3 

4 

5 

Section 3.0, Treatability Study Approach, includes discussions of test objectives and rationale, experi- 6 

7 

8 

mental design and procedures. equipment and materials, sampling and analysis, data management, and 
deviations from the Treatability Study Work Plan for OU4. Section 4.0 gives the results of the study 
and discusses data analysis and interpreWions, data quality assurancdquality control (QNQC), costs 
and schedule for performing the treatability study, and key contacts. The contents of Section 4.0 axe 
discussed in greater detail at the beginning of that section. 

9 

10 

11 

1.5.2 Amendices 12 

This treatability study contains nine appendices that provide additional information. 
contains Toxicity Characteristic Leaching Procedures (TCLP) characterization of unmated waste for 

Appendix A 13 

14 

1s Silos 1.2, and 3. Both chemical and radiological data are presented. 

Appendix B presents the Clipper computer printout listing the formulations and results of various 16 

17 @ analyses. Clipper is a D-Base IV software package used to store and manipulate all the treatability 
study data and comments. 18 

Appendix C gives the analytical results for each of the Remedy Selection (advanced phase) samples as 19 

20 reported by the analytical laboratory, including qualifiers. 

Appendix D presents the analytical results adjusted for dilution by reagents. 

Appendix E gives the results of the 5-day static leach tests. 

Appendix F includes non-standard procedures that were not in the work plan. 

~ppendix G contains two reports on geotechnical tests performed on the silo waste. 

Appendix H gives analytical results for reagent and sand samples (blanks). 

21 

22 

23 

24 

25 

Appendix I gives additional information on Remedy Screening @reliminary phase) testing. , 2 6  

a 
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2.0 CONCLUSIONS AND RECOMMENDATIONS 

The Remedy screening ( ' R e m )  and Remedy Selection (Advanced) Phases of the treatability 
study to investigate cement stabilization and chemical extraction as potential remedial technologies for 
Operable Unit 4 wastes has been completed. The Remedy Selection (Optional) Phase of the 
treatability study program is currently in progress. The desired data described in the Treatability Study 
Work Plan were collected, adyzed, presented, during quarterly meetings, and conclusions determined. 
Data and results were t r a n s f d  to the feasibility study team for input into their analyses. 

During the Remedy Selections Phase of the stabilization study two formulations were investigated for 
each silo. One furmulation consisted of cement, flyash, and blast furnace slag. The other one used 
cement, flyash, and adsorbents. All formulations exhibited exceedingly excellent compressive strength 
and permeability. Bulking factors were relatively high although not unacceptable. The cement, flyash, 
blast furnace slag formulations gave greater percentage reductions in leachability than the cement- 
flyash formulations. Blast furnace formulations also had lower bulking factors. All formulations had 
Toxicity Characteristic Leaching Procedure PUP) leachate parameters below the Toxicity 
Characteristic (TC) regulatory limits. 

Because five constituents of concern exceeded the proposed on-property disposal leachate active levels 
(PODLAL) it is recommended that M e r  work is done optimizing the cement/flyash/blast furnace 
slag formulations. Also, time did not allow the development of optimum moisture: density 
relationships and/or investigate the varying of the water content in the mixtures. This should be done 
in the interest of redwing the bulking factor and increasing the compressive strength by compactive or 
other measures in lieu of adding more reagent. The heat rise needs to be better controlled for Silo 3 
stabilization. Either optimizing the addition of reagents over time or an increase use of a more inert 
reagent that could act as a heat risk should be investigated although this will increase the bulking 
factor for this site. 

The fact that the molybdenum exceeded the LALs is disturbing. The formulations need a reagent that 
can produce an insoluble molybdenum compound such as phosphate. Formulations containing some 
pulverized phosphate rock (calcium phosphate) should be investigated. 

Extreme heterogeneity m the silo matefials caused problems in stabilization. Additional more 
formulations need to be tested to produce a stabilization blend that can overcome this heterogeneity. 

In the chemical extraction program, Remedy Screening @ r e m  phase) Stage I investigated the 
effectiveness of various acids for extracting metals and radionuclides from the Silo 1 and 2 materials. 
Hydrochloric and nitric acids proved better in extracting uranium and lead than acetic acid. For the 
acid concentrations investigated, uranium and lead were most effectively extracted using concentrated 
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hydrochloric or 30 percent nitric acids. Time, temperature, and dose rates (volume to solids ratio) 
were varied during this testing. A 4:l dose rate and 8OoC extraction temperature proved most 
effective in extracting uranium and lead in a single extraction step. 

Remedy Screening @ellminary phase) Stage II continued testing acid extraction at several extraction 
times and through multiple extractions. Additionally, ethylenediamine tetracetic acid chelant (EDTA) 
was introduced to improve the total radiological removal from the raffinate. This reagent proved 
sigrvficantly more effective tban the acids previously investigated. Results of this testing indicated 
that a combination of acid and EDTA extractants, carried through multiple extractions proved most 
successful. KCl prgmtment, rinses, and pH adjustments were also incorporated. The best extraction 
systems were found to be K W T A  and EDTA,/HN03 and these were carried into the Remedy 
Selection (advanced phase) testing. 

Advanced phase chemical extraction testing was carried out using larger sample aliquots than in the 

Remedy Screeningphases. Two extraction systems, (1) pretreatment with KCl followed by six EDTA 
extractions, and (2) six EDTA extractions followed by a HN03 extraction, were tested on Silo 1 and 2 
materials separately. The KCIIEIyTA extraction raffinates for both Silos 1 and 2 were below the 100 
nCVg limit of 4ocFR191 while the Silo 1 raffinate after EDTA/HN03 extractions did not, All 
rafFlMtes passed TQ9 criteria. 

Extraction time and temperature studies in the Advanced Phase showed that extraction effectiveness 
for lead improved at higher temperatures and longer times, 8OoC for 7 hours being best. Thorium 
removal appeared unaffected by time and t a p t u r e  changes while uranium removal was e n h a n d  at 
increased extraction time and tempture .  Water washing of raffinates showed increasing 
concentrations of metals removal due most probably to pH effects. The remainder of Advanced Phase 
testing looked at vitrification, precipitation, and stabilization of chemical extract and liquids. Extracts 
were dried and vitrified directly after addition of soil, flyash, or underwent metals and EDTA 
precipitation through pH adjustment and/or Nalmet polymer addition and vitrified after ashing and 
somyash addition. Both samples vitrified with site flyash passed the MTCLP while a composite 
sample vitrified with site soil failed. Precipitants were investigated to remove contaminants and 
produce low sludge volume. Sodium W i d e  and Nalmet 8154 gave the best results. Sealeability of 
precipitate was investigated through addition of commercial polymers but no improvement over the 
Nalmet was observed. 

a 

Finally, precipitate material from spent extractant liquids was stabilized with cement resulting in a 
product with UCS values from 372 to 1165 psi. MT%Lp performance was also good, with only 
barium leaching at low ppm levels and uranium nondetectable. 
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From the above testing, an overall process can be defined. The purpose of this process would be to 
reduce the volume of material that must be cisposed of as a mixed waste. This would be done by 
chemically extracting radioactive and hazardous constituents from the silo material with EDTA. The 
extracted solids would be rinsed with water and dewatered to produce a material suitable for disposal. 

a 
The combined extracts would be treated to recover EDTA and to remove the hazardous and 
radioactive constituents in two stages. First, the extract would be acidified to precipitate EDTA for 
reuse. Then, the extracted hazardous and radioactive constituents would be precipitated, dewatered, 
dried, and vitrified to give a resulting produce that would be approximately 10 percent of the weight 
of the on@ untreated silo material. The two solid residues from the process would be packaged for 
interim storage on site. 

It is recommended that further Remedy Selection testing be conducted to improve the decontamination 
of spent extractant process. This may be accomplished by changing the extraction process such that 
most of the lead, uranium, and readily soluble iron are extracted fraom the waste before adding to 
EDTA. The recommended process is two extractions with HCl and HN03, followed by a rinse, and 
four EDTA extractions. The spent acid extract would be decontaminated by pH adjustment. The 
spent EDTA extract would still use Nalmet as in the Advanced Phase study. This process should 
greatly reduce Nalmet and EDTA costs. 
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3.0 TREATABILITY STUDY APPROACH 1 

3.1 TEST 0- AND RATIONALE 
Under Section 121(b) of the Comprehensive Emironmental Response, Compensation and Liability Act 
(CEFtUA) as amended by the Superfund Amendment and Reauthorintion Act (SARA), the EPA is 
required to evaluate remedial actions that "permanently and sigmfhntly reduce the volume, toxicity, 
or mobility of the hazardous substances, pollutants, and contaminants." To this end, treatability studies 
provide valuable site-specific data necessary to support CERCLA remedial activities when treatment is 
proposed as part of one or more remedial alternatives. Treatability studies serve two primary 
purposes: to aid m the selection of the remedy; and to aid m the implementation of the selected 
remedy. 

This treatability study was designed to provide data for technologies that lower the leaching of 
contaminants from OU4 wastes by chemically fixing them in an altered matrix or by redwing their 
concentration in the original matrix. The results of this study will be a data set which will be 
compared to the Proposed On-property Disposal Leachate Action Levels (LALs) and Taxicity 
Characteristics (TC) Regulatory Limits, to determine if attainment of any or all of these goals is 
feasible. 

This study was composed of two technical approaches: 1) stabilization of the silo contents using 
various inorganic additives, including cement; and 2) chemical extraction of the silo contents with 
various acids and chelates to remove the metals, combined with precipitation, stabilization, or 
vitrification of the extracts. Each of these technical approaches consists of a Remedy Screening 
(prelhimy phase) and a Remedy Selection (advanced phase). The data resulting from this 
treatability study will be used to support the FS by establishing or identifymg the following: 

Confirmation of technology applicability to OU4 waste 
Compliance of technology with applicable or relevant and appropriate requhzments 
(-1 
AnaIyucal results to be used for fate and PaDSport modeling 
Leachability data to support residual risk calculations 
Refinement of process requirements for cost estimation purposes 
Initial database for use in subsequent remedy design studies 

3.1.1 Remedial Action Obiectives 
Remedial Action Objectives (RAOs) are qualitative goals which defme the extent of cleanup required 
to achieve a CERCLA response action. They include media-spedk cleanup goals for protecting 
human health and the environment. RAOs address the contaminants of concern as well as exposure 
routes and receptors identified in the baseline risk assessment. The prhaxy purpose of RAOs is to 
ensure site-wide compliance with: 
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Chemical-specific ARARs and guidance to be considered (TBC) I 

EPA guidance for risk to public health from haziudous substances 
Regulatory standards for control of radiation exposure and radioactive contamination in 

2 

3 

the environment 4 

The RAOs for OU4 must cover all radiological and chemical constituents. Alternatives for 

Figure 3-1 include the following: 

5 

6 

7 

remediation must meet airborne RAOs as well as drinking water RAOs. The RAOs presented in 

waste 
* A i r  

soil 
Sediment 

'Surface water 
Groundwater 
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The EPA's "Guide for Conducting Treatability Studies Under CERCLA" (EPA 1988d) outlines a 
three-tiered approach to conducting treatability studies for a Superfund site. The on@ mteqmtation . 
of the approach is illustrated m Figure 3-2 The remedy evaluation phase of the RyFs, in accordance 
with the EPA guidance, may require three tiers of treatabilit) testing: 

Remedyscreening 
Remedyselection 
Remedydesign 

19 

m 
21 

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

Re-ROD treatability studies provide the critical perfomce data and the basis for developing m 
necessary cost data needed to evaluate all potentially applicable treatment alternatives and select an 
alternative for remedial action. The detailed analysis of alternatives (DM) phase of the FS follows 

ROD. During the detailed analysis, all remedial alternatives are evaluated based on the nine FS 
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the development and Screening of alternatives and precedes the actual selection of a remedy m the 

evaluation criteria. These criteria are as follows: 33 

Overall protection of human health and the envifomnent 
CompliancewithARARS 
Long-term effectiveness and permanence 
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"rr 

Reduction of toxicity, mobility, or volume through ueament 
Short-term effectiveness 
Implementability 
cost 
Stateacceptance , 
community acceptance 

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

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

The remedy selection tier of the treatability study program is designed to determine whether a 
treatment altemative can meet the operable unit's cleanup criteria and at what cost. The purpose of 
this tier is to generate the performance data and basis for estimation of cost data necessary for remedy 
evaluation in the DAA phase of the FS. The data developed in this tier should support cost estimates 
of +50 percent to -30 percent accuracy. The FS cost estimates for OU4 will be based on the most 
effective processes determined from this study. The performance data will be used to determine 
whether this technology will meet ARARs and cleanup goals. Remedy selection studies are typically 
small scale, incorporating generic tests using bench- or pilot-scale equipment in either the laboratory or 
the field. The study costs are higher than those encountered in the remedy screening tier and require 
longer durations to complete. The levels of QA/QC .are moderate to high, because the data from these 
studies will be used to support the ROD. 

0 

In the post-ROD remedy design tier, detailed scale-up design, performance, and cost data are generated 
to implement and optimize the selected remedy. Remedy design studies are perfoxmed after the ROD, 
usually as part of the remedy implementation. These studies are performed on full-scale or near full- 
scale equipment for the purpose of generating detailed scale-up design and cost data. Remedy design 
studies require moderate to high QA/QC and are typically vendor specific. Remedy design studies 
should focus on optimizing process parameters and are not a part of this treatability study. 

This r e p  covers the remedy screening and remedy selection tiers of the treatability studies as 
described in the EPA guidance. The remedy screening is performed m the Remedy Screening 
(preliminary phase), and the remedy selection is perfomed m the Remedy Selection (advanced and 
optional phases) of the treatability study. 0 
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3.1.3 Treatability Study Descrimion 
A general description of the cement stabilization and chemical exnaction testing is given in this 
section, in addition to a definition of the performance criteria that were used to evaluate results of 
individual tests. An explanation of how these criteria will support the FS is also given. Figure 3 4  
schematically presents the approach followed m this treatability study. 

3.1.3.1 Stabilization of Untreated Silo Material 
The main effects of various inorganic stabilization reagents were investigated. The results of the 
Remedy Screening (prelmunary phase) tests were assessed to determine the best stabilization material 
to be used in the Remedy Selection (advanced phase) tests. Figure 3-5 illustrates the phases and 
stages of testing that were pexfomed. 

Figure 3-5 also shows that both zone and composite samples were used for Silos 1 and 2. For Silo 3, 
only composite samples were used. 

During sampling of Silos 1 and 2, each Silo was divided into three equal vertical zones. The top third 
of the waste was zone 1 ,  the middle third was mne 2, and the bottom third was zone 3. 

Samples used during treatability were collected through three manways on each silo. Zone composite 
samples were created by combining sample material that was collected from the same zone through 
different manways. Silo composites were created by combining sample material from difficult zones 
and manways. 

The reagents tested included portland cement Type 11, site &d Type F flyash, blast furnace slag, 
sodium silicate, attapulgite, clinoptilolite, ferrous chloride, and water. Blast furnace slag and portland 
cement were added to solicfify the waste, to add silicates to react with the metals, and to maintain the 
treated waste in an akaline form in order to decrease the leachability of the metals of concem. Type II 
portland cement was chosen because of the expected high levels of sulfate in the waste. Type 11 
portland cement is moderately sulfate resistant as compared to Type I. The materials that were 
processed to produce the silo wastes included pitchblende, ore concentrates, and raffinate. 
Pitchblendes contain varying amounts of sulfate. Ore concentrates resulted from processing the ore 
with acid, which frequently was sulfuric acid. Raffiite was typically treated with barium sulfate to 
precipitate the radium. 

Flyash was used m conjunction with cement, since it acts to mcrease the strength of the treated waste. 
The flyash also may decrease the effect of certaiu inhibitors, e.g., sulfates and oil, on the cement 
setting and strength formation reactions. Sodium silicate was added to react with the metals and lower 
their solubilities. Silicate additives may also increase the treated waste bearing strength, decrease the 
bulking factor, and lower the effect of inhibitors, e.g., sulfate for a given cementlflyash additive 
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Remedy Screening (preliminary phase) 
Stage I 

1990 Archived Silos 1 & 2 Sample Material 

1989 Silo 3 Composite Sample Material 

I 
Remedy Screening (preliminary phase) 

Stage I I  
Silos 1 & 2 Composite Sample Material 

Silo 3 Composite Sample Material 

Remedy Screening (preliminary phase) 
Stage 111 

Silo 1 & 2 Composite Sample Material 
Silo 3 Composite Sample Material 
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Remedy Selection (advanced phase) 

Silos 1 & 2 Zone Composite Sample Material 

Silo 3 Composite Sample Material 
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Remedy Selection (optional phase) I 
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FIGURE 3-5. CEMENT STABILIZATION TREATABILITY PROGRAM 
FOR UNTREATED WASTE (SILOS 1,2, AND 3) 
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loading. Attapulgite and clinoptilolite were added to adsorb metals, (in particular cesium). and to 
decrease the leaching of the treated waste. Ferrous chloride was added as a redwing agent for the 
hexavalent chromium m Silo 3. 

Due to the anticipated problems resulting from inorganic inhibitors and the potential organic 
constituents, a wide range of cement and flyash concentrations were investigated in the Remedy 
Screening (prelimmary phase). The experiments were statistically designed such that trends could be 
identified and utilized in the Remedy Selection (advanced phase) experiments. The general procedure 
utilized in this study was an iterative process wherein the results from one set of experiments were 
used to determine the course of the next set of experiments. 

Analytical tests used to determine whether a waste/additive fomula was acceptable were unconfined 
compressive strength (UCS) and Modified Toxicity Characteristic Leaching Procedure (MTCLP) in the 
Remedy Screening (preliminary phase), and UCS and Toxicity Characteristic Leaching Procedure 
(TCLP) in the Remedy Selection (advanced phase). MTCLP is a modified version of the TCLP and is 
described in Appendix C of the Work Plan. The radiological and chemical constituents analyzed for 
in Remedy Screening @re- phases) are listed in Table 3-1; those for Remedy Selection 
(advanced phase) are in Table 3-2. 

3.1.3.2 Chemical Extraction/Rec iDitation/Stabilization/vion/vitrification 
Figure 3-6 illustrates the phases and stages of testing performed to evaluate chemical extraction 
technology. Various chemical extraction techniques were tested on waste from Silos 1 and 2 only. 
The samples were subjected to this Screening process to determine the extractability of the silo 
material to various acid and chelate leaching solution 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 uranium dioxide (U02) to a more soluble hexavalent uranium complex. Acetic 
acid was selected due to its mild complexing ability that might enhance the metal solubilities. The 
effectiveness of the various preliminary tests were determined by analyzing the leachate for lead and 
uranium ethylenediaminetetraacetic &id (EDTA) was also selected because of its wide use for 
decontamination in the nuclear industry. 

The most promising extraction methods determined in the Remedy Screening (prelhhary phase) were 
applied in the Remedy Selection (advanced phase). The Remedy Selection (advanced phase) consisted 
of multiple extractions on the waste, followed by TQ9 analysis of the residue for metals and 
radionuclides, plus radiological analysis of the solid residue. 

IO 

11 

12 

13 

14 

IS 

16 

17 

18 

19 

m 
21 

22 

23 

24 

25 

26 

n 

28 

29 

30 

31 

32 

3-12 

000042 



h A 

3-13 

FEbW-WTR-2 DRAFT 5 448 Mafih 31. 1993 

2 

000043 



FEMP-WTR-2 DRAFT 
'.r -- 5448 March 31. 1993 

A 

3-14 

c 

9 
C 
.I 

000044 



FEhP-oQTR-2 D m  
c a n  -- 5 4.48 M d  31. 1993 

The treatability study also investigated Vitrification of the leachate, leaching kinetics, solids washing, 
solid/liquid separation, precipitation of metals in the leachate solution, stabilization-of the material 
precipitated from the leachate, and Vitrification of the material precipitated fiom the leachate. The 
leachate was vitrified by first removing the liquid by evaporation followed by heating the dried waste 
combined with glass former/bmdifiers at 1250°C. The glass former/modifiers tested in this study were 
alumina-silicates (soil and flyash) and sodium hydroxide and sodium carbonate. 

0 

The precipitation of the leachate experiments were Remedy Screening (prehmmary phase) tests to 
determine which type(s) of precipitation reagents will remove the majority of the hazardous and 
radioactive metals from the leachate. The testing also includes cement stabilization and vitrification of 
the precipitate. Analytical tests performed on the treated chemical extraction leachate samples are 
given in Table 3-1. 

3.1.3.3 General Selection Criteria 

Treatability 
General selection criteria were established to evaluate the performance of the various stabilization 
mixtures in the areas of leachability, UCS, and final waste fom volume. 'Ihese objectives were used 
to determine whether a particular reagent mixture produced an acceptable waste form. The most 
promising formulas for cement stabilization will have minimum UCS values of approximately 500 
pounds per square inch (psi) after a 28day curing period, relatively low permeability, and minimal 
volume increase (bullring factor) relative to the other formulations investigated in the study. The 28- 
day curing period is based on sMndard concre!te industry design and construction practices vroxell et 
al. 1968). The curing period is also specified in the United States Nuclear Regulatory Commission 
(NRC) Technical Paper on Waste Form (NRC 1991). 

a 

The most promising formulations for chemical extraction remove the most metals and radionuclides 
from the waste. In addition, viniiication or stabilization would successfully treat the extract to meet 
TC regulatory limits and acceptable risk levels. 

Feasibility Study 

The best technology will be determined by comparing multiple criteria during the detailed analysis of 
alternatives. The relationship between the data generated during treatability studies and the FS 
evaluation criteria is shown in Table 3-3 and discussed below: 

Data generated under this study will be used for evaluating overall protection of human 
health and the environment and compliance with ARARS in the FS. 

Treatability testing that relates to a technology's long-term effectiveness and permanence 
includes its UCS for handling and disposal purposes; its leachability as measured by 
TCLP; and the extent to which it transmits water, based on permeability. The waste 
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Chemical Extraction 
Remedy Screening (preliminary phase) 

Stage I 
~~ 

Chemical Extraction 
Remedy Screening (preliminary phase) 

Stage II  

Chemical Extraction 

Remedy Selection (advanced phase) 

1 

Extraction Time & Temp 
Remedy Screening (preliminary phase)- 

Stage I 

Remedy Screening (preliminary phase) 
Stage I 

Vitrification of Extract 
Remedy Screening (preliminary phase) 

Stage I 

~~ 

Precipitation of Metals 
In The Extract 

Remedy Screening (preliminary phase) 
Stage I 

~~ 

t 
Precipitation of Metals 

In The Extract 
Remedy Screening (preliminary phase) 

Stage II 

Precipitation of Metals in the 
Extract: Secondary Chemical 
Treatment. Settling - Polymer 

Remedy Screening (preliminary phase) 
Staae II 

t 

Precipitation of Metals in the 
Extract: Secondary Chemical 
Treatment. Settling - Filter Aid 

Remedy Screening (preliminary phase) 
Stage II 

Vitrification of Precipitated Material 
Preliminary Phase - Stage I 

Stabilizing of Precipitated Material 
Remedy Screening (preliminary phase) 

Staae I 

FIGURE 3-6. CHEMICAL EXTRACTION TREATABILITY PROGRAM 
FOR COMPOSITE WASTE SAMPLES FROM SILOS 1 AND 2 
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form also influences long-term stability. 

The ability of a technology or formula to reduce the toxicity, mobility, or volume will 
be measured by indicators such as bulking factor for volume determination, leachate 

2 

3 

4 analysis for toxicity d e t e d t i o n s ,  and permeability for mobility reduction. * 

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

specific technology chosen. 7 

5 

6 volume of treated waste that must be handled and disposed of) and performance of the 

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

8 

9 

10 

11 selected and the volume of waste to be treated. 

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

12 

13 

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

14 

15 

16 

3.1.4 LALs 
LALs act as reference points for evaluating treatability data and are designed to be protective of 
human health and the environment and to comply with ARARS. LALs are chemical-specific, media- 
specific numerical concentration limits that should address all contamiLlants and all pathways found to 

be of concern during the baseline risk assessment process. They are developed early in the RI/FS 
process and are based on readily,available infoxmation (EPA 1991a). These action levels are used by 
engineers as design criteria during development and selection of remedial alternatives. LALS are a 
site-specific subset of the RAOs that are presented in Section 3.1.1. 

Leachate is regulated by the EPA under -61 with the use of the TC regulatory levels. Under 
the Resource Consemation and Recovery Act (FtCRA) program the regulatory level identifies as 
hazardous waste any solid that produces a leachate, using the T U P  analysis, that exceeds specified 
threshold concentrations listed in 4ocFa261.24. These regulatory levels are based on the acceptable 
drinking water concentrations, multiplied by a dilution-attenuation factor (DAF) which accounts for the 
degree of attenuation and dilution that a compound is expected to undergo during transport to the 
drinking water aquifer or receiving stream (EPA 1986c). The default DAF for developing TC 
regulatory levels is 100. 
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An acceptable drinking water concentration may be based on risks or ARARS. Because of the 
presence of multiple contaminants, multiple sources, and multiple exposure pathways at the FEMP. 
preference is given to risk-based concentrations, unless ARAR-based concentrations are more Stringent. 
Acceptable risk-based groundwater concentrations were derived from the drinking water preliminary 
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remedial goals (PRGs) presented in Part III of the Site Wide Characterization Report (DOE, 1993). 
These PRGs were calculated by using the following equations: 

For noncarcinogens, the exposure equation is: 

where 

c, = 

RfD, = 
T H I =  

BW = 
AT = 
E F =  
E D =  
I%= 

Leachate action level concentration in water (m&) 
Target Hazard Index (0.20) 
Oral reference dose (mglkglday) (chemical-specific) 
Adult body weight (70 kg) 
Averaging time (ED x 365 days) 
Exposure frequency (350 days/yr) 
Exposure duration (70 yr) 
Daily water ingestion rate (2 L/day) 

. For chemical carcinogens, the exposure equation is: 

where 

c, = 
T R =  
BW = 
'AT = 
E F =  
E D =  
SF, = 
I%=  

Leachate action level concentration in water(m&) 
Target risk (loe5 and 109. 
Adult body weight (70 kg) 
Averaging time (ED x 365 days) 
Exposure frequency (350 days/yr) 
Exposure duration (70 yr) 
Oral slope factor (mg/kg/day)" (chemical specific) 
Daily water ingestion rate (2 L/day) 

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

where 

C, = Leachate action level concentration in water (Pci/L) 
TR = Target risk and 1 0 9 .  
EF = &posure frequency (350 days/yr) 
ED = bposureduration(7Oyr) 
SFo = Oral slope factor (risk/Pci) 

= Daily water ingestion rate (2 L/day) 

i 

2 

3 

A 

5 

6 

1 
8 

9 

10 

11 

12 

13 

14 

16 

17 

16 

19 

20 

21 

22 
.a 
24 

26 

n 

28 

29 

30 

31 

32 

33 

In developing risk-based leachate action levels, target cancer risk levels were established for 
carcinogens and a target hazard quotient (THO and target hazard index 0 (the sum of the THQs) @ 34 
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was established for noncarcinogens. The EPA suggests a default target risk of (EPA 1991b). 1 

- 9 

3 

4 

 his risk, 10-6, is used as a target risk for the FEMP LALS. JII addition, LALS a l ~ o  imve been 
developed using a target risk of lo? which has been used by EPA in the past to set TCLP leachate 
limits, and falls within the acceptable range under CERC3.A of lo4 to 

For noncarcinogemic toxicants, the EPA indicates that the cumulative site hazard index (HI) should be 
less than 1. However, while total noncancer risk cannot exceed an HI of 1, no direct guidance is 
available on apporlioning the allowable level among the various chemicals in the various 
environmental media. The most applicable regulatory guidance comes from the Office of Drinking 
Water, which in calculating maximum con taminant level goals (MCLGs), uses a relative source 
contribution (RSC) factor to account for the contribution from other sources of exposure (EPA 1989b). 
If sufficient data are not available to evaluate the drinking water exposure relative to other exposures, 
the office of Drinking Water assumes other exposure account for 80 percent of the total, leaving 20 
percent for water. Thus the default RSC is 20 percent (020). 

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

Once drinking water PRGs were calculated, leachate action levels were developed based on the 
potential for chemicals to leach into the bedrock aquifer or a receiving water body, thus equating water 
in the shallow zones to "leachate." To account for dilution-attenuating during the leaching process, 
acceptable groundwater concentrations were multiplied by a DAF of 100 to produce a single set of risk 
based leachate levels for all operable units at the FEW. These leachate action levels are given in 
Appendix D, Table D-1. 

Under the RCRA program, the regulatory level identifies hazardous waste as any solid waste that 
produces a leachate, using the TCLP analysis, that exceeds specified threshold concentrations listed in 
4OCFR261.24. Leachate action levels are given in Section 4, Table 4-16. 

3.15 Treatability Objectives and Desired Data - Stabilization of Untreated Material 
The specific objectives of the Remedy Screening (preliminary phase) and Remedy Selection (advanced 
phase) treatability tests are as foUows: 

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

_. 

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

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

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

To determine a range of 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 

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

To develop prelimhary reagent mixtures for use in future cement stabilization 
treatability studies 

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

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

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

To provide the chemical and radiological data specified by Tables 3-1 and 3-2 

3.1.6 Treatabilitv Objectives and Desired Data - Chemical fitractiOn/Recipitation/ 
S tabiliza tion/Vitrifrcation 

Specific test objectives were established so that the performance of various acids, precipitation agents, 
and stabilizing reagents could be evaluated. These test objectives were used to determine if metal 
extraction/precipitati04stab~tio~~i~tion merits further testing or consideration. The objectives 
are as follows: 

To extract RCRA metals so that the insoluble residue will meet TC Regulatory Limits, 
i.e., produce a nonhazardous residue as defined by RCRA 

To reduce the level of radioactive components in the insoluble residue and achieve 
LALs where possible 

To determine the extraction time required 
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To determine the effect of different waste-toextraction solution ratios on the extractions 

To determine the reagents and conditions necessary to precipitate the metals in the 
extract solution 

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

To determine the leachability of all radionuclides and Hazardous Substance List (HSL) 
constituents from the final waste form 

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

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

To minhke the final volume of treated waste 

To provide data for use in developing prehmmiuy cost and design data for the RI/FS 

To provide leaching characteristics for use m fate and transport modeling 

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

- For cement stabilization: shear strength, waste form temperature rise with reagent 
addition, general description of waste before and after reagent addition, permeability 
of treated sample, percent water in the waste, pH and Redox potential (Eh) 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 

3.1.7 Data Oualitv Obiectives 
Concentration-based performance objectives and the resulting testing phase are driven by the 
remediation goals (RG) established for the site. Data quality objective @QO) analytical levels are 
defined in EPA's "Guide for Conducting Treatability Studies Under CERCLA" (EPA 1989d). This 
guidance states that the requisite analytical levels are dictated by the types and magnitudes of decisions 
to be made based on the data and objectives of the screening. A description of the analytical levels is 
presented in Table 3 4  (an excerpt from the EPA's guide). 

Data quality needs are used to establish DQOs. The implementation of an appropriate QA/QC 
program is required to ensure that data of known and documented quality are generated. DQOs will 

define the QA/QC level for the treatability testing and analysis. Table 3-5 is a list of tests and 
associated DQOs for stabilization. Table 3-6 is a list of tests and associated DQOs for chemical 
extraction. Standard Operating Procedures (SOPS) and nonstandard test methods are described in 
Appendices B and C of the Work Plan. 
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TABLE 3 4  

SUMMARY OF ANALYTICAL LEVELS 

Level I 
~~ ~ 

Type of analysis 

Limitations 

Data aualitv 

Field Screening or analysis with portable instruments. 

Usually not compound-specific, but results are available 
in real time. Not quantifiable. 
Can urovide an indication of contamination uresence. Few QAKX: reuuirements. 

Level II 

Type of analysis 

Limitations 

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

D e p d s  on QA&C steps employed. Data typically reported in concentration 
ranges. 

Data quality 

Level IU 
~~ ~ ~ ~ 

Type of analysis Organicsiinorganics performed in an off-site analytical laboratory. 
May or may not use CLP procedrrres. Laboratory may or may not be a 
CLP laboratory. 
Tentative compound identification in some cases. 
Detection limits similar to CLP. Rigorous QA/QC. 

Limitations 

Data quality 

a 
Level Tv 

Type of analysis HSL organics/inorganics by GC/MS, AA. ICP. Low parts-per-billion detection 
limits. CLPanalysis. 

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

Data quality Goal is data of known quality. Rigorous Q M .  

Level V 
~ ~ ~ 

Type of analysis 

Limitations 

Data quality Method-specific. 

Analysis by nOnStandard methods. 

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

Source: EPA, "Guide for Conducting Treatability Studies under CERCLA," December 1989 
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3.2 EXPERIMENTAL DESIGN AND PROCEDURES - I - STABILIZATION 

3.2.1 Stabilization 
There are many unknown variables in the activity levels of the OU4 waste as well as the performance 
of the proposed reagents with the waste. A mauix of interactive experimental tests was created to 
decrease the number of formulas for subsequent stages based on their effectiveness in treating the 
waste. The treatability study provided a range of formulas for the stabilization technology which will 
be evaluated during the remedial design phase!. If the test results indicated that a particular 
combination of reagents would not produce the desired results. then that formula was eliminated from 
consideration. The most effective formulas will be used during the FS process to estimated the cost of 
the technology being evaluated. 

The Work Plan was written to use portland cement, flyash, sodium silicate, attapulgite, and 
clinopotilolite as stabilization reagents. In Remedy Screening (preliminary phase) Stage III and in the 
Remedy Selection (advanced phase), blast furnace slag was used in some formulations. Ferrous 
chloride was also used in some Silo 3 formulations in Stage III and in the Remedy Selection 
(advanced phase). Ferrous chloride was added to reduce chrome (Cr+6 to Cr+3) and thus reduce its 
leachability. Tables 3-7 through 3-9 present the formulas used for each of the silos in the Remedy 
Smening (preliminary phase) and Remedy Selection (advanced stage). Three preliminary stages (only 
two on Silo 3) and one advanced stage were performed on each silo. A run number was assigned to 
each formulation (the recipe for a treatability sample) for each of the stages as a convenient way of 
tracking the samples. Waste flyash from the Operable Unit 2 (OU2) active flyash pile was utilized in 
some formulations in this study since use of this material would constitute resource recovery and 
reduce purchase and shipment costs for off-site flyash. 

Waste from Silos 1 and 2 was sieved through a 0.1 11 inch mesh sieve. Silo 3 waste did not require 
sieving due to the dry. fine, powdery nature of the waste. The waste and reagents were mixed by 
hand. A description of the waste was recorded. before and after mixing. and observations noted for 
evolution of vapor or gases. Shear strength was measured using a Torvane within ten minutes after 
mixing. Temperature rise, moisture content of the treated mixture, pH. and Eh were also measured. 
The treated mixture was placed in molds (1.38 inches diameter by 2.76 inches long for the Remedy 
Screening (preliminary phase); 2 inches by 4 inches for the Remedy Selection (advanced phase), UCS 
TCLF? and 1.38 inches diameter by 2.9 inches long for fiveday static leach). A vibrating table was 
used to compact the mixture into the mold during fding. Excess mixture was placed in a cup. For 
some samples, the mixture in the cup was tested for penetration resistance on days 1.2, and 3. The 
treated samples were allowed to cure in the molds at ambient temperature for 28 days. After 28 days, 
the molds were cut off of the sample, and the samples were subjected to UCS tests. A portion of each 
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sample was crushed for a modified TCLP analysis in the preliminary stages. The analytical results of 
each stage were used to plan the formulations for the subsequent stages. 0 
In the Remedy Selection (advanced phase), the samples were subjected to UCS, full TCLP analysis, 
permeability testing, and a 5day static leach test 

The static leach tests were conducted with polyethylene jars and test tube baskets. The jars and 
baskets were precleaned with hydmchloric acid (HQ) and rinsed multiple times with American Society 
for Testing and Materials (ASTM) Type 1 water. The test consisted of supporting four small cement 
stabilized samples (1.38 inches diameter by 2.9 inches long) in each jar within the test tube baskets. 
The jars wex filled with 4.2 liters (L) of water, and allowed to stand for five days. After five days of 
leaching, the cement samples were removed. The leach water was stirred to ensure thorough mixing, 
and then filtered and bonled for shipment to the analytical laboratory for analysis in accordance with 
Table 3-2. The jars were refilled with water and the leaching allowed to continue. After 120 days the 
samples were removed and the water was stirred, filtered, and analyzed in the same manner as the 5- 
day samples. 

3.2.1.1 Methods 
The following methods are described in Appendix E of the Work Plan: 

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

3.2.1.2 Data Reuorted 
The following data were recorded during the Remedy Screening (preliminary phase) and Remedy 
Selection (advanced phase) of stabilization testing: 
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PenneabiLity (for the Remedy Selection [advanced phase]) 1 

h4KLP (for the Remedy Screening [ p r e h m r y  phase]), or TCLP and 5&y static 
leach test (for the Remedy Selection [advanced phase]) 

2 

3 

Bulking factor 

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

Physical characteristics: percent moisture, bulk density 

Amount of water added to each waste fom 

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

General description of the waste form Wore and after regents are mixed. This includes 
a description of any grindhg of the sample to meet particle size requirements for UCS 
and if the sample was difficult to mix with the reagents. 

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

pH and Eh (oxidation/reduction potential in millivolts) of the reagent waste mixture 
before adding mixture to molds 

pH of the MTCLP and TCLP extraction fluids; pH of the TCLP extraction fluid 
determination test 

pH of 5day static leach solution 

Physical appearance of Sday static leach samples after 12Oday soak in deionized water 
in Remedy Selection (optional phase) 

pH of 12O-day leach solution in Remedy Selection (optional phase) 

pH and Eh of a slightly wet water-waste mixture 

TCLP results for reagents combined with clean sand 

Radon emanation test results (Remedy Selection [optional phase]) 

4 

8 

9 

10 

11 

12 

13 

14 

IS 
16 

17 

18 

19 

io 
21 

P 

23 

% 

25 

Radon leaching test results (Remedy Selection [optional phase]) 26 

Waste form temperature rise after waste and reagents are mixed and the time between n 
mixing and temperature measurements 28 

We@y testing and freeze/thaw test results (Remedy Selection (optional phase]) W 

3-40 
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The temperature rise is a qualitative test, conducted as a screening test as an early indicator of 
potential problems and hazards during scale-up. Further investigations of the actual temperature rise 
may be made during the m e d y  design phase, when larger equipment (which has a design similar to 

full-scale equipment) would be used. 

3.2.1.3 Reagent Mixtures 
To assess the potential contamination contribution of the reagents, blanks, consisting of seven 
combinations of clean sand, portland cement (Type I and XI). attapulgite, clinoptilolite, sodium silicate, 
and water (Le., no FEMP waste) were made according to the matrix in Table 3-10, and one sample of 
each mixture was subjected to TCLP analyses. Each of the above reagents was also subjected to 
TCLP analyses as potential contaminants. This was performed during OU2 testing. 

3.3 EXPERIMENTAL DESIGN AND PROCEDURES - CHEMICAL EXTRACTION - SILOS 1 - AND2 
The objective was to determine the effectiveness of various extraction solutions in removing lead, 
uranium, thorium, and radium from the material in Silos 1 and 2. m e  leaching treatability plan is 
graphically demonstrated in Figure 3-7). Testing was performed in a Remedy Screening (preliminary 
phase) and a Remedy Selection (advanced phase). In the Remedy Screening (preliminary phase) and 
in some of the Remedy Selection (advanced phase), the extracts resulting from the application of the 
various acid and EDTA solutions to the samples were analyzed for lead and uranium. The extracted 
dried solid residues were also analyzed for gross alpha beta. Uranium and lead were selected as the 
target compounds in this study because they were present in greater concentrations than thorium or 
radium. The removal of thorium, uranium. lead, polonium, and radium were to be demonstrated in the 
Remedy Selection (advanced phase). A typical detailed extraction screening plan is shown in Figure 
3-8. 

3.3.1 Exuerimental Design - Remedv Screening 

3.3.1.1 Remedv Screening (Dreliminarv Dhase) - Stage I 
Stage I of the leaching experiments was conducted with 1990 archive material. The acid leaching 
experiments listed in Table 3-11 were conducted to determine which acids had promise and the effects 
of temperahue and acid concentration on the metal solubilities. In the initial tests with the 
concentrated acids, the effect of temperature was measured by testing at ambient and 80%. The effect 
of acid concentration was measured by testing concentrated acid and diluted acid at elevated 
temperatures. 

11 
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26 
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The experiments were conducted using Hach@ chemical oxygen demand (COD) test vials with a 32 

33 

34 

magnetic stir bar (3/16 inch x 3/4 inch) to accomplish inertial mixing in each vial. A waste sample of 
1.5 or 3 grams (g) was placed in each vial, and 6 g of acid were added. The vials were placed in a 0 
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MIXTURES OF REAGENTS WITH CLEAN SAND 

Constituents for Stabilization Per Sample in Grams 

Attapulgite and 
Sodium clinoptilolite 

m= 
Portland 

m1 
Portland 

Run No. Sand Cement cement Silicate Each Water Required 

1 450 150 - 0 5 150 

2 390 45.2 - 9.2 3.2 132 

3 450 150 15 0 135 

4 390 - 45.2 9.2 9.2 111.6 

5 450 150 - 0 15 1575 

6 375 75 0 15 140 

7 450 150 - 0 15 165 

- No data available e 
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Test Eight Acid RunsEDTA 
I 

1 

Preliminary Phase - Stage 1 
Composite Samples 

lneff ective 
Delete Acid Runs Ineffective Acid Runs 
Runs 

Preliminary Phase - Stage 2 
Composite Samples 

Silos 1 & 2 - Bentonite Added 

Solvent Addition 

IC and ICP Tests 
For Lead and Uranium 

Delete Least 
Effective Solvent- 

Most Effective 
Acid Runs 

i 
Advanced Phase 

Leaching on Composite and Bentonite 

I 

Wash Solids 3 limes 
I t 7 1x4 IC and ICP Tests for U and Pb 1 
I I J 

Solids TCLP and Radiation 
Analysis of Solid Residue 

I I 
I I Vitrification w Precipitation 

I Stabilization 

FIGURE 3-7. OVERALL CHEMICAL EXTRACTION TEST 
STRATEGY - SILOS 1 AND 2 
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TABLE 3-11 

ACID EXTRACTIONS REMEDIAL SCREENING 
(PRELIMINARY PHASE) - STAGE I 

Dose 
(weight acid/ 

weight sample) Temperature 

Acid 
Nominal 

Concentration 2: 1 4: 1 Ambient 80°C 
~~ ~ 

60% HN0,'(13N) 

60% HNO, (13N) 

30% HNO, (5.6N) 

15% HNO, (2.6N) 

36% HQb (1 1.6N) 

36% HQ (1 1.6N) 

18% HQ (5.4N) 

9% HQ (2.6N) 

50% HOAcGd (8.8N) 

50% HOAc (8.8N) 

25% HOAc (4.3N) 

12.5% HOAc (2N) 

'Niaic acid 
bHydmhloric acid 
"Acetic acid 
dActual ratio is 2.66:l 

X 
X 

X 
X 
X 

X 
Xd 
X 

X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

3 4 5  

X 
X 
X 
X 

X 
X 
X 
X 

X 
X 
X 
X 
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block heater which was mounted on top of an orbital shaker. The samples were agitated and heated 
for two hours. Vial caps were unscrewed to relieve any pressure buildup. Initially. the samples were 
periodically removed from the block heater and shaken by hand to ensure that the solid material and 
acid were well mixed, but this procedure w& discontinued when good mixing was apparent using the 
shaker alone. After two hours the samples were removed and centrifuged for 10 to 25 minutes as 
needed. An aliquot of each sample was filtered through a 0.45 micron syringe Nter into a vial, 
diluted with water by a factor of 100. and analyzed for lead and uranium. In addition. the solid 
residues were dried at 105OC and analyzed. Uranium and lead analyses originally were planned to be 
performed using colorimetric screening tests. However, because these colorimetric methods were 
subject to interferences, IC was used to obtain uranium values and lead was analyzed by Inductively 
Coupled Plasma (IO). 

During this stage. the matrix of experiments was conducted to determine trends of solubilities. If it 
was apparent from the analytical results that a particular acid was not successfully leaching the metals, 
the acid was eliminated from further testing. If the analytical results indicated that a particular extract 
contained more uranium and lead than another extract, then that extraction condition was considered 
promising. Those extracts were investigated further during Stage II testing to better define the effect 
of acid coIlcentfation and temperature on the metal solubilities. 

3.3.1.2 Remedv Screeninrr breliminarv D hase) - Starre II 
Stage I1 testing began with duplication of selected tests from Stage I testing using composite samples 
from the 1990-91 sampling effort. Though 20 percent bentonite was added to sample aliquots before 
extraction, the leachates of these early Stage II tests resembled the Stage I1 leachates with respect to 
analytical results for lead and uranium. Table 3-12 describes these tests with bentonite dosed waste. 

During the latfer part of Stage II testing, 1990 archive silo material became limiting and was 
substituted with 1590 to 1991 composite silo material. This substitution was deemed acceptable since 
lead and uranium values in leachates from the 1990 samples and 1990-91 composite samples were in 
the same range. Refer to Table 3-13 for these tests. 

Stage I1 testing was performed using the same equipment and same basic methodologies described 
under Stage II testing. A Hach COD test vial, containing a stir bar and approximately 7.5 g combined 
weight of solids plus liquid was shaken in a block heater on top of an orbital shaker. During Stage II 
testing. sample size varied from 0.5 g to 1.5 g with liquid to solid ratios of 4:l weight to weight (w/w) 
to 1O:l w/w. Extraction time was also varied from 2 hours to 24 hours. Extraction vmperatures for 
all tests were 8PC. In addition to varying process conditions, extra processing steps were added. For 
example, certain tests were duplicated with the addition of water washes or subsequent extraction steps 
followed by water washes. The 1iquid:solid ratio for water washes were the same as chemical 
extraction based on initial sample weight. Also introduced during Stage II testing were the use of 
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TABLE 3-U 2 54.48 
CHEMICAL EXTRACTION 

REMEDY SCREENING (PRELIMINARY PHASE), STAGE II' 
FEED ARE l990-91 COMPOSITES + 20 PERCENT BENTONITE 

Extractant 1 

Test Liquid/Solid Extracts Rinses 
Number Silo Temp. Time Ratio Name Conc. # of ## of 

1 

2 

3 

4 

1 dup 

6 

7 

3duP 

4 dup 

1 

a 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

2 

2 

2 

2 

2 

2 

2 

2 

8OoC 

8OoC 

8OoC 

8OoC 

8OoC 

8OoC 

8OoC 

8OoC 

8OoC 

8OoC 

8OoC 

8OoC 

8OoC 

8OoC 

8OoC 

8OoC 

8OoC 

8OoC 

8OoC 

8OoC 

2 hrs. 

2 hrs. 

2 hrs. 

2 hrs. 

2 hrs. 

2 hrs. 

2 hrs. 

2 hrs. 

2 hrs. 

2 hrs. 

2 hrs. 

2 hrs. 

2 hrs. 

2 hrs. 

2 hrs. 

2 hrs. 

2 hrs. 

2 hrs. 

2 hrs. 

2 hrs. 

4: 1 

4: 1 

4: 1 

4: 1 

4: 1 

4: 1 

4 1  

4: 1 

4: 1 

4: 1 

4: 1 

4: 1 

4 1  

4: 1 

4 1  

4: 1 

4: 1 

4: 1 

4 1  

4: 1 

HCI 

Nitric 

Acetic 

Acetic 

HCI 

HCI 

HCI + 
c12 

Nitric 

Acetic 

Acetic 

HCI 

Nitric 

Acetic 

Acetic 

HCl 

HCI 

HCl + 
CI 

Nitric 

Acetic 

Acetic 

5.4 N 

5.6 N 

8.8 N 

4.3 N 

5.4 N 

9 N  

9 N  

5.6 N 

8.8 N 

4.3 N 
5.4 N 

5.6 N 

8.8 N 

4.3 N 

5.4 N 

9 N  

9 N  

5.6 N 

8.8 N 

4.3 N 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

- 1  

1 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

%nly one extractant used for Silos 1 and 2 composite samples. 
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EDTA as extractant and chlorine bleach (NaOCl) as an oxidant. The bleach, which was added to tests 
using hydrochloric acid as extractant, served to oxidize lower valence uranium species, if any, to the 
more soluble uranium 0 species. 

i 

2 

3 

3.3.2 ExRe rimental Desian - Remedy Selection 4 

The objective of the Remedy Selection (advanced phase) was to demonstrate on larger samples that the 

polonium, and radium were successfully extracted from the solids. The treatments from the Remedy 
Screening @re- phase) tests that yielded solids with the lowest concentrations of lead and 
uranium were repeated on a larger scale using 100 g aliquots. 

5 

6 

7 

8 

9 

extracted solid is a nonhazardous material as ddmed by RCRA and that uranium, lead, thorium, 

Two composite samples fiom each silo with bentonite added were exuacted six times successively 
with EDTA. Extract samples from the second and some of the fourth extractions were analyzed for 
lead and uranium. Each sample was leached as four individual aliquots. One sample from each silo 
was treated with potassium chloride (KCl) and then subjected to six successive extractions with EDTA 
(refer to Figure 3-9). The other sample stream from each silo was subjected to six successive 
extractions with EDTA, followed by nitric acid. Refer to Figure 3-10. Solid/liquid separation after 
each extraction was accomplished using vacuum filtration. The solids were rinsed three times at the 

end of the extraction process. During successive rinses, filtration became increasingly difficult. 

Therefore, the liquid separations &ring rinsing operations were continued using centrifugation. 
Centrifuge times ranged from 20 minutes to 1 hour. Filter aids and p&mers were not tested at this 
time because of possible interferences with analysis of the residue. Polymer testing was performed 
with success during the Remedy Selection (optional phase). The extracted solids were subjected to 

TCLP, with the extract being analyzed for metals and radionuclides (refer to Table 3-2). The solids 
were also analyzed for radionuclides. 

0 

3.3.3 Homogeneity - Time Temmture Study Feed ReDaration 
Homogeneity tests were conducted on Silo 1 and 2 and samples which had been prepared with 20 
percent bentonite for time and temperature studies. Before analysis, each silo sample was sieved 
through a 12 mesh (1.7 millimeter [m]) screen and mixed three times. Bentonite was blended into 
the sample aftex the first sieving. Analyses of aliquots of each blended sample were performed for 
lead, thorium, uranium, and gross alpha/beta to demonstrate that the variability in each sample was not 
greater than the variability due to testing parameters. Standard deviations were calculated for each 
analytical parameter along with their percent relative standad deviation (RSDs). Acceptable RSDs as 
stated in the Work Plan are f 30 percent limit. 
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3.3.4 Time and Temuerature Remedy Screening (~reliminarv P h e )  - Stage I 33 
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This set of experiments used the most promising formulation from Remedy Selection (advanced phase) 
extraction testing using KCI/EDTA. Initial range-finding experiments were conducted to determine the 0 
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maximug time the samples would be extracted in the later statistically based experiments. The 
samples were extracted at 8OoC for 7 and 24 hours. Uranium was analyzed by IC; lead was analyzed 
by ICP.' If the concentrations of uranium and lead in the leachate were similar for the two 
experiments, the 7-hour extraction times were to be used as the maximum extraction time in the 
statistical study. Otherwise, the maximum time would be 24 hours. The liquid: solid ratio for 
extractions was 4:l w/w. The range-fmding experimental matrix is listed in Table 3-14. 

0 

Experiment numbers 1 through 5, in Table 3-15. are constructed in a two-by-two factorial 
experimental design matrix with a center point. The minimum temperature and time of extraction was 
2OoC and 1 hour. The maximum temperature and time of extraction was 80°C and 7 hours. 
Maximum time was established at 7 hours of extraction as a result of the range-finding experiments. 

Four-gram composite samples with 20 percent bentonite were extracted using 25 milliliter (mL) 
centrifuge tubes, block heater and orbital shaker in these experiments. Concurrently with the tube 
experiments, a larger- scale time and temperature extraction was performed using a 50 g sample in a 1 
L stirred reactor. Tube experiments consisted of an initial extraction using IS percent KCI for 16 
hours at 8OoC temperature, followed by two extractions with 0.8 M EDTA. Though the larger-scale 
experiment also included an initial lbhour, 15 percent KCI extraction at 80% temperature, the 
experiment involved six extraction steps with 0.8 M EDTA instead of just two. In addition, while 
tube experiments were phase-separated by centrifugation at 2500 revolutions per minute (rpm) and 
decantation, the larger scale test employed vacuum filtration with a Buchner funnel. Finally, tube 
experiment solids received three water rinses at 4:l (w/w) liquiusolid ratio, but the larger scale 
experiment received ten rinses at 2 1  LiquiWsolid ratio. Both extracts and water-rinsed residual solids 
were analyzed for gross alphabeta, uranium by IC, and lead, thorium, and uranium by ICP. 

0 

3.35 Washing Studies Remedy Screening (ureliminarv D hase) - Stage I 
Washing studies of the leached wet solids were conducted using the filter cake from the larger-scale 
(50 g) time and temperature study. The Nter cake was washed ten times with 100 g deionized water 
in a 200 mL centrifuge bottle. The volume of each wash was half of the volume used for a single 
chemical extraction. Phase separation was accomplished by centrifugation and decantation. The 
uranium and lead content in each rinsate was tested by IC and 1 8 ,  respectively. 

3.3.6 Vitrifkation of Extraction Fluids 
The extraction fluids used in these tests were generated during the Remedy Selection (advanced phase) 
extractions. Two basic approaches wexe used to vim the extraction fluids. The frst approach was 
used on the EDTA/HN03 extracts (refer to Figure 3-11). Silo 1 and 2 were processed separately. 
This approach took the combined EM'A extracts from one set of six EDTA extraction runs for one 
silo. Hydrochloric acid (12N) was added to precipitate the EDTA by lowering the pH to about 1. The 
slurry was filtered and the filter cake was washed three times with deionized water containing a trace 
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TABLE 3-14 

RANGE-FINDING EXTRACTION TIME MATRIX 

Experiment Sample Temperature Time Number of 
wgt. @) ea or) Extractions 

1 4 80 7 1 

Number 

2 4 80 24 1 

TABLE 3-15 

EXTRACTION TIME AND TEMPERATURE MATRIX 

~~~ 

Experiment Sample Temperature Time Number of 
Number wgt. @) ec> or) Extractions 

1 4 20 1 

2 

3 

4 20 7 

4 80 1 

4 4 80 7 2 

5 4 50 4 2 

6 50 80 4 '  6 
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of hydrochloric acid The combined filtrate from this processing was dried at 90°C to remove water 
and hydrochloric acid 

The nitric acid extract associated with the six EDTA extractions was also dried at 9OoC. Both the 
dried EDTA filtrate and nitric acid residues were heated in the furnace at 700OC. The residues were 
combined and then mixed with an equal weight of roasted Fernald OU2 active flyash, and vihifkd at 
lzsooc. 

The above approach was not used on streams with KCl extracts. During drymg of K C W T A  
extracts, high concentrations of KCl were left in the residue. KCl is a flux for glass, and the high 
concentrations would have reqrured a much higher percentage of soil or flyash relative to the waste. 
Therefore, a second approach was used on subsequent KQ expexhents (refer to Figure 3-12). 

In order to avoid high concentrations of KCl, the metals were precipitated from the EDTA/KCl filtrate, 
leaving the KCI in solution and concentrating the metals m the fdter cake. The fdter cake resulting 
from the Nalmet precipitation of 32 L of spent extractant (refer to Section 3.3.7.3) was used as feed. 
This material was dried at 105%. In order to remove the organics and to prevent damage to the 
platinum crucibles, the dried residue was roasted at 400°C, 70O0C, and 900°C. The roasted material 
was combined with an equal mass of site soil and vitrified at 1250°C for 4 hours. The result was 827 
g of viMied material from the 180 g of filter cake. 

3.3.7 Contaminant Removal from Extracts 

3.3.7.1 Precipitation Reagent Screeninn (ureliminary D hase) - Stage I 
The precipitation work utilized extracts from the Remedy Selection (advanced phase) extraction 
experiments: Two sets of extract samples from each silo were generated; KQ and EDTA as one set 
of extracts, and EDTA and nitric acid as the other set. The extract from both silos was composited 
into two samples. One composite was comprised of KCl and EDTA extracts, plus water rinsates, from 
all four extractions while the other composite consisted of the nitric acid extracts and water rinsates. 
Refer to Figures 3-9 and 3-10. 

Pretreatment of EDTAKCl and Nitric Acid Exaacts Commsites 
'Qpically, metals dissolved in aqueous solutions can be precipitated by raising the pH of the solution. 
However, EDTA chelates (complexes) are very soluble at elevated pH, so EDTA chelated metals do 
not precipitate when the pH is raised. Precipitation of the EDTA/KCl composite was therefore 
accomplished in several steps. In the first step, the pH of the solution was lowered to pH 1.5 or less 
with HCI to precipitate the EM'A Then, EDTA solids were removed by vacuum filtration. Femc 
sulfate was added to the filtrate such that iron @e3') could displace metals which form very strong 
complexes. The final concentration of iron in the treated EDTA/KCl composite was 300 ppm as Fe3+. 
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Since it was possible that the nitric aciwater (HNO&O) composite also contained traces of EDTA. 
it was also treated with ferric sulfate to give a final concentration of 250 ppm Fe3+. The HN03/H20 
composite was not fdtered at low pH. 

Preciuitation of Treated Nitric Acid/Water Extracts Composites - Stage I 
Precipitation reagents were added to aliquots of the pretreated HN03/H20 extracts described above. 
Precipitating and flocculating reagents hown to work with metals (primarily Pb and U) in the 
HN03/H20 composite were investigated based on the "Procedure for Flocculation Mini Jar Test" (see 
Appendix F. The reagents investigated were the sodium salt solutions of hydroxide, sulfide, sulfate, 
carbonate, and phosphate. Aluminum sulfate, femc sulfate, and aqueous sodium silicate (N90: Si02) 
were also investigated. Aluminum sulfate and ferric sulfate additions were preceded and/or followed 
by the appropriate pH adjustments. Slurries of magnesium oxide, calcium hydroxide, and dolomitic 
lime were also tested. 

A prehinary series of tests using single reagents were followed by a set of sequential multiple- 
reagent tests. In the sequential tests, the "first addition" reagent was added and allowed to react before 
the "second addition" reagent was added. The tests perfonned on the treated HN03/H20 composite 
are listed in Table 3-16. 

a Single Reagent Tests 
The single reagent tests involved addition of the reagent as a 10 to 30 percent solution to a 20 mL 
scintillation vial containing 5 mL of sample. The extract was first neutralized with the appropriate 
base. After neutralization, the appropriate reagent listed in Table 3-16 was incrementally added. The 
treated leachate solutions were gently shaken on an orbital shaker at 80 rpm. At 12 to 24 hours, the 
treated solutions were removed, filtered through a 0.45 micron filter, and analyzed for uranium and 
lead If no turbidity had developed prior to filtration, the treatment was considered failing. 

Multiple Reagent Test (Seuuential Addition) 
In the multiple reagent tests, which are listed in Table 3-16, the fmt reagent was added and allowed to 
react for a period of time, usually 12 to 24 hours. Then, the second reagent was added incrementally 
(as in the single reagent test) and allowed to react for up to 24 hours. A third reagent was sometimes 
added in the same manner. The solutions were filtered and the filtrate was analyzed if appropriate. 

PreciDitation of Treated EDTAKCl Composite - Stage I 
The tests performed on the pretreated EDTA/KCI composite during Stage I testing are listed in Table 
3-17. These tests were perfmed in the same manner as the single- and multiple-reagent tests listed 
above. An additional reagent was added to the set of reagents because lead proved to be difficult to 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

IS 

16 

17 

18 

19 

20 

21 

22 

23 

u 
25 

26 

27 

28 

29 

30 

31 

32 

3-58 000088 



-4M'TR-2 D W  
Ma& 31. 1993 

E 54.48 TABLE 3-16 

REMEDY SCREENING (PRELIMINARY PHASE), STAGE I - PRECPITATION 
REAGENTS FOR NlTRIC ACID EXTRACTION SOLUTION 

Reagent 1 Reagent 2 Reagent 3 
Reagent 1 Conc.' Reagent 2 Conc.' Reagent 3 Conc.' 

9.1% 

20% 

20% 

20% 

10% 

2.5% 

20% 

10% 

10% 

20% 

20% 

20% 

1N 

1N 

1N 

10% 

10 

1N 

1N 

1N 

9.09 

20 
20 

1N 
- 
- 

- 
- 
- 

1 N .  

- 
- 

20% 

20% 

10% 

9.096 

20% 

10% 

9.09% 

20% 

- 
- 

10 

10 

10 

10 

10 

10 

20 

- 
- 

'concentrations are expressed as weight percent, except NaOH, which is expressed as normality. 
- Not applicable 
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TABLE 3-17 
0 

REMEDY SCREENING (PRELIMINARY PHASE* 
STAGE I - PRECIPITATION REAGENTS M)R 

EDTAKCl EXTRACTION SOLUTION 

5 4.48 

Reagent 1 Reagent 2 Reagent 3 
Reagent 1 Conc.’ Reagent 2 Conc.’ Reagent 3 Cone.= 

1N 

9.09 

20 

20 

20 

10 

2.5 

20 

10 

10 

20 

20 

20 

1N 

1N 

1N 

10 

1N 

10 

9.09 

1N 

20 

20 

1N 

20 

- 
- 

- 
- 
- 
- 

1N 

20 

20 

20 

9.09 

20 

10 

9.09 

20 

1N 

10 

10 

10 

20 

10 

10 

- 
- 

%oncentrations are expressed as weight percent, except NaOH, which is expressed as normality. 
- Not applicable 
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remove from the EDTA/KCl composite. This reagent, Nalmet 8154, was an organic chelate which 
forms an insoluble chelate with lead. 

Preciuitation Reanent Evaluation 

3.3.7.2 Remedv Screeninn (ureliminarv u hase) - Stage II 
Stage II continued with testing of the pretreated EDTA/KCl and HN03/H20 extract solutions using 
larger samples. A list of the tests and the respective reagent dosages is provided in Tables 3-18 and 
3-19. After testing of the EDTA/KCl and HN03/H20 solutions was complete, two composite 
solutions of EDTA/KCl plus HN03/H20 solutions were made. One of these composites was treated 
with femc sulfate to give a f d  concentration of 300 ppm. The other composite was not treated with 
femc sulfate. Table 3-20 lists the precipitation reagents tested on the composite. The filtrate from 
each experiment was analyzed for lead and uranium. 

3.3.7.3 Preciuitated Solids Settling Tests - Rem- Screeninn (ureliminarv u hase) - Stage II 
Range finding settling rates were determined on 10 to 20 mL samples by recording sludge volume 
with time. It should be noted that actual settling rates could be substantially higher if larger sample 
'sizes, and hence larger diameter settling vessels, were used. 

Later during precipitation testing, a large (approximately 32 L) spent extract composite comprised of 
the balance of Remedy Selection (advanced phase) leacbates was treated by precipitation. The purpose 
of this large-scale precipitation was to produce material for viaification and stabilization (see Sections 

3.3.6 and 3.3.8). First, EDTA was precipitated by addition of concentrated hydrochloric acid to pH 
1.5. The mixture was stirred occasionally for two hours and the EDTA solids were removed by 
vacuum filtration. Next, 250 ppm of Fe3+ was added as ferric sulfate to displace complexed metals 
from the EDTA. Fifty percent sodium hydroxide was added to pH 3. Then, 05 percent of Nalmet 
8154 was added and the mixture was stirred for 1/2 hour to precipitate metals. The pH was raised to 
pH 6.5 with 50 percent sodium hydroxide. At this point, the settling rate was determined for a 1 L 
aliquot in a 1 L graduate. The resulting filter cake was divided mto two 180 g aliquots which were 
treated by Vitrification and cement stabilization. Refer to Figure 3-13. 

During precipitation of the 32 L of spent extractant the large resulting sludge volume suggested the 
need for polymer testing. 

Polymer testing was performed based on the "Procedure for Flocculation Mini Jar Tests" (see 

Appendix F). Polymer testing involved the application of anionic, cationic, and nonionic polymers 
manufactured by N U 0  Chemical Company. The polymers were used to improve settling rates or 
decrease sludge volume of the Nalmet precipitate. 
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TABLE 3-18 

REMEDY SCREENING (PRELIMINARY PHASE), STAGE II - PRECIPITATION 
REAGENTS FOR EDTAMCl EXTRACT SOLUTION 

Reagent 1 Reagent 2 Reagent 3 
Reagent 1 Concentration' Reagent 2 Concentration' Reagent 3 Concentration' 

NaOH - Nalmet 8154 - - - 
Ca(OHX - -  Nalmet 8154 - - - 
NaOH 25% N%S 

NaOH 25% N%S - 
Na3P049 H20 10% - - - 
N%PO,*9 H20 10% NaOH 25% - - 
Na3P0,*9 H20 10% . NaOH 25% - - 
Na3P04*9 H20 10% NaOH 25% - - 

- - - 
- - 

NaOH 25% Nalmet 8154 - - 
NaOH 25% Nalmet 8154 - - - 
NaOH 25% Nalmet 8154 - - - 
Na3P04*9 H,O 10% NaOH 25% - - 
Na3PO49 H,O 10% worn 20% - - 
NaOH 25% N%S 20% - - 
NaOH 25% Nalmet 8154 54% NaOH 25% 

NaOH 25% Nalmet 8154 54% - - 

Toncentrations are expressed as weight percent, except NaOH, which is expressed as normality. 
- Not applicable 
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TABLE 3-19 

REMEDY SCREENING (PRELIMINARY PHASE), STAGE II - PRECIPITATION 
REAGENTS FOR NITRIC ACID EXTRACTION SOLUTION 

Reagent 1 Reagent 2 
Reagent 1 Concentration' Reagent 2 Concentration' 

20% 

20% 

Dolomite lime 

Dolomite lime 

Ca(Ow? 

wow? 
Na3P04*1 2 H,O 

N%P04*12 &O 

N%P04*12 -0 
NaOH 

NaOH 

N%P04*12 &O 

N%P04-12 &O 

N%P04-12 H,O 

Na3P04-l 2 H,O 

20% - 
20% - 
20% N%OSiO, 10% 

20% 

10% 

10% 

10% 

25% 

25% 

10% 

10% 

N%O SiO, 

NaOH 

NaOH 

Nalmet 8154 

Nalmet 8154 

Nalmet 8154 

NaOH 

NaOH 

10% 

25% 

25% 

- 
25% 

25% 

20% 

20% 

'Concentrations are expressed as weight percent, except NaOH, which is expressed as normality. 
- Not applicable 
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TABLE 3-20 

REMEDY SCREENING (PRELIMINARY PHASE), STAGE II - PRECIPITATION 
REAGENTS FOR 30% EiNOJ70s6 EDTA/KCl COMPOSITE 

Reagent 1 Reagent 2 
Reagent 1 Concentration' Reagent 2 Concentration' 

NaOH 25% N G  20% 

NaOH 25% Nalmet 8154 54% 

NaOH* 25% Nalmet 8154 54% 

'cornposited HNO&DTA/Kcl extract not treated with ferric sulfate. 
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3.3.7.4 Removal of Metals from Extracts usinn - Ion Exchange 
h e  to success of the precipitation results, this testing was not performed& 5 4.4 8 
3.3.8 Cement Stabilization of Precipitate . 

Precipitate (refer to Section 3.3.73) was treated with stabilization reagents to make two treatability 
samples for evaluation. The formulations are given in Table 3-21. 

To make the first sample, filter cake was mixed with the reagents, and then water was added to make 
a paste-like mixture. Pocket penetrometer tests showed that the sample was not setting up as expected. 
It is postulated that the Nalmet in the filter cake absorbed water and prevented the cement from 
becoming M y  hydrated. Therefore, the approach used to make the second sample was changed. All 
reagents (clinoptilolite, blast furnace slag, and flyash) were then mixed with the filter cake. The 
cement was mixed with water to make a slurry. This slurry was then mixed with the previously 
combined filter cake and reagents. Additional water was then added to achieve a paste-like 
consistency. Tests were performed on the stabilized cake. These tests included UCS, percent 
moisture, and MTCLP. 

3.3.9 Data Recorded 
The following data was recorded during the extractant screening: 

Acid (solvent) and concentration 
Quantity of acid 

Uranium and lead analyses results 
Percent bentonite in waste 
TCLP of insoluble residue Remedy Selection (advanced phase) 

Quantityofwaste 

The following data were recorded during the extractant time and temperature tests: 

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

The following data were recorded during the water washing studies: 

'I)pe of solvent used for chemical extraction 
Quantity of extracted solid being washed 
Quantity of water used for each wash 
Uranium and lead concentration in each rinSate 

The following data were recorded during the precipitation Screening: Remedy Screening (prebmxy 
phase) Stage I: 
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RUI Waste TypeII BlastFumace Type F Clinoptiolite Water 
No. Precipitate(g) Cement@) Slag @) Flyash @) (€9 (g> 

1 

2 

1 0 0  

70 

53 

42 

31 

21.7 

15 

13 

5 

7 

61 

20 
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- 1  

Quantity and type of extractant 
Precipitation reagents and quantities 
Lead and uranium concentration in filtrate 

The following data were recorded during the secondary precipitation Remedy Screening ( p r e m  
phase) Stage II tests: 

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

The following data were recorded during stabilization of precipitated material test: 

MTCLP 

Bulking factor 

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

Approximate shear strength measured within ten minutes of when waste and reagents 
were mixed 

Physical characteristics: percent moisture and bulk density 

Amount of water added to each waste form 

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

General description of the waste form before and after reagents were mixed 

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

pH and Eh of mixture before adding mixture to molds 

pH of MTUP extraction fluids 

The following data were recorded during the viaification test 

MTCLP 
Product Consistency Test 0 
Weights of reagents and waste m final waste foxm 
Temperanneofoven 
Time heating sample 
Bulking factor 
General description of the waste before and after melting 
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Physical characteristics: percent moisture, bulk density ~ 

Radon emission tests results 54.48 

3.4 EOUIPMENTAND'MATERIALS . 

Table 3-22 lists the major equipment and materials used for the treatability study. 

3.5 SAMPLING AND ANALYSIS 

3.5.1 Characterization 
As a part of the OU4 RI, the contents of the Silos 1 and 2 and Silo 3 were sampled in 1989. 

The sampling of the Silos 1 and 2 was only partially successful because of the inability to recover 
continuous sample cores. Even though an average of 20 feet of penetration of the material was 
achieved, there was no sample recovery in three locations. One sample contained 12.5 feet of core (66 
percent core recovery). Eight sample cores were less than 1.5 feet (4 to 9 percent recovery) and four 
cores ranged from 3.25 to 4.25 feet (18 to 30 percent recovery). 

This and previous sampling studies conducted on the K-65 residues in Silos 1 and 2 produced variable 
results. indicating that the residues are not homogeneous. Because of the variability in the analytical 
results from previous studies and the partial recoveries from the 1989 sampling effort, the available 
data were not complete enough to adequately characterize the K-65 residues for purposes of evaluating 
remedial actions alternatives or for conducting ueatability tests. Therefore, resampling was requued as 
described in the 1991 "Residual Sampling for K-65 Silos Sampling and Analysis Plan" U.S. DOE, 
Feed Materials Production Center. F d d  Ohio, July 15,1991. 

Selected K-65 samples were analyzed for radiological and chemical constituents to characterize the 
materials for the evaluation of disposal options. The parameters to be analyzed that were specified by 
the work plan included TCLP metals and T U P  organics when samples were found to conrain 
organics. However. the sampling Work Plan did not specify T U P  radiological analysis. This data 
was required m order to compare the leachability of stabilized radionuclides with unstabilized 
radionuclides. 

Radiological TCLP data were obtained by analyzing samples of silo material from the inventory at the 

treatability laboratory that had not yet been consumed in the treatability studies. 
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TABLE 

EQUIPMENT AND MATERIALS* 

Number of Items Description 

Multiple 

Two 

1 or more 

Multiple 

Multiple 

1 

Two 

Multiple 

Multiple 

1 

2 

1 

Multiple 

Multiple 

1 

Multiple 

Multiple 

1 

Two 

Multiple 

Multiple 

Multiple 

Multiple 

1 

1 

1 

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

Furnaces, Lindberg Model #51333 

Scale, calibrated, Sartorius Model LC 2200 S/P, B3100 SP, LC 4200s. and 
analytical balance 

Crucible tongs, 250 mm long, stainless steel 

Crucibles, aluminum oxide and platinum 

Planetary Mixer, Kitchen-Aid Model K54SS 

Digital pH meters. Hach #19oo(r00 and Jenco #6009 

pH electrode, Orion standard line combination type, with epoxy body and BNC 
connector (#9 1-56) 

O W  electrude 

Thermometer, calibrated and traceable 

Torvane shear device, Soiltest Model CL-600 

Vibrating table, Lydmn Model BPSlDl 

1.38 inch by 2.8 inch plastic molds (cut to length from 6 foot stock) 

Two-inch by four-inch J a m  Co. plastic molds for UCS 

Microwave drying oven, CEM AVC Model 80 

Spatulas, mixing and weighing type 

Plastic containers, 5 02. and 8 oz., with caps 

Laboratory hydraulic press, Carver, 12-ton 

Shaker tables, Eberbach Model 6010 

Hammers 

Sterile disposable conical cenbifuge tubes, 50 ml capacity, with plug seal screw 
caps 
Syringes, Becton-Dickinson, 10 ml. with luer slip lock but without needles 

Acrodisc syringe filters, 0.45, 0.6, 0.8 pm Gelman Sciences 

Grinder, Brinkman Model ZM - 1 

Micro analytical Mill, Tekmar A-10 

Capping compound and warming pot. Soil Test L114A 

000101 
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TABLE 3-22 
(Continued) 

Number of Items Description 

1 

2 

Multiple 

Multiple 

Two 

1 

Multiple 

1 

1 

1 

Multiple 

Multiple 

Bottles 

Bottles 

Bottles 

Bottles 

Bottles 

Bottles 

Bottles 

Cylinder capper. Soil Test, CT-54 

Cylinder Capping Plates 

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

Protective equipment consisting of Tyvek coveralls, shoe covers, and plastic 

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

Motorized Unconfined Compression Apparatus, Brainard-Won Model S-610. 
with 10,OOO lb load cell 
Pocket penetrometer, Soiltest Model CL-7OOA 

&me1 Cutting Tool, Model 850 

Vernier 

Digital hot plate/stirrer, PMC dataplate 

Sieves, 9.5 mm sieve designated std., 0.375 inches sieve opening (Tyler 
designation 0.371 inches), 8 inches diameter, full height, and 4.75 mm sieve 
designated std., 0.187 inches sieve opening (Tyler designation W), 8 inches 
diameter, full height, 0.11 1 inches sieve openng (Tyler designation #7), 8 
inches diameter, full height 

Standard weights, Class S and check 

Glacial acetic acid, Mallinckrodt 

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

Sodium hydroxide, lN, volumetric solution, 
M W k r o d t  

Hydrochloric acid, lN, volumetric solution, 
Mallinckrodt 

Hydrochloric acid, concentrated. vendor 

Nitric acid, concentrated, Mallinckrodt and Baker 

gloves 

Phosphoric acid, 39 weight percent, Mallinckrodt 
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Number of Items Description 

Multiple 

1 

pH buffers, MallincMt and Scientific Products, pH 4.01.7.00, 10.00 

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

1 

Multiple 

2 

1 

1 

1 

Multiple 

- 

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

Permeability, flexible wall permeammeter, Brainard-Wan, cell #S480, Panel 
s-500 

Eberline air monitor, Model #A 

Phipps & Bird Stirrer. 400 series six paddle stirrer 

Orbital Shaker, Cole Panner Model 51501 

Thermolyne Dri-Bath (Block Heater), Model 16500 

TFE digestion vessels 

aAdditional equipment used to perform analytical tests (e.g., GC, GC/MS, 1 8 ,  etc.) are not listed. 
bAdditional equipment requkments are also listed in the SOPS contained in Appendix D of the Work 

' Plan. 

3-73 

000103 



J 

FEM'aTR-2 D m  
-: 5 4.48 March 31.1993 

3.52 Geotechnical Analyses 

a Geotechnical Testing 
Geotechnical testing of the silo sample material collected during the 1989 sampling effort was 
performed. Material h m  all three silos was tested according to the following methods: 

Specific gravity - ASTM D854 
Water content - ASTM D2216 
Atterburg Limits - ASTM D4318 
Grain S i z e  - ASTM D422 

Silos 1 and 2 were resampled in 1991. Additional geotechnical testing was done on these samples. 
The above tests plus the following were repeated on the 1991 samples: 

One dimensional consolidation - ASTM D2435 
Standard proctor - ASTM D698/sTB CN435 

Both test reports are presented in Appendix G. 

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

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

All data were written into standard laboratory notebooks or onto standard formatted data enuy sheets. 
These data were entered into a database using computer software designed for the FEMP treatability 
data. The sample tracking software is a user friendly program designed for easy storage and reeieval 
of sample information. The stored information can be updated by the user. It is designed to operate 
on a personal computer. The sample tracking software is wriaen m Clipper 5.01@. clipper is 
available fnnn the Nantucket Corporation, Los Angles, California. Although this version is designed 
specifically for the FEMP, it can be altered to accommodate other project-specific needs. 
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The output from the sample tracking software consists of various reports. The stabilization report is 
broken into the following areas: general sample information, data information, formulation 
infoxmation, and TDL analytical infcxmation. 

The chemical extraction reparts are divided into chemical extraction data, reagent addition data, phase 
separation data, homogeneity and time and temperature data. The data for stabilized precipitate is 
included with the rest of the stabilhtion data. 

All records management and reporting followed standard QNQC protocol. 

3.7 DEVIATIONS FROM WORK PLAN 

7 

8 

3.7.1 Preliminarv Remediation Goals 9 

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

10 

11 

12 

13 

14 

presented in this report are referred to as "LALs" to minimize confusion when refening to the values. 
The LALs are given in Appendix D and were used to evaluate the effectiveness of various 
formulations. 15 

3.7.2 Do0 Levels 
The DQO analytical level for radiological analysis of the chemical extraction residue was changed 
from Level IV to Level III. The change was made because this is not CLP analysis, but is standard 

radiological analysis. 

The DQO analytical level for TCLP analysis was revised from Level IV to V. 

The TCU extraction data were not reported in a CLP formac therefore, it will not support an 
analytical level relative to DQOs of Level IV. Also, the full TCLP as defined in this Work Plan 
provides for full radiological analyses m addition to n o d  TCLP analyses. The radiological analyses 
are to be performed on the TCLP extract; therefore, it is a nonstandard method that requires a Level 
V designation. Finally, spike recovery values used for cement stabilized waste were calculated based 
on raw waste during the site charactexization as indicated m Section 7.2 of the Work Plan. This is a 
modification of the standard TCLP method requixing a Level V designation. 

3.7.3 Fonnulations 
During Remedy Screening (prelimhary phase) Stage I (Silos 1 and 2). and part of Remedial Screening 
(preliminary phase) Stage II (Silo 3), the quantities of sodium silicates specified in the Work Plan 0 
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were not used m the formulations. The quantity actually used was much less than those specified in i 

the WorkPlan. 

3.7.4 Vitrification 
The initial vitrification experiments were on dried leachate as specified in the Work Plan; however, the 
approach was changed to precipitate the metals from the leachate, and then dry and vitrified the 
precipitate. Also, sodium carbonate was substituted for the sodium hydroxide. Refer to Section 3.3.6. 

3.75 S ~ i k e  Recovery 
The Work Plan specifies that TCLP results will be corrected for spike recovery. This had been a 

requirement of SW-846. The spike recovery correction requirement was retracted by the EPA in the 
November 24,1992 Federal Regism, therefore, while spikes and determination of percent recovery 
were performed, carrection of results for spike recovery were not. 

3.7.6 Analytical 
Alkalinity and reactivity are specified for Remedy Selection (advanced phase) analysis for 5day static 
and TCLP samples. The sltrnlinity was dropped because the high cakium content of the samples 
would make this result uninformative. A Document Change Request @CR)/2 was submitted to not 
measure the reactivity if the pH of the leachate was less than or equal to 7. However, due to a limited 
quantity of sample, reactivity was not measured on samples with pH greater tban 7. 

3.7.7 Ion Exchange 
The Work Plan, Section 4.255, specifies testing of ion exchange resins for polishing of filtrate 
resulting from the extractio4precipitation process. This testing was not done due to the successful 
results achieved dming precipitation testing. 

3.7.8 Waste and Reaaent Mixing 
The procedure in Appendix C of the Work Plan states that waste will be sieved before testing. The 
Silo 3 waste was not Sieved due to its dry, powdery nature (Le., significant amounts of dust and 
concurrent loss of sample could have occurred). 
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For Silo 3, Remedy Screening (prelimhuy phase) Stage I& the time between mixing and temperature 
measurement was not recorded for 12 samples. . n 

26 

The Work Plan specifies that a description of the waste be recorded before and after mixing with 

stabilization reagents. This was not done on some samples because the descriptions in these cases 
28 
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were redundant. 30 
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3.7.9 Process Parameters 1 

The shear strength of one Silo 1 sample (Remedy screening [prehmmary phase], Stage I) and some of 
the Silo 3 samples (Remedy Screening @rel.nimy phase) Stage a were not measured as specified in 

2 

3 

the Work Plan. 4 

a 
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0 4.0 RESULTSANDDISCUSSION ~ 

9 5 4-48 
The overall objective of this treatability testing program was to develop data to assess the performance 
of cement stabilization or chemical extraction of OU4 wastes. For cement stabilization, the Work Plan 
identified four response variables - leachability, UCS, permeability, and final waste form volume 
increase - to evaluate the performance of the various cement stabilization mixtures. For chemical 
extraction, the response variables were leachability and residual radionuclide concentration in the 
ra&nate (treated residue). These pexformance objectives were used to determine if a particular reagent 
mixture produced an acceptable waste form. 

Figures 4-1 and 4-2 are overall flow diagrams of the treatability test programs for each of the two 
technologies. The cement stabilization program consisted of Remedy Screening (preliminary phase), 
Remedy Selection (advanced phase), and Remedy Selection (optional phase) tests of waste from Silos 
1.2, and 3. The chemical extraction program consisted of Remedy Screening and Remedy Selection 
chemical extraction tests for waste from Silos 1 and 2, followed by Remedy Screening tests on 
treatment of the s p t  extractants. An optional phase chemical extraction program was conducted to 
determine radon emissions fnnn the vitrified product. The results will be presented in the optional 

phase repofi 

This section of the treatability study report descn'bes the Remedy Selection phase results for both 
technologies and the Remedy Screening results for treatment of spent extractants. The material 

represented by the shaded blocks of Figures 4-1 and 4-2 is discussed m this section. 

Section 4.1 presents the cement stabilization treatability test results. Cement-based reagent mixtures 
which produced an UCS of greater than 500 psi, minimal volume increase, and TCLP leachates 
meeting the TC regulatory limits were idenWied. The TCLP leachate contained concentrations of Ra- 
226, Pb-210, molybdenum, and lead exceeding the LALs. The S-day static leaching results paralleled 
the TCLP results. Summaries of the TCLP results for the untreated and treated waste samples, and for 
UCS, permeability, bulking factor, and leachability for treated waste are presented. Section 4.1 ends 
with a summary comparison of test results with test objectives. 

Section 4.2 presents the chemical extraction results and the results of homogeneity testing of the 
various silo samples. These samples were subjected to different extraction fluids chosen for their 
ability to remove the inorganic constituents of concern. Conditions for extraction were changed, and 
adjustments to the p a s  were made, based on the directions given m the Work Plan. The results of 
testing the various extractants and varying the time, and temperature conditions, and the number of 
extraction cycles are presented. The solid residues after extraction were analyzed for their organic and 
inorganic chemicals and radionuclide constituents. Results of the experiments are presented along with 
postulated hypotheses to explain unanticipated results. Section 4.2 contains flow diagrams tbat were 
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Remedy Screening (preliminary phase) 

Stage I (see Appendix I) 
1990 Archived Silos 1 & 2 Sample Material 

1989 Silo 3 Composite Sample Material 

Remedy Screening (preliminary phase) 

Stage II (see Appendix I) 

Silos 1 & 2 Composite Sample Material 

Silo 3 Composite Sample Material 

t 
Remedy Screening (preliminary phase) 

Stage 111 (see Appendix I) 
Silo 1 & 2 Composite Sample Material 

Silo 3 Composite Sample Material 

Remedy Selection (optional phase) 
I I 
I 1990-91 Silos 1 & 2 Zone Composite Sample Material 

1989 Silos 1 & 2 Composite Sample Material 
Silo 3 Composite Sample Material 

FIGURE 4 4  STABILIZATION OF UNTREATED 
MATERIAL (SILOS 1,2, AND 3) 
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Chemical Extraction 
Remedy Screening (preliminary phase ) 

. Stage1 

Chemical Extraction 
Remedy Screening (preliminary phase ) 
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FIGURE 4-2. CHEMICAL EXTRACTION OF 
COMPOSITE SAMPLES FROM SILOS 1 AND 2 
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developed for the tested process and for a process that incorporates some recommended improvements. 
Sections 4 3  througb 4.6 present the QA/QC results. Section 4.7 discusses the schedule and cost for 
performing the treatability test program. Section 4 5  identifies the project organization and personnel 
who participated in the treatability test effort. 

@ 

This report is organized in the following Sections: 

4.1 Cement Stabilization - Treatability Test Results 
4.1.1 Expenmenid Design and Results 
4.1.1.1 Remedy Screening - Experimental Design and Results Summary 
4.1.12 Remedy Screening - Experimental Design 
4.1.1.3 Remedy Selection Results UCS, Permeability, and Bulking Factor 
4.12 Data Analysis and Interpretation 
4.12.1 Determination of Sample Probability Distribution 
4.122 Treatment of Nondetected Results 
4.12.3 Upper and Lower Confidence Intervals 
4.13 Waste TCLP Leachate Analysis 
4.13.1 Cement Stabilized Sample TCLP Leachate Analysis 
4.1.32 Comparisons of the TCLP Leachate to L A b  
4.1.3.3 Comparison of Treated and Untreated TCLP Leachate - Percent Reductions 
4.1.4 Five-Day Static Leach 
4.15 Cement Stabilization Test Objectives 
4.2 Chemical Extraction 
4.2.1 Chemical Extraction, Prescretming-Expeaimental Design, and Result Summary 
4.2.1.1 Chemical Extraction - Remedy Screening @relimhq phase) Stage I 
4.2.12 Chemical Extraction - Remedy Screening (Prelhnhiuy Phase, Stage 2 
4.22 Remedy Selection (advanced phase) 
4.22.1 Experimental Design 
4.222 Remedy Selection Results 
4.2.3 Time and Temperature 
4.23.1 Feed Preparation - Homogeneity 
4.232 Extraction Time and Temperame 
4.2.4 Water Washing 
4.25 Vitrification of Spent Extractant 
4.2.6 
4.2.7 

4.2.7.1 Settling Tests 
4.2.8 Cement Stabilization 
4.2.10 Proposed Process Overview 

Contaminant Removal fkom Spent Extractant - Prelimbuy Aecipitation Stage I 
Stage 2 Precipitation and Settling 
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4.3 
4.3.1 
4.3.1.1 
4.3.1.2 
4.3.13 
4.4 
4.4.1 
6.42 
4.4.3 
4.5 
4.5.1 
4.52 
4.53 
4.6 
4.6.1 
4.6.2 
4.63 
4.7 
4.8 

Quality AssurancdQuality Control 
Blank Samples 
Chemical Extraction Blank Data 
Five-Day Static Leach Blank Data 
TCLF' Analysis Blank Data 

Chemical Extraction Duplicate Data 
Five-Day Static Leach Duplicate Data 
TCLP Analysis Duplicate Data 
Spike Analysis 
Chemical Extraction Spike Data 
Five-Day Static Leach Spike Data 
TCLF' Analysis Spike Data 
Data Percent Completeness 

Duplicate Samples 

March 31. 1993 
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Chemical Extraction Data Percent Completeness 
Five-Day Static Leach Data Percent Completeness 
TCLF'.Analysis Data Percent Completeness 
Schedule/Cost for Performing the Treatability Study 
Key Contacts for OU4 Treatability Study 

The FEMP waste TCLP charactenza tion data for Silos 1.2, and 3 generated for the RI is presented in 
Appendix A. Chemical and radiological results are presented for individual samples from each zone 
of Silos 1 and 2 and from Silo 3. Results of statistical analysis of the chemical and radiological 
results for all the characterization samples ffom each silo are also presented. The statistical analysis 
for Silos 1 and 2 was pedmed on each zone and on each silo as a whole. Results for each of these 
analyses are presented The characterization results from Silo 3 are based on one sample. The data 
from this sample are included in a Statistical Analysis Software (SAS) formatted table for consistent 
presentation of data. The trearability study cement stabilization data (formulations, UCSs, 
penneabilities, and mixing infomation) are included in Appendix B. AU data in Appendix B are 
stored m database fies. Appendix C contains the TCLP leaching data for the advanced phase 
treatability samples. Appendix D contains comparisons of dilution adjusted TCLP leaching data for 
advanced phase samples to the LALs . Dilution adjustment is accomplished by increasing the 
analytical remlts by the same percentage that the mass of the waste is increased by the cement 
stabilization ~ ~ O C S S .  Appendix E contains the 5-day static leaching results. Appendix F is 
nonstandard  procedure^ that were not included in the work plan. Appendix G contains two 

geotechnical reports that address testing of silo waste. Appendix H contains results on ragendsand 
samples. Appendix I gives additional infomation on cement stabilization. Appendix J has additional 
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Tables 4-1 through 4-3 show the percent reduction required for the constituents of concern in T U P  
leachate to meet LALS. Ra-226 and Pb-210 require greater than 99 percent reduction in all thiee silos 

to meet LALs. Silos 1 and 2 also require greater than 99 percent reduction of Ac-227 and Pa-231. 
Lead and beryllium are the only chemical constituents of concern requiring reduction in Silos 1 and 2. 
The lead requires more than 99 percent reduction, and the beryllium requires 60 and 84 percent 
reductions for Silos 1 and 2, respectively. In Silo 3, beryllium, chromium, cobalt, molybdenum, and 
nickel all require reductions in leachability ranging from 12 percent to 93 percent in order to meet 
LALs. Several constituents of con- have negative percent reduction required. These constituents 
have TCLP leachate concentrations which are less than the LALs. 

4.1 CEMENT STABILIZATION - TREATABILITY TEST RESULTS 

4.1.1 Exoerimental Desim and Results 

4.1.1.1 Remedy Screenina - Ex-ental Desim and Results Summaq - 
In order to determine trends of the response variables (e.g., UCS values) as a function of the reagent 
loadings and to determine the envelope of reagents that would meet the performance criteria, Remedy 
Screening (preliminary phase) experiments were statistically designed to yield widely varying values of 
the response variables. This was accomplished by using a wide range of reagent loadings. The range 
of cement and flyash loadings varied from 26 to 68 percent (weight reagent divided by wet weight of 
waste [w/w]). The adsorbents (attapulgite and clinoptilolite) and set/strength accelerator (sodium 
silicate) percentages ranged from 0 to 12 and 0 to 7 w/w percent t.espectively. Blast furnace slag and 
ferrous chloride (FeCl2) were used in Stage 3 experiments. Details of these experiments are given in 
Chapter 3. The results and discussions axe presented m Appendix 1. 

The performance of the Remedy S d g  (preliminary phase) samples is 
Analysis of the results indicates that solidification of the waste in Silos 1 and 2 can readily achieve the 
desired UCS. Silo 3 requires higher loadings of reagents to solidify the waste since 43 percent of the 
formulations do not achieve a 500 psi UCS. For Silo 2, all formulations passed the TC regulatory 
requirements. However, stabilized samples of Silos 1 and 3 had a significant number of failures for 
lead (Silo 1) or arsenic and chromium (Silo 3). The leachability of chromium was controlled in Stage 
III by the addition of a reducing agent (Fa or addition of blast furnace slag to the reagent. The 
table also lists the maximum and minimum values for uranium and screening gross alpha and beta. 
Uranium was more leachable from Silo 2 waste than either Silo 1 or Silo 3 waste. The values for 
gross alpha and beta decreased in order of Silo 1, Silo 2, and Silo 3. The two most promising 
formulations derived from the Remedy Screening (advanced phase) testing program were used m the 
Remedy Selection phase of the program. The most promising formulation had an UCS greater than 

' ed in Table 4 4 .  

10 

11 

12 

13 

14 

IS 

16 

17 

18 

19 

20 

21 

22 

23 

2* 

25 

26 

27 

m 
29 

30 

31 

32 

33 



FEMp-oQlR-2 D M  
March 31. 1993 

95 REDUCTION OF SILO 1 RADIOLOGICAL AND CHEMICAL TCLP CONSTITUENTS 
REQUIRED TO MEET LALS 

6 Reduction Required to Meet LAL 

Concentration in 
Based on Based on Raw waste Basedon Basedon 

95% UCI m a . 2  lod Federal State 
Radionuclides (pei/L) Risk Risk ARARS ARmS 

AC-227 7343 NA 99.9183 99.4553 NA 

Pa-23 1 

Pb-2 10 

Po-210' 

Ra-2a2 

Ra-226 

Ra-228 

435000 NA 99.9954 99.9885 NA 

1.95E+06 NA 99.9998 99.9949 NA 

1.67E+06 NA NA NA NA 

208000 NA NA NA NA 

66370 NA 99.9699 96.9866 99.2466 

91.8 NA 78.2135 -2078.63 -444.663 

Th-228 49.8 NA 19.6787 -27 1 1 .23 NA 

Th-230 455 NA 56.044 -119.7g3 NA 

u-234 2480 NA 95.9677 71.7742 NA 

U-235 133 NA 24.812 77.4436 NA 

U-238 2350 NA 95.7447 70.2128 NA 

Lead 723.89 99.9309 NA 99.9309 99.3093 

'The percent reduction required for ~b-210 includes PO-210. Therefore, separate numbers are not given for 
Po-210. 

%e percent reduction required for Th-228 includes Ra-224. Therefore, s e p t e  numbers are not given for 
Ra-224. 

3Negative numbem indicate no reduction is required 
NA - Not applicable. 
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TABLE 4-2 

% REDUCTION OF SILO 2 RADIOLOGICAL, AND CHEMICAL TCLP CONSTITUTENTS 
REQUIRED TO MEET LALS 

4Q Reduction Required to Meet LAL 
Concentration 
in Raw Water Basedon Basedon Based on Based on 

95% UCI HI4.2 lod Federal State 
Radionuclides (Pci/L) Risk Risk ARARS A R A R S  

Ac-227 

Pa-23 1 

Pb-2101 

PO-210’ 

Ra-m2 

4258 NA . 99.859 1 99.0606 NA 

296000 NA 99.9932 99.9831 NA 

1.18E+06 NA 99.9997 99.9915 NA 

2.20E+05 NA NA NA NA 

36200 NA NA NA NA 

Ra-226 81840 NA 99.9756 97.5562 99.3891 

Th-228 204 NA 80.3922 -586.273 NA 

Th-230 293 NA 3 1.7406 -X1.33 NA 

u-234 3860 NA 97.4093 81.8653 NA 

U-235 158 NA 36.7089 81.0127 NA 

” U-238 4ooo NA 97.5 82.5 NA 
a 

B ~ l l i U m  0.005 -799003 84 -lW NA 

Lead 734.43 99.93 19 NA 99.9319 99.3192 

‘The percent reduction required for -210 includes PO-210. Therefore, separate numbers are not given for 
PO-210. 

%e percent redu~tion required for ~ h - 2 ~ 8  includes ~ a - 2 2 4 .   heref fore, separate numbers are not given for 
Ra-2%. 

3Negative numbers indicate no reduction is requmd 
NA - Not applicable. 
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TABLE 4-3 5 4.48 
%REDUCTION OF SILO 3 RADIOLOGICAL AND CHEMICAL TCLP CONSTITUTENTS 

REQUIRED TO MEET LALS 

9% Reduction Required to Meet LAL 
~~ 

Concentration in 
Raw Waste Based on Based on Based on Based 
95% UCI HIa.2 lod Federal State 

Radionuclides (PCW) Risk Risk A R A R S  A R A F t S  

Pb-2 1 0 

Po-2101 

Ra-226 

8.7 1EM1 NA 96.5557 -14.81 l2 NA 

2.45Ei-02 NA NA NA NA 

2455 NA 99.1853 18.5336 79.6334 

95% UCI 
chemicals (ma) 

B ~ l l i ~  0.01 1 92.7273 -809.092 NA 

chromium 4.55 12.0879 NA -1 19.782 NA 

Cobalt 15.6 87.1795 NA NA NA 

Molybdenum 14.7 79.5918 NA NA NA 

Nickel 29.4 65.9864 NA 65.9864 NA 

'The percent reduction required for -210 includes PO-210. Therefore, separate numbers are not given for 
PO-210. 

2Negative numbers indicate no reduction is required. 
NA - indicates Not Applicable. 
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500 psi, met the TC regulatory limits, had relatively low gross alpha and beta values in the MTW 
extraction fluid, and had a relatively low bulking factor. 

4.1.1 2 Remedy Selection - Exuerimental Desian 
The formulations used for the Remedy Selection (advanced phase) are presented in Table 4-5 and 
Table 4-6. The units are grams of reagent added to each 100 g of combined wet weight of waste and 
added bentonite. Table 4-5 is a summary table for the complete silo, while Table 4-6 shows the 
formulations for each m e  of each silo. There were 20, 10, and zero (0) percent bentonite loadings 
added to mnes A, B, and C, respectively for Silos 1 and 2. Bentonite was added to account for the 
effect of the bentonite added to Silos 1 and 2 to attenuate radon emissions. Bentonite was not added 
to the Silo 3 waste. Portland cement and blast furnace slag were added to solid@ the waste and to 
add silicates to react with the metals. Cement and flyash additions maintained the treated waste in an 
alkaline form which should decrease the leachability of the metals of concern. When the cement and 
flyash were used together, they functioned to increase the strength and decrease the permeability of the 
treated waste. The flyash and blast furnace slag also may have decreased the effect of inhibitors (e.g., 
sulfates and oil) on the cement setting and strength formation reactions. Attapulgite and clinoptilolite 
were added to absorb metals and to decrease their leachability from the treated waste. Ferrous 
chloride was added as a reducing agent for the hexavalent chromium m Silo 3. 

4.1.1.3 Remedy Selection Results UCS. Permeability, and Bulking Factor 
Table 4-7 lists the formulations, UCS, bulking factor, bulking factor averages, and permeability values 
for the Remedy Selection Phase of the peatability study. All of the formulations achieved the UCS 
goal of 500 psi. There was no M m d  goal for permeability m the Work Plan. However, EPA's 
document, "Handbook for Cement Stabilization/Solidification of Hazardous Waste," states that 

"Permeabilities measured in solidified waste typically range from around l@ to lo4 c d s .  Such low 
permeabilities indicate decreased mobility in the treated waste and a slower uansfer of contaminants 
from the solid mass to leaching waters" (EPA 1990b). All of the treated samples had permeabilities 
between la' to lo4 cm/sec. Given these low permeabilities, the dominant flow of water should be 
around the treated material instead of through the material. Consistently, the cement-blast furnace 
slag-flyash formulations (formula 2) had lower bulking factors than the chosen cement-flyash 
formulations (foxmula 1). In addition, the more bentonite added to the waste, the greater the bulking 
of the treated waste. In Table 4-7, the Zone A samples had 20 g bentonite added per 80 g of waste, 
while Zone C had zero bentonite added The Zone A samples had larger bulking factors. For the 
given formulations, Silo 3 had the lowest bulking factors while Silo 1 had the largest. 

4.12 Data Analysis and Internretation 
The leachability of the treated material is analyzed by three different methods in this report The 
percent reduction for the constituents of concern were calculated for each zone and for the complete 
silo. The percent reduction values were used to assist in the evaluation of the effectiveness of I) 
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TABLE 4-5 

CEMENT STABILIZATION 
ADVANCED PHASE FORMULATIONS 

Formula Cement Flyash Auapulgite Clinoptilolite FeCl, BFS 

silo 1 1 51 31 6 6 0 0 

2 50 15 0 0 0 25 

silo 2 1 51 31 6 6 0 0 

2 50 15 0 0 0 25 

silo 3 . 1  51 31 0 4 1 0 

2 40 0 0 0 0 40 

%agent loadings per 100 grams of combined wet weight of waste and added bentonite. 
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TABLE47 n- p 5 44$ 
RESULTS OF UCS, BULKING FACTOR, AVERAGE BULKING FACTOR, 

AND PERMEABILITY 

Average 
silo ucs Bulking Bulking 
No. Zone Formulation (psi) Factor (96) FactoP (96) Permeability 

2 

2 

2 

2 

3 

3 

3- 

A 

A 

B 

C 

A 

B 

C 

A 

k 

B 

C 

A 

B 

C 

Composite 

Composite 

Composite 

1 

1-Dup 
1 

1 

2 

2 '  

2 

1 

1 - D u ~  

1 

1 

2 

2 

2 

1 

2 

2-Dq 

1399 

1087 

1612 

>1487 

>1399 

>1437 

>15M 

852 

1164 

>142!5 

>1454 

>1404 

>1461 

>1528 

>1414 

>1387 

>1447 

246 

253 

196 

150 

209 

170 

122 

208 

207 

174 

122 

173 

141 

94 

63 

50 

55 

216 

NA 

NA 

NA 

167 

NA 

NA 

168 

NA 

NA 

NA 

136 

NA 

NA 

63 

52.5 

NA 

4E-08 

4E-08 

3E-08 

2E-08 

4E-08 

4E-08 

2Eo8 

6E-08 

6E-08 

5E-08 

5E-08 

4E-08 

6E-09 

1E-08 

3E47 

2EM 

!SO8 

'Average for the specific silo formulation combination. 
NA - Not applicable. 
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treatment In addition, the leachate concentration for the constituents of concern will be compared 
with the TC regulatory levels and the LALs. m e  percent reduction for each zone (PV is calculated a using the following equation: 

l o o *  (c i -T&) 

Ci 
PR,= 

where 

Ci = Characterization T U P  concentration value for constituent i 
Tdi = Treatability TCLP concentration value for constituent i adjusted for dilution by 

reagents 

The percent reduction for each silo (PRJ is calculated by 

where 

where 

a 

8 

9 

UCI(C,) and UCI(T,,J are the upper 95 percent confidence interval on the mean for C, and 
Tdi 11 

The percentage of the TC regulatory limits and LALs are calculated using the following 
equation: . 13 

IO 

12 

lOO*Td 
PLAL,= 

mi 

LALi = The TC regulatory limit or LAL for constituent i 
P m  = Penxntage of leaching limit 

To calculate the upper 95 percent confidence interval (Ucr) on the mean for each constituent, the 
sample probability distribution was first determined. SAS was used to determine the descriptive 
statistics for the samples. The sample probability distribution, maximm and minimum values, mean, 
median, coefficient of Variation, and the lower 95 percent confidence internal 0 and UCI on the 
mean are calculated by SAS. These descriptive statistics are reported m the text and appendices for 
the waste characterization and cement stabilization treatability results. This method of presentation of 
data is consistent with the F d d  site-wide risk assessment methodology. Descriptions of the 
determination of these statistics are presented in the following subsections. 

14 

IS 
16 

17 

18 

19 

a0 

21 

22 

23 

24 
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4.12.1 Determination of SamDle Probabilitv Dismiution I 

Each data set was evaluated to determine the probability distribution ( n o d  or lognormal) that best 
describes the data set. SAS was used to determine the sample probability distribution, maximum and 
minimum values, mean, median, upper and lower confidence limits on the mean, and the coeffkient of 
variables for the data set The method used consisted of the construction of a probability plot of the 
data set. If a straight line fits the plotted points reasonably well, a normal distribution will be 
assumed. If the data do not follow a straight line on the probability plot: the data will be log- 
transformed and replotted. Although a visual inspection of the probability plot is oftea sufficient to 
determine whether the plotted points follow a straight lixte, a quantitative determination of the 
"linearity" of the data is pexfonned. 

0 

The quantitative evaluation of the probability plots was pedomed by calculating the correlation 
cd ic ien t  of the plotted points on the normal probability plot or on the l o g n o d  probability plot. 
The correlation coefficient was compared with a critical value that depended on sample size (n) and 
the chosen confidence level a (equal to 0.05) (Looney and Gulledge 1985). The values that the 
correlation coefficient must meet or exceed in order to conclude that the distribution is normal or 
lognormal are given in Table 4-8. 

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

0 

five to obtain the SQL (EPA 1989a). 

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

For the purposes of evaluating data in the Treatability Study, the tenn "SQL" was used for both 
chemicals and radionuclides. 

1 

2 

3 

4 

5 

6 

7 

a 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

m 
21 

22 

23 

24 

25 

26 

n 
m 
2¶ 

30 

31 

32 

Although EPA's Risk Assessment Guidance for Swerfund Part A. Human Health Evaluation Manual 

allows for best professional judgement in determining the most appropriate assignment of values for 
33 

34 

k16 
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CORRELATION COEFFICIENT TEST RESULTS AT A 95% CONFIDENCE LEVEL. 

n Value n Val= 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 ' 

19 

20 
21 

22 

23 

24 

25 

0.879 

0.868 

0.880 

0.888 

0.898 

0.906 

0.912 

0.918 

0.923 

0.928 

0.932 

0.935 

0.939 

0.941 

0.944 

O.% 

0.949 

0.95 1 

0.952 

0.954 

0.956 

0.957 

0.959 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

85 

90 

95 

100 

0.960 

0.961 

0.962 

0.963 

0.964 

0.965 

0.966 

0.967 

0.968 

0.969 

0.972 

0.974 

0.977 

0.979 

0.980 

0.981 

0.983 

0.984 

0.985 

0.985 

0.986 

0.987 

0.987 

'(Looney and Gulledge 1985) 
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nondetected results (EPA 1989a). €PA Region V has requested that a value of one-half the SQL be 
assigned for each nondetected result. Statistical treatment of background data for risk assessments will 
therefore conform with the methodology requested by EPA Region V. This methodology will affect 
the SAS PR, and P k  calculations. 

0 
4.1.2.3 Uuwr and Lower Confidence Intervals (UCI and LCr) 
In order to construct the UCI and LCI on the mean value, a determination of the disaibution type 
(normal or lognormal) must be made. Data reported as nondetects will be assigned a value of one-half 
the SQL for the purpose of calculating the UCI and LCI. 

The UCI and K I  were calculated for a n o d  distribution as follows: 

- 
LCI = x - t~ -a, m-1 (s/JTz) 

where 
- 
X = sample arithmetic mean 
tl, 0 1  
a 
n 
S .= sample standard deviation 

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

The UCI and LCI were calculated for a lognormal distribution as follows: " 1 2  UCI = exp g + S, + H ~ . ~ ~  s,/ n - 1  

J 1 2  LCI = exp (, - S, + H,~,, s,/ n-1  

where 
- 
y = Cy/n = sample arithmetic mean of the log-transformed data, y = IXIX 
3 = sample standard deviation of the log-transformed data 
n = number of samples in the data set 
hH = value for computing the one-sided upper 95 percent confrdence limit on a 

l o g n o d  mean from standard statistical tables 
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4.13 Waste TCLP Leachate Analvsis 
A listing of the FEMP TCLP characterhtion data generated for the RI and the accompanying SAS 
summary reports are provided in Appendix A. The final column of the fmt three tables in Appendix 
A is a calculation of the percentage of the TCLP leachate Concentration compared to the TC regulatory 
limits. The summaxy SAS tables for the constituents of concern are presented in Tables 4-9 through 
4-14. The listing is sorted by silo and zone within each silo. All of the chemical data for all three 
silos are presented prior to the listing of radionuclide data. The summary SAS report lists the 
frequency of detection, minimum and maximum values, type of sample probability distribution, mean, 
median, 95 percent LCI and UCI on the mean, and the coefficient of variation. These data are 
analyzed in detail in the March 1993 draft OU4 RI report. 

Chemicals whose'TCLP concentration was greater than 90 percent of the TC regulatory limit are listed 
in Table 4-15. In this table, a "Yes" below a silo number indicates that the chemical exceeded 90 
percent of the TC regulatory limit for that silo. Arsenic, carbon tetrachloride, chromium, lead, and 
selenium had TCLP leachate concentrations which exceeded 90 p e n t  of the limit in one or more 
Silos. 

The LALs are presented in Table 4-16. Section 3.1.4 explains how LALs were developed. 

Tables 4-17 through 4-19 present canparisom of the TQS characterization data for chemical 
constituents of concern in Silos 1.2, and 3 to LALs using symbols. Tables 4-20 through 4-22 present 
the radionuclide cornpaxisons. The symbols used 8 f e  0,- and 0. The 0 symbol indicates the 
constituent UCI is below the HI = 02 LAL, lob cancer risk-based LAL, Federal or State Standards 

Groundwater ARARsmC-based LALs, respectively. This indicates the constituent TCLP does not 
present a problem meeting the respective LAL. Thewsymbol indicates the UCI lies between 02 and 
1 HI-based LAL or between lv and l@ for the cancer risk-based LAL. This is within the EPA 
established concentration range for combined risk fkom exposure to carcinogens and requires additional 
consideration to determine the risk to public health. The 0 symbol indicates the UCI lies outside the 
HI = 1.10' risk, or exceeds the Federal ARAR or State Groundwater LALs. A constituent which lies 
outside the LAL indicates additional studies are suggested. 

4.1.3.1 Cement Stabilized SamDle TCLP Leachate Analysis 

The TCLP leachability data of the stabilized waste are presented in Appendix C. The MTCLP for the 
Remedy Screening (prelhhuy phase) investigations are presented in the Clip- database in 
Appendix B. The Clippea database is described in Appendix B. Appendix C contains results on 
TCL volatiles, TCL semivolatiles, T U  pesticides/polychorinated biphenyl (PCBs), metals, and 
radionuclides. The T U P  results are presented in two Wexent formats: results of actual analysis of 
the extract, and results adjusted for dilution by cement stabilization reagents. The dilution-adjusted 
data is in Appendix D. The adjustment for dilution is made because addition of the stabilizing 

4-19 

O O O l i t ;  

1 

2 

3 

4 

5 

6 

7 

8 

9 

IO 

11- 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

2A 

25 

26 

n 

28 

29 

30 

31 

32 

33 

34 

35 



4-20 

P 

4.4 8 
00 
12 

v) 
d 
Y 

o\ n 

2 

00 2 
0 

8 
2 

8 
2 

z 

8 
7 
3 
0 

$1 a - 

k 
8 
a 

FEMpo1TR-2 DRAm 
March 31. 1993 

000127 

m m  
00 " 5  
n m  

- 
- 0 0  

.00 8 2  

5 a  



e 

4) 

a 
9 

si 

FEMp-(#TR-2 DRAFI‘ 
Marcb 31. 1993 

8 
G 

N 
N 

2 

d 
00 

8 

E 
0 

00 
N 
Y 0 

4 

cr) 
N a 0 
N 

0 
9 

2 a 
d 

2 ., 
N 

4-21 
u o  Y 

Z- 54.48 

c -  .-,a- E 

000128 



0 a 
d 
W 

d cc 

FEMp-WTR-2 D m  
h 8 -  = 54.48 Mar& 31. 1993 

L-1 L - 1 3  

000129 
4-22 



m .- 

5 -4 8 

000130 



U 

a 

a 

a 

3 
0 

a 

3 
3 
? 

0 

r) 
\ 
e 

5 
3 
5 

=- -.o 5 4.48 

~ s a a  

a a a a  

e 
0)  > 
00 
._ 

a 
9 
+- 
A 

cr 0 

01 .- 

', 

000131 



FeMpoIIR-2 D W  
-: fi. 4.48 Much 31. 1993 

4-25 
000132 



FEhW-MTR-2 DRAPT 
Mpch 31. 1993 

e 

0, m 
.L. n 

-. 0. 0. -. -. el el el el d 

B 4 
5 

8 
5 e 
m c 

.CI 

2 
8 

0 1 )  v z.- .-A - E 

000133 
4-26 



a 

cr) w 
d 
w 

00 
(v 

2 
I- 

.I 

00 s 
m 

.I 

d 
c? 
$: cv 

4 s 

? m n 2 

5 

Q 00 

6 
@ 

d 

3 

4 
9 
3 

5 4-48 m - W T R - 2  DRAlT 
Much 31. 1993 

u -  s i  

c 

4-27 

000134 



e 
FEMPaTR-2 D m  

Mmch 31. 1993 

=* -9 5 4-48 

4-28 
000135 



b a 

fi  

c 

c 

a 

Y 
12 00 

a 

8 
Y 
12 z 
Y 
12 00 

d 
\ 
m 

2 
2 a 

c c  

FEM'-WTR-2 DRAFI' 
t .  5 4.48 M d  31. 1993 

v o  e c - Y Y  E 

4-29 

000136 



5 4.48 , F E M P - O Q T R - ~ D ~ ~ ~  
u- March 31. 1993 . 

TABLE 4-15 

CaEMICALS IN TCLP EXTRACTS THAT EXCEEDED 90 PERCENT OF THE 
TC REGULATORY LIMITS FOR THE CHARACTERIZATION SAMPLES 

chemical silo 1 silo 2 silo 3 

Arsenic No 

Carbon tetrachloride No 

chromium No 

Lead 

Selenium 

Yes 

No 

No 

Yes 

No 

Yes 

No 

Yes - indicates that compound exceeded 90% of the TC regulatory limit. 
No - indicates that compound was less than 90% of the TC regulatory limit. 

4-30 

Yes 

No 

Yes 

No 

Yes 
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TABLE 4-17 

TCLP CHEMICAL DATA FOR SILO 1 UNTREATED WASTE 
CHARACTERIZATION SAMPLES 

Comparison of UCI to LALs 

chemical HIa.2 lod Risk ARAR Groundwater 

2-Butanone 

CMethy l-2-pentanone 

Ace tone 

Antimony 

Barium 

Benzoic acid 

Beryllium 

bis(2-Ethylhexy1)phthalate 

Boron 

cadmium 

Cobalt 

Copper 
Di-n-octyl phthalate 

Lead 

Methylene chloride 

Molybdenum 

Nickel 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
t) 

0 
0 
e 
0 
0 
0 

Notes: 

0 =PassedLAL 
t) =Discussionarea 
0 = Additional study suggested 

0 
0 
0 
0 
0 
0 
c) 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
e 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
e 
0 
0 
0 
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0 Table 418 =- - 5 4.48 
TCLP CHEMICAL DATA FOR SILO 2 UNTREATED 

WASTE CHARACTERIZATION SAMPLES 
~ ~~ ~ _ _  

Comparison of UCI to LALs 

chemical HI4.2 lo4 Risk ARAR Groundwater 

2-Butanone 
4-Methyl-2-pentanone 
Acetone 
Antimony 
Arsenic 
Barium 
BerylliUUl 
bis(2-Ethylhexyl)phthalate 
Boron 
cadmium 

chromium 
Cobalt 
Lead 
Methylene chloride 
Molybdenum 
Nickel 
N-Nitmso-di-n-propy lamine 
Selenium 

Notes: 

0 =PassedLAL 
f) =Discussionarea 
0 = Additional study suggested 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
c) 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

f) 

f) 

0 

0 
- 0  

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 ’  

0 .  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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TCLP CHEMICAL DATA FOR SILO 3 UNTREATED WASTE CHARACTERIZATION SAMPLES 

Comparison of UCI to LALs 

HI4.2 10" Risk ARAR Groundwater chemical 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 
Manganese 

Mercury 
Molybdenum 

Nickel 

Selenium 

Thallium 

Vanadium 

zinc 

e 
0 
0 
0 
0 
f) 

e 
0 
0 
0 
f) 

f) 

0 
0 
0 
0 

Notes: 

0 =PassedLAL 
H =Discussion area 
0 = Additional study suggested 

0 
0 
e 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

e 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
e 
0 
0 
0 
0 

e 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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TABLE 4-20 

RADIOLOGICAL TCLP DATA OF UNTREATED WASTE CaARACTERIZATION 
SAMPLES FOR ALL ZONES OF SILO 1 

ComDarison of UQ to LALs 

Radionuclide HI4.2 10" Risk ARAR Groundwater 

Ac-227 

Pb-210 

Po-210 

e - 2 2 6  

Ra-228 

Th-228 

Th-230 

Th-232 

u-234 

U-235/236 

U-238 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

a 
a 
0 
a 
f) 

f) 

f) 

0 
f) 

f) 

f) 

a 
a 
0 
a 
0 
0 
0 
0 
a 
a 
a 

0 
0 
0 
a 
0 
0 
0 
0 
0 
0 
0 

Notes: 

0 - Passed LAL 
H - D i s c ~ ~ s i ~ ~ l  area 
0 - Additional smdy suggested 

4-39 



March 31. 1993 

-. .. t 5 4.4.8 
TABLE 4-21 

RADIOLOGICAL TCLP DATA OF UNTREATED WASTE 
CHARACTERIZATION SAMPLES FOR ALL ZONES OF SILO 2 

Comparison of UCI to LALs 

Radionuclide HI4.2 lod Risk ARAR Groundwater 

Ac-227 

Pb-210 

Po-210 

Ra-226 

Ra-228 

Th-228 

Th-230 

Th-232 

u-234 

U-235/236 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Notes: 

0 - Passed LAL 
c) - Discussion area 
0 - Additional study suggested 

0 
0 
0 
0 
0 
c) 

c) 

0 
c) 

f) 

4-40 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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TABLE 4-22 

RADIOLOGICAL TCLP DATA OF UNTREATED WASTE 
CHARACTERIZATION SAMPLES FOR SILO 3 

Comparison of UCI to LALs 

Radionuclide HI4.2 lo4 Risk ARAR Groundwater 

Ra-226 

Pa-23 1 

Ac-227 

Pb-2 1 0 

Po-210 

Ra-228 

Th-228 

Th-230 

Th-232 

u-234 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
f) 

0 
c) 

0 
f) 

0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Notes: 

0-PaSsedLAL 
f) - Discussion area 
0 - Additional study suggested 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

4-41 
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reagents reduces the concentrations of the various constituents of concern in the treated waste. In 
order to determine if leachate concentration reductions are due to treatability or dilution, the results are 
adjusted for dilution. The summary SAS tables for the constituents of concern are presented in Tables 
4-23 through 4-34. 

During the course of OU2 treatability testing, full TCLP and radiological analysis of reagent blanks 
were conducted to determine possible contributions from the reagents to the leachate quality of the 
treated waste. These were the same reagents used for OU4 treatability testing. Additional 
experimental blanks were produced using seven mixtures of reagents on which TCLP and radiological 
analysis were performed to determine if potential contamination could be introduced by the 
experimental equipment or procedures. These mixtures were made in the same equipment and allowed 
to cure in the same type of molds in which the treated waste would cure. "Clean" sand (Le., sand sold 
for use in a child's sand box) was substituted in these mixtures for the site waste and site flyash. 
Appendix H contains the leaching data for the reagent blanks and experimental blanks. The reagents 
which were mixed with water and cured have leachates with similar or lower concentrations of 
contaminants than the reagents by themselves. With the exception of Pb-210 and beryllium, the 
reagents are not adding significant concentrations of metal, organic, or radionuclides to the 
waste/reagent mixtures that would cause the mixtures to exceed the LALs. This data can be found in 
Table 4-35. Portland cement may be contributing leachable levels of -210 and beryllium that 
exceeds the LALs. 

It is important to remember that a direct comparison of the TCLP results and leachate limits reported 
in this study do not necessarily indicate the acceptability of the treatment technologies tested. This is 
due to two reasons. First, the TCLP methodology does not indicate the expected field performance of 
the treatment technology because it does not replicate the conditions found naturally in the 
environment around the FEIW. TCLP methodology is based on a traumatic physical attack on the 
treated material, followed by the application of an acetic solution to the physically altered substrate. It 
is doubtful that this sequence of events would be replicated by natural processes at the EMP. 
Second, the leachate limits presented in this report assume the waste would be abandoned in shallow 
land-fill trenches. On-property -sal alternatives require placement of the treated waste in an 
engineered disposal facility. 'Ibis facility would alter the infiltration rate of water through the+waste 
and increase the effects of dilution and attenuation on leachate entering the aquifer. Thus the actual 

leachate concentrations produced by the combination of the two technologies are expected to be well 
below the TCLP results in this report. This means that those technologies producing leachate 
concentrations which exceed the listed leachate limits may stil l  be viable technologies if considered as 
a part of an integrated disposal option. 
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TABLE 4-35 

COMPARISON OF STABILIZED REAGENT AND S A N D  TCLP TO 
LEACHATE ACTION LEVELS 

: 54.48 

96 of Highest Detected Concmtration to Leachate Action 
Levels 

Highest 
Concentration 

Detected 

@Ci/L) ARARS Groundwaters 
10" Risk Federal STATE HI = 020 

Pb-210 3.09 NA 103 3.1 NA 

Ra-226 

Ra-228 

Th-total 

U-235 

U-238 

4.03 NA 20 0.20 0.8 

7.1 NA 36 0.36 1.4 

8.19 NA 0.45 0.45 NA 

0.0341 NA 0.07 0.24 NA 

4.705 NA 1.6 0.22 NA 

Highest 6 of Highest Detected Concentration to Leachate Action 
Concentration Levels 

Risk Federal STATE 
Detected HI = 0.20 

ARARS Groundwaters (ma) 

Antimony 0.107 35.7 NA NA NA 

Barium 0.941 2.4 NA 0.47 0.9 

Be-IYlliUIIl 0.0033 0.1 413 3.3 NA 

BOKMI 0.539 0.8 NA NA NA 

0.222 5.6 NA 2.2 4.4 

cobalt 

copper 
Manganese 

Molybdenum 

Nickel 

silver 

Vanadium 

zinc 

0.0203 

0.0445 

0.0807 

0.0293 

0.0735 

0.1 

0.0647 

0.126 

1 .o 
NA 

0.1 

1 .o 
0.7 

5 -0 

1.3 

0.1 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

0.7 

2.0- 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

2.0 

NA 

NA 

'Formulations with less than 26% cement loading were not considered in this comparison. 

NA - Not applicable 
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4.1.3.2 Comparisons of the TCLP Leachate to LALs z 5 4.48 
TCLP leachate concentrations (95 percent UCI) for treatability samples were compared to the LALs. 
The comparison of the treatability data was made using dilution adjusted data. The results of the 
comparisons are presented in the tables m two ways: symbolically and numerically. The first method 
uses symbols to highirsht the chemicals and radionuclides that are borderline or exceed the leachate 
action levels so that they can be identified with a quick scan of the table. Tables 4-36A through 4- 

38B present this information for chemicals, for treatability samples. This is the same symbolic method 
used for the characterization data in Section 4.1.3. The numerical results of the comparisons for the 
heatability samples is presente3l for the chemicals in Tables 4-39A through U l B .  The data are 
similarly presented for the radionuclides. The treatability symbolized comparisons are made in Tables 
442A through 4-44B. The numerical comparisons for the treatability data are presented in Tables 4- 

45A through 447B. 

For all three silos, molybdenum, Pb-210, and Ra-226 exceeded the LALs. Lead and beryllium 
exceeded the LALs for Silos 2 and 3, respectively. As a general trend, formulations containing blast 
furnace slag had lower contaminant concentrations in the TCLP leachate than fomulas with only 
cement and flyash. 

Prehmmary results ftom optional phase tests show that much of the radon (generated by the decay of 
radium) diffuses out of the cement stabilized samples. Radon, which is highly soluble in water, 
decays to Po-210 and Pb-210. This will result in higher concentrations of Po-210 and 5 2 1 0  in the 
leachate that would occur due to direct leaching fiom the sample. 

4.1.3.3 Comparison of Treated and Untreated TCLP Leachate - Percent Reductions 
The percent reduction results are presented for each silo and formulation separately. The comparisons 
are made for all silo zom samples for Silos 1, and 2, and 3. Zone to zone comparisons are presented 
for Silos 1, and 2. The results from the complete silo samples are indicative of what may be expected 
from treatment of the complete silo. The zone to zone comparisons show the effect of the 
heterogeneity of the waste. For a heterogeneous feed, if the zone to zone percent reductions values are 
similar, then the treatment process is consistently effective or ineffective for the constituent in 
question. 

The calculations with combined zones compare the mean (average) and UCI results fiom the SAS 
analyses of untreated sample and treated sample data. A statistical evaluation was not conducted for 
Silo 3 since there were not enough samples to calculate a UCI. 

The zone to zone comparisons are presented in two different formats. If there are three or more data 
points in the untreated and treated samples, two different percent reductions are calculated. The first is 
calculated on the mean (average) of both untreated and treated samples. The other is calculated using 
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TABLE 4-36A -- .I 5 448 
DILUTION ADJUSTED TCLP TREATABILITY DATA FOR SILO 1, FORMULA 1 

Comparison of UCI to LALs 

HIa.2 loa CSF ARm Groundwater chemical 

2-Butanone 

Acetone 

Antimony 

Barium 

0 
0 
0 
0 

0 
0 
0 
0 

Benzoic Acid 0 0 
Boron 

chromium 

Lead 
Molybdenum 

Selenium 

Tributyl phosphate 

Vanadium 

zinc 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

0 =PassedIAL 
0 = Additional study suggested 

0 
0 
0 
0 

0 
0 
0 
0 

0 0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
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TABLE 4-36B 

DILUTION ADJUSTED TCLP TREATABILITY DATA FOR SILO 1, FORMULA 2 

Comparison of UCI to LALs 

Chemical 
~~ ~ ~~ 

HI4.2 lod CSF ARAR Groundwater 

Acetone 

Antimony 

Barium 

Boron 

Lead 

Molybdenum 

Selenium 

Triiutyl phosphate 

Vanadium 

zinc 

Notes: 

0 =PassedLAL 
0 = Additional study suggested 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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TABLE 4-37A 

DILUTION ADJUSTED TCLP TREATABILITY DATA FOR SILO 2, FORMULA 1 

Comparison of UCI to LAls 

Chemical HI42 10" CSF ARAR Groundwater 

2-Butanone 0 0 0 0 
Acetone 

Antimony 

ArSeniC 

Barium 

Benzoic Acid 

Boron 

cadmium 

chromium 

Copper 
Lead 

Molybdenum 

Selenium 

Tributyl phosphate 

VaMdiUm 

zinc 

0 -  
0 
0 
0 
0 
0 
0 
0 
0 
c) 

c) 

0 
0 
0 
0 

Notes: 

0 =PassedLAL 
c) = Discussionarea 
0 = Additional study suggested 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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TABLE 437B 

DILUTION ADJUSTED TCLP TREATABILITY DATA FOR SILO 2, FORMULA 2 

Comparison of UCI to LALs 

HIa.2 lo4 CSF ARAR Groundwater Chemical 

Acetone 

Antimony 

Arsenic 

Barium 

Boron 
chromium 

Lead 

Molybdenum 

Selenium 

Tefrachloroethene 

Thallium 

Tributyl phosphate 

Vanadium 

0 
0 
0 
0 
0 
0 
0 
0 
0 -  
0 
0 
0 
0 

Notes: 

0 
0 
0 
0 
0 ’  
0 
0 
0 
0 
0 
0 
0 
0 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
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TABLE 4-38A * 5 4.48 
DILUTION ADJUSTED TCLP TREATABILITY DATA FOR SILO 3, FORMULA 1 

I Comparison of 1 Sample Result to LALs 

Chemical HId.2 1@ Risk ARAR Groundwater 

Acetone 

Arsenic ' 

Barium 

B ~ l l i M l  

Boron 

chromium 

Molybdenum 

Selenium 

Thallium 

VanadiUm 

0 
0 
0 
0 
0 
0 
f) 

0 
0 
0 

0 
0 
0 
c) 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

zinc 0 0 0 0 

Notes: 

0 =PassedLAL 
c) =Discussionarea 
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a 
TABLE 438B O- -... 5 4.48 

DILUTION ADJUSTED TCLP TREATABILITY DATA FOR SILO 3, FORMULA 2 

Comparison of Mean of 2 Samples to LALS 

ma.2 lod Risk ARAR Groundwater Chemical 

Acetone 

Antimony 

Arsenic 

Barium 

BqLliUm 

Boron 

chromium 

Molybdenum 

Selenium 

Thallium 

VanadiUm 

zinc a 

0 
0 
0 
0 
0 
0 
0 
c) 

0 
0 
0 
0 

0 
0 
0 
0 
f) 

0 
0 
0 
0 
0 
0 
0 

Notes: 

0 =PassedLAL 
t) =Discussionarea 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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TABLE 4-39A -- 5 4-40 
DILUTION ADJUSTED TCLP TREATABILITY DATA 

FOR ALL ZONES OF SILO 1, FORMULA 1 

Comparison of UCI to LALs 

chemical HIa.2 lod Risk ARAR Groundwater 

2-Butanone 

Acetone 

Antimony 

Barium 

Benzoic Acid 

Boron 

chromium 

Lead 

Molybdenum 

Selenium 

Tributyl phosphate 0 vanadium 

Notes: 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 =PassedLAL 
0 = Additional study suggested 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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TABLE4-39B =- 5 4.48 
DILUTION ADJUSTED TCLP TREATABILITY DATA 

FOR ALL ZONES OF SILO 1, FORMULA 2 

Comparison of UCI to LALs 

HI42 lod Risk ARAR Groundwater Chemical 
Acetone 0 0 0 0 
Antimony 

Barium 

Boron 

Lead 

Molybdenum 

Selenium 

Tniutyl phosphate 

Vanadium 

zinc 

Notes: 

0 =PassedLAL 
0 = Additional study suggested 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
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h- - 5 4.48 
TABLE 440A 

DILUTION ADJUSTED TCLP TREATABILITY DATA 
FOR ALL ZONES OF SILO 2, FORMULA 1 

Comparison of UCI to LALs 

Chemical HI4.2 lo4 Risk ARAR Groundwater 

2-Butanone 

Acetone 

Antimony 

ArSeIliC 

Barium 

Benzoic Acid 

Boron 

Cadmium 

chromium 

Copper 
Lead 

Molybdenum 

Selenium 

Tnibutyl phosphate 

Vanadium 

zinc 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
t) 

t) 

0 
0 
0 
0 

Notes: 

0 =PassedLAL 
f) =Discussionarea 
0 = Additional study suggested 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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TABLE 4-40B 

DILUTION ADJUSTED TCLP TREATABILITY DATA 
FOR ALL ZONES OF SILO 2, FORMULA 2 

= 5 4-48 

Comparison of UCI to LALs 

Chemical HI4.2 loa Risk AFUR Groundwater 

Acetone 

Antimony 

Arsenic 

Barium 

Boron 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

chromium 0 0 0 0 
Lead 

Molybdenum 

Selenium 

Tetrachloroethene 

Thallium 

Tniutyl phosphate 

Vanadium 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

Notes: 

0 =PassedLAL 
0 = Additional study suggested 
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I_ 

TABLE 4-41A ..- ? 5 4.48 
DILUTION ADJUSTED TCLP TREATABILITY DATA FOR SILO 3, FORMULA 1 

Comparison to LALS 

Chemical HIa.2 10-6 CSF ARAR Groundwater 

Acetone 0.04 NA NA NA 

Antimony 17 NA NA NA 

Arsenic 13 NA 2 2 

Barium 1 NA 0.2 0.4 

Be.IylliUIl 0.1 528 4 NA 

Boron 3 NA NA NA 

chromium 1 NA 1 1 

Molybdenum 387 NA NA NA 

Selenium 6 NA 5 25 

Thallium 71 NA 18 NA 

Vanadium 14 NA NA NA 

0.02 NA NA NA 

4-7 1 
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TABLE441B -- .I 5 4.48 
DILUTION ADJUSTED TCLP TREATABILITY DATA FOR SILO 3, FORMULA 2 

Comparison to LALs 
~ ~ 

chemical HI4.2 10aCSF . ARAR Groundwater 

Acetone 

Arsenic 

Barium 

Beryllium 

Boron 

chromium 

Molybdenum 

Selenium 

Thallium 

0.03 

13 

1 

0.1 

4 

25 

369 

8 

49 

VanadiUm 14 

zinc. 0.02 

NA 

NA 

NA 

584 

NA 

NA 

NA 

NA 

NA 

NA 

2 

0.2 

5 

NA 

10 

NA 

7 

12 

NA 

2 

0.4 

NA 

NA 

20 

NA 

33 

NA 

NA NA NA 

NA NA NA 
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TABLE 442A 

0 DILUTION ADJUSTED RADIOLOGICAL TCLP TREATABILITY DATA FOR SILO 1, FORMULA 1 

a 

Radionuclide 

Cofnparison of One Sample to LALs 

HI42 10" CSF ARAR Groundwater 

Pb-210 

Po-210 

Ra-226 

Ra-228 

u-234 

U-235f236 

U-238 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

TABLE 442B 

DILUTION ADJUSTED RADIOLOGICAL TCLP TREATABILITY DATA FOR SILO 1, FORMULA 2 

Comparison of One Sample to LALs 

Radionuclide 

Pb-210 

Po-210 

Ra-226 

Ra-228 

u-234 

U-235f236 

U-238 

HIa.2 

0 
0 
0 
0 
0 
0 
0 

lod CSF 

f) 

0 
0 
0 
0 
0 
0 

ARAR 

0 
0 
e 
0 
0 
0 
0 

Groundwater 

0 
0 
0 
0 
0 
0 
0 

Notes: 

0 =PassedLAL 
c) =Discussionarea 
0 = Additional study suggested 
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TABLE4-43A =- -4 5 4.48 
DILUTION ADJUSTED RADIOLOGICAL TCLP TREATABILITY 

DATA FOR SILO 2, FORMULA 1 

Comparison of UCI to PRGs 

Radionuclide M 4 . 2  loa CSF ARAR Groundwater 

Pb-210 

Po-210 

Ra-226 

Ra-228 

u-234 

U-235/236 

U-238 

0 
- 0  

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

TABLE 4-43B 

DILUTION ADJUSTED RADIOLOGICAL TCLP TREATABILITY 
DATA FOR SILO 2, FORMULA 2 

~ 

0 
0 
0 
0 
0 
0 
0 

Comparison of UCI to FRGs 

Radionuclide HI4.2 loa CSF ARAR Groundwater 

Pb-210 

Po-210 

Ra-226 

Ra-228 

u-234 

U-235/236 

U-238 

0 
0 
0 
0 
0 
0 
0 

c) 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

Notes: 

0 - Passed LAL 
f) - Discussion area 
0 - Additional study suggested 
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TABLE 444A -- t 5 4.48 
DILUTION ADJUSTED RADIOLOGICAL TCLP TREATABILITY 

DATA FOR SILO 3, FORMULA 1 

Comparison of LAL 

Radionuclide HI4.2 lo4 CSF ARAR Groundwater 

Pb-210 

Ra-226 

Ra-228 

u-234 

U-235/236 

U-238 

0 ’  0 0 0 
0 f) 0 0 
0 c) 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

TABLE 444B 

DILUTION ADJUSTED RADIOLOGICAL TCLP TREATABILITY 
DATA FOR SILO 3, FORMULA 2 

Radionuclide 

Comparison of LAL 

HIa.2 .lo4 CSF ARAR Groundwater 

Pb-210 

Po-210 

Ra-226 

Ra-228 

0 t) 0 
0 0 0 
0 f) 0 
0 f) 0 

0 
0 
0 
0 

Notes: 

0 - Passed LAL 
c) - Discussion area 
0 - Additional study suggested 
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DILUTION ADJUSTED RADIOLOGICAL TCLP TREATABILITY 

Percent of Leachate Action Level 

Radionuclide HId.2 CSF ARAR Groundwater 

Pb-210 NA 24401 732 NA 

Po-210 NA NA NA NA 

Ra-226 NA 123300 1233 4932 

Ra-228 NA 32 0.3 i 
u-234 NA 1 0.1 NA 

U-235/236 NA 1 3 NA 

U-238 NA 1 0.1 NA 

TABLE 445B 

DILUTION ADJUSTED RADIOLOGICAL TCLP TREATABILITY 

Percent of Leachate Action Level 

Radionuclide HI4.2 IO4 CSF ARAR Groundwater 
a 

~ 

Pb-210 

Po-210 

Ra-226 

Ra-228 

u-234 

U-235/236 

U-238 

~ ~~~~ - 

NA 8935 268 NA 

NA NA NA NA 

NA 59410 594 2376 

NA 39 0.4 2 

NA 1 0.1 NA 

NA 1 3 NA 

NA 1 0.1 NA 

1NA - Not applicable 
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TABLE 446A .Z 5 4.48 
DILUTION ADJUSTED RADIOLOGICAL TCLP TREATABILITY 

DATA FOR SILO 2, FORMULA 1 

Percent of Leachate Action Level 

Radionuclide HIa.2 10" CSF ARAR Groundwater 

Pb-210 

Po-210 

Ra-226 

Ra-228 

u-234 

U-235/236 

U-238 

NA 32039 96 1 NA 

NA NA NA NA 

NA 357585 '3576 14303 

NA 81 1 

NA 1 0.1 

NA 0.04 0.1 

NA 1 0.1 

TABLE 4-46B 

DILUTION ADJUSTED RADIOLOGICAL TCLP TREATABILITY 
DATA FOR SILO 2, FORMULA 2 

3 

NA 

NA 

NA 

Percent of Leachate Action Level 

Radionuclide HId.2 lod CSF ARAR Groundwater 

Pb-210 

Po-210 

Ra-226 

Ra-228 

u-234 

U-235/236 

U-238 

NA 5279 158 

NA NA NA 

NA 109315 1093 

NA 49 0.5 

NA 1 0.1 

NA 0.04 0.1 

NA 1 0.1 

NA ' 

NA 

4373 

2 

NA 

NA 

NA 

NA - Not applicable 
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TABLE 447A B 5 4-48 
DILUTION ADJUSTED RADIOLOGICAL TCLP TREATABILITY 

DATA FOR SILO 3, FORMULA 1 
\ 

Percent of Leachate Action Level 

Radionuclide HI4.2 lo4 CSF ARAR Groundwater 

Pb-210 NA 139 4 NA 

Po-210 NA NA NA NA 

Ra-226 NA 3786 38 151 

Ra-228 NA 439 4 18 

TABLE 4-47B 

DILUTION ADJUSTED RADIOLOGICAL TCLP TREATABILITY 
DATA FOR SILO 3, FORMULA 2 

Percent of Leachate Action Level 

Radionuclide H14.2 lod CSF ARAR Groundwater 

Pb-210 NA 12025 361 NA 

Ra-226 

Ra-228 

u-234 

NA 8561 86 342 

NA 556 6 22 

NA 2 0.3 NA 

NA - Not applicable 
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the UCI. If there are less than three data points in either the untreated or treated samples, the percent 
reductions are calculated using the mean of two or more data points or the available single data point. 
If a constituent of concern was presented in the characterization sample yet not in the stabilized 
sample, or visa versa, the constituent and its.TCLP concentration are presented and no calculations are 
performed. 

Tables 448A through 4-50B show the percent reduction calculation results for the chemical 
constituents in the Silo 1 combined Zones A, B, and C. Tables 4-51A through 4-55B are the 
analogous tables for the radionuclides from Silo 1. Antimony, lead, and zinc had reductions. Lead 
consistently had greater than 99 percent reductions. Barium, boron, selenium, vanadium, and 
particularly molybdenum had negative percent reductions (i.e., concentration in TCLP leachate 
increased as a result of cement stabilization) using formulations 1 (cemenflyash) and 2 (blast furnace 
slag/cement/flyash). chtomium also had a negative peacent reduction for formulation 1. Pb-210, Po- 
210, and U-total consistently have high percent reductions (>97 percent). Radium percent reductions 
ranged from approximately 62 to 93 penent. 

Tables 4-56A through 4-63B show the percent reduction calculations results for Silo 2. Anthony, 
barium, boron, cadmium, chromium, copper, lead, selenium, thallium, and zinc had reductions. 
Consistent with the Silo 1 results, the percent reduction of lead was greater than 99 percent. 
Molybdenum had a negative percent reduction for both formulations 1 and 2, although not as much as 
for Silo 1. Negative F e n t  reductions were observed for 2-butanone, barium, and chromium for 
formulation 1 (cement-flyash). Acetone and vanadium had negative percent reductions for formulation 
2 (blast fumace slagcement-fly ash). As with Silo 1, Pb-210, Po-210, and U-total had high percent 
reductions. The Ra-226 and Ra-228 percent reductions ranged from -287 to 86 and 11 to 70 percent, 
respectively, in the zone to zone comparisons. 

In Silo 3, all of the chemical constituents of concern had a reduction (>52 percent) except for barium. 
Formulation 2 (blast fumace slagcement-flyash) had a l l  positive percent reductions for radionuclides. 
The cement-flyash-ferrous chloride formulation had a negative percent reduction for -210. See 
Tables 4-64A through 4-65B for presentation of Silo 3 percent reduction tables. 

Percent reductions could not be calculated for constituents of concern when the constituent was not 
present in either the unheated or the mated waste. Tables M A  through 4-70B lists the constituents 
of concern detected in the TCLP leachate in the untreated material but not in the TCLP of the 

stabilized waste. Tables 4-71A through 4-73B present the constituents of concern detected in leachate 
from the treated waste but not in the untreated waste. The TCLP leachate concentration of each of the 
constituents is shown in these tables. 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

u 
25 

26 

n 

28 

2!3 

30 

31 

32 

33 
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TABLE 4 4 8 A  

PERCENT REDUCTION OF CONSTITUENTS OF CONCERN 
DILUTION ADJUSTED TCLP TREATABILITY DATA 

ALL ZONES'OF SILO 1, FORMULA 1 

Chemical 
Mean 

Percent .Reduction 

Upper 95% CI 
on Mean Percent 

Reduction 

2-Butanone 

Antimony 

Barium 

Benzoic acid 

Boron 

Chromium 

Lead 
Molybdenum 

Selenium 

Tnbutyl phosphate 

VaXUdiUm 

Zinc 

0 

40.9 

-55.4 

NA 

-46.6 

- 105.1 

>99.9 

-34022.2 

-103.7 

NA 

-30.4 

75.0 

NA - Not applicable. 

0 

12.6 

-49.3 

NA 

-41.6 

-87.9 

>99.9 

-32187.2 

- 139.9 

NA 

-65.4 

82.0 
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TABLE 448B 

PERCENT REDUCTION OF CONSTlTUENTS OF CONCERN 
DILUTION ADJUSTED TCLP TREATABILITY DATA 

ALL 2ONES.OF SILO 1, FORMULA 2 

Chemical 

Upper 95% CI 
Mean on Mean Percent 

Percent Reduction Reduction 

Boron 

Lead 

Molybdenum 

Selenium 

Tniutyl phosphate 

Vanadium 

zinc 

NA - Not applicable. 

15.1 

-46.8 

-35.3 

>99.9 

-24581 -9 

-102.2 

NA 

-91.3 

78.1 

4-8 1 

2.9 

-16.8 

-41 .o 
>99.9 

-25322.1 

-112.0 

NA 

-157.7 

86.9 
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TABLE449A .r; 

PERCENT REDUCTIONS FOR SILO 1, ZONE A, DILUTION ADJUSTED TCLP 
TREATABILITY DATA, FORMULA 1 (2 SAMPLES) 

Mean Percent 
ChemiCal Reduction 
2-Bumone 9.8 

Acetone 
Antimony 
Barium 
Benzoic Acid 
Boron 
chromium 
Lead 
Moly Wenum 
Selenium 
Tributyl phosphate 
Vanadium 
zinc 

NA 
50.0 

-86.1 

NA 
-93.1 

-58.4 

>99.9 

-30054.2 

-306.2 

NA 
19.7 

59.3 

TABLE 449B 

PERCENT REDUCTIONS FOR S I W  1, ZONE A, DILUTION ADJUSTED TCLP 
TREATABILITY DATA, FORMULA 2 (1 SAMPLE) 

Mean Percent 
CheI I l iCal  Reduction 
Acetone NA 
Antimony 4.9 

Barium 47.3 

Boron -46.2 

Lead >99.9 

Molybdenum -25397.6 - 
Selenium -292.5 

Tn'butyl phosphate NA 
VanadiUm 20.8 

zinc 62.2 

NA - Not applicable. 
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-. Q 5 4-48 TABLE 4-50A 

PERCENT REDUCTIONS FOR SILO 1, ZONE B, DILUTION ADJUSTED TCLP 
TREATABILITY DATA, FORMULA 1 (1 SAMPLE) 

ChemiCal 
Mean Percent 

Reduction 

Antimony 
Barium 
Benzoic acid 
Boron 
chromium 

Lead 
Molybdenum 
Selenium 
Tributyl phosphate 
VaMdium 
zinc 

3.7 

-66.3 

NA 
-60.6 

-116.4 

>99.9 

-36435.5 

-113.5 

NA 
-101.2 

66.1 

TABLE - 4-SOB 

PERCENT REDUCTIONS FOR SILO 1, ZONE B, DILUTION ADJUSTED TCLP 
TREATABILITY DATA, FORMULA 2 (1 SAMPLE) 

Chemical 
Mean Percent 
Reduction 

Acetone 53.0 
Antimony 
Barium 

Boron 
Lead 
Molybdenum 
Selenium 
Triiutyl phosphate 
Vanadium 
zinc 

19.9 

-54.1 

-30.9 

>99.9 

-28667.3 

-72.4 

NA 
-148.0 

75.5 

Note: There was only one sample for Formula 2 that was compared with five characterization 
samples. No upper 95% CI was calculated. 

NA - Not applicable. 
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TABLE4-5lA -- a 5 4.48 
PERCENT REDUCTIONS FOR SILO 1, ZONE C, DILUTION ADJUSTED TCLP 

TREATABILITY DATA, FORMULA 1 

Mean Percent 
ChemiCal Reduction 
2-Butanone -29.4 
Acetone NA 
Antimony 3.2 
Barium -29.1 
Boron -25.0 
chromium -145.8 
Lead NA 
Magnesium 90.0 
Molybdenum -407 16.3 
Selenium -259.7 
Silicon 53.3 
Tributyl phosphate 
Vanadium 

NA 
-70.7 

zinc 77.2 

TABLE 4-51B 

PERCENT REDUCTIONS FOR SILO 1, ZONE C, DILUTION ADJUSTED TCLP 
TREATABILITY DATA, FORMULA 2 

~~ 

Mean Percent 
ChemiCal Reduction 
Acetone 88.5 
Antimony 
Barium 

16.5 
-79.5 

Boron -56.3 

Lead 
Moly Wenurn 
Selenium 

NA 
-24071.6 
-217.9 

Tributyl phosphate NA 

Vanadium 
zinc 

-254.2 
77.5 

Note: There was only one sample for Fonnula 2 compared with four characterization samples. 0 
NA - Not applicable. 

FER/oWIwDC99745.1 ABPfS93 
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TABLE 452A 

PERCENT REDUCTIONS OF CONSTITUENTS OF CONCERN - SILO COMPOSITE 
DILUTION ADJUSTED TCLP RADIOLOGICAL, TREATABILITY DATA 

SILO 1, FORMULA 1 

Radionuclide 
Mean Percent 

Reduction 

Upper 95% CI 
on Mean Percent 

Reduction 

Pb-210 

Po-210 

Ra-226 

Ra-228 

U-Total 

>99.9 

>99.9 

72.6 

94.8 

>99.9 

>99.9 

>99.9 

62.8 

93.0 

97.3 

TABLE 442B 

PERCENT REDUCTIONS OF CONSTITUENTS OF CONCERN - SILO COMPOSITE 
DILUTION ADJUSTED TCLP RADIOLOGICAL TREATABILITY DATA 

SILO 1, FORMULA 2 

Radionuclide 
Mean Percent 

Reduction 

Upper 95% CI 
on Mean Percent 

Reduction 

Pb-210 

Po-210 

Ra-226 

Ra-228 

U-Total 

>99.9 

>99.9 

80.9 

94.5 

>99.9 

>99.9 

99.9 

82.1 

91.5 

97.3 
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m- - 5 4.48 
TABLE 4-53A 

PERCENT REDUCTION, SILO 1, ZONE A 
DILUTION ADJUSTED TCLP RADIOLOGICAL DATA, FORMULA 1 

Radionuclide Percent Reduction 

Pb-210 

Po-210 

Ra-226 

Ra-228 

U-Total 

TABLE 4-53B 

>99.9 

>99.9 

38.6 

91.5 

99.8 

PERCENT REDUCTION, SILO 1, ZONE A 
DILUTION ADJUSTED TCLP RADIOLOGICAL DATA, FORMULA 2 

Radionuclide Percent Reduction 

Pb-210 B99.9 

Po-210 59.9 

Ra-226 82.6 

Ra-228 89.7 

Note: Thm was only one sample from Formula 2 compared with one characterization sample. 

1 
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*-- 5 4-48 
TABLE 4-54A 

PERCENT REDUCTION, SILO 1, ZONE B 
DILUTION ADJUSTED T U P  RADIOLOGICAL DATA, FORMULA 1 

Radionuclide Percent Reduction 

Pb-210 

Po-210 

Ra-226 

U-Total 

>99.9 

>99.9 

85.8 

99.6 

TABLE 4-54B 

PERCENT REDUCTION, SILO 1, ZONE B 
DILUTION ADJUSTED TCLP RADIOLOGICAL DATA, FORMULA 2 

Radionuclide Percent Reduction 

Pb-210 >99.9 

Po-210 99.9 

Ra-226 85.1 

U-Total 99.6 

Note: There was only one sample from Formula 2 compared with one characterization sample. 
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TABLE4-55A & 54.48 
PERCENT REDUCTION, SILO 1, ZONE C 

DILUTION ADJUSTED TCLP RADIOLOGICAL DATA, FORMULA 1 

Radionuclide Percent Reduction 
~~~ 

Pb-210 

Po-210 

Ra-226 

TABLE 4-55B 

99.9 

99.8 

76.4 

PERCENT REDUCTION, SILO 1, ZONE C 
DILUTION ADJUSTED TCLP RADIOLQGICAL DATA, FORMULA 2 

Radionuclide Percent Reduction 

Pb-210 

Po-210 

Ra-226 

U-Total 

>99.9 

99.8 

73.0 

>99.9 

Note: There was only one sample fkom Formula 2 compared with one characterization sample. 
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'- I- 5 448 
TABLE 4-56A 

PERCENT REDUCTION OF CONSITIWENTS OF CONCERN - SILO COMPOSITE 
DILUTION ADJUSTED TCLP TREATABILITY DATA 

SILQ 2, FORMULA 1 

Chemical 
Mean Percent 
Reduction 

Upper 95% CI 
on Mean Percent 

Reducation 

2-Butanone 

Antimony 

Arsenic 

Barium 

Benzoic acid 

Boron 

cadmium 

chromium 

c o w  
Lead 

Molybdenum 

Selenium 

Tributyl phosphate 

VanadiUm 

zinc 

-50.0 

45.6 

73.1 

-4.9 

NA 

54.3 

90.5 

-9.4 

99.2 

>99.9 

-2918.2 

90.1 

NA 

55.8 

87.5 

-250.0 

12.5 

94.1 

67.0 

NA 

81.7 

88.3 

-12.1 

98.9 

>99.9 

-4580.8 

40.6 

NA 

8.9 

90.5 

NA - Not applicable. 
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TABLE456B %& 54.48 
PERCENT REDUCTION OF CONSTITUENTS OF CONCERN - SILO COMPOSITE 

DILUTION ADJUSTED TCLP TREATABILITY DATA 
SILO 2, FORMULA 2 

Chemical 
Mean Percent 

Reduction 

Upper 95% CI 
on Mean Percent 

ReducatiOll 
~ 

Ace tone 

Antimony 

Arsenic 

Barinm 

Boron 
chromium 

Lead 
Molybdenum 

Selenium 

Tetrachloroethene 

ThalliMl 

Triiutyl phosphate 

Vanadium 

zinc 

NA - indicates Not Applicable. 

44.8 

23 ;9 

71.2 

8.0 

41.9 

77.3 

>99.9 

-25 18.2 

31.7 

NA 

71.4 

NA 

43.3 

86.0 

4-90 

-14.7 

20.2 

93.8 

71.7 

76.2 

69.8 

>99.9 

-3494.5 

33.5 

NA 

.78.6 

NA 

42.9 

90.3 
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TABLE 4-57A -- 5 448 
PERCENT REDUCTIONS FOR SILOS 2, ZONE A 

DILUTION ADJUSTED TCLP TREATABILITY DATA 
FORMULA 1 

ChemiCal Mean Percent Reduction 

2-Butanone -219.2 

Acetone - NA 

Antimony 
Arsenic 

Barium 

Boron 

cadmium 

chromium 

Lead 

Molybdenum 

Selenium 

Tributyl phosphate 

Vanadium 

39.9 

86.8 

-1021.2 

84.0 

32.0 

-6.5 

99.9 

-2683.4 

44.6 

NA 

77.9 
zinc 92.6 

Note: There were only two samples for Formula 1 that was compared with one characterization 
sample. No upper 95% CI was calculated. 

NA - Not applicable. 
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TABLE457B a- - 5 4.48 
PERCENT REDUCTIONS FOR SILO 2, ZONE A 

DILUTION ADJUSTED TCLP TREATABILITY DATA 
FORMULA 2 

Chemical Mean Percent Reduction 

Acetone 

Antimony 

ArSeIliC 

BariUUl 

Boron 

chromium 

Lead 

Molybdenum 

Selenium 

Silicon 

Tetrachloroethene 

Thallium 

Tributyl phaqhte 

zinc 

NA 

46.7 

88.0 

-902.3 

82.8 

66.0 

>99.9 

-1587.4 

67.6 

36.5 

NA 

NA 

NA 

91.7 

Note: There was only one sample for Fornula 2 that was compared with one characterization 
sample. No upper 95% CI was calculated. 

NA - Not applicable. 
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TABLE 4-SSA 

FEMP-WIR-2 D M  
M a d  31. 1993 

PERCENT REDUCTIONS, SILO 2, ZONE B, DILUTION ADJUST'8D 
TCLP TREATABILITY DATA, FORMULA 1 

Chemical Mean Percent Reduction 
Acetone NA 
Arsenic 90.9 
Barium 20.5 
Boron 63.6 

chromium -0.8 

Lead >99.9 

Molybdenum -5577.9 
Selenium 72.0 

Tniutyl phosphate 98.8 I 

VanadiUm -10.9 

zinc 94.7 

TABLE 4-SSB 

PERCENT REDUCTIONS, SILO 2, ZONE B, DILUTION ADJUSTED TCLP 
TREATABILITY DATA, FORMULA 2 

Chemical Mean Percent Reduction 

Acetone 
Antimony 
Arsenic 
Barium 
Boron 
chromium 
Lead 
Molybdenum 
Selenium 
Tniutyl phosphate 
Vanadium 
zinc 

NA 
7.6 

91.2 

26.3 

52.9 

83.1 

>99.9 

-4355.8 

59.6 

98.9 

45.2 

93.8 

Note: There was only one sample for Formula 2 that was cornpara with two charactelation 
samples. No upper 95% CI was calculated. 

b NA - Not applicable. 

006139 
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TABLE 449A 

PERCENT REDUCTIONS, SILO 2, ZONE C 
DILUTION ADJUSTED TCLP TREATABILITY DATA 

FORMULA l(1 SAMPLE) 

Chemical Mean Percent Reduction 

Acetone -86.7 

Antimony -3.9 

ArSeniC -443.7 

BiUiUI 

Benzoic acid 

Boron 
chromium 

Copper 
Lead 

Molybdenum 

Selenium 

Tributyl phosphate 

Vanadium 

10.4 

NA 

NA 

-7.2 

89.6 

99.8 

-5595.8 

-106.6 

NA 

1.4 

85.7 

Note: There was only one sample for Formula 1 that was compared with seven characterization 
samples. No upper 95% CI was calculated. 

NA - Not applicable. 
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TABLE 4 5 9 ~  5 4.4 8 
PERCENT REDUCTIONS, SILO 2, ZONE C 

DILUTION ADJUSTED TCLP TREATABILITY DATA 
FO-A 2 (1 SAMPLE) 

Chemical Mean Percent Reduction 

Acetone -49.9 

Antimony 21.4 

Arsenic -565.4 

Barium 

Boron 
chromium 

Lead 

Molybdenum 

Selenium 

Tributyl phosphate 

Vanadium 

zinc 

22.9 

NA 

82.6 

S9.9 
-4272.6 

-190.2 

NA 

-53.2 

81.8 

Note: There was only one sample for Foxmula 2 that was compared with seven characterization 
samples. No upper 95% CI was calculated. 

NA - Not applicable. 
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TABLE 4-60A 

PERCENT REDUCTION OF CON!STllWEN"!S OF CONCERN - SILO COMPOSITE 
DILUTION ADJUSTED TCLP TREATABILITY DATA 

SILO 2, FORMULA 1 
a 

Radionuclide 
Mean Percent 

Reduction 

Upper 95% CI 
on Mean Percent 

Reduction 

Pb-210 

Po-210 

Ra-226 

Ra-228 

U-Total 

99.6 

99.7 

53.3 

57.9 

>99.9 

99.6 

99.6 

12.6 

17.8 

>99.9 

TABLE 4-60B 

PERCENT REDUCTIONS OF CONSlTIWENTS OF CONCERN - SILO COMPOSITE 
DILUTION ADJUSTED TCLP TREATABILITY DATA 

SILO 2, FORMULA 2 

Upper 95% CI 
Mean Percent on Mean Percent 

Radionuclide RedWtiOIl Reduction 

Pb-210 

Po-210 

Ra-226 

99.9 

99.9 

74.4 

99.9 

99.8 

73.3 

Ra-228 48.7 50.6 

U-Total >99.9 >99.9 

4-96 
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-0 
T A B L E M U  -- - 5 4.48 

PERCENT REDUCTION, SILO 2, ZONE A 
DILUTION ADJUSTED TCLP RADIOLOGICAL DATA 

FORMULA 1 

Radionuclide Percent Reduction 

Pb-210 

Po-210 

Ra-226 

Ra-228 

99.1 

99.9 

-286;6 

NA 

TABLE MlB 

PERCENT REDUCTION, SILO 2, ZONE A 
DILUTION ADJUSTED TCLP RADIOLOGICAL DATA 

FORMULA 2 

' 

Radionuclide Percent Reduction 

Pb-210 

Po-210 

Ra-226 

Ra-228 

99.9 

>99.9 

10.4 

NA 

Note: There was only one sample from Formula 2 compared with one characterization sample. 

NA - indicates Not Applicable. 
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TABLE4-62A r; = 54.48 
PERCENT REDUCTION, SILO 2, ZONE B 

DILUTION ADJUSTED TCLP RADIOLOGICAL DATA 
FORMULA 1 

Radionuclide Percent Redt&ion 

Pb-210 

Po-210 

Ra-226 

Ra-228 

99.8 

99.9 

82.7 

24.1 

TABLE 4-62B 

PERCENT REDUCTION, SILO 2, ZONE B 
DILUTION ADJUSTED TCLP RADIOLOCICAL DATA 

FORMULA 2 

Radionuclide Percent Reduction 

Pb-210 

Po-210 

Ra-226 

l2a-228 

B99.9 

99.8 

85.8 

11.5 

Note: There was only one sample from Formula 2 compared with one characterization sample. 
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TABLE 4-63A 2 5 4.48 - 

PERCENT REDUCTION, SILO 2, ZONE C 
DILUTION ADJUSTED TCLP RADIOLOGICAL DATA 

FORMULA 1 

Radionuclide Percent Reduction 

Pb-210 

Po-210 

Ra-226 

Ra-228 

U-Total 

99.5 

99.3 

78.2 

62.1 

>99.9 

TABLE 4-63B 

PERCENT REDUCTION, SILO 2, ZONE C 
DILUTION ADJUSTED TCLP RADIOLOGICAL DATA 

FORMULA 2 

Radionuclide Percent Reduction 

Pb-210 

Po-210 

Ra-226 

Ra-228 

U-Total 

99.9 

99.8 

86.8 

70.2 

>99.9 

Note: There was only one sample from Formula 2 compared with one characterization sample. 
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TABLE 4-64A 
.a; 54.48 

PERCENT REDUCTION OF CHEMICAL CONSTITUENTS OF CONCERN, DILUTION 
ADJUSTED TCLP TREATABILITY DATA, SILO 3, FORMULA 1 

ChtZIIiCal Percent Reduction 

AtSeniC 98.3 

Barim -556 

Beryllium 57.5 

chromium 78.2 

Selenium 63.7 

Thallium 42.2 

Vanadium 71.5 

zinc 89.2 

TABLE 4-64B 

PERCENT REDUCTION OF CHEMICAL CONslTIzJENTS OF CONCERN, DILUTION 
ADJUSTED TCLP TREATABILITY DATA, SILO 3, FORMULA 2 

Chemical Percent Reduction 

Antimony 

Arsenic 

Barium 

Beryllium 

chromium 

Selenium 

Thallium 

Vanadium 

zinc 

/ NA 
98.2 

-635 

61.6 

98.8 

72.4 

15.0 

70.5 

87.5 

Note: Characterization data consists of one sample. Formula 2 data consists of two samples which 
were averaged. No upper 95% CI was calculated. 

a - NA - Not applicable. 
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Radionuclide 

PERCENT REDUCTION FOR SILO 3 RADIONUCLIDES 
DILUTION ADJUSTED TCLP RADIOLOGICAL DATA 

FORMULA 1 

Pb-210 

Ra-226 

Ra-228 

U-Total 

TABLE 4-6SB 

~~~ 

-121.6 

62.7 

NA 

98.2 

PERCENT REDUCTION FOR SILO 3 RADIONUCLIDES 
DILUTION ADJUSTED TCLP RADIOLOGICAL DATA 

FORMULA 2 

Radionuclide Percent Mean Reduction 

Pb-210 

Po-210 

Ra-226, 

Ra-228 

97.0 

98.0 

82.8 

NA 

Note: Characterization data consists of one sample. Formula 2 data consists of two samples which 
were averaged. No upper 95% CI was calculated. 

NA - Not applicable. 
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Chemical 

CHEMICAL CONSTITUENTS OF CONCERN THAT WERE DETECTED 
IN CHARACTERIZATION TCLP AND NOT DETECTED IN CEMENT 

STABILIZED TCLP SAMPLES FOR SILO 1, FORMULA 1 

Concentration 
(mg/L) 

4-Methy l-Z-pentanone 

Benzoic acid 

Beryllium 

- 

Cadmium 

Cobalt 

Copper 
Di-n-oc tylphtbalate 

Iron 

Methylene chloride 

N-niaoso-di-n-propylamine 

Nickel 

silver 

Tefrachloroethene 

Thallium 

Toluene 

bis(2-Ethylhexyl)phthalate 

4-102 

0.W 

0.037 

0.002 

0.003 

1.816 

0.208 

0.01 

0.042 

0.021 

0.023 

3.183 

0.034 

0.003 

0.004 

0.003 

0.013 

000208 
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TABLE 446B 

CHEMICAL CONSTITUENTS OF CONCERN THAT WERE DETECTED IN 
CELUWCl'ERIZATION TCLP AND NOT DETECTED IN CEMENT STABILIZED 

TCLP SAMPLES FOR SILO 1, FORMULA 2 

Concentration 
Chemical (mg/L) 

2-Butanone 0.005 

CMethyl-2-penta1ione 

Benzoic acid 

BqlliUlll 

Cadmium 

chromium 

Cobalt 

copper 
Di-n-octylphthalate 

Iron 
Methylene chloride 

N-nitros&-n-pmpy lamine 

Nickel 

silver 

Teuachloroethene 

Thallium 

Toluene 

bis(2-Ethylhexyl)phthalate 

0.004 

0.037 

0.002 

0.003 

0.059 

1.816 

0.208 

0.01 

0.042 

0.021 

0.023 

3.183 

0.034 

0.003 

0.004 

0.003 

0.013 

4-103 
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TABLE 4-67 2 5 4.48 
RADIOLOGICAL CONSTITUENTS OF CONCERN THAT WERE DETECTED IN 
CHARACTERIZATION TCLP AND NOT DETECTED IN CEMENT STABILIZED 

TCLP SAMPLES FOR SILO 1, FORMULAS 1 AND 2 

Quantity 
Radionuclide (PCW) 
Ac-227 6454.1 

Th-228 30.%2 

Th-230 380.38 

Th-232 6.875 

4-104 
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TABLE448A 4 54.48 
CHEMICAL CONSTITUENTS OF CONCERN THAT WERE DETECTED IN 

CHARACTERIZATION TCLP AND NOT DETECTED IN CEMENT STABILIZED 
TCLP SAMPLES FOR SILO 2, FORMULA 1 

Mean Concentration 
Chemical (mg/L) 
CMethy l-2-pentanone 0.01 

BerylliUIIl 0.01 
- 

Cobalt 2.65 

Iron 0.08 

Methylene chloride 0.01 

N-Nitrosodi-n-propy lamine 0.01 

Nickel 3.16 

silver 0.09 

Thallium 0.01 

bis(2-Ethylhexy1)phthalate 0.01 

TABLE 448B 

CHEMICAL CONSTlTUENTS OF CONCERN THAT WERE DETECTED IN 
CHARACTERIZATION TCLP AND NOT DETECTED IN CEMENT STABILIZED 

SAMPLES TCLP FOR SILO 2, FORMULA 2 

\ 

Mean Concentration 
ChemiCal (mg/L) 

2-Butanone 0.004 
4-Merhyl-2-pentanone 0.01 

BerylliUILl 0.01 

cadmium 

cobalt 

copper 
Iron 

0.04 

2.65 

1.19 

0.08 

Methylene chloride 0.01 

N-Nitroso-di-n-propy lamine 

Nickel 

Silver 

bis(2-Ethylhexyl)phthalate 

0.01 

3.16 

0.09 
0.01 

4-105 
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TABLE449 = .: 5 4.48 
RADIOLOGICAL CON-S OF CONCERN THAT WERE DETECTED IN 
CHARACTERIZATION TCLP AND NOT DETECTED IN CEMENT STABILIZED 

TCLP SAMPLES FOR SILO 2, FORMULAS 1 AND 2 

Radionuclide 
Concentration 

(Dci/L) 

AC-227 

Th-228 

Th-230 

Th-232 

4-106 

3359.9 

82.884 

132.88 

10.534 

000212 
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O- 5 4.48 TABLE 4-70A 

CHEMICAL CONSTITUENTS OF CONCERN THAT WERE DETECTED IN 
CHARACTERIZATION TCLP AND NOT DETECTED IN CEMENT STABILIZED 

TCLP SAMPLES FOR SILO 3, FORMULA 1 

Concenaa tion 
Chemical (mg/L) 

cadmium 0.1 

Cobalt 

Copper 

Mercury 

Manganese 

Nickel 

15.6 

0.5 

2.9 

O.ooo4 

29.4 

TABLE 4-70B 

CHEMICAL CONSTITUENTS OF CONCERN THAT WERE DETECTED IN 
CHARACTERIZATION TCLP AND NOT DETECTED IN CEMENT STABILIZED 

TCLP SAMPLES FOR SILO 3, FORMULA 2 

\ 

Chemical 
Concentration 

(ma) 

cadmium 0.1 

Cobalt 15.6 

copper 0.5 

-g- 2.9 

Merclay O.ooo4 

Nickel 8 29.4 

4-107 000213 
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TABLE 4-71A 0 5 4.48 
CONSTITUENTS OF CONCERN THAT WERE DETECTED IN CEMENT STABILIZED 

SILO 1, FORMULA 1 
TCLP SAMPLES AND NOT DETECTED IN CHARACTERIZATION TCLP SAMPLES 

Concentration 
Chemical (mg/L) 

Benzoic Acid 0.02 

TABLE 4-71B 

CONSTITUENTS OF CONCERN THAT WERE DETECTED IN CEMENT STABILIZED 
TCLP SAMPLES AND NOT DETECTED IN CHARACTERIZATION TCLP SAMPLES 

SILO 1, FORMULA 2 

Concentration 
Chemical (mg/L) 

None 

Ct tr 02-14 
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CHEMICAL C0NS"UENTS OF CONCERN TEAT WERE DETECTED IN CEMENT 

STABILIZED TCLP SAMPLES TCLP AND NOT DETECTED IN CHARACTERIZATION 
TCLP SAMPLES FOR SILO 2, FO-A 1 

Mean Concentration 
chemical (mg/L) 

Benzoic acid 0.028 

Tniutyl phosphate 0.812 

TABLE 4-72B 

CHEMICAL CONSTITUENTS OF CONCERN THAT WERE DETECTED IN CEMENT 
STABILIZED TCLP SAMPLES AND NOT DETECTED IN CHARACTERIZATION TCLP 

SAMPLES FOR SILO 2, FORMULA 2 

Tetrachloroethene 0.002 

Triiutyl phosphate 0.528 

4-109 
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--. 
TABLE 4-73A 

CHEMICAL CONSTITUENTS OF CONCERN THAT WERE DETECTED IN CEMENT 

SAMPLES TCLP FOR SILO 3, FORMULA 1 
STABILIZED TCLP SAMPLES AND NOT DETECTED IN CIIARACTERIZATION TCLP 

Concentration 
(mg/L) 

None 

TABLE 473B 

CHEMICAL CONSTITUENTS OF CONCERN THAT WERE DETECTED IN CEMENT 
STABILIZED TCLP SAMPLES AND NOT DETECTED.IN CHARACTERIZATION TCLP 

SAMPLES FOR SILO 3, FORMULA 2 

Chemical 

Antimony 0.028 

4-1 10 

000216 



As a general trend for the cement stabilization of waste frum all three silos, the blast furnace slag- 
cement-flyash formulations were more effective than the cement/flyash formulations. Two of the three 
chemicals which had TCLP leachate concentrations exceeding the LALs had significantly positive 
percent reductions (Le., lower leachate concentrations after cement stabilization). Lead from Silos 1 
and 2 had percent reductions greater than 99 percent. Beryllium from Silo 3 had a percent reduction 
greater than 77 -percent. Molybdenum exhibited large negative percent reductions (Le., higher 
concentrations after cement stabilization) in the Silos 1 and 2 TCLP leachates. For the two 
radionuclides (Pb-210 and Ra-226) which had TCLP leachate concentrations exceeding the LALS, the 
percent reduction for Pb-210 was in the high 90 percents and Ra-226 ranged from negative to positive 
p e m t  reductions. 

- 

4.1.4 Five-Day Static Leach 
The 5day static leach is a procedure that is much different than the TUP. The TCLP tumbles 
crushed samples in a water/acetate solution for 18 hours, while the 5day static is performed with 
monoliths in stagnant deionized water for 5 days. 

The chemical results of the 5day static leach test are S- ' in SAS Tables 4-74A through 4- 
76B. The radiological results are summamed ' in SAS Tables 4-77A through 4-79B. Tables of the 
specific results for each sample are included in Appendix E. 

The interpretation and use of the data are cmently undecided. Therefore, the data will be presented 
without interpretation. However, the results are generally the same order of magnitude as for the 
TCLP leachate. In general, the cement-blast furnace slag or cement-flyash-blast furnace slag 
formulations exhibited better leaching characteristics for constituents of concan than the cement-flyash 
formulations. 

4.1.5 Cement stabilization Test Objectives 
All of the performance objectives established m the Treatability Study Work Plan for this project were 
met. The performance objectives are listed along with a brief comment on how each objective was 
achieved. The objectives and accomplishments are as follows: 

To develop a database of cement stabilization reagents and corresponding hazardous and 
radioactive matemls * leachability for stabilized waste forms 

Data on cement stabilization of the OU4 wastes were obtained during this program. 
Relationships of the leachate concentrations to the LALs are provided. The data is 
managed in a database program which was written using Clipper@ software. A copy of 
the Clipper@ printout is presented in Appendix B and a copy of the TCLP leachability 
data are in Appendix C. Comparisons to the LALs are in Appendix D. Comparison af 
the constituents of concern 95 percent UCI to the LALs are presented in Section 4.1.2. 
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To determine the cement stabilization reagents and relative quantities required to 
minimize leachate concentrations of radionuclides and HSL constituents from the frnal 
waste form 

The cement stabilization reagents and relative quantities required to minimize leachate 
collcatrations of radionuclides and HSL constituents are presented in the Clipper@ 
database in Appendix B. 

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

The cement stabilization reagents and relative quantities requmd to achieve a UCS of 
500 psi are presented in Section 4.1. AU of the formulations tested in the Remedy 
Selection (advanced phase) of this study met the UCS Criteria of 500 psi. 

To minimhe the f d  volume of treated waste 

The final treated waste volume was calculated for each of the formulations tested. 
Formulations containing cement-blast furnace slag-flyash had lower bulking factors than 
the cement-flyash formulations. As might be expected, the addition of bentonite to the 
waste added to the bulking factor. For the given formulations, Silo 3 had the lowest 
bulking factors and Silo 1 had the highest. 

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

The data on bulking factors presented in the Clipper@ database, Appendix B, are 
provided to estimatP. the volumes of treated waste for each formulation. 

To provide leaching characteristics for use m later matability studies 

The leaching characteristics for each formulation tested are presented m Appendix C and 
the dilution adjusted leaching data are presented in Appendix D. 

To develop process parameters for use in later treatability studies 

For cement stabitization, process parameters are: shear strength, waste form temperature 
rise with reagent addition, general description of waste before and after reagent addition, 
permeability of treated waste sample, percent water in the waste, pH and Eh of the 
leachate solutions. and observations if there was evolution of gas during mixing or 
during curing p r ~ ~ e ~ s .  This data is presented in Appendices B and I. 

Rehinary process parameters for use in future treatability studies or in the remediation 
were collected. These parameters were designed to indicate if then might be gross 
pmessmg problems while using the grout mixture. The parameters are shear strength, 
waste form temperature rise with reagent addition, penetration resistance, and amount of 
gas released during mixing, i.e., if significant amounts were released. The treated 
sample is considered processible if the mixture has a low shear strength (c1 to#), 
minimal temperature rise ((PC), and no observed gas release during miXing or curing. 
In addition to improved handling, the treated waste should set to achieve a penetration 
resistance of greater than 4.5 tons/f? after a day of curing. Silos 1 and 3 Formulation 2 
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(blast furnace slag) required longer than 24 hours to meet the penetration resistance of 
4.5 tan&. Both formulations for Silo 3 exceeded the 7°C temperature rise upon 
mixing with water. In addition, the Silo 3 waste tends to set up within 10 minutes after 

by agitating the wet material or by water is added. This latter ocmence s mumuzed 
added excess water. All other.parameters were successfully met These processing 
deviations from the ideal will require additional steps or special handlrng during 
processing. Therefore, all mixtures are processible. 

. .  . 

To provide chemical and radiological data as shown in Table 3 4  of the Work Plan 

The leachhg results are described in Section 4.1.2. A copy of the TCLP leaching data 
are presented in Appendix C. Comparisons of dilution adjusted TCLP leaching data to 
LALs are presented m Appendix D. 

To establish the proof of process and applicability of the selected cement stabilization 
techology 

Reagent formulations were identified which met the perfoxmance objectives for UCS and 
the TC regulatory limits (leachability objectives). There is no defiied goal for 
permeability in the Work Plan. EPA has defined a permeability criteria of 104 to lo4 
cm/s. The Remedy Selection treated samples had permeabilities ranging betweem lU7 to 
109 cm/s. See Section 4.1.1. 

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

Various reagents were investigated at s e v d  distinct values. The effects of the reagents 
on the perfo-e objectives were demmined. It is recommended that tests be con- 
ducted in future work to investigate the effects of various reagents which will reduce the 
leachability of -210, Ra-226, beryllium, and molybdenum. 

To provide data for evaluation of Silos 1 and 2 alternatives as described in the TS Work 
Plan 

- 2A - N o M ~ o v ~ ~ ,  In Situ Cement stabilization, and Cap 
- 6 - Removal, Treatment, and On-Property Disposal 
- 7 - Removal, Treatment, and 0ff-Si.k Disposal and Silo 3 alternatives: 
- 2B - Nonremoval, In Situ Ceanent stabilization, and Cap 
- 3 - Removal and On-propertY Disposal 
- 4 - Removal and off-Site Disposal 

Data for evaluation the viability of these alternatives are presented m Section 4 and the 
appendices. 

It is recommended that further work be done optimizing the cement-flyash-blast furnace slag 
formulations. Also, time did not allow for the development of optimum moisture content as m 
density relationships and/or the influence of the water content m the stabilization mixtures. This 
should be done in the interest of reducing the bulking factor and increasing the compressive strength 
by compactive or other measures m lieu of adding more reagent. Additionally, the heat rise needs to 
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\ 

be better controlled for Silo 3 stabilization. Either optimizing the addition of reagents over time or an 
increased use of a an increase use of a more inert reagent that could act as a heat sink should be 
investigated although this will increase the bulking factor for this site. 

The fact that the molybdenum exceeded the LALs is disturbing. The formulations need a reagent that 
can produce an insoluble molybdenum compound such as phosphate. Formulations containing some 
pulverized phosphate rock (calcium phosphate) should be investigated. 

Extreme heterogeneity m the silo materials caused problems in stabilization. Additional formulations 
need to be tested to produce a stabilization blend that can overcome this heterogeneity. 

4.2 CHEMICALEXTRACTION 
Figure 3 4  shows an overview of the current treatability program. The right side of the figure shows 
the general approach of the chemical extraction process. The waste was extracted producing a solid 
(raff~mte) and a liquid stream (spent extractant). The solid was analyzed for radiological and TCLP 
parameten. The spent extractant was treated by direct Vitrification of the liquid and by precipitation. 
The objective of the precipitation process was to remove con taminants from the spent extractants. The 
precipitated material was further treated by usmg cement stabilization and vitrification technologies. 
Figure 4-2 details the phases and stages of the chemical extraction program. The first two blocks m 
Figure 4-2 represent the Remedy Screening ( p r e m  phase) Stages I and II chemical extraction 
program. In these latter two stages. small samples wke used and analyzed with in-house analytical. 
(See Section 4.2.1. for more details.) aBe Remedy Ssaecihg chemical extraction tests were followed 
by the Remedy Selection (advanced phase) program where larger scale e x w e n t s  were conducted 
and the rafkate from the tests were amlyzed at a laboratory usmg CLP protocols. (See Section 4.22.) 
This phase was followed by two parallel programs. One program better defined the extraction process 
(chemical extraction time and temperature and washing studies). The other established the treatment 
of the spent extractants. The time and tempekture and washing studies are discussed in Sections 42.3 
and 42.4, respectively. The subsections of 42.5 through 42.8 discuss the treatment of the spent 
extractant. The subsections and titles are listed below: 

4.25 Vitrification of Spent Extractant 
4.2.6 Stage I Precipitation 
4.2.7 
4.2.8 

Stage II Precipitation and Sealing 
Cement Stabilization of Precipitated Material. 

The remaining subsection 42.9 describes the proposed chemical extraction process based on the 
current work and the preliminary data from the Remedy Selection (optional phase) work. 
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The chemical extraction phase for the treatability program was designed to determine the best process 
capable of extracting the constituents of concern fhm silo materials, leaving a raffinate capable of 
meeting TC regulatory limits. The raffmate and solids produced from the decontamination of the 
extract should also exhibit low volume. A detailed description of the experimental design is presented 
in Section 33. 

0 

4.2.1 Chemical Extraction. Rescreening-Exuerimend Desinn. and Result Summarv 
The objective of prellmtnary phase Stage I of the treatability program was to screen several types of 
reagents for their ability to extract target compomds (lead and uranium) and to decrease the gross 
alpha and gross beta in the raffinate. 

Mineralogical technology literature reviews and previous IT experiences indicated that mineral acids 
and chelates such as EDTA have the capabilities of extracting the metals from minerals. Extractions 
using acids and EDTA were investigated during the Remedy Screening (preliminary phase) Stage I 
portion of the OU4 program. The actual laboratory steps involved are more fully explained m Section 
3 of this report. 

hase) Stage I 4.2.1.1 Chemical Extraction - Remedy screen in^ (urellmtnarv D 
Stage I was used to identify promismg acid extractants, concentrations and extraction temperatures. 
The acids investigated within the program were hydrochloric, nitric, and acetic acids. See Table 3-11 
for the list of experiments and conditions investigated in the Stage I study. The variables were acid 
type, acid strength, extract-to-sample ratio or dose rate (Table 3-11), and extraction temperature. 
Performance was measured by the gross alpha and gross beta in the raftinate. 

. .  

a 

Hydrochloric and nitric acids were more effective than acetic acid in extracting uranium and lead into 
the extractant. Acetic acid, which is a weak acid used m the TCLP procedure, was about 80 percent 
as effective as the two smng acids, hydrochloric and nitric acids. Since the acetic acid extractant is 
less acidic than the two strong acids, the acetate ion must be participating m the exfraction of the 
target metals. Acetic acid was dropped from the program, since it was less efficient at uranium and 
lead removal. 

The target metals were most effectively extracted with 27 percent (concemted) hydrochloric acid and 
30 percent (1 part acid to 1 part water) nitric acid. It is hypothesized that there was not enough free 
water available in the concentrated nitric acid (60 percent) to effectively solvate (extract) the lead and 
uranium from the silo waste. When the nitric acid was diluted with water, the acid solution was better 
able to solvate the target metals. * 
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Two dose ram (2:l and 4:l (w/w)) and temperatures (ambient and 80°C) were investigated. The 4:l 
dose rate and 80°C extraction temperature were most effective at extracting the uranium and lead in a 
single extraction step. 

The conditions and acid type for the maximum decqase in gross alpha and gross beta were not the 
same as for maximum lead and uranium removal. The best extractant for reduction in gross alpha and 
beta in one extraction step was 2 M acetic acid at 80°C. The best perfoxming acid based on the 
amount of lead in the extract was 2.6 M nitric acid at 80°C. At closer inspection of the gross alpha 
and beta data, it was observed that approximately half of the values after one extraction were higher 
than the untreated waste. This was panicularly evident for the Silo 1 waste for gross alpha. This data 
can be found in the Remedy Screening (prehminary phase I), Stage I data in Tables J-1 and J-2 in 
Appendix J. A possible explanation for this phenomenon is the removal of shielding elements which 
are more soluble than the radionuclides, such as natural lead, by the extractant, thus increasing the 
concentration and availability of the radionuclides. The extractant also may have caused the waste to 
break up into smaller particles, exposing more surface area 

Phase, Stage 2) 4.2.1.2 Chemical Extraction - Remedy Screening (Frellmlnarv . .  

An assessment of the data for Stage I identified the most promising emractants which were carried into 
Stage 11 extractions. The laboratory procedures m Stage II were similar to Stage I. The tests 
perfomed during Stage 11 are listed in Tables 3-12 and 3-13. Three acids, hydrochloric, nitric, and 
acetic acid, and EDTA were studied. The conditions for the tests were dose rate (41 and lOl), 
temperature (80" C), and extraction time (2 and 4 hours). Multiple atxactions were also analyzed. 

The data for these experiments are presented in tables in Appendix J. 

With some of the tests, bentonite was added to the silo waste to simulate the effect of the bentonite 
that was placed m the silos to reduce radon emissions. 

The gross alpha and beta values of the raffmate were not sufficiently decreased by any of the three 
acids investigated. Therefore, EDTA (0.2 and 0.8M) was investigated in Stage II to improve the total 

radiological removal firm the Mite. EDTA was significantly more ef€icient at lowering the gross 
alpha and beta activity than the acids previously investigated. 'Ihese experiments are listed in Table 3- 
12. 

In addition, analysis of the Stage II data mdicated that to achieve substantial reductions 
radiological activity of the waste, multiple extraction steps would be required. 

the total 
, 

To determine if the multiple extraction process was being limited by the saturation of the extractant, 
further experiments were conducted. Two sets of tests at 80" C were conducted where the dose rate 
was increased to 1O:l from 4 1  and the time of extraction was increased from four to 24 hours. The 
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1O:l dose rate was only slightly improved over the 4:l. It can be concluded that the EDTA 
extractants at 80 C are not saturated by the dissolving material. Yet there may be a kinetic verses 
equilibrium phenomenon occurring during the f i t  extraction. During the 24 hour extraction, the 
raffinate had higher gross alpha and gross be.ta values than the four hour extraction. The opposite 
trend ocanred on the third extraction step. A possible explanation of these observations is that several 
materials dissolved relatively quickly. When these dissolved materials were allowed to stand for 
longer periods of time, some of the dissolved material reprecipitated. By the third extraction step, the 

concentration of cations and anions in the extraction solution was low enough that the rate of 
reprecipitation was diminished or effectively terminated. These results were the basis for the decision 
that subsequent tests would be 80" C, 4 1  dose rate, six extractions with EDTA, and four hours 
extraction time. 

a 

Multiple extractions were conducted with: hydrochloric acid (HQ), nitric acid(HN0,). EDTA, 
potassium chloride pretrearment followed by EDTA (KCl/EDTA), hydrochloric acid and nitric acid 
followed by EDTA (HCl/EDTA and HNOJEDTA), EDTA followed by nitric acid (EDTA/HNO,), 
nitric acid followed by two water rinses then by EDTA (HNOJRINSWDTA) were investigated. The 
least reduction in gross alpha and gross beta in the raffmate were measured for six sequential 
extractions with the acids, HCl/EDTA, and HNOJEDTA. With the latter two experiments, the pH of 
the raffiite was not adjusted to near neutral conditions before addition of EDTA. Therefm. it is 
highly likely that most of the EDTA precipitated on the solid residue instead of effectively penetrating 
the particle to extract the metals. The maximum reductions in total gross alpha and beta activity in the 
raffinate after six or seven extractions were from the KCUEDTA, EDTA/HN03, and 
HNOJRINSEEDTA. The latter extraction sequence was more effective than HNOJEDTA since the 
two water rinses raised the pH of the solid above the precipitation pH for EDTA. 

0 

However, the K W T A  and EDTNHNO, showed the most promise, and were carried forward into 
the Remedy Selection (advanced phase) extractions. 

4.22 Rem& Selection (Advanced Phase) 

4.22.1 ExDerimental Desim 
The reagent combinations of choice carried into the Remedy Selection (advanced phase) of the 
program were: 

A single 15 percent KQ extraction (recommended by Haque, 1988) followed by six 
extractions of 0.8M EDTA; and six extractions of 0.8M EDTA followed by one water 
wash and one 8N HN03 extraction. 
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It was necessary to conduct a single water wash between the EDTA and nitric acid 
cycles because nimc acid is an oxidant while EDTA is a organic species which can be 
oxidized by nitric acid. The feed material was prepared by combining ninety grams of 
Silo 1 and 2 material, with 1O.g bentonite. This feed material was extracted with four 
grams of extractant per gram of silo material. Both extractant combinations were used 
on samples from each silo. After the chemical extractions, the residue was then washed 
three times with water, separated, collected, and saved for compositing. Each run was 
replicated four times. This testing is illustrated m Figure 4-3. These processes are more 
fully described hi Section 3.32. 

4 . 2 2 2  Remedy Selection Results 
The Remedy Selection (advanced phase) chemical extraction test results are presented in Table 4-80. 
Analysis of the data in the table mdicates that the extracted solids using both the KCI/EDTA and the 
EDTA/HNO, processes were below the TC regulatory levels for RCRA metals. The percent reduction 
column is based on a comparison of the TCLP of the raff inate  solid with the characterization TCLP. 
The concentrations of chemicals in the TCLP leachate, with the exception of barium and mercury, 
were either reduced or were not at detected in the M i t e .  Barium showed mcreased concentrations 
in the Silo 1 samples, and relatively small decreases in the Silo 2 samples. Even with the increase, the 
highest barium concentrations are still less than 5 percent of the TCLP limit. Mercury was undetected 
in three of the samples, but showed a slight increase in the TCLP leachate in the fourth (Silo 2 
EDTA/HN03 extraction process sample). The result was approximately 1 percent of the TCLP limit. 
The apparent increases may be due to sample heterogeneity. Another possibility is that these metals 
were chemically altered d h g  the chemical extraction process to make them more soluble. Even if a 
large fraction was removed by the chemical extraction process, the increased solubility of the metals 
remaining in the M i t e  could give higher concenaations in the TCLP leachate. 

Table 4-81 presents the results of the radiological analysis uf the TCLP leachate. This table also 
compares these results to the characteriZatim TCLP data. The table shows that the leachate 
concentrations of most radionuclides were greatly reduced. The leachable concentrations of uranium 
and thorium were greatly increased in the KCI/EDTA residue from Silo 1. The leachable 
concentrations of thorium and uranium were reduced m the other samples. 

Table 4-82 presents the total radiological analysis of the residues. The table shows concentration 
increases for several of the radioisotopes: specifically, total thorium, and total uranium. It is 
postulated that radionuclides which are not extracted, are concentrated m the solids fraction by the 
removal of the more chelatable and more acid soluble substances. Also, elements that are detected by 
measurements that are influenced by self-absorption or self-attenuation can exhibit increased measured 
activity when the absorbent or attenuating materials are removed from the surface of the particle being 
measured, as for example, lead by EDTA extraction. 
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*- I) 54.48 RADIOLOGICAL ANALYSES - 80'C 
TOTAL CON- ANALYES 

ADVANCED PEASE CaEMICAL EXTRATION SOLIDS RADIOLOGICAL ANALYSIS 

Characterization Treatability Characterization Treatability 
Sample silo Ac-227 Ac-227 Reduction Pa-2 3 1 Pa-2 3 1 Reduction 
No. No. Extractant P W  Pca % Pcik P W  YO 

100058-10510201 1 KCVEDTA 8142 5435 332474 ND 18640 ND 
100058-10510401 1 EDTNHNO3 8142 5561 3 1.6998 ND 16140 ND 
100073-10510601 2 KCVEDTA 6443.9 3160 50.9614 ND 15350 ND 
100073-10510801 2 EDTAMNO3 6443.9 1948 69.7699 ND 9676 ND 

Sample silo Characterization Treatability Characterization Treatability 
Sample silo Pb-210 Pb-210 Reduction Po-2 10 Po-210 Reduction 
No. No. Extractant P W  PcUg % Pcik Pcik % 

100058-10510201 1 KCYEDTA 194584.4 26750 862528 236533.3 3090 98.6936 
100058-10510401 1 EDTAMNO3 194584.4 55670 71.3903 236533.3 8890 9624 15 
100073-10510601 2 KCVEDTA 110671.7 23690 78.5943 120966.7 7570 93.7421 
100073-10510801 2 EDTAMNO3 110671.7 15030 86.4193 120966.7 5620 95.3541 

Characterization Treatability Characteritation Treatability 
@ sample silo Ra-228 Ra-228 Reduction Th-total Th-total Reduction 

No. No. Extractant P W  PCik YO Pdl3 Pdg % 

100058-10510201 1 KCVEDTA ND <38 ND 4352.1 5450 -25227 
100058-10510401 1 EDTAMNO3 ND 4 6  ND 4352.1 49200 ** 
100073-10510601 2 KCVEDTA ND 4 7  ND 1312 2520 -1820.7 
100073-10510801 2 EDTNHN03 ND 4 3  ND 1312 141 -7.4695 

Characterization Treatability Characterization Treatability 
Sample silo Ra-226 Ra-226 Reduction U-total U-total Reduction 
No. No. Extractant pcik P W  % Pdg Pdf3 % 

100058-10510201 1 KCVEDTA 501 2 1 7.8 4518 99.0986 1778.6 92 1 4821 77 
100058-10510401 1 EDTAMNO3 501217.8 16270 96.7539 1778.6 451 74.643 
100073-10510601 2 KCVEDTA 2 542 56.7 9750 96.1 653 1184 4125 -248.4 
100073-10510801 2 EDTAkINO3 254256.7 7393 97.0923 1184 1992 -68243 

ND No positive results were found: no calculation was performed. 
** Detection limit for wearability sample is higher than the characterization positive result 
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In addition, Table 4-83 shows that the radionuclide concentrations of the raffiinate from both of the 
K-A extractions fell below the 100 n Ci/g limit of 4OCFR191 while the raffiite from one of 
the Silo 1 EDTA/HNO,extractions did not. . 

4i2.3 Time and Temuerature 

4.2.3.1 Feed PreDaration-Homogeneity 
Samples for time and temperature extractions were homogenized to eliminate sample heterogeneity or 
a variable that might affect results. 

The untreated waste samples were blended with bentonite after having been forced through a 12 mesh 
sieve (-12 mesh ). The samples were mixed and sieved three times. The samples were then aliquotted 
for analysis in hiplicate and samples were analyzed for gross alpha/beta. Standard deviations were 
calculated for each parameter along with their percent relative staedard deviations (RSDs). 
Acceptable RSDs as stated in the Work Plan are 530 percent. These data can be found in Table 4-84. 

The RSD's were within the 230 percent limit. The highest was 2 15.8 percent for uranium. 

4.2.32 Extraction Time and Temuerature 
The time and temperature studies compared extraction efficiencies based on analytical results for 
residual solids. The spent extraction liquids were also amlyzed. The test conditions and analytical 
results are ' ed in the Clipper@ file located in Appendix B. The solid residues and feed 
analytical results are listed in Table 4-85. 

The lead analytical results for the residual solids indicated seven hours and 80°C as the preferred time 
and temperature. Uranium results showed that increased rime and elevated temperature were favored, 
but the differences between 50°C and 80°C were not apparent. Thorium results indicated no 
appreciable reduction under any of the test conditions. In fact, thorium results for the treated residual 
solids were in many cases higher than initial values. This phenomenon was probably the result of two 
conditions: the feed values are not corrected for moisture content and treated residues were o v a  dried 
at 105°C; and exfraction often changes the sample matrix such that the sample is more amenable to the 
test. 

Gross alpha and beta results are inconclusive because extraction brings about removal of such 
shielding elements as lead. In addition, extraction often d e s  particle size to effectively increase 
sample surface area, a parameter which also effects the gross alpha and beta analysis. 

4 

a 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

u 

7.5 

26 

n 
n 
b 

30 

4-135 

000241 



FEW-WTR-2 D W  
March 31. 1993 _ _  

TABLE443 O- - 5 4-48 
ADVANCED PHASE CHEMICAL EXTRACTION SOLIDS TOTAL ACTIVITY OF 

RADIONUCLIDES WITH HALF-LIVES GREATER THAN 20 YEARS 

Sample Numb& 
silo Total Activity 

Number Extractant (nCi/g) 

100058-1 05 10201 

1OOO58-105 10401 

100073-105 10601 

100073-10510801 

1 K C W T A  93 

1 EDTA/HNO3 224 

2 KCUEDTA 59 

2 EDTA/HN03 36 

aComposite samples 
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TABLE 4-85 

TIME AND TEMPERATURE STUDY 
RESIDUAL SOLIDS RESULTS' 

Time Temperature Silo Pb Th UbyIC GrossAlpha GrossBeta 
olrs) ec, Number (Ppm) (Ppm) (PPm) OrW@ OrWd 
lb 80 1 2662 102.2 575 0.665 0.25 

7 80 1 1412 99.37 414 0.807 0.313 

1 20 1 4630 95.12 599 1.1 0.394 

7 20 1 4091 102.8 428 0.518 0.231 

4 50 1 3087 91.15 373 0.652 0.198 

1 80 2 1785 94.38 1392 0.213 0.067 1 

7 80 2 1134 94.13 75 1 0.2 0.06 

1 20 2 4097 89.09 1239 0.353 0.11 

7 20 2 3667 96.93 93 1 0.237 0.058 

4 50 2 2131 71.39 790 0.302 0.0573 

Untreated Feed Average 1 51217 57 682 2.13 0.789 

Untreated Feed Average 2 30880 69.38 1329.33 1.13 0.4 19 

aFeeds were Silo 1 or 2 composite 1990-91 samples blend with 20% bentonite. 
bSamples were first mated with 15% KCl for 16 hours at given temperature, then extracted 
with 0.8M EDTA for the time and temperature listed in table. The liquid to solid ratio was 4:l 
(WW).  
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4.2.4 Water Washing 
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i 

The raffinate from the EDTA extractions contained some residual EDTA. Any EDTA left in the 
solids would make the metals more soluble and potentially cause failure in the leaching performance 
tests. It was necessary to conduct several water washes to remove residual EDTA. The data are 
presented graphically for Silos 1 and 2 in Figures 4 4  and 4-5, and Table 44. 
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3 

4 

5 

0 

The results show that the lead and uranium conctintrations were a nonlinear function of the number of 6 

7 

8 

9 

washes. This phenomenon may be due to the more pH neutral water extracting the alkaline species 
from the solids, thus decreasing the pH of the solids to the point where the metals would become more 
soluble, or may be due to a noted decrease in the particle size of the solids thus increasing the surface 
area extracted. 10 

4.23 Vihiflcation of Suent Extractant 
The extract from the advanced phase was dried in an oven as a pretreatment step for vitrification of 
the residual solids. Two approaches were used in the vitrification tests. In the first test, some of the 
spent nitric acid extract and EDTA filtrate (from precipitation of the EDTA) advanced phase tests were 
dried to residual solids, then mixed with site soil and vitrified. In the second test, the spent extractants 
were combined. The EDTA and metals were precipitated separately. The metals precipitate was 
collected, dried, calcined, blended with site flyash, then vitrified. Figure 3-11 through 3-13 depict a 
flow diagram for the complete extraction to vitriilcation sequence. 

Table 4-86 shows the MXLP and PCT redas from the vitrified extracts. The data shows that both 
the Silo 1 and Silo 2 samples vitrified with site flyash passed the MTCLP. The composite sample 
vitrified with site soil failed the 
the MTCLP leachate. In the PCT tests, the sample vitrified with site soil had over double the 
concentration of silicone (24.30 ppm vs 10.29 and 7.99) than the two site flyash samples. In addition, 
the uranium concentration was almost four times greater in the site soil samples than in the site flyash 
samples. The MTCLP and K T  data indicate for these screening tests that a vitrified product can be 
made and that site flyash maybe a better reagent that site soil. This does not indicate that site soil 
would not work, but that furrher testing is needed to identify the appropriate wastdglass former flux 
ratios. 

for lead and exhibited higher gross alpha and beg levels in 
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Several Merent chemical and proprietary reagents and processing steps were investigated for their 
ability to remove the contaminants of concern. These reagents are described in Table 3-17. The 
reagents were added, then noted for their ease of separability and how much contamiaant remained in 
the liquid phase after the separation step. From these test observations, selected reagents were chosen 
to be wried into the Stage 2 precipitation test program. The Stage 1 test data is located in the 0 Clipper program in the Appendix B. 35 
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1 
4.2.7 Stage II Preckitation and Settling 
The best of the Stage 1 reagents were tested with larger extract samples. Some reagents were 
combined with another sequential precipitation step. These reagent sequences are described in Table 
3-18 for reference. Prelmmaq settling tests were also conducted during this stage to determine which 
reagent scheme would offer the lowest precipitate sludge volume. The best performances were 
provided by sulfide and Nalmet. Because of the potential hydrogen sulfide problem with sulfide, only 
Nahnet was carried into the next phase. 

Initial treatments using sodium M i d e  were not successful because sullide may have been consumed 
during treatment through oxidation. The initial sulfide tesk involved low dosages and long mixing 
times (overnight) which may have been sufficient for air in the headspace of the reaction vials to 
oxidize most of the sulfide present. The absence of sulfide at the end of the treatments was evidenced 
by a change of the typical black metal sulfide color to yellow. In addition, certain metals, like nickel, 
may have acted as catalysts to accelerate the oxidation process. 

Stage 11 precipitation testing began with duplications and variations on the most promising treatments 
from Stage 1 testing. The first set of tests was perforbed using the treated EDTAKCI composite plus 
300 ppm of Fe*, and the HNOfiO composite plus 250 ppm. These two feeds were previously 
described in Section 3.3.7.1. Description and analytical data pertaining to these tests are also 
contained in the Clipper report located in Appendix B. Results of the fm set of 21 tests showed that 
the HN0JH20 composite plus 250 ppm of Fe* could be treated with calcium hydroxide to pH 9 and 
produce a fast-settling, easily-flexible sludge, while reducing Pb and U to less than 1 ppm each. In 
contrast, the treated EDTA/KCl composite plus 300 ppm of Feh (treated to remove EDTA) proved 
more difficult to treat with respect to F% removal. A second set of tests focused on the treatment of 
the rreated EDTA/KCl composite. In addition, two other feeds were tested: a 30 percent nitric acid, 
70 percent KCL/EDTA w/w blend of the composite with 300 ppm of F P ,  and the same blend 
without Fe*. These experiments are listed in Table 4-87. The N m e t  8154 and the sodium sulfide 
treatments were successful, but the Nalmet was chosen since it is a less hazardous reagent. 

4.2.7.1 Settling Tests 
The Stage 11 precipitation tests were performed not only to confixm the m a t  promising treatment 
processes, but also to obtain range fmding infomation about relative sealing rates of various 
treatments. These range finder settling data are listed in the Clipper@ print-out in Appendix B. In 
addition to the small scale settling tests, a larger scale settling test was performed while preparing 
precipitated solids for Vitrification and stabilization tests. (Refer to Section 3.3.7.3). The settling rate 
(inches/minute) for the Nalmet sludge is plotted with time in Figure 4-6. This settling rate should be 
sufficient for standard settling equipment. 
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TABLE 4 -87 

STAGE I1 PRECIPITATION TEST RESULTS 

Feed Treatment pH Lead Uranium 
(ppm) (ppm) 

Treated EDTAKCI Composite 3.64% (wt) (Na3P04- 12 WO), 8.9 5 5 2  0.3 
+300 ppm Fe3+ followed by pH adjustment with NaOH 

Treated EDTAKCI Composite - 
+300ppm Fe3+ 

Treated EDTAKCI Composite 
+300 ppm Fe3+ 

Treated EDTAKCI Composite 
+300ppm Fe3+ 

Treated EDTAKCI Composite 
+300ppm Fe3+ 

Treated EDTAKCI + HN03 Comp. 
+300ppm Fe3+ 

Treated EDTAKCI + HN03 Comp. 
+300ppm Fe3+ 

a Treated EDTAKCI + HN03 Comp. 
without Fe3+ 

3.64% (wt) (Na3P04- 12 WO), 
followed by pH adjustment with Ca(OH)2 

0.82% (wt) Na2S added to liquid, 
after adjustment to pH 9 with NaOH 

0.62% (wt) Nalmet 8154 added to liquid, 
after adjustment to pH 3 with NaOH 

0.12% (wt) Nalmet 81.54 added to liquid, 
after adjustment to pH 3 with NaOH 

0.82% (wt) Na2S added to liquid, 
after adjustment to pH 9 with NaOH 

0.62% (wt) Nalmet 81.54 added to liquid, 
after adjustment to pH 3 with NaOH 

0.62% (wt) Nalmet 8154 added to liquid, 
after adjustment to pH 3 with NaOH 

8.9 8.03 ND 

9.1 co.5 0.23 

6.2 c0.s 0.17 

6.4 90.8 0.14 

9.3 < O S  4.9 

5 <os  0.55 

4.7 16.2 0.31 
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Small aliquots of the Nalmet sludge were also tested with Nalco cationic, anionic, and non-ionic 
organic polymers. The polymer testing method was based on the "Procedure for Flocculation Mini Jar 

Tests" (See Appendix F). The polymers were used to improve settling rates and decrease the Nalmet 
Sludge Volume. There were no apparent improvements resulting from any of the polymer treatments. 
Therefore, fuxther testing with polymers was stopped. 

4.2.8 Cement Stabilization 
Precipitate from the experiments described in Section 42.7 were stabilized with preselected cement 
stabilization reagents found m Table 3-21. Samples based on the two formulations were made, then 
subjected to performance analysis. The UCS for the first formulation was 381 psi and 372 psi for 
each of the two specimens. The UCS on the second formulation was 1165 psi. It is suspected that the 
cement was not fully hydrated in first sample. In the second sample, water was mixed with cement 
before it was added to the waste and other reagents. The analytical data showed that the only 
detectable RCRA metal was barium at a low level. Uranium was also nondetectable. These data are 
in Clipper@ Ne in the Appendix B. 

4.2.9 PrODosed Process Overview 
The p w s e  of this process is to reduce the volume of material that must be disposed of as a mixed 
waste. This would be done by chemically extracting radioactive and havudous constituents from the 
silo material with EDTA. The extracted solids would be rinsed with water and dewatered to produce a 
material suitable for disposal. 

The combined extracts would be treated to recover EDTA and to remove the hazardous and 
radioactive constituents in two stages. First, the extract would be acidified to precipitate EDTA for 
reuse. Then, the extracted hazardous and radioactive constituents would be precipitated, dewatered, 
dried, and vitrified to give a resulting product that would be approximately 10 percent of the weight of 
the original unmted silo materid. The two solid residues from the process would be packaged for 
interim storage on site. 

Process economics were optimized by: 

Recovering EDTA via crystallization 
Reusing weak extracts from the last three extraction steps as make up for the next, first 
three extracts 
Reusing the rinse water from the rinsing steps as make-up water for dissolving the 
recovered EDTA 

Figure 4-7 is a flow diagram of the proposed process. 
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Recommendation 
It is recommended that further work be done optimizing the cement-flyash-blast fumace slag 
formulations. Also, time did not allow for the development of optimum moisture content as in: 
density relationships and/or the influence of .the water content in the stabilization mixtures. This 
should be done in the interest of reducing the bulking factor and increasing the compressive strength 
by compactive or other measures in lieu of adding more reagent. Additionally, the heat rise needs to 

be better controlled for Silo 3 stabilization. Either optimizing the addition of reagents over time or an 
increased use of a an increase use of a more inert reagent that could act as a heat sink should be 
investigated although this will increase the bulking factor for this site. 

' 

4.3 QUALITY ASSURANCJYOUALITY CONTROL 
The Femald RI/FS QAPP, Revision 3, is the goveming QA document for the remedial investigation at 
the FEMP. The QAPP includes the quality objectives, the performance requirements to meet these 
objectives, and the methods for verifying that the objectives have been met. To meet the analytical 
DQOs of the QAPP, strict documentation procedures are used m conjunction with reagent blanks, 
duplicate samples, and spiked samples to determine the precision,' accuracy, and completeness of the 
data. - 

Daily laboratory activities were recorded m laboratory notebooks specifically assigned to this project. 
Logbooks were assigned to specific functions or equipment, and were used to record equipment 
maintenance, daily checks, and standards preparation. These notebooks and logbooks are returned to 
the QAO after completion of the project or when the notebook is fad. Data recording and 
verifkation procedures are described in the Treatability Study Work Plan for OU4, Section 7.0, Data 
Management. 

Analyte specific QA/QC requirements for analytical work are specified in the Fernald RUFS QAPP, 
Sections 4 and 9. Three types of routine quality confro1 samples were analyzed; blanks, duplicates (or 
spike duplicates), and spike samples. The p\apose and results of these mty control samples are 
explained in this section. 

The Femald W S  QAPP also specifies that data completeness be 290 percent. 

Three separate tasks are discussed: chemical extraction, 5-day static leach, and TCLP analysis of 
stabilized materials. Each task is further subdivided into analytical categories. Each of the QC 

samples for these tasks and analytical categories are discussed separately. Data for percent 
completeness combines all analytical categories within a task. 

Three categories of analyses were requested for the chemical extraction samples; TCL pesticides/PCBs, 
metals, and radionuclides. 
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Three categories of analyses were requested for the 5-day static leach samples: metals, general 
chemistry. and radionuclides. 

Six categories of analyses were requested for the TCLP samples: volatile organics, semi-volatile 
organics, pesticides/FCBs, metals, general chemistry, and radionuclides. 

Iron was analyzed and reported with the metals data, but was not a requested analyte, and data are not 
included in this discussion. 

Fiveday static leach samples were submitted for analysis in three batches. These batches were 
combined for analysis and only one set of QC samples were prepared. 

Table 4-88 lists the specific organics, metals, g e n d  chemistry parameters, and radionuclides 
analyzed. This table is taken from the Treatability Study Work Plan for Operable Unit 4, Table 3 4 ,  
Polonium-210 was added to the requested radionuclide parameters, and total radium was changed to 
Ra-226 and Ra-228 isotopic analysis. Cement stabilized samples contain considerable altalinity, and it 
was decided to delete the requirement of allralinity measurements. 

Statistical comparison of duplicate and spike sample results near the detection limit are not valid. 
Aualyte concentrations should be greater than five times the detection limit for statistical comparison. 

4.3.1 Blank Samdes 
Blank samples are analyzed to determine if detectable quantities of an analyte are bemg introduced 
into samples from either the reagents used or laboratory apparatus. Blank contamination does not 
automatically invalidate sample results, and must be judged on a case-bycase basis. 

There are two general types of blank samples discussed. Analysis of 'I" leachates included a 
reagent blank that was subjekted to the same extraction and measurement process as samples. This 
blank is intended to show the pres- of contamination present m the reagents or teSt apparatus, and 
will be referred to as an exfraction blank. 

Prior to many inorganics analysis, samples are digested in acid. A sample preparation blank consists 
of laboratoxy water that is prepared m the same manner as the sample, and is also used to show the 

presence of contaminates in either reagents or apparatus. 
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TABLE 4-88 

LIST OF ORGANIC ANALYTES 

VOLATILES 

Chloromethane 

Bromoethane 

Vinyl Chloride 

ChOKK!thaIle 

Methyl Chloride 

ARtone 

Carbon Disulfide 

1.1 -Dichlorethene 

1.1 -Dichloroethane 

1.2-Dichlomethene 

(tow 

Chloroform 

1,2-Dichloroethane 

2-Bu-m 

1.1.1-Trichloroethane 

Carbon Tetrachloride 

Bromodichloromethane 

12-DichlomprOpane 

Cis- 1.3-Dichloropmpene 

Trichlorethene 

Dibtmmochloromethane 

1.1 .Z-Tricblor~ethane 

Benzene 

trans- 1,3-Dichloropmpene 

Bromoform 

4-Methyl-2-pentanone 

2-Hexanone 

Tetrachloroethene 

Toluene 

1.1.2.2-Tetrachloroethane 

ChlOrobenZene 

Ethyl Benzene 

styrene 

Xylems (total) 

Vinyl Acetate 

alpha-BHC 

beta-BHC 

delta-BHC 

gamma-BHC 

Heptachlor 

Aldrin 

Endrin ketone 

Endrin 

aldehyde 

aloha-ChlOrdane 

gamma-chlorhane 

Toxaphene 

Heptachlor epoxide 

Endosulfan I 
Dieldrin 

4.4-DDE 

Endrin 

Endosulfan I1 

4.4-DDT 

Methoxychlor 

Aroclor-1 01 6 

Aroclor- 122 1 

Amlor-1232 

Aroclor- 1242 

Aroclor-1248 

Amlor- 1254 

Aroclor- 1260 

SEMIVOLATILES a Benzo(gb.0 perylem 4-Chlom3-methylphenol N-nitrosodipkn ylamine 
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LIST OF ORGANIC ANALYTES 

SEMIVOLATILES 

ptrenol 

bis(2-Choroethyl)r 

2-Chlorophenol 

1,3-DichlOrobenzene 

1 ,4-DichlOrobenzene 

12-Dichlorobeluene 

2-Methylphenol 

bis(2-Chloroisoppyl) Ether 

4-Methylphenol 

N-Nitrosodi-n-propylamine 
Hexachloroethane 

Nitrobenzene 
IsophorOne 

2-Nitrophenol 

2.4-Dimethylphenol 

bis-(2-Chlorethoxy)methane 

2,4-DichlOrophenol 

1 ,~,~-T~~CMO&IUXIX 

Naphthalene 

4-chlOrOan.i.h 

Tributyl phosphate 

Hexachlombutadiene 

2-Methylnapthalene 

Hexachlorocy clopentadiene 

2,4,6-Tnchlorophenol 

2,4,5-Tri~hl0rophenol 

2-Chloronapthalene 

2-Nitroaniline 

Dimethylphthalate 

Acenaphth ylene 

2.6-Dinitrotoluene 

3-Nitroaniline 

Acenaphthlene 

2,4-DinitrOphenOl 

4-Nitrophenol 

Dibenzofuran 

2,4-Dinitrotol~ene 

Diethylphthalate 

4-Chlorophen yl-phen ylether 

Fluorene 

4-Nitroaniline 

Indeno(12.3-cd)pyrene 

4,6-Dinim-2-methylphenol 

4-Bmmophen yl-phen ylether 

Hexachlorobenzene 

Pentachlorophenol 

Phenanthrene 

Anthracene 

Carbazole 

Di-n-butylphthalate 

Fluoranthene 

PYFene 
Butylbenzylphthalate 

3,3’-Dichlorbenzidine 

Benzo(a)anthracene 

Chrysene 

bis(2-Ethy~xyl)phthalate 

Di-n-octylphthalate 

Benzo(b)fluorantkne 

Benzo(k)fluoranthene 

Benzo( a)pyrene 

Benzoic acid 

Dibenzo(a,h)anthracene 

Benzyl alcohol 
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TABLE 4-88 

LIST OF INORGANIC ANAYLTES (CONTINUED) 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Calcium 

Cadmium 

Chromium 

cobalt 

Copper 

Led 
Lithium 

Magnesium 

Manganese 

Mercury 
Molybdenum 

Potassium 

Nickel 

Selenium 

Silicon 

Silver 

Sodium 

Thallium 

VanaoiUm 

Zinc 

GENERAL CHEMISTRY 

Chloride 

Reactivity (as sulfide) 

Fuoride 

Ammonia 

Nitrate 

PH 
Phosphomus 

Sulfate 

Cyanide 

Radium= 

Radiumrn 

Thorium - total 

uranium - total 

L e a d z ' O  

Actiniumm 

prOtactium=' 

Polonium21o 

4-152 



FEMP-OU4TS-2 DRAFT 
March 31.1993 

ANALYSIS 
CATEGORY 

Metals 

TABLE 4-89 

ANALYTES DETECTED IN BLANKS 

TYPES OF BLANK 

Extraction 
(two anww 

CHEMICAL EXTIL 

CONTAMINATION 
CONCENTRATION 

DETECTION 
L M T  E Calcium 

7.3 pg/l' 
7.6 Pg/l 

66.7 bg/l 

117 PgP 

196 PgP 

12.5 pJl 
21.0 pjl 

26.3 pJl 

32.5 pg/l 

6.8 pg/l 

125 cl/l 

126 cl/l 
Silicon -F 

2.0 Pg/l 

50.0 pg/l 

20.0 pg/l 

100 Pa 

5.0 Pg/l 

20 Pgn 

100 Pg/l 

5.0 Pg/l 

Sample I calcium 
preparation 

CONTAMINATION 
CONCENTRATION 

31 Pg/l 

2.1 Pg/i 

5.38 pg/l 

0.053 mg/l 

0.03 mg/l 

1.38 Pclifl 

I Silicon 
I 

DETECTION 
LIMIT 

20.0 pgP 

2.0 Pg/l 

5.0 Pg/l 

0.05 mg/l 

0.02 mg/l 

unlrnown 

I I zinc 

FIVE-DAY STATIC 

ANALYSIS I TYPEOFBLANK 
CATEGORY 

Metals I Extraction I calcium 

Extraction Fluoride 
Chemistry 

Radiumm 

'More than one value indicates that moE than one blank was contaminated. 
G 
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ANALYTE CONTAMINATION DETECTION I CONCENTRATION I LIMIT 

TABLE 4-89 

ANALYTES DETECTED IN BLANKS (CONTINUED) 

ANALYSIS 
CATEGORY 

Metals 

Radionuclides 

Volatile 
Organics 

TCLP ANALYSIS 

Unknown 

total 

Thorium, 
total 

Radiumm 

Methylene 
chloride 

2-02 Pg/l 

4.84 pcli/l 
3.63 pCi/l 

2.72 pCih 
1.12 pcg 

Unknown 

Toluene 

'More than one value indicates that more than one blank was contaminated. 
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4.3.1.1 Chemical Exmction Blank Data 
Data for two sample preparation blanks and one extraction blank are reported for the PesticidePCB 
analysis. There were no detectable quantities of any compound. e. 
Two extraction blanks and one sample preparation blank were analyzed for metals. Both extraction 
blanks contained measurable amomts of silicon, barium, calcium, iron, and zinc. One extraction blank 
also contained boron. The sample preparation blank contained measurable amounts of calcium, iron, 
zinc, and silicon. 

Blank data for the radiological analyses were not reported in certificates delivered. 

4.3.12 Five-Day Static Leach Blank Data 
Three categories of analyses were requested for the 5-day static leach samples; metals, general 
chemistry, and radionuclides. Samples were submitted in three batches. These batches were combined 
at the laboratory and one set of QC was performed. 

One extraction blank was submitted for analysis. There were detectable amounts of calcium (31 
p a ) ,  fluoride (0.053 m a ) ,  phosphorous (0.03 m a ) ,  and Ra-226 (1.38 pCi/L). AU of these are 
very close to the detection limits for the respective analytical methods. 

Sample preparation blanks were analyzed for 26 metals. One preparation blank contained levels of 
arsenic (2.1 p@) and zinc (5.38 p a )  slightly above the detection limit. One preparation blank had 
no detectable quantities of any analyte. 

4.3.1.3 TCLP Analysis Blank Data 
Extraction and sample preparation blanks were analyzed for 25 metals. "here were no detectable 
quantities of any analyte in the sample preparation blank. The extraction blank contaiued measurable 
quantities of barium (4.7 p a ) ,  calcium (94.6 pg/L), silicon (143 p a ) ,  and zinc (89.7 p a ) .  The 
barium, silicon, and zinc contamination is at a level close to the detection limit. The calcium 
contamination is almost five times the detection limit of 20 p a .  

Of the eight general chemistry parameters analyzed, sulfide (1.67 m a )  was the only parameter with 
detectable quantities in the sample preparation blanks. This is close to the sulfide detection limit of 
0.5 m a .  The extraction blank was not analyzed. 

The radionuclide aualysis data indicates that two blank samples were analyzed, but does not spe~lfy 
what type of blanks they are. One blank had detectable quantities of Pb-210 (2.72 pCi/L), Ra-226 
(4.84 pCi/L), total thorium (1.23 p a ) ,  and total uranium (2.02 pg/L). "he other blank contained 
detectable quantities of Pb-210 (1.12 pCi/L), Ra-226 (3.63 pCi/L), and total uranium (1.41 pgh). 
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4.32 Duplicate Samules 
There are two different types of duplicate samples: experimental and analytical. Experimental 
duplicates are two separate samples prepared by the treatability laboratory in exactly the same manner. 
Analytical duplicates are prepared by the analytical laboratory during sample processing. 

The purpose of analytical duplicate samples is to show measurement precision. Experimental 
duplicates indicate variabilities within the sample and reagents. Precision and sample variability are 
expressed as the relative percent difference (RPD) between the original and duplicate sample. This is 
calculated according to the following equation: 

where 

c1 -c2 

C1= The larger of two measurements 
C2 = The smaller of two measurements 

The Fernald /FS QAPP, Table 4-1, specifies a 10 percent tolerance for precision of metals and general 
chemisay parameters. Table 4-2 of the Rl/FS QAPP specifies precision tolerances for each organic 
parameter. Table 4-3 of the RI/FS QAPP specifies 20 percent tolerance for precision on radionuclide 
analysis for total uranium, Ra-226, and Ra-228. Precision requirements for othex radionuclide 
parameters are not specrfied, but are assumed to be 20 percent There are no precision requirements 
for experimental duplicates; any results exceeding 20 percent RPD will be mentioned. 

a 

Precision is determined only for those sample analytes that were grater than the detection limit. 

Precision calculations of analyte concentrations near the detection limit are not statistically valid. 

Table 4-90 lists duplicate sample results that exceed the tolerances specified in the Fexnald Ri/FS 
QAPP, section 4, Tables 4-1 bough 4-3. 

4.32.1 Chemical Extraction Duplicate Data 
Experimental duplicates consisted of eight duplicate tests performed in the prelimmaxy phase, stage 1. 

Six pesticidePCB compounds in one analytical duplicate sample were compared for precision. The 
RPD for all compounds was <+ 6 percent, which meets the QAPP requirements. 

Two metals, silicon (13.4 percent RPD) and potassium (200 percent RPD), were outside the acceptable 
limits. 
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DUPLICATE 
TYPE 
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ANALYTE RELATIVE >S TIMES THE 
PERCENT DETECTION 

DIFFERENCE (RPD) LIMIT? 

ANALYSIS 
CATEGORY 

Chromium 

Mol yMenum 

Selenium 

zinc 

TABLE 4-90 

ANALYTES NOT MEETING PRECISION REQUIREMENTS 

14.4 No 
10.7 Yes 

16.0 Yes 

12.1 Yes 

66.2 Yes 

Metals 

Analytical 

Experimental 
(Three 

ANALYSIS 
CATEGORY 

~ 

Sulfate 11.0 Yes 

Ammonia 15.5 Yes 

Nitrate 29.9 Yes 

Cyanide 11.9 Yes 

Ammonia 34.0 Yes 
31.0 Yes 

Metals 

Fluoride 

General 
chemistry 

19.8 I No 

Radionuclide Experimental 
(Three 

-yzed) 

CHEMICAL EXTRACTION 

Phosphorous 18.2 Yes 

Sulfide 37.1 No 

RadillXIlP6 12.0 Unknown 
35.7 
21.2 

145 

Polonillm210 17.8 

-210 

Uranium, Total 

~ n a l y t i ~ a l  I silicon I 13.4 I Yes 

29.4 I 

Experimental 
(Three 

Anw=o 

I Boron I 10.3 I Yes 

FIVE-DAY STATIC LEACH 

PERCENT DETECTION 
DIFFERENCE (RPD) LIMIT? 

DUPLICATE ANALYTE 
TYPE 



March 31. 1993 

ANALYTE 

TABLE 4-90 

(Continued) 

RELATIVE 
PERCENT 

DIFFERENCE (RPD) 

ANALYSIS 
CATEGORY 

Chromium 

Metals 

37.0 I Yes 
14.0 No 

General 
Chemistry 

Molybdenum 

Potassium 

Selenium 

CHEMICAL EXTRACTION 

22.9 Yes 

11.1 Yes 

24.9 Yes 

DUPLICATE 
TYPE 

Analytical 
~ 

. Fluoride 13.5 Yes 
I 
1 

>5 TIMES THE 
DETECTION 

LIMIT? 

Experimental 
(* 

analyzed) 

Analytical I Lead I 54.8 I Yes 

~ s p h o m ~  15.4 No 
21.3 Yes 
40.0 No 

Sulfate 22.9 Yes 

Experimental 
m 

Analyzed) Antimony 

Arsenic 39.3 
11.4 Yes 

11.9 No I I 10.5 

69.4 Yes 
Lead I 59.1 I Yes 

I M w g m  I 22.8 1 Yes 

I Silicon I 25.5 I Yes 

I Thallium I 20.1 I Yes 

I vanadium I 16.1 I No 

84.1 
30.0 
20.6 

No 
No 
No 

~ . w p 9 9 7 . c A ) 3 1 9 3  4-158 
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Rad Experimental Lead2'0 29.5 
analyzed) 35.4 

Volatiles 

Unknown 

MBch 31. 1993 

Experimental 
=ma 

TABLE 4-90 

Acetone 42.9 Unknown 
26.7 
103.4 

PolOnium~'0 [ 37.4 1 unknown I 125.4 

I 148.7 136.9 I I Radium= 

'More than one value indicates that more than one blank was contaminated. 

'More than one value indicates that more than one blank was contaminated. 
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Duplicate data were not reported for radiological analyses. 
=- 5 4.48 -- i 

4 .322  Five-Day Static Leach Duplicate Data 
One experimental duplicate sample was submitted for analysis. 

The three batches of samples were combined for metals analysis. Thirteen analytes in the analytical 
duplicate were compared for precision. The FWD of all 13 analytes was <lo percent. 

Thirtyeight of 78 (3 experimental duplicate samples times 26 analytes) experimental duplicate results 
were compared to precision. The RPD for 32 analytes was less than 10 percent. Boron. chromium, 
molybdenum, selenium, and zinc are the analytes that did not meet the precision tolerance. 

Five of the 27 general chemistry results compared did not meet the precision requirements. Ammonia, 
fluoride, phosphorus, and sulfide and the parameters not meeting the precision tolerance. 

Three experimental duplicates were submitted for radiological analysis. Ten of the 24 (three samples 
times eight analytes) analytes were compared for precision. Lead-210, Po-210, Ra-226, and Ra-228 
did not meet the precision requirement. None of the three Ra-226 measuremits met the precision 
requirement. Analytical duplicate data were not reported for radionuclide analysis. 

4.32.3 TCLP Analysis Duplicate Data 
One analytical duplicate and three experimental duplicate analyses were analyzed for 25 metals each 
Of the twenty-five analytical duplicate metals compared, only two exceeded the 10 percent precision 
requirement; lead and selenium, Both analyte concentrations were well above the detection limits. 
Forty-five of seventy-five (three samples times twenty-five analytes) experimental duplicate analytes 
were compared Nineteen of the forty-five results did not meet the precision requirement. 

Of the seven general chemistry parameters analyzed, only fluoride had analytical duplicate results that 
exceeded the limit. Two parameters in the expeximeatal duplicates, phosphorous and sulfate, exceeded 

the precision requirement. 

Analytical duplicate results for volatiles, semivolatiles, and radionuclides were not available. 

Seven radionuclide results from three experimental duplicate samples were compared. One result met 
the precision requirement. 

Six volatile results (three compounds) from three experimental duplicate samples were compared. 
Acetone was the only compound that did not meet the precision requirement. 
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4.3.3 SPIKE ANALYSIS i 

Spike 
effect 

sample analysis is designed to measure data accuracy and provide information regardtng the 
of the sample matrix on sample preparation and analysis. Accuracy is expressed as percent 

2 

3 

recovery (R) of the spike. Percent recovery of the spike is the amount of spike measured above the 
sample concentration, expressed as a percentage of the spike added. There are many factors which 

4 

5 

6 may affect measurement accuracy, and poor spike recovery is an indication of analyte measurement 
interference. 7 

Percent recovery is calculated kcording to the following equation: 8 

SSR-SR 
SA 

%R= 

where 

SSR = Measured concentration of spike sample 
SR = Measured concentration of original sample 
SA = Concentration of spike added 

Table 4-91 lists those analytes with spike recoveries that do not meet the QAPP accuracy 
requirements. 

4.3.3.1 Chemical Extraction SDike Data 
Accuracy requirements for Pestici&/PCB analysis are found in the Fernald RUFS QAPP, Table 4-2. 
Six compounds were spiked in one sample. All six cumpounds met the accuracy requirements. 

Accuracy requirements of metals analysis are 2 20 percent. One spike sample was prepared; 22 of 26 
metals analyzed were spiked. Accuracy for all metals Fcept lead (-28 percent) and silicon (174 

percent) met the QAPP requirement. The original sample was spiked with silicon and reanalyzed, and 
the silicon recovery was 1335 percent. 

Spike data were not reported for radionuclide analyses. 

4.3.32 Five-Day Static Leach SDike Data 
All three sample batches were combined for metals analysis. Twenty of the 26 metals analyzed were 
spiked, and 19 of the 20 spikes had recoveries of less than or equal to 20 percent. Selenium spike 
recovery was 125 percent. 

Spike data for radionuclide analyses were not reported. a 
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ANALYTE PERCENT 
RECOVERY (%) 

Lead -28 

Silicon 174.2 

TABLE 4-91 

Post Spike3 

SPIKE SAMPLES NOT MEETING ACCURACY REQUIREMENTS 

Silicon 133.5 

II CHEMICAL EXTRACTION 

ANALYSIS 
CATEGORY 

Metals 

ANALYSIS 
CATEGORY 

SPIKE OR SPIKE ANALYTE PERCENT 
DUPLICATES RECOVERY (96) 

Spike Selenium 125 

Spike Duplicate Nitrate 125 

Spike Cyanide 77.8 

Spike wlplrcare Cyanide 87.56 

Metals 

ANALYSIS 
CATEGORY 

Metals 

General Chemistry 

Volatile Organics 

SPIKE OR SPIKE ANALYTE PERCENT 
DUPLICATES RECOVERY (96) 

Spike Lead -339 

Selenium 237 

Silver 75.9 

Spike Ammonia 135 

Spike Duplicate Ammonia 139 

spike 2-Butanone 164 
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4.333 TCLP Analysis Spike Data 
Twenty-two o f  twenty-five metals were spiked. Two analytes, lead and selenium, exhibit severe 
measurement interference. Silver also shows signs of measurement interference. This is not unusual. 

chloride present m the sample will cause silyer to precipitate as silver chloride, resulting in low spike 
recovery. 

4.3.4 Data Percent Comvleteness 
Data percent completeness is a measure of how much of the data collected is valid. Percent 
completeness (percent C) is calculated using the following equation: 

% c= 1 * 100 n 

where 

V = Number of measurements judged valid 
n = Total number of sample measurements 

The Fernald RI/FS QAPP, Tables 4-1 through 4-3, specifies that data be 90 percent complete. 

A summary of percent completeness data is presented m Table 4-92. 

4.3.4.1 chemical Extraction Data Percent Completeness 
Four chemical extraction samples were submitted for TCLP extraction and analysis of 27 
pesticide/PCB compounds, 27 metals, and 8 radionuclides. Aliquots of the origmal samples were also 
directly analyzed for eight radionuclides. 

Of the 280 total measurements (4 x 70 measurements), 278 measurements (99.3 percent) were judged 
valid, for a completeness of 99.3 percent. 

4.3.42 FiveDay Static Leach Data Percent Comvleteness 
Eightem fwe-day static leach samples were submitted for analysis of twenty-six metals, nine general 
chemistry parameters, and eight radionuclides, for a total 774 measurements. Nine radionuclide 
measurements were not completed. AU of the remaining 765 measurements were judged valid, for a 
completeness of 98.8 percent. 

4.3.43 TCLP Analysis Data Percent Completeness 
Seventeen samples were submitted for analysis of twenty-five metals, nine general chemistry 
parameters, eight radionuclides, thirty-four volatile organics, and sixty-seven semivolatile organics, for 
a total of 2,431 measurements. Eighteen radionuclide data pomts were missing. A total of 2,377 
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~ 

ANALYSIS 
CATEGORY 

TABLE 492 

DATA COMPLETENESS SUMMARY 

~ ~~ 

TOTAL NUMBER 
OF 

MEASUREMENTS 

TASK 

General 
Chemistry 

Pesticide/ 
PCB 

Task Total 

Metals 

General 
-istry 

Radionuclides 

Task Total 

Metals 

~ 

64 62 %.9 

108 108 100 

280 278 99.3 

468 468 100 

162 162 100 

144 135 93.8 

774 765 98.8 

425 425 100 

NUMBER OF 
VALID 

MEASUREMENTS 

L 

Volatiles 

Semivolatiles 

PERCENT 
COMPLETE 

(96) 

578 578 100 

1139 737 100 

Chemical 
Extraction 

TOTAL 
PROJECT 

Five-Day 
Leach 

Task Total 2414 2377 98.5 

3468 3420 98.6 

TCLP 
Analysis 

117 
-istry 

117 
~ 

100 

118 I 86.8 I 136 I Radionuclides 

4-164 
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measurements were judged valid, for 985 percent completeness. 

4.4 ScHEDuLE/COST FOR PERFORMING THE "REATABILlTY STUDY 5 4.48 
Treatability work for OU4 was initiated in Qctober 1991 when the first cement stabilization sample 
was mixed. Treatability testing, with the exception of sample analyses and optional phase testing, was 
completed in November 1992. 

Optional phase testing started in September 1992. 

As of January 31, 1993, $1,101,816 had been paid for treatability testing. This does not include costs 

for any analytical work performed outside of the treatability laboratory. 

4.5 KEY CONTACTS FOR OU4 TREATABILITY STUDY 
The principal parties include: DOE Femald Field Office, FERMCO, and IT Corporation. 

Personnel involved in the management of the entire RI/FS include Jack R Craig, DOE Project 
Director, who is responsible fur the W S ,  and IT'S John E. Razor, who serves as Project Director and 
is responsible for the techuical content of all the RIPS consultant's documents. 

Personnel specifically involved in OU4 include Randi Allen, DOE OU4 Manager. Susan Rhyne serves 
as IT'S W S  OU4 Manager. 

The following list provides the addresses and phone numbers of the key contacts associated with the 
OU4 Treatability Study Report 

Rand Allen (DOE) 
Operable Unit 4 Manager 
U.S. Department of Energy 
P.O. Box 398705 
Cincinnati, OH 45239-8705 
(513) 738-6158 

Mr. Jack R Craig (DOE) 
Project Director 
U. S. Department of Energy 
P.O. Box 398705 
Cincinnati, OH 45239-8705 
(513) 738-6159 
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DenuisNixon(FERMC0) 
CRU Enviranmental Department Manager 
P.O. Box 398704 
Cincinnati,OH 45239 
(513) 738-6931 

Jeff Stone, (FERMCO) 
FSDAAPP Supervisor 
P.O. Box 398704 
Cincinnati, OH 45239 
(513) 738-6840 

Samuel H. Wolinsky (FERMCO) 
Senior Project Engineer 
P.O. Box 398704 
Cincinnati, OH 45239 
(513) 738-0430 

marsh all Allen^ 
Chemistry Section Manager, ETDC 
IT Corporation - Environmental Technology Development Center 
1570 Bear Creek Road 
Oak Ridge, TN 37830 
(615) 482-6492 

Edwards. AlpeIin(rr) 
Process Development Manager 
IT Corporation - Process Development Laboratory 
304 Directors Drive 
Knoxville.TN 37923 
(615) 690-3211 

CoyLauer(l") 
Laboratoly Quality Assurance mier 
IT Copration - Environmental Technology Development Center 
1570 Bear Creek Road 
Oak Ridge, TN 37830 
(615) 482-6497 

RonMitchell(l") 
Project Manager 
IT Corporation - Process Development Laboratory 
304 Directors Drive 
Knoxville,TN 37923 
(615) 690-3211 
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JohnRazorm. 
Project Director 
P.O. Box 475 
Ross, OH 45061 
(513) 738-0003 

SusanB.Rhyne(lT) 
Operable Unit 4 Manager 
312 Directors Drive 
Knoxville,TN 37923 
(615) 690-321 1 

Dr. Ernest F. Sthe, Jr. 0 
Chemistxy Section Mauager, PDL 
IT Corporation - Process Development Laboratw 
304 Directors Drive 
Knoxville, TN 37923 
(615) 690-3211 

FEhP-WTR-2 DRAFI' 
Much 31. 1993 

i; 54.48 

4-167 

11 

12 

13 

14 

15 

16 

000273 



FEMP-04TR-2 DRAFT Gl 54.48 M d  31. 1993 

REFERENCES 

dePercin, et al.. 1991, "Designing Treatability Studies for CERCLA Sites: Three Critical Issues," 
Joumal of the Air and Waste Management Assn., Vol. 41, No. 45. 

Haque, K. E., 1988, "Radium(226) Removal from a Contaminated Soil," for presentation at "Workshop 
on Extractive Tmfment of Excavated Soil," EPA, Edison. NJ. 

Looney, S. W. and Gulledge, T. R.. 1985, "Use of the Correlation Coefficient with Normal Probability 
Plots," American Statistician, Vol 36(2), pp. 75-79. 

Nuclear Regulatory Commission, 1991, "Technical Position on Waste Form (Rev. l)," prepared by 
Low-Level Waste Management Branch, Division of Low-Level Waste Management and 
Decommissioning, for the NRC Office of Nuclear Material Safety and Safeguards, Washington, DC. 

Troxell, G. E., H. E. Davis and J. W. Kelley, 1968, Comwsition and Prouetties of Concrete, 2nd Ed., 
McGraw Hill Book Co., New Yo&, NY. 

U.S. Environmental Protection Agency, 1992, "Guide for Conducting Treatability Studies under 
CERCLA," EPA/540/R-921Wla, EPA, Office of Solid Waste and Emergency Response, Washington, 
Dc. 

U.S. Environmental Protection Agency, 1991g, "Risk Assessment Guidance for Superfund, Volume I: 
Human Health Evaluation Manual, Part B, Development of Risk-Based prelirmnary Remediation 
Goals, Lnterim," Publication 9285.7-01B, EPA, Office of Emergency and Remedial Response, 
Washington, DC. a. 
U.S. Environmental Protection Agency, 1980, "Upgrading Environmental Radiation Data." EPN520iI - 
80412, prepared by Health physics Society Committee Report HPSR-1 (1980). for Office of Radiation 
Programs, Washington, DC. 

U.S. Environmental Protection Agency, 1989a, "Risk Assessment Guidance for Superfund: Human 
Health Evaluation ManuaI, Part A, Interim Final." EPA/540/1-89/002, EPA, Office of Emergency and 
Remedial Response, Washington, DC. 

U.S. Environmental Protection Agency, 1988a. "Guidance for Conducting Remedial Investigations and 
Feasibility Studies under CERCLA," EPA/540/G-89/004, EPA, Office of Emergency and Remedial 
Response, Washington, DC. 

U.S. Environmental Protection Agency, 1986~. "Hazardous Waste Management System; Identification 
and Listing of Hazardous Waste; Toxicity Qlaracteristics Revisions; Final Rule," 40 CFR 261, Federal 
Register Vol. 55, No. 61, available from the U.S. Government Printing Office, Washington, DC. 

U.S. Environmental Protection Agency, 1989b, "Risk Assessment Methodology Environmental Impact 
Statement NESHAPS for Radionuclides, Background Information Document - Volume 1," Office of 
Radiation Progmns, EPA/520/1-89-005, U.S. Environmental Protection Agency, Washington, DC. 

U.S. Environmental Protection Agency, 199la, "Health Effects Assessment Summary Tables, N - 
1991," OERR 9200.6-303(91-12 EPA, Washington, DC. 

R- 1 
000274 



FEMP-WTR-2 DRAFT L 5 4.48 March 31. 1993 

U.S. Environmental Protection Agency, July 17, 1991 ,  "Residual Sampling for K-65 Silos Sampling 
and Analysis Plan." U.S. DOE, Feed materials Production Center, Femald, OH. 

R-2 
008275 



APPENDIX A 

000277 



LABORATORY QUALIFIERs 

Organic Oualifiers 

g !j# 4.48 

U = Indicates compound was analyzed for but not detected. 

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

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

E = This flag identifies compounds whose concentrations exceed the calibration range of the G U M S  
instrument for that specific analysis. If one or more compounds had a response greater than full 
scale, the sample or extract was diluted and reanalyzed. The diluted sample is identified by a "D" 
suffix appended to the sample number. 

F = Estimated value due to a confirmed compound which is off-scale in both columns. 

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

X = A flag that FORMASTER III CLP software automatically inserts to indicate that the data was 
entered manually. ' 

NA = Analysis not performed for this analyte. 

000278 
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VALIDATION QUALIFIER CODES 

Codes related to Identification; 

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

(No Code) = Confirmed identification. 

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

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

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

Codes Related to Ouantitation: 

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

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

Codes Related to Radiochemical SamDles; 

J = Analyte present. Reported value may not be accurate or precise. Qualifier is applied where: 0 
0 
e 
e 

Calculated total uranium value is outside the acceptance limits. 
Calculated percent enrichment value is outside the acceptance limits. 
Calculated U-234 to U-238 activity is outside the acceptance limits. 

R = Result unusable. Analyte may or may not be present in the sample. Qualifier is applied where 
QC data not located or where QC data exceeds control limits. Supporting data necessary to 
confirm result. Resampling and reanalysis are necessary. 
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TABLE A-4, RADIOLOGICAL CHARACTERIZATION DATA FOR SILO 1 '-m -- 5 4.48 
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TABLE A-5, RADIOLOGICAL CHARACTERIZATION DATA FOR SILO 2 6 54.48 

100067 Silo 2/Zone C u-234 3860 640 pciR - 
100067 Silo Z o n e  C U-238 4000 670 pCiR - 
100067 Silo Z o n e  C U-2351236 158 44 pCi/L - 
100067 Silo Z o n e  C Gross Beta ' 1060000 110000 pCi/L - . 
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TABLE A-6, RADIOLOGICAL CHARACTERIZATION DATA FOR SILO 3 1' - 54.48 
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APPENDIX B 

EXPLANATION OF THE TREATABILITY CLIPPER PROGRAM 
e 54.48 

The data base package was created with Clipper Software. The data base is divided into several sets. 
These are as follows: 

0 General Sample Information - i his section contains infohation on the cement 
stabilization treatability. 

0 Chemical Extraction Data - This section contains information on the chemical extraction 
experiments. 

0 Reagent Addition Data - This section contains information on precipitation experiments. 

0 Extraction Studies Data - This section contains data on time and temperature studies and 
washing studies. 

0 Viuification General Sample Information - This section contains information on 
vitrification samples. 

General SamDle Information - Cement Stabilization 

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

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

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

0 ETDC Sample # - Each sample container that is logged into the treatability laboratory is 
assigned a unique number, even if a sample is shipped in several containers. 

0 Comment - Self explanatory. 

0 ETDC #1 throuph ETDC #8 Waste - If more than on ETDC sample is used in a sample, 
then the ETDC sample number for each is entered as appropriate. 

0 ETDC #I Flvash - If flyash is used in a sample, the ETDC number from the sample 
container is entered. 

0 ETDC #2 Flvash - If flyash from two containers is used, the second container number is 
entered. 

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

Femald #2 Waste - If two femald waste samples were used, the sample number for the 
second sample is entered. 

Femald #1 Flvash - This column lists the Femald sample numbers of the flyash used in 
the sample. 

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

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

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

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

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

MTCLP S h i ~  Date - The date on which the MTCLP extract was shipped to the analytical 
laboratory. 

- 

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

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

e TCLP S h i ~  Date - The date on which the crushed samples were shipped from the 
matability laboratory to the analytical laboratory. 

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

e P(X S h i ~  Date - Not applicable to cement stabilization. 

PCT Analysis Date - Not applicable to cement stabilization. 

e Extract Date - Not applicable to cement stabilization. 

e Static Extract Date - The date on which the 5-day static leach test is completed. 

8 Static S h i ~  Date - The date on which Sday static leachate is sent to the analytical 
laboratory. 

e Static Analysis Date - The date on which 5-day static samples were analyzed. 

e Radon E. Extract Date - Superseded by radon-7 and radon-30 extract dates. a 
FEJyOwTRIDc.997.APBm-30-93 B -2 
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Radon E. S h i ~  Date - Superseded by radon-7 and radon-30 ship dates. 

Radon E. Analvsis Date - Superseded by radon-7 and radon-30 analysis dates. 

Radon-7 Extract Date - The date on which 7day radon leaching samples are collected. 

Radon-7 S h i ~  Date - The date on which radon-7 extract samples are shipped to the 
analytical laboratory. 

Radon-7 Analvsis Date - The date on which radon-7 samples are analyzed for radon 
concenuation. - 

Radon-30 Extract Date - The date on which 30-day radon leaching samples are collected. 

Radon-30 Analvsis Date - Date 3O-day radon leach samples were analyzed. 

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

Amount of Soil - Not applicable to cement stabilization. 

Soil Orirrin - Not applicable to cement stabilization. 

T m  of Cement - Either Type I of Type I1 portland cement was used. 

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

Flvash OriPin - Site flyash from the Operable Unit 2 or commercial flyash was used in 
the treatability study. 

Amount of Flvash - The mass of flyash, in grams, used in the treatability study. 

Amount of Sodium - The mass of sodium silicate, in grams, used in the treatability 
sample. 

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

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

Amount of H20 - The amount of water, in grams, used in the sample. 

Amount of Sodium H. - Not applicable to cement stabilization. 

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

Bentonite - The amount of bentonite, in grams, used in the sample. 

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

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

B-3 000349 
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Percent Not Passine Sieve - The percentage of the raw sample that would not pass 
through the sieve. 

Temuerature of Oven - Not applicable to cement stabilization. 

Time of Samule Heating (min) - Not applicable to cement stabilization. 

FeCl, - The mass of ferrous chloride. in grams, added to the formulation. 

- BFS - The mass of blast furnace slag, in grams, added to the formulation. 

Ca(OQ - Not applicable to cement stabilization. 

Normalized Waste - To make it easier to compare the various formulations, al l  of the 
reagents were adjusted to a normalized waste quantity of 100 grams. 

Percent of H,O in Waste - Percent of raw waste that is water. 

Normalized Water - The mass of water, in grams, used for each 100 grams of waste to 
mix the samples. 

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

a a Drv Blend - The sum, in grams, of normalized cement, normalized flyash, normalid 
attapulgite, and normalized clinoptilolite, used in the sample. 

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

a Normalized Flvash - The mass of attapulgite, in grams, is used for each 100 grams of 
Waste. 

a Normalized Clinoutil - The mass of clinoptilolite. in grams, used for each 100 grams of 
Waste. 

a Normalized Soil - Not applicable to cement stabilization. 

a Normalized N. Hvdro - Not applicable to cement stabilization. 

a Normal FeCl, - The mass of ferrous chloride, in grams, used for each 100 grams of waste. 

a Normal BFS - The mass of blast furnace slag, in grams, used for each 100 grams of 
Waste. 

a Normal Bentonite - The mass of bentonite, in grams, used for each 100 grams of waste. 

a Percent of Waste - The mass of waste used to make the treatability sample divided by 

Percent of Cement - The mass of cement used to make the treatability sample. divided by 

the mass of the mixed treatability sample, multiplied by 100. 

a 

the mass of sample, multiplied by 100. 
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Percent of Flvash - The mass of flyash used to make the treatability sample, divided by 
the mass of the sample, multiplied by 100. 

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

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

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

Percent of H,O - - The mass of water added to make the treatability sample, divided by the 
mass of the sample, multiplied by 100. 

Percent of FeCl, - The mass of ferrous chloride, in grams, used for each 100 grams of 
Waste.  

Percent of BFS .- The mass of blast furnace slag, in grams. used for each 100 grams of 
Waste. 

Percent of Bentonite - The mass of bentonite, in grams, used for each 100 grams of waste. 

General DescriDtion of Waste (Before and After Mixing) - Self explanatory. 

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

Eh of Waste (mV) - The oxidatiodreduction potential, measured in millivolts, on a 
m i x m  of raw waste and water. 

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

Eh of Flvash - The oxidation/reduction potential, measured in millivolts, on a mixture of 
raw waste and water. 

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

Eh of Mixture - The oxidatioxVmiuction potential, measured in millivolts, in the same 
manner as the pH of the mixture. 

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

Flvash Moisture Content - The percent moisture in the raw flyash. 

Mixture Moisture Content - The percent moisture of the newly mixed, wet treatability 
sample. 

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

B-5 
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Time Between Mix and TemDerature Measurement - The time elapsed between 
completion of mixing sample and temperature reading. 

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

Shear Strenmh - Preliminary p m s  data in tons per square foot. 

Pocket Penet - A measurement of the penetration resistance of the sample with a pocket 
penetrometer in tons per square foot 

Gross AlDha (dDm1- The number given represents the alpha activity of radionuclides in 
disintegrations per minute in a 4 milliliter sample of MTCLP extraction fluid. The 
number has been corrected for background and counter efficiency. 

Gross Beta (dDm1- The number given represents the beta activity of radionuclides in 
disintegration per minute in a 4 milliliter sample of MTCLP extraction fluid. The number 
has been corrected for background and instrument efficiency. 

Gross AlDha bCi/L) - Gross alpha activity of MTCLP extraction fluid expressed in 
picoCuries per liter. 

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

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

- UCS - The unconfined compressive strength. in pounds per square inch, of a treatability 
sample that has cured for 28 days. 

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

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

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

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

pH of MTCLP - The pH of the MTCLP extraction fluid upon completion of the 
treatability sample extraction. 

T v ~ e  (l/Z) - Type of extraction fluid used to perform the MTCLP extraction 

Comment - Self explanatory. 

Arsenic - Concentration of arsenic, in ppm, in the h4TCLP extraction fluid. 

. F E l w u 4 ~ 9 9 7 . A m E m % 9 3  . .  
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Silver - Concentration of silver, in ppm, in the MTCLP extraction fluid. - 
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s Barium - Concentration of barium, in ppm, in the MTCLP extraction fluid. 

W ' Cadmium - Concentration of cadmium, in ppm. in the MTCLP extraction fluid. 

s Chromium - Concentration of chromium, in ppm. in the MTCLP extraction fluid. 

. - Lead - Concentration of lead, in ppm, in the MTCLP extraction fluid. 

s Selenium - Concentration of selenium, in ppn. in the MTCLP extraction fluid. 

I Chemical Extraction Data 

a Treatabilitv SamDle # - Each treatability sample is assigned a unique number. The fim 
four digits represent the laboratory notebook The next two digits represent the page in 
the notebook on which the sample formulation data is entered. The last two digits are 
used to distinguish samples when more than one are on the same page. 

s Femald SamDle #1 - If more than one Femald sample was used, the Femald sample 
number from the first waste is entered. 

Femald Samde #2 - If two Femald samples were used, the sample number for the second 
sample is entered. 

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

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

a ETDC SamDle - If waste! from two sample containers is used,'the ETDC sample 
number from the second container is entered in this column. 

s Silo Number - Waste used in the chemical extraction tests came from Silos 1 and 2. This 
column indicates which of the two. 

s Phase - the "1" indicates that the sample resulted from preliminary phase test, and an - 
"ADV" indicates advanced phase. 

s Stage - There were two stages of testing associated with the preliminary phase, and one 
with the advanced phase. 

s Batch - This is applicable only to advanced phase extractions. There were four advanced - 
phase extracted samples generated. Each was processed in four separate batches. 

W Bentonite - The mass of bentonite, in grams, added to the waste before the extractions 
were performed. 
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0 a SamDle net weight - The mass of waste, in grams, used in the extraction experiment. 

0 pH - The pH of the extraction fluid at the end of the extraction. Generally was not 
recorded. 

Acid Net Weight - The mass of acid, m grams, used for the sample. 

Extraction Fluid 1 - Two extractions were performed on some solids. The following are 
conditions for the first extraction. 

- Name - The type of acid used in the extraction experiment. - 
- Cone. - Concentration of the acid in normality, molarity, or percent. 

- Liauid/Solid Ratio - The mass of extractant liquid to mass of waste used in the 
experiment. 

- Time - The number of hours the extraction was allowed to occur. - 
- Temwrature - The temperature at which the chemical extraction was performed. 

- # of Ext. - This indicates the number of extractions that were perfomed on the 
waste. 

- H,O/Solid Ratio - The mass of rinse water to the mass of waste before it was 
extracted. 

- Temn - The temperature of the rinse water. 

0 Extraction Fluid 2 - This is the second extraction of two performed on some solids. Refer 
to extraction fluid 1 for explanation of the conditions. 

0 Lead - Not applicable - analysis not done. - 
0 Uranium - Not applicable - analysis not done. 

0 Al~ha Solid - The gross alpha activity of the extracted solids in pCi/g. 

Beta Solid - The gross beta activity of the extracted solids in pCi/g. 0 
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e Comment - Self explanatory. 

* .  Leachate 1st Extraction - From 1 to 6 extractions were performed on the waste samples. 

e Gross AlDha - The gross alpha activity of the extraction fluid in pCi/mL. 

Gross Beta - The gross beta activity of the extraction fluid in pCi/mL. 

e Lead - The concentration of lead, in ppm, in the extraction fluid. - 
e Uranium - The concentration of uranium, in ppm, in the extraction fluid. 

Leachate 2nd Extraction - Refer to Leachate 1st Extraction for explanation. 

Leachate 3rd Extraction - Refer to Leachate 1st Extraction for explanation. 

e Leachate 6th Extraction - Refer to Leachate 1st Extraction for explanation. 

Reagent Addition Data - PreciDitation Exwriments 

e Femald SamDle # - If more than one Femald sample was used, the Femald sample 
number from the first waste is entered. 

Treatability Sample # - Each treatability sample is assigned a unique number. The first 
four digits represent the laboratory notebook. The next two digits represent the page in 
the notebook on which the sample formulation data is entered. The last two digits are 
used to distinguish samples from each other when more than one are on the same page. 

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

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

Stage - This indicates Stage 1 or 2 testing. 

Test - This is a test number assigned to each experiment during the course of testing. - 

F E R I o W ~ 9 9 7 . A w 1 0 2 ~ 9 3  
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0 e Feed SamDle # - This is the sample number assigned to the spent extractant used in the 
experiment. 

0 DescriDtion - This is a description of the feed sample. 

pH Before Reagent #1 - This is the pH of the feed before addition of the first reagent. 

e Sample Wt. - The weight of the feed used in the experiment. 

SamDle densitv - Was not measured. 

0 Reapent #1 - The first reagent added to the feed. 

Conc. (96 wgt) Reagent #1 - The concentration in weight percent of the first reagent. 0 

0 Amount of Reagent #1 - The amount of liquid reagent added to the feed. 

0 Dose Reagent #1 - The dry weight of reagent in grams added per gram of liquid feed. 

0 Time of Reavent #1 - The time allowed for reagent #1 to react. 

0 Turbiditv of Reagent #1 - The turbidity of the treated sample in FRJ (formazin turbidity 
units). 

e Comments - Self explanatory. 

NOTE: The explanations for reagents #2, #3, and #4 are the same as for reagent #1. The sample weight 
for each of these refers to the sample before reagent #1 was added. 

0 ADha Solid - Not measured. 

0 Beta Solid - Not measured. 

0 ADha Liauid - Not measured. 

Beta Liauid - Not measured. 

0 Lead - The lead concentration in the precipitate in ppm. - 

B-10 
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a Uranium - The uranium concentration is the precipitate in ppm. 

Extraction Studies Data 

a Stub/  - Indicates type of test or experiment. 

a Run - A run number was assigned so that samples could be followed through the various - 
steps. For example, there are three samples with run #4. The first #4 is an EDTA 

extraction. The second #4 is a second EDTA extraction on the same silo waste. The 
third run #4 is a KCl extraction. The fourth N I ~  #4 is the residual solids left after the 
extractions were completed. 

a Fernald SamDle # - Sample number assigned at Femald 

a Book # - Laboratory notebook number. Also the first four digits in the treatability sample 
number. 

0 Pane # - Page in the notebook where infoxmation on the sample is found. Also the ftfth 
and sixth digits in the treatability sample number. 

0 Samde Number - The seventh and eighth digits in the treatability sample number. 

a Silo # - Indicates Silo 1 or Silo 2. - 
a Time The number of hours at which extraction was run. 

0 Temp - Temperature in degrees C at which extraction was run. 

# of Ext. - Number of extractions run on the sample. 0 

0 # of Fhs. - Number of water rinses. 

a Sample Size - Amount of waste material, in grams, tested. 

0 Reaction Vessel - Size and type of vessel in which extractions were performed. 

a Extract LidSolid Ratio - Weight of liquid in grams per unit weight of solid in grams. 

B-11 
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0 Rinse LidSolid Ratio - Weight of rinse water in grams per unit weight of solid (before 
it was extracted) in grams. 

Process S t e ~  - Refers to extraction number. 

e.', 

,e,. . ,  

0 DescriDtion - Self explanatory. 

0 Pb-ICP - Lead concentration by inductively coupled plasma, in ppm, of the solid waste. - - 
0 Th-ICP - Thorium concentration by inductively coupled plasma, in ppm, of the solid - 

Waste. 

0 U-ICP - Uranium concentration by inductively coupled plasma, in ppm, of the solid waste. - 
0 U-IC - Uranium concentration by ion chromatography, in ppm, of the solid waste. - 
0 Gross AlDha - Gross alpha activity in microcurie per gram of the solid waste. 

0 Gross Beta - Gross beta activity in microcurie per gram of the solid waste. 

Vitrification - General Samde Information 

0 ComD. Samde - Y indicates that the sample was a composite. 

0 Femald Sample # - See previous general sample information. 

0 Treatability SamDle # - See previous general sample information. 
\ 

0 ETDC SamDle # - See previous general sample information. 

0 Comment - Self explanatory 

Femald #1 Flvash - This column lists the Femald sample number if Femald flyash was 
used in the sample. 

0 Femald #2 Flvash - Not used. 

0 MTCLP SamDle # - Each glass was tested by two leach procedures - MTCLP and KT. 
To avoid confusion, a new sample number was assigned to the leachate. 

000358 FEREDW'IRIDC997.AmAW93 B-12 
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8 PCT SamDle ## - Refer to explanation for h4TCLP Sample #. 

SamDle melt date - The date on which the samples were melted. 8 &* O 54.48 
8 PCT mind date - Date on which samples were processed through the grinder. 

' 8  MTCLP Crush date - Date samples were crushed for MTCLP. 

8 MTCLP Extract date - Date h4TCLP extract was nm. 

8 MTCLP s h i ~  date - Date MTCLP leachate was sent for analysis. 

MTCLP analvsis date - Date MTCLP extract was analyzed. 

TCLP Crush Date - Not applicable. 

TCLP Extract Date - Not applicable. 

TCLP S h i ~  Date - Not applicable. 

0 

0 

0 

0 

8 TCLP Analvsis Date - Not applicable. 

m Ext. Start Date - Date on which PCI' leach was started. 0 

0 m Ext. Finish Date - Date PCT leach was completed. 

PCI' S h i ~  Date - Date PCT leachate was submitted for analysis. 

PCI' Analvsis Date - Date P n  leachate was analyzed. 

0 

0 

0 Radon-7 Extract Stan Date - Date radon leaching in water was started. 

Radon-7 Extract Finish Date - Date (7day radon water samples were collected. 8 

8 Radon-7 S h i ~  Date - Date 7day radon water samples were shipped. 

Radon-30 Extract Start Date - Date 30-day radon water samples were shipped. 

Radon-30 Extract Finish Date - Date 3May radon water samples were shipped. 

8 

0 

FERIoWTRIDc.997.APBAn~93 
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Radon-30 Extract Date - Date 30day radon water sample was collected. (Same as 
Radon-30 extract finish date). 

Radon-30 Ship Date - Date 3-y radon water sample were shipped. 

a 
Comment - Self explanatory. 

Amount of waste - Mass of roasted waste, in grams, waste used in sample. 

Amount of soil - Amount of soil, in grams, used in sample. 

Amount of site flyash - Amount of flyash, in grams, used & the sample. 

Amount of NaZCO, - Amount of sodium carbonate, in grams, added to the sample. 

General DescriDtion - Description of waste before and after vitrification. 

Times at temwrature ranges: 

- Amb. - 750 demees C - Time in hours taken to increase the oven temperature 
from ambient to 750 degrees C. 

- 750 denrees C - Time in hours at 750 degrees centigrade. 

- 750 degrees C - 1250 C - Time taken to increase oven temperature from 75OoC 
to 1250°C. 

1250 C - Time in hours that the sample was heated at 1250°C. - 

- 1250 C - Amb. - Time in hours that the sample was given to cool. 

Normalized Waste - The normalized waste!, in grams, was chosen to be 100 grams for 
comparison with reagents. This is not the actual amount used. 

Normalized Flyash - The amount of flyash, in grams, added for each 100 grams of 
normalized waste. 

Normalized Soil - The amount of soil, in grams, added for each 100 grams of normalized 
waste. 

B-14 
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'L 

Normalized Na. Carbonate - The amount of sodium carbonate, in grams, used for each 
100 grams of normalized waste. 

Normalized Na. Carbonate as NikO - The amount of sodium carbonate expressed as 
sodium oxide, in grams, used for each 100 grams of normalized waste. 

96 of waste - The amount of waste in the sample mixture, expressed as a percentage. 

% of flvash - The amount of flyash in the sample mixture, expressed as a percentage. 

% of soil - The amount of soil in the sample mixture, expressed as a percentage. 

% of sodium - The amount of sodium in the sample mixture, expressed as a percentage. 

PCI' Gross Aluha (dDm) - The gross alpha count of the P n  leachate expressed in 
disintegrations per minute. 

W Gross Aluha CuCi/l) - The gross alpha count of the PCI' leachate, expressed in 
picocuries per liter. 

0 p(3T Gross Beta (dum) - The gross beta count of the P n  leachate, expressed in 
disintegrations per liter. 

0 W Gross Beta CuCi/l) - The gross beta count of the P n  leachate, expressed in 
picocuries per liter. 

0 MTCLP Gross Aluha (dum) - The gross alpha count of the MTCLP leachate from this 

treatability sample, expressed in disintegrations per minute. 

0 h4TCLP Gross Aluha tuCi/l) - The gross alpha count of the h4TCLP leachate from this 
treatability sample, expressed in picocuries per liter. 

0 MTCLP Gross Aluha (dum) - The gross beta count of the MTCLP leachate from this 
. treatability sample, expressed in disintegrations per minute. 

0 MTCLP Gross Beta (Dclin) - The gross beta count of the MTCLP leachate from this 
treatability sample, expressed in picocuries per liter. 

B-15 
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PCI' uranium bum) - The amount of Uranium in the PCI' leachate, expressed in part per 
million. 

e MTCLP uranium (my - Theamount of Uranium in the MTCLP leachate from this PCI' 
treatability sample, expressed in part per million. 

0 PCI' Chloride - The amount of chloride in the Pf3 leachate sample, expressed in part per 
million. 

e PCI' Nitrate - The amount of nitrate in the PCI' leachate sample, expressed in part per 
million. 

PCT Sulfate - The amount of sulfate in the PCI' leachate sample, expressed in part per 
million. 

Moisture Content of Waste - The amount of water in the waste, expmsed as a percentage. 

Bulk Density Raw Waste - The bulk density of the raw waste, in grams per cubic 
centimeter. 

e Bulk Densitv Treated Waste - The bulk density of the vitrified waste, after reagents, in 

@a. 

Bulking Factor - The expansion factor due to the increased volume when reagents are 
added. Bulking factors for vitrification are negative, indication volume reduction. 

e Final Weight of Vitrified Material - Weight of the material, after vitrification. 

e Density of Vitrified Waste - Density of the vitrified waste, in grams per cubic centimeter. 

e Weight of glass for MTCLP - Weight of crushed glass used for the TCLP test on this 
treatability sample. 

e Weight of glass for TCLP - Weight of crushed glass used for the TCLP test on this 
treatability sample. 

Size Fraction for MTCLP - The size fraction of the crushed glass used for the MTCLP 
test on this treatability sample. 

FEWDWlR.rllc.997.AWATrM.93 B-16 
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W e i a  of dass m u n d  for RX - The weight of the glass ground up (for the PCT). 

Weipht of dass > 150 microns - The weight of ground glass with a size greater than 150 
m i m s  (after sieving). 

Weipht of dass 75-150 microns - The weight of ground glass with a size between 75 and 
150 microns (after sieving). 

Weight of  lass (15 microns - The weight of ground glass with a particle size less than 

75 microns (after sieving). 

pH of Leachate - pH of the leachate from the PCT. 

Fluoride conc. of leachate - The concentration of fluoride ions in the leachate from the 
m. 

Weight of dass and Volume of HqO - in each container for PCT - Self explanatory. 

Gross weight of dass - The gross weights (initial and final) of ground glass in each 
container. 

Comments - Self explanatory. 
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LABORATORY QUALIFlERs 

Qrganic Oualifien 

U =  

J =  

B =  

E =  

Indicates compound was analyzed for but not detected. 

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

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

This flag identifies compounds whose concentrations exceed the calibration range of the G U M S  
instrument for that specific analysis. If one or more compounds had a response greater than full 
scale, the sample or extract was diluted and reanalyzed. The diluted sample is identified by a "D" 
suffur appended to the sample number. 

F = Estimated value due to a confumed compound which is off-scale in both columns. 

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

X = A flag that FORMASTER III CLP software automatically inserts to indicate that the data was 
entered manually. 

NA = Analysis not performed for this analyte. 
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LABORATORY QUALIFIERS (Continued) 

Inorganic Oualifiers 

Concentration Oualifiers 

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

U = Indicates compound was analyzed for but not detected. 

Oualitv Oualifiers 

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

N = Spiked sample recovery not within control limits. 

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

* =  Duplicate analysis not within control limits. 

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

S = The reported value was determined by the Method of Standard Additions. 
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VALIDATION QUALIFIER CODES 

Codes related to Identification: 

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

(No Code) = Confirmed identification. 

D L  is defined as the lowest measurable quantity above that of random noise multiplied times 
a factor of two (211 

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

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

Codes Related to Ouantitation; 

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

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

Codes Related to Radiochemical SamDles; 

J = Analyte present. Reported value may not be accurate or precise. Qualifier is applied where: 0 
0 
0 
a 

Calculated total uranium value is outside the acceptance limits. 
Calculated percent enrichment value is outside the acceptance limits. 
Calculated U-234 to U-238 activity is outside the acceptance limits. 

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

J.= 

B =  

E =  

LABORATORY QUALIFIERS 

Organic Oualifiers 

Indicates compound was analyzed for but not detected. 

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

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

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

F = Estimated value due to a confirmed compound which is off-scale in both columns. 

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

X = A flag that FORMASTER III CLP software automatically inserts to indicate that the data was 
entered manually. 

NA = Analysis not performed for this analyte. 
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LABORATORY QUALIFIEW (Continued) 

Inoreanic Oualifiers 

Concentration Oualifiers 

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

U = Indicates compound was analyzed for but not detected. 

Oualitv Oualifiers 

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

N = Spiked sample recovery not within control limits. 

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

* = Duplicate analysis not within control limits. 

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

S = The reported value was determined by the Method of Standard Additions. 

c . _ =  . 1 . -. - .  . . .  
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VALIDATION QUALIFIER CODES 

Codes related to Identification: 

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

(No Code) = Confirmed identification.. 

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

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

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

Codes Related to Ouantitation: 

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

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

Codes Related to Radiochemical Samules; 

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

0 
0 
0 

Calculated total uranium value is outside the acceptance limits. 
Calculated percent enrichment value is outside the acceptance limits. 
Calculated U-234 to U-238 activity is outside the acceptance limits. 

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

J =  

B =  

E =  

LABORATORY QUALIFIERS 

Organic Oualifiers 

Indicates compound was analyzed for but not detected. 

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

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

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

F = Estimated value due to a confirmed compound which is off-scale in both columns. 

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

X = A flag that FORMASTER III CLP software automatically inserts to indicate that the data was 
entered manually. 

- 
NA = Analysis not performed for this analyte. 



. .  , . 
. . ,. 

LABORATORY QUALIFIERs (Continued) 

Inorganic Oualifiers 

Concentration Oualifiers 

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

U = Indicates compound was analyzed for but not detected. 

Oualitv Oualifiers 

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

N = Spiked sample recovery not within control limits. 

W = Postdigestion spike for furnace AA analysis is not out of control limits (85 to 11596), while 
sample absorbance is less than 50% of spike absorbance. 

* = Duplicate analysis not within control limits. 

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

S = The reported value was determined by the Method of Standard Additions. 



54.48 
VALIDATION QUALIFIER CODES 

Codes related to Identification; 

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

(No Code) = Confirmed identification. ' 

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

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

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

Codes Related to Ouantitation; 

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

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

Codes Related to Radiochemical S a m ~ l e ~ ;  

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

0 
0 
0 

Calculated total uranium value is outside the acceptance limits. 
Calculated percent enrichment value is outside the acceptance limits. 
Calculated U-234 to U-238 activity is outside the acceptance limits. 

R = Result unusable. Analyte may or may not be present in the sample. Qualifier is applied where 
QC data not located or where QC data exceeds control limits. Supporting data necessary to 

. confirm result. Resampling and reanalysis are necessary. 
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PROCEDURE FOR FLOCCULATION MINI JAR TEST 

APPLICATION 

This method is used to determine the optimum condition, Le., coagulant dosage and operation 
condition, for maximum removal or coagulation of the desired wastewater constituents. Generally, the 
selected coagulant is added to the wastewater under specified conditions, such as dosage, pH, 
temperature, etc., and then the mixture is rapidly mixed, followed by the addition of a coagulant aid 
and gentle flocculation. After determining the best coagulant and the optimum conditions of 
applications, other design parameters, such as settling properties and sludge production, should be 
determined This procedure has been modified to use small samples of 5 to 20 ml in cases of limited 
sample quantity. It uses 20 ml sample vials as reaction vessels and hand mixing or an orbital shaker 
as a mixing device. 

PROCEDURE 

1. Select coagulants and/or flocculants based on knowledge of the sample matrix. Then make 
reagent solutions at concentrations of 100 to lo00 ppm for polymers, loo0 to 10.o00 ppm for 
inorganic coagulants, and 1 to 30 percent for acid or base neutralization reagents. 

Determine the approximate minimum dosage of each coagulant for which a floc will be 
formed. This may be accomplished by adding the coagulant in 0.05 ml increments to 5 to 20 
ml of the raw wastewater and slowing mixing (by capping and inverting the vial several times) 
until the first evidence of a floc is observed. 

2. 

3. Aftex repeating Step 2 for each reagent of interest, set up multiple vials with the same amounts 
of liquid sample for comparison testing. Then set up multiple 1-ml syringes with the 
respective amounts of reagents for floc formations. Add the reagents to their respective vials . 
in as narrow a time frame as possible. 

4. Rapid-mix the samples on a orbital shaker at approximately 200 to 400 rpm for 1 to 2 
minutes, then flocculate slowly at 5 to 50 rpm for 15 minutes. The rate of flocculation should 
be slow enough that floc shear does not occur. Record the time for a visible floc to form in 
each sample, and after flocculation, shut off the shaker and allow the samples to settle. Note 
the relative depths of clear liquids in each of the vials with time. 

1 



s 54.48 
5. Determine the residual parameters of interest, e.g., TOC, color, metals, turbidity. etc., in the 

supernatant. Also measure the pH after the material has settled and use this as the pH level 
for subsequent correlation. A slow settling rate will be considered as less than 0.5 to 1 inch 
per minute. 

6. If necessary, repeat Step 3 through 5 using organic polymers. Again, record the time of 
formation of the visual floc. If polyelectrolytes are to be added, a cationic polymer should be 
added toward the end of the rapid mix. Anionic polymers should be added about the middle 
of the flocculation step. 

REFERENCE 

ASTM Method 2035-80, Standard Procedure for Coagulation-Flocculation Jar Test, 1976, Develop 
ment of Criteria for Wastewater Treatment Processes. Chapter XI, “Coagulation and Precipitation”, 
Proceedings of a Seminar Sponsored by V a n d d t  University, Nashville, TN. 
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INTERNATIONAL 
TECHNOLOGY 
CORPORATION 

ANALYTICAL 
SERVICES 

CERTIFICATE OF ANALYSIS 
a 

: 5 4.48 

Thomas Tank 
IT corporation 
312 Directors Drive 
Knoxville, TN 37923 

Hatch 22, 1990 

PROJECT HUXBER: 482331 JOB IormBER: 303317.24.05.20 

Client Projoot ID: 303317.24.05.20 (Fernald) 
D8tO R8aOiV8d L . b t  10/2 0 / 0  9 
Numbat of 8ampl88: 13 
lamp10 Typo: Silo Material 

ITAS Geotechnical Services located within the Technology Development 
Laboratory (TDL) was contracted to provide geotechnical/physical 
analytical services to support the K-65 Silo Residues and Sub-soils 
Feasibility Study Testing Plan. 
was conducted in a on-site laboratory at the Feed Materials Production 
Center (FMPC) located in Hamilton County, Ohio. 

e 
Physical testing and sample handling 

11. U v t i C a l  -olocry 

Stones; Geotextiles. Vol. 4.01). 

(not used in water content analysis) 

-REFERENCE: Annual Book of ASTn Standards. 1989. Soil and Rock: Building 

Specific Gravity ASTM D854-83 

Water Content 
Atterberg -ita 
(liquid lhlt, plasticity 
Grain Si28 
(hydrometer <0.075 mm and 
Reviewed and Approved: 

- 

AsTn D2216-80 
ASTM D4318-84 

index, classification) 

sieve analysis 20.075 mm) 
. ASTn D422-63 

Gebtechnical SeAiccs 

Amencor. Council 01 Indepcnaen: Laboratones 
lnternmonol Association 01 Envlronmenlal Testing Lnborotories 

Amencan Awcicion tor Laboratory AccrtcliIcr(i0n 
000582 
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Page 2 of 32 
Thomas .Tank 
Fernald 
Date: 3/22/90 
Client -kroject ID: 303317.24.05.20 Job Number: 303317.24.05.20 

11. w v t i c a l  ReSy)ts/Methodolouv (Continued) 

Sample Cross Reference List and Silo Sampling Results are contained in 
Appendix A. 
Results are contained in Appendix B. 
Analyses Summation List and Summary is contained in Appendix C. 

QC measures to insure accuracy and precision of test results 
included the following: 

100% verification on all numerical results - 
all raw data entries, transcriptions and calculations entered 
by lab technicians are checked, recalculated and verified by 
the geotechnical laboratory manager. 

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

Routine instrument calibration - 
all instruments, gauges and equipment used in testing is 
calibrated on a timely routine basis. All instrument 
calibration follows ASTn or manufactures guidelines. 

Xaintenance of all past calibration records - records and 
certification documents of all instruments, gauges and 
equipment are updated routinely and maintained in the 
geotechnical laboratory managers office. 

U8o o f  trained personnel for conducting tests - 
all techniclano are trained in the application of standard 
laboratory procedures for geotechnical analyses as well as the 
quality amnuance measures implemented for internal quality 
control checks . 
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Thomas Tank 1- ' I ' ,! J 

Fernald 
Date: 3/22/90 (615) 6903211 
Client Project ID: 303317.24.05.20 Job Number: 303317.24.05.20 a 

SI= NO. SAMPLE NO. MMWAY ID/ 
VERTICAL SECTION 

MATRIX 

1 
1 
1 
1 

2 
2 
2 
2 

3 
3 
3 
3 
3 

1 
2 
3 
4 

1 
2 
3 
4 

NE-1 A 
NE-1 c 
SE-2 BT 

SW-l/SE-l/NW-l COHPOSITE 

NW-1 A 
NE-2 BT 
SW-1 A 

SW-2/NW-2/NE-l COHFOSITE 

NW-1 A 
NW-1 c 
SE-1 A 
SE-1 C 

NE-1 A8c C O ~ S I T E  

K-65 
K-65 
K-65 
K-65 

K-65 
K-65 
K-65 
K-65 

METAL OXIDE 
METAL OXIDE 
mAL OXIDE 
METAL OXIDE 
METAL OXIDE 

000584 
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Client Project ID: 303317.24.05.20 Job Number: 303317.24.05.20 

* 5448 
. Date: 3/22/90 (615) 6903211 

(y 00 
O O  @@ 

0.0 I a 0 cn - c w 

L 

1 

L 



ITANAf;yRCALsmW~ 
304 DlEtEcroEcs DRIW 
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Page S of 32 
Thomas Tank *I 

Fernald 4 '  

Date: 3/22/90 (615) 6-11 1 
C l i e n t  Project I D :  303317.24.05.20 Job Number: 303317.24.05.20 

z 54.48 L '  

SILO NO: 1 MANWAY NO: NE-1 VERTICAL SECTION: A 

WATER c o m  
50.7% - 

3.19 g/cc - 
LIQUID LIMIT: 55.2 

PLASTIC LIMIT: 50.0 

PLASTICITY INDEX: 5 . 2  

us-: MH 

SIEVE SIZE/TIME DIAMETER (mm) PERCENT FINER 

SIEVE ANALYSIS: 
3.000 i n  
b.500 i n  
0.750 i n  
0.375 i n  
NO. 4 
NO. 10 
NO. 20 
NO. 4 0  
NO. 60 
NO. 1 4 0  
NO. 200 

HYDROMETER ANALYSIS 

1 min 
2 min 
5 min 

15 min 
30 min 
60 min 

240 min 
1440 min 

75.000 
37.500 
19 . 000 

9.500 
4.750 
2 . 000 
0.850 
0.425 
0.250 
0 . 106 
0.075 

0.047 
0.034 
0.022 
0.013 
0.008 
0 . 007 
0 . 003 
0.001 

100.0 
100.0 
100 . 0 
100 . 0 
100 . 0 

95 .1  
93.2 
92.6 
91.6 
80 .1  
72.7 

49.3 
46.3 
40 .1  
33.9 
27.8 
24.7 

15.4 
21.6 

000586 
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Thomas Tank 304DIEIECKlLlSDEUVE 
Fernald 
Date: 3/22/90 (615) 690-3211 
Client P r o j e c t  I D :  303317.24.05;20 Job Number: 303317.24.05.20 a 
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Page 7 of 32 
Thomas Tank 
Fernald 
Date: 3/22/90 
Client Project 

SILO NO: 1 MANWAY NO: NE-1 

WATER corn 
71.5% 

- 
S P E C I F I C  

2.74 g/cc - 
LIQUID LIMIT: 70.3 
PLASTIC LIMIT: 66.6 

VERTICAL SECTION: C 

PLASTICITY INDEX: 3 . 7  

USCS: MH 

- 
FINER 

S I E V E  ANALYSIS: 
100.0 3.000 i n  75.000 

1.500 i n  
0.750 i n  

NO. 4 4 . 750 
NO. 20 0.850 

NO. 60 0.250 

NO. 200 0.075 

37.500 100.0 
19.000 100.0 

100.0 
100.0 
97.3 
91.6 
86.7 
81.2 
72.2 
71.5 

0.375 i n  9. So0 

NO. 10 2 . 000 
NO. 40 0.425 

NO. 140 0.106 

HYDROMETER ANALYSIS 

0.042 62.1 
0.031 . 58.5 
0 . 019 56.0 
0.011 53.6 
0.008 48.7 
0.006 46.3 
0.003 41.4 

26.8 

1 min 
2 min 
5 min 
15 min 
30 min 
60 min 
240 min 
1440 min 

000588 
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Thomas Tank 
F e r n a l d  "0;; 
Date: 3/22/90 (615) 690-3211 
C l i e n t  Project I D :  3 0 3 3 1 7 . 2 4 . 0 5 . 2 0  Job Number: 3 0 3 3 1 7 . 2 4 . 0 5 . 2 0  

3 0 4 D m C K I E t S D m  54.48 K N O X V I L L E , ~  
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Page 9 of 32 
Thomas Tank 
Fernald 
D a t e :  3/22/90 (615) 690-3211 
C l i e n t  Project I D :  303317.24.05.20 Job N u m b e r :  303317.24.05.20 

'Ipp 
\ 

2 . 

S I L O  NO: 1 MANWAY NO: SE-2 VERTICAL SECTION: BT 

c o m  
31.9% - 

3.37 g/cc - 
L I Q U I D  LIMIT: N P  P L A S T I C I T Y  INDEX: NP 
P L A S T I C  LIMIT: N P  USCS: NA 
CONSISTENCY BREAK POINT (WATER CONTENT) : 38.01 

SIEVE S I Z E / T I M E  DIAMETER (mm) PERCENT FINER 

SIEVE ANALYSIS:  
3.000 i n  
1.500 in 
0.750 i n  
0.375 i n  
NO. 4 
NO. 10 
NO. 20 
NO. 40 
NO. 60 
NO. 140 
NO. 200 

HYDROMETER ANALYSIS 

1 min 
2 min 
5 min 

15 min 
30 min 
60 min 

240 min 
1440 min 

75.000 
37 SO0 
19 . 000 
9 . 500 
4.750 
2 . 000 
0.850 
0.425 
0.250 
0.106 
0.075 

0.051 
0.036 
0.023 
0.014 
0.010 
0.007 
0.003 
0.001 

100.0 
100.0 
100.0 
100.0 
100.0 
96.7 
95.1 
92.4 
83.6 
49.3 
43.9 

28.5 
23!7 
19.0 
17.4 
15.8 
15.8 
14 .2  
12.7 

. I  . . . _ :  a , , ' :  . _ . *  . '  
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Thomas Tank 
F e r n a l d  
Date: 3/22/90 
C l i e n t  Project ID: 3 0 3 3 1 7 . 2 4 . 0 5 . 2 0  

5 

Job 

448 
Number : 

' (615) 690-321 1 
3 0 3 3 1 7 . 2 4 . 0 5 . 2 0  
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304 D m C P O E  DRYVE - ENOXWLLE, TN =- 5 4.48 Page 11 of 3 2  

F e r n a l d  

Date: 3/22/90 (615) 690-3211 C l i e n t  P r o j e c t  I D :  303317.24.05.20 

tl' > ?* 
Thomas Tank f z-' .?. 

Job Number: 303317.24.05.20 

SILO NO: 1 MANWAY NO: SW-l/SE-l/NW-i VERTICAL SECTION: COMPOSITE 

LIQUID LIMIT: NP 
PLASTIC LIMIT: NP 

PLASTICITY INDEX: NP 

USCS: NA 
CONSISTENCY BREAK POINT (WATER CONTENT): 35.7% - 
SIEVE SIZE/TIME DIAMETER (-1 PERCENT FINER 

SIEVE ANALYSIS: 
3.000 i n  
1.500 in 
0.750 i n  
0.375 i n  
NO. 4 
NO. 10 
NO. 20 
NO. 40 
NO. 60 
NO. 140 
NO. 200 

75 . 000 
37.500 
19 . 000 

9.500 
4 750 
2 . 000 
0.850 
0.425 
0.250 
0.106 
0.075 

100.0 
100.0 
100.0 
100.0 
100.0 

97.2 
95.5 
92.0 
81 .1  
58.7 
54.5 

HYDROMETER ANALYSIS 

0.049 40.7 
0.035 37.6 

0.013 31.3 
0.009 28.2 
0.007 - 26.6 
0 003 2 5 . 1  
0.001 21.9 

1 m i n  
2 m i n  
5 m i n  

15 m i n  
30 m i n  
60 m i n  

240 min 
1 4 4 0  m i n  

0.022 34.5 

000592 
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Thomas Tank 
Fernald 
Date: 3/22/90 (615) 690-3231 
Client Project ID: 303317.24.05.20 Job Number: 303317.24.05.20 
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Thomas Tank 

Date: 3/22/90 (615) 6-321 1 Client Project ID: 303317.24.05.20 
Fernald e; i c .  . . KNOXVILLE. RJ 

Job Number: 303317.24.05.20 

SILO NO: ,2 MANWAY NO: NW-1 VERTICAL SECTION: A 

WATER CoNTFm 
25.92 

SPECIFIC GRAVIn 
2.87 g/cc - 

LIQUID LIMIT: NP PLASTICITY INDEX: NP 
PLASTIC LIMIT: NP USCS: NA 
CONSISTENCY BREAK POINT (WATER CONTENT): 47.69 

SIEVE SIZE/TIME DIAMETER (mm) PERCENT FINER 

SIEVE ANALYSIS: 
100.0 
100.0 

3.000 in 75.000 
1.500 in 37 . 500 
0.750 baa 
0.375 in 
NO. 4 
NO. 10 
NO. 20 
NO. 40 
NO. 60 
NO. 140 
NO. 200 

19.000 100.0 
9'. 500 100.0 
4.750 100.0 
2 . 000 93.2 
0.850 88.1 
0.425 83.0 
0 250 74.9 
0.106 45.7 
0.075 39.8 

HYDROMETER ANALYSIS 

0.050 31.0 
0.036 28.0 
0.023 25.1 
0.013 19.2 
0.010 16.2 
0.007 14.8 
0.003 11.8 
0.001 8.9 

1 min 
2 min 
5 min 
15 min 
30 min 
60 min 
240 min 
1440 min 
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Date: 3/22/90 
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SILO NO: 2 &AY NO: NE-2 VERTICAL SECTION: BT 

:.i ,: 2 *rr =- 5 448 ~OXVILLE. m F e r n a l d  > '  * - 

2 1 . 8 1  

v 
2 . 5 9  g/CC 

LIQUID LIMIT: NP PLASTICITY INDEX: NP 

PLASTIC LIMIT: NP USCS: NA 

CONSISTENCY BREAK POINT (WATER CONTENT) : 40.91 

SIEVE SIZE/TIME DIAMETER (m) PERCENT FINER 

SIEVE ANALYSIS: 
3.000 i n  
1.500 i n  
0.750 i n  
0.375 in 
NO. 4 
NO. 10 
NO. 20 
NO. 40 
NO. 60 
NO. 140 
NO. 200 

HYDROMETER ANALYSIS 

1 min 
2 min 
5 min 
15 min 
30 min 
60 min 
240 min 
1440 min 

75.000 
37 e 500 
19 . 000 
9.500 
4 . 750 
2 . 000 
0.850 
0.425 
0.250 
0.106 
0.075 

0.050 
0.036 
0.023 
0 . 014 
0.010 
0.007 
0.003 
0.001 

100.0 
100.0 
100.0 
100 . 0 
100.0 
86.3 
80.5 
69.6 
62.2 
53.1 
51.9 

36.1 
32.8 
26.3 
18.1 
11.5 
9.8 
8.2 
4.9 

Q00596 
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I t -  . i  I .  m0-s TN 

Job Number: 303317.24.05.20 

SILO NO: 2 MdNwAY NO: SW-1 VERTICAL SECTION: A 

co- 
73.59 - - 

3 . 1 1  g/cc - 
LIQUID LIMIT: NP PLASTICITY INDEX: NP 

CONSISTENCY BREAK POINT (WATER CONTENT): 79.4% 
PLASTIC LIMIT: NP USCS: NA 

SIEVE SIZE/TIME PERCENT FINER 

SIEVE ANALYSIS: 
75 . 000 100.0 
37 588 100.0 
19 . 000 100. 0 

3.000 i n  
1.500 i n  
8.958 in 
0.375 i n  9 . 500 
NO. 4 4 . 750 

NO. 20 0.850 
NO. 40 0.425 

NO. 200 0.075 

100.0 
100.0 

96.5 
89.4 
80.4 
7 3 . 1  
63.7 
63.3 

NO- 10 2 . 000 

NO. 60 0.250 
NO. 140 0.106 

HYDROMETER ANALYSIS 

0.042 48.2 
0.030 47.2 

0.011 42.5 

0.006 36.8 
0.003 34.0 

1 m i n  
2 min 
5 m i n  

15  min 
30 m i n  
60 m i n  

240 min 
1440 m i n  

0.019 45.3 

0.008 39.7 

000598 
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Y 3 5448 304DIZlECKlPSDRWE 

SILO NO: 2 MANWAY NO: SW-Z/NW-Z/NE-l VERTICAL SECTION: COMPOSITE 

LIQUID LIMIT: NP PLASTICITY INDEX: NP 
PLASTIC LIMIT: NP USCS: NA 
CONSISTENCY BREAK POINT (WATER CONTENT): 46.42 

SIEVE SIZE/TIXE DIAMETER (mm) PERCENT FINER 

SIEVE ANALYSIS: 
3.000 in 75.000 100.0 
1.500 fn 
0.750 in 
0.375 in 
NO. 4 
NO. 10 
NO. 20 
NO. 40 
NO. 60 
NO. 140 
NO. 200 

HYDROMETER ANALYSIS 

1 min 
2 min 
5 min 
15 min 
30 min 
60 min 
240 min 
1440 min 

37 . 500 
9 . 500 
4.750 
2 . 000 
0.850 
0.425 
0.250 
0.106 
0.075 

19: 000 

0 . 050 
0.036 
0.023 
0.013 
0.009 
0.007 
0.003 
0.001 

100.0 
100.0 
100.0 
100.0 
96.4 
88.9 
67.2 
57.1 
39.7 
38.1 

32.0 
30.5 
28.9 
25.9 
22.9 
19.8 
18.3 
10.7 

000600 
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Client Project ID: 303317.24.05.20 

((,L ’ * 

K N O W ,  TN r? 9 ‘.- 2 * 

Job Number: 303317.24.05.20 

SILO NO: S3 &AY NO: NW-1 VERTICAL SECTION: A 

eo- 
7.4% - - 2.35 g/cc 

LIQUID LIMIT: NP PLASTICITY INDEX: NP 
PLASTIC LIMIT: NP USCS: NA 
CONSISTENCY BREAK POINT (WATER CONTENT): 66-09 

SIEVE ANALYSIS: 
3.000 i n  
1.500 i n  
0.750 i n  
0.375 i n  

NO. 10 
NO. 20 
NO. 40 
NO. 60 

NO. 200- 

NO. 4 

NO. 140 

75.000 
37 . 5OQ 
19 . 000 

9.-500 
4.750 
2 . 000 
0.850 
0.425 
0.250 
0.106 
0.075 

100.0 
188.0 
100.0 
100.0 
100.0 
100.0 
99.7 
97.7 
96.0 
93.5 
93.2 

HYDROMETER ANALYSIS 

0.045 92 .4  
0 . 0 3 3  85.3 
0.022 67.5 

1 min 
2 min 
5 min 

15 min 
30 min 
60 min 

240 min 

0.014 3s.5 
0 . 010 35.5 
0.007 35.5 
0.004 35.5 

0 35.5 1440 min 0.001 

-kmAKoa 
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SILO NO: S3 MANWAY NO: NW-1 VERTICAL SECTION: C 

WATER CO- 

3.7% 

v - 2.08 g/cc 

LIQUID LIMIT: NP PLASTICITY INDEX: NP 

PLASTIC LIMIT: NP USCS: NA 

CONSISTENCY BREAK POINT (WATER CONTENT): 68.3% 

SIEVE SIZE/TIME DfAMfiER (=I PERCENT FINER 

.SIEVE ANALYSIS: 
3.000 i n  
1.500 i n  
0.750 i n  
0.375 i n  
NO. 4 
NO. 10 
NO. 20 
NO. 40 - 

NO. 60 
NO. 140 
NO. 200 

HYDROMETER ANALYSIS 

1 min 
2 min 
5 min 

15 min 
30 min 
60  min 

240 min 
1440 min 

75 . 000 
37 . 580 
19 . 000 

9.500 
4.750 
2 . 000 
0.850 
0.425 
0.250 
0.106 
0.675 

0.049 
0.036 
0 . 02s 
0.015 
0.011 
0.008 
0.004 
0 .001 

100.0 
fOO.0 
100.0 
100.0 
100.0 
100.0 

98.7 
98.2 
97.5 
94.6 
93.9 

93.3 
86.4 
64.5 
50.2 

- 50.2 
50.2 
50.2 
50.2 

000604 
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C l i e n t  Project I D :  303317.24.05.20 Job Number: 303317.24.05.20 a 
SILO NO: S3 MANWAY NO: SE-1 VERTICAL SECTION: A 

c o w  
10.2% 

2.58 g/CC 

LIQUID LIMIT: NP PLASTICITY INDEX: NP 
PLASTIC LIMIT: NP USCS: NA 
CONSISTENCY BREAK POINT (WATER CONTENT) : 77.7% 

S I E V E  S I Z E / T m  DIAMETER (mu) PERCENT FINER 

S I E V E  ANALYSIS: 
3.000 i n  
1.500 i n  
0.750 i n  
0.375 in 
NO. 4 
NO. 10 
NO. 20 
NO. 40 
NO. 60 
NO. 140 
NO. 200 

HYDROMETER ANALYSIS 

1 min 
2 min 
5 min 
15 mfn 
30 m h  
60 min 
240 min 
1440 min 

75.000 
37 . 500 
19 . 000 
9 . 500 
4.750 
2 . 000 
0.850 
0.425 
0.250 
0.106 
0.075 

0.043 
0.031 
0.020 
0.013 
0.010 
0 . 007 
0.003 
0.001 

100.0 
f0O.O 
100 . 0 
100.0 
100 . 0 
100.0 
97.4 
92.6 
90.8 
90.0 
90.0 

87.2 
80.0 
72.7 
29.1 
25.4 
21.8 
21.8 
21.8 
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ID:  303317.24.05.20 Job Number:  303317.24.05.20 

,.- ' 
I .  ? . 

a. 

"- 9 5 4.48 id 2 % *  

S I X )  NO: S3 MANWAY NO: SE-1 VERTICAL SECTION: C 

c o m  
6.3% - 

2.29 g/cc - 
LIQUID LIMIT: NP PLASTICITY INDEX: NP 
PLASTIC LIMIT: NP USCS: NA 
CONSISTENCY BREAK POINT (WATER CONTENT): 62.6 

S I E V E  SIXE/TIME DIAMETER (mm) PERCENT FINER 

S I E V E  ANALYSIS: 
3.000 i n  
1.500 i m  
0.750 i n  
0.375 i n  

NO. 10 
NO. 20 
NO. 4 0  
NO. 60 
NO. 140 
NO. 200 

NO. 4 

HYDROMETER ANALYSIS 

1 min, 
2 min 
5 min 

15 min 
30  min 
60 min 

240 min 
1 4 4 0  min 

75 . 000 
39 . 500 
19 . 000 

9 . 500 
4.750 
2 . 000 
0.850 
0.425 
0.250 
0.106 
0.075 

0.046 
0.033 
0 . 023 
0.014 
0 . 010 
0.007 
0 . 004 
0 . 001 

100.0 
100.0 
100.0 
100.0 
100.0 
100.0 

97.3 
94.7 
93.6 
93.0 
92.9 

9 1 . 1  . 86.0 
61.9 
37.8 
34.4 
34.4 
34.4 
34.4 

000608 
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Date: 3/22/90 (615) 6903211 
C l i e n t  Project I D :  303317.24.05.20 Job Number: 303317.24.05.20 

SILO NO: 53 MANWAY NO: NE-1 VERTICAL SECTION: COMPOSITE 

LIQUID LIMIT: NP PLASTICITY INDEX: NP 
PLASTIC LIMIT: NP US-: NA 

CONSISTENCY BREAK POINT (WATER CONTENT) : 57.58 

a SIEVE ANALYSIS: - 
3.000 i n  75.000 100.0 
1.500 i n  

0.375 i n  
0.750 h 

NO. 4 
NO. 10 
NO. 20 
NO. 40 
NO. 60 
NO. 140 
NO. 200 

HYDROMETER ANALYSIS 

1rin 
2 rin 
5 r ln  

15 min 
3 0  min . 
60 m h  
240 main 
1440 m h  

37 . 500 
19 . 000 
9.500 
4.750 
2 . 000 
0.850 
0.425 
0,250 
0.106 
0.075 

100.0 
100.0 
100.0 
100.0 
100.0 
95.1 
91.1 
89.0 
88.0  
87.8 

0.038 
0.028 
0.019 
0.012 
0.009 
0.006 
0,003 
0 . 001 

85.2 

63.9 
39.5 
36.5 
36.5 
36.5 
36.5 

. 790-1 

000610 
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Client Project ID: 303317.24.05-20 Job Number: 303317.24.05.20 

Thomas Tank -1 ' .  .*  , 2: ? I 3 CZE G 54.48 

e 
SI= NO./ WATER SPECIFIC PLASTICITY PERCENT 
MANWAY ID/ CONTENT GRAVITY INDEX/ FINER 
VERT. SEC, a g/cc BREAK POINT ( a ) *  N0.200 

1/NE-1 A 50.7 3-19 5.2 72.7 
1/NE-1 c 71.5 I 2.74 3.7 71.5 
1/SE-2 BT 31.9 3.37 NP/38,0 43.9 
1/c0MPos1TE 22-8 2.58 NP/35.7 54.5 

2/NW-l A 25.9 2-87 NP/47 6 39.8 
2/NE-2 BT 21.8 2-59 NP/40.9 51.9 
2/SW-1 A 73.5 3.11 NP/79 4 63.3 
2/COwPOSITE A 34.2 2.78 NP/46 4 39-1 

3/NW-1 A 7.4 2.35 NP/66.0 93.2 
3/NW-1 C 3.7 2 - 0 8  NP/68 . 3 93.9 
3/SE-1 A 10.2 2-50 NP/77 . 7 90-0 
3/SE-1 C 6.3 2-29 NP/62.6 92.9 
3/COMPOSfTE 3 .0  2.75 NP/s7 . 5 8 7 . 8  .m 
c - i e s r n  w - rd th. .piat- tomm htmind. 
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SUMMARY 

The results in this report for tho geotechnical analyses of K-65 
and metal oxides silos samples contain data that must be interpreted 
with certain understandings. First and foremost, the material that was 
analyzed from each of the three Sf108 was not soil or even soil-like 
material. The geotochnical protocols used (standard ASTM methods) are 
primarily for either soil or soil-like matorial. 

The silo material was primarily nonplastic (NP). However, it was 
observed during tho analysis that a definablo break in consistency was 
evident. 
between a solid-liko consistency and a fluid-liko consistency with the 
addition of a small amount of water. 
represent a physical characteristic of tho material that was not 
definable by current ASTn standards. 
the water content of tho material at this notod break in comistency and 
present it in tho data for those samples with nonplastic consistencies. 

This break in consistency was obsorvod to bo a difference 

Thi8 was considered by us to 

We therefor. decided to measure 

Anothor physical phonomena occurrod in tha particlo oizo 
distribution analysos for d l 0  3 matuial, tho mota1 oxidos. All metal 
'oxide samples eachibitod a quasi-oquilibriur in particla su8pnsion. 
data illustrato that tho particles stopped aottling out of suspension 
after 60 minutes. 
hypothetical. First, thera may havo boon a phaso separation in the 
cylinder as a result of tho typo of matorial that was boing analyzed. 
Second, thero may havo beon an incomplota dispamion of particles 
reaction that normally takes placo w i t h  tho addition of sodium 
hexametaphosphato. 
differing in its charga charactaristics as comparod to soil or soil like 
material. 

The 

Tho oxplanation of this phonomena is strictly 

This may bo a result of tho wtal oxido material 

Once again theso explanations are only hypothetical. 

. 



CERTIFICATE OF ANALYSIS 

Susan Rhyne 
IT Corporation 
312  Directors Drive 
Knoxville, TN 37923 

- 

June 2 9 ,  1992 

IT Project Number: 3 1 3 3 2 7 - 4 0 . 0 3 . 0 3  

This is the Certificate of Analysis for the folloving samples: 

Client Project ID: Fernald RI/FS, OU4 
Number of Samples: Fourteen 
Sample Type: Soil 
Date Testing Began: November 26,  1992  

I. Introduction/Case Narrative * 

Fourteen soil samples from the K-65 Fernald project were analyzed 
by IT/ETDC for analysis of grainsize distribution, moisture 
content, specific gravity, atterberg limits, one dimensional 
consolidation and standard proctor test. Physical testing was 
performed at the Westinghouse Laboratory. Geotechnical site work 
began in November, 1 9 9 1 ,  and all testing of'geotechnical parameters 
was completed in June of 1 9 9 2 .  Actual testing dates are included in 
Summary Table of Analysis Dates on pages 39 and 40 of this report.' 

Please see Appendix A, the Sample Number Cross Reference List; 
Appendix B, the Analysis Results and Summary Table of Test Dates; 
and Appendix C, the Chain of Custody and Request for Analysis 
records. 

Reviewed and Approved: 

Ralph Cole 
Laboratory Manager, Geotechnical Services 

Amencan Councll 01 lndependenl Laboralories 
International Association of Envlronmental Testing Laboralones 

Amencan Association tor Laboratory Accratalion 

IT ~ n a l y h c a l  Semlces 304 Directors Drive. Knoxville. TN 37923 (615) 690-321 1000614 WI I 89 
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11. Analvtical Results/Methodoloqy 

REFERENCES: Test Methods for Evaluating Solid Waste. Annual Book 
of ASTM Standards, Section 4, Construction, Volume 04.08, Soil and 
Rock; Dimension Stone; Geosynthetics. Soiltest Technical Bulletin. 

Moisture Content ’ 

Atterberg Limits 
Grainsize Distribution 
Specific Gravity 
One Dimensional Consolidation 
Standard Proctor 

ASTM D 2216 
ASTM D 4318 
ASTM D 422 
ASTM D 854 
ASTM D 2435 
ASTM D 6981 
STB CN-435 

111. 9ualitv Control 

Quality control checks such as duplicates and spikes (QC samples), 
are not normally applicable to geotechnical testing. This is due 
to the inability of obtaining samples with known characteristics, 
the heterogenous nature of the samples, and Quality Control 
procedures built-in to the analytical method. 

QC measures to ensure accuracy and precision of test results 
include the following: 

0 100% verification on all numerical results - all raw data 
entries, transcriptions and calculations entered by lab 
technicians are checked, recalculated and verified. Most 
data calculations are performed by computer programs. 

0 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 
outliers. 

0 Quality control procedures are built into most 
standardized geotechnical procedures. For example, many 
analyses routinely call for a re-analysis, specifying an 
acceptance criteria. 

0 Routine instrument calibration - all instruments, gauges 
and equipment used in testing is calibrated on a routine . 

basis. All instrument calibration follows ASTM or 
manufacturer guidelines. 

. .  . .  . ,  . . . . .  
6 a 2 . 3 4 9  

000615 
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0 Maintenance of all past calibration records - records and 
certification documents of all instruments, gauges and 
equipment are updated routinely and maintained in the 
Quality Control Coordinators Quality/Operations files. 

0 Use of trained personnel for conducting tests - all 
technicians are trained in the application of standard 
laboratory procedures for geotechnical analyses as well 
as the quality assurance measures implemented by IT. 

IV. Data Oualification 

Sample numbers 100053, 100054, 100055, 100068, 100069, 100070 and 
100097 were received as jar samples and represent section 
composites. Geotechnical parameters that could be performed using 
disturbed material were applied to the samples. 

Sample numbers 100090 through 100096 were received as undisturbfd 
samples in lexan tubes and represent discrete vertical sections of 
the in-place silo material. One-dimensional consolidation tests, 

. which require undisturbed material, were performed on these 
samples. Moisture content and specific gravity tests were also 
performed to aid in the consolidation calculations. 

Moisture content as defined in ASTM D 2216 is calculated by 
dividing weight of water by the weight of dry solids, and 
multiplying the result by 100. 

Standard proctor values were obtained by use of the harvard 
miniature compaction apparatus due to the inability to obtain or 
work with the quantities of sample material that would'be required 
for a standard 236 cubic centimeter volume proctor mold. 

Unit weight (density) values were obtained from prepared 
consolidation specimens. 

A small closure error is evident in the particle size distribution 
graphs due to salts contained in the samples dissolving in the soil 
suspension during the hydrometer analysis. This phenomenon is most 
noticeable in the two or three data points below the 0.075 mm 
diameter sieve. 

W 2 . 1 4 9  

000616 
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SAMPLE NUMBER REFERENCE LIST 

CLIENT SAMPLE NUMBERS 

100053 
100054 
100055 
100068 
100069 
100070 
100090 
100091  
100092 
100093 
100094 

100096 
100097 

100095 . 

c .: 1 . ,!, . .  i 
682.1- 

000618 
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I T  C o r p o r a t i o n  
C l i e n t  P r o j e c t  

. S u s a n  Rhyne 

I T  P r o j e c t  No. : 313327.40.03.03 
I D :  F e r n a l d  R I / F S ,  OU4 

448 

SAMPLE ANALYSIS RESULTS 

PROJECT NAME: F e r n a l d  K-65 USCS SYMBOL: ML 
PROJECT N O . :  313327.40.03.03 WATER CONTENT, %: 37.1 
CUST. SAMPLE NO. : 100053 LIQUID LIMIT: 37.0 
SPECIFIC GRAVITY: . 3 . 0 3 0 0  (MEASURED) PLASTICITY INDEX: 6.0  
MAXIMUM DRY DENSITY: 96.8 pcf OPTIMUM MOISTURE: 28.7 % 

SIEVE NO. 

---------- 
3.0 i n  
1 .5  i n  
0.75 i n  
0.375 i n  
NO. 4 
NO. 10 
NO. 20 
NO. 40 
NO. 60 
NO. 140 
NO. 200 

75.000 
37.500 
19.000 

9.500 
4.750 
2.000 
0.850 
0.425 
0.250 
0.106 
0.075 

PERCENT FINER 
( % I  ------------ 
100.0 

100.0 

99.4 
97 .5  
94.2 
87 .9  
78.3 
62.7 
56.9 

100.0,  

99.8 

DIAMETER 
(mm) -------- 
0.0327 
0.0241 
0.0157 

. 0.0094 
0.0068 
0.0050 
0.0036 
0.0025 
0.0011 

PERCENT FINER 
( % I  ------------- 

50.4 
45.9 
41.9 

33.4 
26.6 
24.9 
20.4 
11.9 

36.8 

000620 
W.169 
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Susan Rhyne 
IT Corporation 
Client Project ID: 
IT Project No.: 

Fernald RI/FS, OU4 
313327.40.03.03 

P a r t i c l e  Diameter. M 

0 SAMPLE M - 100053 

Ferna I d  K - 6 5  
3 1 . 5  3 1 4  3 1 8  04 010 020 nsw60 0200 

I r A N ~ ~ s E B v I c E s  

KNOXVXU, m 
304DIRECrOLlSDIUVE 

(615) 690-3211 

000621 ~ . , d p  



~ANAIlyncALsERvIcEs 

nIoxvlLLE. I N  
(615) 690-3211 

<"q C 8 Page 7 of 4 0  > r ,  
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Susan Rhyne 
IT Corporation 
Client Project ID: Fernald RI/FS, OU4 

MOISTURE 
CONTENT 

DRY 
DENSITY 

IT Pro) ect- No. : 313327.40.03 - 0 3  

26.-2 % 27.8 % 2 8 . 5  29.8 % 32.4 % 

93.6 pcf 95.2 pcf 96.6 pcf 95.0 pcf 91.7 pcf 

105 

104 

103 

102 

101 

100 

99 

c 98 

(1 97 

b 96 

9s 

94 

v 

c - 
ln 
2 
UI 
0 

Q 
0 

> 93 

92 

91 

90 

89 

88 

8 7  

86 

8 5  

MOISTURE-DENSITY R E L A T I O N S H I P  

I I I I 1 I I I I I 

I I I 1 I I I I I I 

24 26 28 30 32 34 

MOISTURE CONTENT, % 
0 CUSTOvcER SAMPLE M - 100053 

MAXIMUM DRY DENSITY: 96.8 pcf OPTIMUM MOISTURE: 28.7 'L, 

INDIVIDUAL PROCTOR POINTS: 

. . * . ; .? * t..??. r: 

. .  __ .  . ' 5  
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SAMPLE ANALYSIS RESULTS 

PROJECT NAME: F e r n a l d  K-65 USCS SYMBOL: ML 
PROJECT NO. : 313327.40.03.03 WATER CONTENT, b: 52.4 
CUST. SAMPLE NO. : 100054 LIQUID LIMIT: 49.0 
SPECIFIC GRAVITY: 3.0752 (MEASURED) PLASTICITY INDEX: 5 . 0  
MAXIMUM DRY DENSITY: 80.8 p c f  OPTIMUM MOISTURE: 4 1 . 2  % 

SIEVE N O .  

---------- 
3.0 i n  
1 . 5  i n  
0.75 i n  
0.375 i n  
NO. 4 
NO. 10 
NO. 20 
NO. 40 
NO. 60 
N O .  140 
NO. 200 

DIAMETER 

75.000 
37.500 
19.000 

9.500 
4.750 
2.000 
0.850 
0.425 
0.250 
0.106 
0.075 

PERCENT FINER 
( % I  ------------ 

100.0 

100.0 
100.0 

99.9 

95.7 
87 .8  
79.0 
70.9 
68.3 

100.0. 

9 9 . 0 ,  

DIAMETER 
(mm) -------- 
0.0283 
0.0206 
0.0136 
0.0083 
0.0059 
0.0045 
0.0033 
0.0025 
0.0010 

PERCENT FINER 
( % I  ------------- 

67.0 
60.8 
56.3 
50 .1  
44 .5  
41.6 
34.3 
28 .1  
16 .3  

000623 
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Client- Project ID: Fernald RI/FS, o u 4  
IT Project No.: 3 1 3 3 2 7 . 4 0 . 0 3 . 0 3  

(615) 690421 1 

Particle Diameter, m 
0 SAMPLE NO - 700054 

000624 682.1- 
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c 
u 
Q 

+ 
I- - 
Wl z 
w 
0 

[I 
0 

)- 

MO I STURE- DENS I T Y  RELAT I ONSH I P 

90 
89 
88 

87 

86 

85 

84 

8 3  

82 

81 

80 

7 9  

7 8  

7 7  

76 

7 5  

7 4  

7 3  

72 
7 1  

70 I I I I I I I I I 

36 38 4 0  4 2  4 5  4 6  
I I I I I I I I 

W I S T U R E  CONTENT. % 
0 CUSTOMER SAMPLE NO - 100054 

MAXIMUM DRY DENSITY: 80.8 pcf OPTIMUM MOISTURE: 41.2 % 

INDIVIDUAL PROCTOR POINTS: < 
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' f  

IT Corporation 
Client Project ID: Fernald RI/FS, OU4 
IT Project No.: 313327.40.03.03 

SAKPLE ANALYSIS RESULTS 

PROJECT NAME: Fernald K-65 USCS SYMBOL: NONPLASTIC 

CUST. SAMPLE NO. : 100055 LIQUID LIMIT: 51.0 
PROJECT NO.: 313327.40.03.03 WATER CONTENT, %: 59.8 

SPECIFIC GRAVITY: 2.9786 (MEASURED) PLASTICITY INDEX: NONPLASTIC 
MAXIMUM DRY DENSITY: 77.1  pcf OPTIMUM MOISTURE: 45.7 % 

SIEVE NO. 

3.0 in 
1.5 in 
0.75 in 
0.375 in 
NO. 4 
NO. 10 
NO. 20 
NO. 40 
NO. 60 
NO. 140 
NO. 200 

DIAMETER 
(mm) 

75.000 
37.500 
19.000 

9.500 
4.750 
2.000 
0.850 
0.425 
0.250 
0.106 
0.075 

PERCENT FINER 
(%I  ------------ 

100.0 
100 .0 ,  
100.0 
100.0 
100.0 
99.3 
94 f 1 
83.2  
72 .5  
6 2 . 1  
58.9 

DIAMETER 
(mm) -------- 
0.0228 
0.0149 
O.QO89 
0.0065 
0.0048 
0.0035 
0.0026 
0.0011 

PERCENT FINER 
(%I ------------- 

54.7 
51 .3  
46.6 
42.0 
36 .9  
31.7 
25 .9  
15 .5  
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0 SAMPLE M) - 100055 
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Susan Rhyne 

Client Project ID: Fernald RI/FS, oU4 
IT Project No. : 3 1 3 3 2 7 . 4 0 . 0 3 . 0 3  

304 DIRECrOELS DRIVE 
KNOXVILLE. M 
(615) 6-211 

June 2 9 ,  1 9 9 2  -d 
*rj% b ,  , - I  *. 

IT Corporation ,p L; I : 

MOISTURE 
CONTENT 4 2 . 5  % 45.0 % 4 5 . 2  % 4 6 . 4  % 4 6 . 9  % 4 8 . 3  % 

DRY 
DENSITY 7 4 . 3  pcf 7 6 . 4  pcf 7 6 . 3  pcf 7 6 . 7  pcf 7 5 . 7  pcf 7 4 . 0  pcf 

1 

MOISTURE-DENSITY R E L A T I O N S H I P  

85  

84 

0 3  

82 

81 

80 
79 

78 
7 7  

7 6  

75 

74 

7 3  

7 2  

7 1  

7 0  

69 

68 

67 

66 

65 I I I 1 I I I I I 

I I I I I I I I I I 

I 

4 0  42 44 4 6  48 so 

MOISTURE CONTENT, % 
0 CUSTOMER SWPLE NO - 100055 

MAXIMUM DRY DENSITY: 7 7 . 1  pcf 

INDIVIDUAL PROCTOR POINTS: 

OPTIMUM MOISTURE: 4 5 . 7  % 

000628 
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Susan Rhyne 
IT Corporation 
Client Project ID: 
IT Project No.: 

Fernald RI/FS, OU4 
313327.40.03.03 

PRI JECT M E  : 
PROJECT NO.: 
CUST. SAMPLE NO. : 
SPECIFIC GRAVITY: 
MAXIMUM DRY DENSITY: 

SAMPLE ANALYSIS RESULTS 

Fernald K-65 USCS SYMBOL: NO PL STIC 
313327.40.03.03 WATER CONTENT, % :  30.5 
100068 LIQUID LIMIT: NONPLASTIC 
3.0301 (MEASURED) PLASTICITY INDEX: NONPLASTIC 
100.6 pcf OPTIMUM MOISTURE: 23.8 % 

SIEVE NO. 

3.0 in 
1.5 in 
0.75 in 
0.375 in 
NO. 4 
NO. 10 
NO. 20 
NO. 40 
NO. 60 
NO. 140 
NO. 200 

DIAMETER 
(mm) --------- 
75.000 
37.500 
19.000 
9.500 
4.750 
2.000 
0.850 
0.425 
0.250 
0.106 
0.075 

DIAMETER 
(mm) -------- 
0.0360 
0.0266 
0.0173 
0.0103 
0.0074 
0.0053 
0.0038 
0.0028 
0.0011 

PERCENT FINER 
( % I  ------------ 
100.0 

100.0 
100.0 
99.8 
98.5 
92.7 
84.0 
72.3 
45.1 
35.2 

100.0, 

PERCENT FINER 
( % I  ------------- 

26.1 
22.2 
19.1 
16.0 
14.0 
11.3 
9.0 
7.4 
3.5 

000629 
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.t 2 . 2  KNOXVILLE. I N  
(615) 6903211 a IT Project No. : 3 1 3 3 2 7 . 4 0 . 0 3 . 0 3  

x 

..I 

K 
0 
a, 1 

D 
L 
a, 

.- 

>. 

.- 
U 

d 

C 
a, 
U 
L 
d a 

100 

90 

00 

70 

60 

50 

ao 

30 

20 

10 

0 

Ferna Id  K - 6 5  
3 1 . 5  314 318 0 4  010 020 04m60 0200 

Particle Diameter, 
0 SAMPLE M) - , -  100068 - 

000630 
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Susan Rhyne 
IT Corporation 
Client Project ID: 
IT Project No.: 

b 

Fernald RI/FS, OU4 
313327.40.03.03 

20.2 % 20.9 % 22.2 % 25.1 % 

94.1 p c f  96.2 p c f  99.1 p c f  99.9 pcf 

rrANmIcALsEBvIcEs 
304 DIEEcroE1s DRIVE 
moxvlLrx. I N  
(615) 6903211 

26.5 % 

98.5 pcf 

MOISTURE-DENSITY R E L A T I O N S H I P  I 

r DENSITY 

105 

104 

103 

102 

101 

I 0 0  

99 

98 

97 

96 

9s 

94 

9 3  

92 

9 1  

90 

89 

80 

8 7  

86 

85  

20.9 % 

MOISTURE CONTENT. % 
0 CUSTOMER SAMPLE M - 700065 

22.2 % 

' MAXIMUM DRY DENSITY: 100.6 p c f  

INDIVIDUAL PROCTOR POINTS: 

98.5 pcf 

OPTIMUM MOISTURE: 23.8 % 

I/ 

MOISTURE 
CONTENT 
MOISTURE 
CONTENT 

DRY 
DENSITY 

20.2 % 

94.1 p c f  96.2 p c f  99-1 pcf I 

25.1 % 

99.9 pcf 

: . ' E  0 00631"""" 
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SAMPLE A N A L Y S I S  RESULTS 

PROJECT NAME: Fernald K-65 U S C S  SYMBOL: MH 
PROJECT N O . :  313327.40.03.03 WATER CONTENT, % :  5 5 . 5  
CUST.  SAMPLE NO. : 100069 L I Q U I D  LIMIT: 58.0 
S P E C I F I C  GRAVITY:  2.9890 (MEASURED) P L A S T I C I T Y  INDEX: 9.0 
MAXIMUM DRY D E N S I T Y :  79.0 pcf OPTIMUM MOISTURE: 41.4 % 

S I E V E  NO. 

3.0 in. 
1.5 in 
0.75 in 
0.375 in 
NO. 4 
NO. 10 
NO.  2 0  
NO. 40 
NO. 60 
NO. 140 
NO. 200 

DIAMETER 
(mm) --------- 
75.000 
37.500 
19.000 
9.500 
4.750 
2.000 
0.850 
0.425 
0.250 
0.106 
0.075 

PERCENT F I N E R  
(%I ------------ 
100.0 
100.0 
100.0, 
100.0 
98.8 
96.0 
85.9 
74.0 
66.3 
57.6 
55.0 

DIAMETER 
(nun) -------- 
0.0332 
0.0236 
0.0153 
0.0091 
0.0066 
0.0048 
0.0035 
0.0026 
0.0011 

PERCENT F I N E R  
( % I  ------------- 

50.2 
49.7 
46.9 
43.5 
40.1 
35.6 
29.9 
25.4 
13.0 

. . 1, . t ,  : . . .  , i .. . . 
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Ferna Id  K - 6 5  
3 1 . 5  314 318 n4 x i 0  x20 04lP60 x200 

Part  l c l e  Diameter. mm 
0 SAMPLE NO - 100069 
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June 29, 1992 

MOISTURE 
CONTENT 35.8 % 38.6 % 40.6 % 42.5 % 

DRY 
DENSITY 72.6 pcf 74.9 pcf 78.4 pcf 78.0 pcf  

- _. Susan Rhyne 
IT Corporation 
Client Project ID: Fernald RI/FS, OU4 
IT Project No. : 313327.40.03.03 

44.2 % 

75.6 pcf 

I T A N ~ C A L S E R V I C E S  
304DIRECrOPSDEUVE 
KNoxvlLU, TN 
(615) 690421 1 

MOISTURE-DENSITY RELATIONSHIP 
85  

84 

83 

82 

8 7  

80 
79 

7 8  

7 7  

76 

75 

74 

7 3  

7 2  

7 1  

70 

6 9  

6 8  

6 7  

6 6  

6 5  
34 36 30 4 0  42 - -  46 

MOISTURE CONTENT. % 
IOC,>:57 - 0 CUSTOMER SAMPLE NO 

MAXIMUM DRY DENSITY: 79.0 pcf OPTIMUM MOISTURE: 41.4 % 

000634 
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Susan Rhyne 
IT Corporation 
Client Project ID: Fernald RI/FS, ou4 
IT Project No. : 313327.40.03.03 

SAMPLE ANALYSIS RESULTS 

PROJECT NAME: Fernald K-65 USCS SYMBOL: ML 
PROJECT NO.: 313327.40.03.03 WATER CONTENT, % :  38.5 
CUST. SAMPLE NO.: 100070 LIQUID LIMIT: 34.0 
SPECIFIC GRAVITY: 2.9894 (MEASURED) PLASTICITY INDEX: 4.0  
MAXIMUM DRY DENSITY: 92.7 pcf OPTIMUM MOISTURE: 30.1 % 

SIEVE NO. 

---------- 
3.0 in 
1 . 5  in 
0.75 in 
0.375 in 
NO. 4 
NO. 10 
NO. 20 
NO. 40 
NO. 60 
NO. 140 
NO. 200 

DIAMETER 
(m) 

75.000 
37.500 
19.000 

9.500 
4.750 
2.000 
0.850 
0.425 
0.250 
0.106 
0.075 

PERCENT FINER 
(%I ------------ 
100.0 

100.0 
100.0 

99.4 
98 .1  
93.8 
87.5 
79.9 
56.8 
48.2 

100.0, 

DIAMETER 
(mm) 

0.0358 
0.0263 
0.0170 
0.0100 
0.0059 
0. ooso 
0.0038 
0.0027 
0.0011 

PERCENT FINER 
( % )  ------------- 

4 1 . 2  
36 .0  
32.6 
29.2 
24.6 
22.3 
19.4 
15.4 
8.6 

6 8 1 . 1 4 9  

000635 
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12 -’ rs ,_ 5 4.48 304DIRECK)RSDRIVE 

KNOXVILLE. TN - ’  : 9  
J u n e  2 9 ,  1992 
S u s a n  FUiyne 

C l i e n t  P r o j e c t  I D :  F e r n a l d  RI/FS, OU4 
I T  C o r p o r a t i o n  (615) 690-3211 

Ferna Id  K - 6 5  
3 I. s 314 318 n4 010 020 nS(pr60 8200 

$P 

4 
L 
0 
(1, 
3 

D 

.- 

x 

kl 
- 

U 
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C 
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U 
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h* 

MOISTURE 
CONTENT 27.2 % 2 9 . 4  % 3 1 . 1  % 32.6 % 

DRY 
DENSITY 87.8 pcf 92.3 pcf 91.9 pcf 89.2 pcf 

rrANALmcALsERvIcEs 
304 DIRECTOE DRIVE 
XNoXvlLLE. TN 
(615) 6904211 

MO I STURE- DENS I T Y  RELAT I ONSH I P 

L 

u 
Q 

c 
Ln z 
UI 
0 

- 

a 
0 

99 
98 
97 
96 

95 

94 

93 

92 
91 
90 
89 
88 

07 
86 
8 5  

84 

83 

82 
81 
nn "- I I I I I I I I I I 

24 26 20 30 3, 34 

W I S T U R E  CONTENT, X 
0 CUSTOMER NO - 700070 

MAXIMUM DRY DENSITY: 9 2 . 7  pcf 

INDIVIDUAL PROCTOR POINTS: 

OPTIMUM MOISTURE: 30.1 % 

.. . 
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=- 4.48 304DIRECK)RSDBIVE 
P a g e  2 3  o f  4 0  
J u n e  29,  1 9 9 2  
S u s a n  Rhyne 
IT C o r p o r a t i o n  
C l i e n t  P r o j e c t  I D :  F e r n a l d  R I / F S ,  OU4 
I T  P r o j e c t  No.: 3 1 3 3 2 7 . 4 0 . 0 3 . 0 3  

7" 
2 :' : 3 yy :; * 

molMxLE, TN 
(615) 6904211 

SAMPLE ANALYSIS RESULTS 

PROJECT NAME: FERNALD K - 6 5  USCS SYMBOL: NOT REQUESTED 
PROJECT N O . :  3 1 3 3 2 7 8 . 4 0 . 0 3 . 0 3  WATER CONTENT, % :  5 6 . 6  
CUST. SAMPLE N O . :  1 0 0 0 9 0  LIQUID LIMIT: NOT REQUESTED 
SPECIFIC GRAVITY: 3 . 0 6 8 8  (MEASURED) PLASTICITY INDEX: NOT REQUESTED 

ONE DIMENSIONAL CONSOLIDATION RESULTS 

PRESSURE, tsf 

0 . 1 3  
0 . 2 5  
0 . 5 0  
1.00 
2 . 0 0  
4 . 0 0  
8.OC 

1 6 . 0 0  
8 . 0 0  
4 . 0 0  
2 . 0 0  
1 . 0 0  
0 . 5 0  
0 . 2 5  
0 . 1 3  

VOID -TI0 

1 . 8 2  
1 . 8 0  
1 . 7 8  
1 . 7 4  
1 . 6 9  
1 . 6 0  
1.49 
1 . 3 2  
1 . 3 3  
1 . 3 4  
1 . 3 5  
1 . 3 6  
1 . 3 6  
1 . 3 8  
1 . 3 8  

000638 
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I T  P r o j e c t  No.: 3 1 3 3 2 7 . 4 0 . 0 3 . 0 3  

1.90  

1.80 

1 70 

1 60 

1 50 

1 40 

1 30 

1 20 
10- 

ONE OIMENSIONAL CONSOLIOATION 

PRESSURE, t s f  

SAMPLE NO I00090 

a 
000639 W.149 
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I T  C o r p o r a t i o n  (615) 690-321 1 
C l i e n t  P r o j e c t  I D :  F e r n a l d  R I / F S ,  OU4 
I T  P r o j e c t  No. : 3 1 3 3 2 7 . 4 0 . 0 3 . 0 3  

S u s a n  Rhyne KNOXVILLE, TN 

SAMPLE ANALYSIS RESULTS 

PROJECT NAME: FERNALD K-65 USCS SYMBOL: NOT REQUESTED 
PROJECT NO.: 3 1 3 3 2 7 8 . 4 0 . 0 3 . 0 3  WATER CONTENT, %: 7 4 . 7  
CUST. SAMPLE N O . :  1 0 0 0 9 1  LIQUID LIMIT: NOT REQUESTED 
SPECIFIC GRAVITY: 2 . 7 8 6 4  (MEASURED) PLASTICITY I N D E X :  NOT REQUESTED 

ONE DIMENSIONAL CONSOLIDATION RESULTS 

PRESSURE. tsf 

0 . 1 3  
0 . 2 5  
0 . 5 0  
1 .00  
2 . 0 0  
4 . 0 0  
8 . 0 0  

1 6 . 0 0  
8 . 0 0  
4 . 0 0  
2 . 0 0  
1.00 
0 .50  
0 . 2 5  
0 . 1 3  

VOID RATIO 

2 . 1 6  
2 . 1 4  
2 . 1 0  
2 . 0 5  
1 . 9 6  
1 . 8 5  
1 . 7 0  
1. so 
1 . 5 1  
1.52 
1 . 5 4  
1 . 5 5  
1 . 5 6  
1 . 5 7  
1 . 5 8  

682 949 

000640 
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IT Pro] ect No. : 3 1 3 3 2 7 . 4 0 . 0 3 . 0 3  

2.20 

2 . 1 0  

2.00 

1 90 

1 EO 

1 70 

1 60 

1 50 

I 40  

ONE DIMENSIONAL CONSOLIDATION 

10- ’ 100 

PRE SSURE , t s f 

SAMPLE NO ID0091 

1:- 10’ 

000641 ~. . .  . .  
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Page 27 of 40 
June 2 9 ,  1992 i , ,  

Susan Fthyne ELNOXVILLE. TN 
IT Corporation (615) 690-321 1 
Client Project ID: Fernald RI/FS, OU4 
IT Project No. : 3 1 3 3 2 7 . 4 0 . 0 3 . 0 3  

SAMPLE ANALYSIS RESULTS 

USCS SYMBOL: NOT REQUESTED PROJECT NAME: FERNALD X-65 
PROJECT NO.: 3 1 3 3 2 7 8 . 4 0 . 0 3 . 0 3  WATER CONTENT, %: 59.8 
CUST. S w L E  NO.: 100092 LIQUID LIMIT: NOT REQUESTED 
SPECIFIC GRAVITY: 3 . 0 2 0 6  (MEASURED) PLASTICITY INDEX: NOT REQUESTED 

ONE DIMENSIONAL CONSOLIDATION RESULTS 

PRESSURE, tsf VOID RATIO 

0.13 
0.25 
0.50 
1 - 0 0  
2.00 
4.00 
8.00 

16.00 
8.00 
4.00 
2.00 
1.00 
0.50 
0.25 
0.13 

1 - 9 0  
1.87 
1.85 
1.80 
1.74 
1.69 
1.53 
1.37 
1.38 
1.39 
1.40 
1.41 
1.41 
1.43 
1.43 

000642 
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2.00 

1.90 

1 eo 

1 70 

1 40  

1 30 

ONE DIMENSIONAL CONSOLIDATION 

SAMPLE NO 100092 

10 

. ' . .  I .  
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rrANAwrIcALsERvIcEs 
304DIRECK)RSDRIVE 
RNOXVILLE. TN 

June 2 9 ,  1992 
P a g e  2 9  of 40  

Susan Rhyne 
IT C o r p o r a t i o n  (615) 690-3211 
C l i e n t  P r o j e c t  I D :  F e r n a l d  R I / F S ,  OU4 

;*j ; f- 'i - I = -  - 5 4.48 

a I T  P r o j e c t  No. : 3 1 3 3 2 7 . 4 0 . 0 3 . 0 3  

SAPIPLE ANALYSIS RESULTS 

PROJECT NAME: FERNALD K-65 USCS SYMBOL: NOT REQUESTED 
PROJECT N O . :  3 1 3 3 2 7 8 . 4 0 . 0 3 . 0 3  WATER CONTENT, %: 6 5 . 2  
CUST. SAMPLE N O . :  100093 LIQUID LIMIT: NOT REQUESTED 
SPECIFIC GRAVITY: 2 . 9 0 2 7  (MEASURED) PLASTICITY INDEX: NOT REQUESTED 

ONE DIMENSIONAL CONSOLIDATION RESULTS 

PRESSURE. tsf 

0 . 1 3  
0 . 2 5  
0 . 5 0  
1 - 0 0  
2 . 0 0  
4 . 0 0  
8 . 0 0  

1 6 . 0 0  
8 . 0 0  
4 . 0 0  
2 . 0 0  
1 - 0 0  
0 . 5 0  
0 . 2 5  
0 . 1 3  

V O I D  RATIO 

2 . 0 6  
2 . 0 5  
2 . 0 2  
1 . 9 9  
1 . 9 4  
1 . 8 8  
1 . 6 9  
1 . 5 0  
1 . 5 1  
1 . 5 2  
1 . 5 4  
1 . 5 5  
1 . 5 6  
1 . 5 6  
1 . 5 7  

000644 Mzim 
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2 10 

2.00 

1 90 

1 80 

1 70 

1 60 

1 50 

1 40  

ONE DIMENSIONAL CONSOLIDATION 

10- 100 10' 

PRESSURE, t s f  

SAMPLE NO 100093 

. .  . ..,. * ,  . . .  . . .  
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J u n e  2 9 ,  1 9 9 2  304 DIRECTORS DRIVE 
S u s a n  Fthyne 
I T  C o r p o r a t i o n  
C l i e n t  P r o j e c t  I D :  F e r n a l d  R I / F S ,  OU4 
I T  P r o j e c t  No. : 3 1 3 3 2 7 . 4 0 . 0 3 . 0 3  

(6 15) 690-32 11 

SAMPLE ANALYSIS RESULTS 

PROJECT NAME: FERNALD K-65 USCS SYMBOL: NOT REQUESTED 
PROJECT N O . :  3 1 3 3 2 7 8 . 4 0 . 0 3 . 0 3  WATER CONTENT, %: 5 7 . 0  
CUST. SAMPLE N O . :  100094 LIQUID LIMIT: NOT REQUESTED 
SPECIFIC GRAVITY: 3 . 0 8 3 7  (MEASURED) PLASTICITY INDEX: NOT REQUESTED 

ONE DIMENSIONAL CONSOLIDATION RESULTS 

PRESSURE. tsf V O I D  RATIO 

0 . 1 3  
0 . 2 5  
0 . 5 0  
1 . 0 0  
2 . 0 0  
4 . 0 0  

i 8 . 0 0  
1 6 . 0 0  

8 . 0 0  
4 . 0 0  
2 . 0 0  
1.00 
0 . 5 0  
0 . 2 5  
0 . 1 3  

2 . 0 4  
2 . 0 2  
1 . 9 7  
1 . 9 3  
1 . 8 4  
1 . 7 3  
1 . 6 0  
1 . 4 5  
1 . 4 6  
1 . 4 7  
1 . 4 8  
1 . 5 0  
1 . 5 0  
1 . 5 2  
1 . 5 2  

00064C 
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2.10 

2.00 

1.90  

1 .80  

1 70 

1 60 

1 50 

1 40  

ONE DIMENSIONAL CONSOLIDATION 

10- ' 100 10' 

PRESSURE, t s f  

SAMPLE NO 100094 

00064y'" 
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J u n e  2 9 ,  1992 - d  
Susan Rhyne KNOXVILLE. TN 
I T  C o r p o r a t i o n  (615) 690-3211 
C l i e n t  P r o j e c t  I D :  F e r n a l d  R I / F S ,  OU4 
I T  P r o j e c t  No.:  313327.40.03.03 

SAMPLE ANALYSIS RESULTS 

PROJECT NAME: FERNALD K-65 USCS SYMBOL: NOT REQUESTED 
PROJECT N O . :  3133278.40.03.03 WATER CONTENT, %: 82.2 
CUST. SAMPLE N O . :  100095 LIQUID LIMIT: NOT REQUESTED 
SPECIFIC GRAVITY: 3.2556 (MEASURED) PLASTICITY INDEX: NOT REQUESTED 

ONE DIMENSIONAL CONSOLIDATION RESULTS 

.I 
PRESSURE, tsf V O I D  RATIO 

0.13 
0.25 
0.50 
1 - 0 0  
2.00 
4.00 
8.00 

16.00 
8.00 
4.00 
2.00 
1.00 
0.50 
0.25 
0.13 

2.76 
2.73 
2.68 
2.63 
2.52 
2.38 
2.18 
1.93 
1.94 
1.96 
1.97 
1.99 
2.00 
2.02 
2.03 

682.169 

000648 
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IT Project No. : 3 1 3 3 2 7 . 4 0 . 0 3 . 0 3  

2.80  

2 . 7 0  

2 . 6 0  

2 50 

2 40 

2 30 

2 20 

2 10 

2 00 

1 90 

1 80 

ONE DIMENSIONAL CONSOLIDATION 

1 .  

, . !  
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I T  C o r p o r a t i o n  
C l i e n t  P r o j e c t  I D :  F e r n a l d  R I / F S ,  OU4 

. z  - J u n e  2 9 ,  1992 r : .  

Susan Rhyne moxvlIbLE, TN 

e I T  P r o j e c t  No.: 3 1 3 3 2 7 . 4 0 . 0 3 . 0 3  

SAMPLE ANALYSIS RESULTS 

PROJECT NAME: FERNALD K-65 USCS SYMBOL: NOT REQUESTED 

CUST. SAMPLE N O . :  100096 LIQUID LIMIT: . NOT REQUESTED 
SPECIFIC GRAVITY: 3 . 1 5 6 2  (MEASURED) PLASTICITY INDEX: NOT REQUESTED 

. PROJECT N O . :  3 1 3 3 2 7 8 . 4 0 . 0 3 . 0 3  WATER CONTENT, %: 6 4 . 6  

ONE DIMENSIONAL CONSOLIDATION RESULTS 

PRESSURE, tsf  

0 . 1 3  
0 . 2 5  
0 . 5 0  
1 . 0 0  
2.00 
4 . 0 0  
8 . 0 0  

1 6 . 0 0  
8 . 0 0  
4 . 0 0  
2 . 0 0  
1 . 0 0  
0 . 5 0  
0 . 2 5  
0 . 1 3  

V O I D  RATIO 

2 . 2 0  
2 . 1 8  
2 . 1 5  
2 . 1 1  
2 . 0 1  
1 . 9 1  
1 . 7 1  
1 . 5 5  
1 . 5 6  
1 . 5 8  
1 . 5 9  
1 . 6 0  
1 . 6 2  
1 . 6 3  
1 . 6 4  

W2.1-89 
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C l i e n t  P r o j e c t  ID: F e r n a l d  RI/FS, OU4 
I T  C o r p o r a t i o n  

I T  P r o j e c t  No. : 3 1 3 3 2 7 . 4 0 . 0 3 . 0 3  

0 - 
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a: a 

n - 
0 > 

2 . 3 0  

2 . 2 0  

2 10 

2 00 

1 90 

1 80 

1 70 

1 60 

1 50 

1 40 
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10’  10- ’ 100 10 

PRESSURE , t s f 

SAMPLE NO 100096 
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Susan Rhyne 
I T  C o r p o r a t i o n  
C l i e n t  Project I D :  Fernald R I / F S ,  OU4 

r: ) ' ;  

a I T  Project No.: 313327.40.03.03 

SAMPLE ANALYSIS RESULTS . .? ._.... 

PROJECT NAME: FERNALD -K-65 USCS SYMBOL: NONPLASTIC 
PROJECT NO.: 3133278.40.03.03 WATER CONTENT, 8: 48.9 
CUST. SAMPLE NO.: 100097 L I Q U I D  LIMIT: 46.0 
S P E C I F I C  GRAVITY: 3.0351 (MEASURED) P L A S T I C I T Y  INDEX: NONPLASTIC 

DIAMETER 
(mm) -------- 
0.0298 
0.0220 
0.0145 
0.0087 
0.0064 
0.0047 
0.0034 
0.0026 
0 .0011 

S I E V E  NO. 

---------- 
3.0 i n  
1 . 5  i n  
0 .75 i n  
0.375 i n  
NO. 4 
NO. 10 
NO. 20 
NO. 4 0  
NO. 60 
NO. 140 
NO. 200 

DIAMETER 
(mm) 

75.000 
37.500 
19.000 

9.500 
4.750 
2.000 
0.850 
0.425 
0.250 
0.106 
0.075 

PERCENT FINER 
( 0 )  ------------ 
100.0 
100.0 

100 .0  
99.7 
98.6 
94 .9  
86 .6  
77.7 
67.4 
63.7 

100 .0  

PERCENT FINER 
( 0 )  ------------- 

59.9  
55.4 
51.0 
47.0 
4 1 . 4  
35.8 
30.8 
24.6 
14 .0  

00065Z 6.32-369 
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U 
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Par t  i c i e  Diameter. nm 
10009 7 o SAMPLE NO - - 
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SAMPLE ANALYSIS DATES 

CLIENT SAMPLE MOISTURE ATTERBERG GRAIN SIZE 
DISTRIBUTION 
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SAKPLX ANALYSIS DATES CONTINUED 

CLIENT SAMPLE SPECIFIC ONE DIMENSIONAL STANDARD 
GRAVITY CONSOLIDATION PROCTOR 
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APPENDIX H 

Reagents used as additives in the Treatability Study test were zklyzed to determine the extent to 
which they were contributing to the analytical results. Sand was used as a substitute for waste m these 
tests. The analyses and results were performed under the OU2 Treatability Study. The same reagents 
were used for both OUs. 

The cement loading of these sand samples was as low as 12 percent of the waste by weight. 
Since the cement loading of the OU4 treatability samples was 27 percent or higher, the results of the 
same samples with cement loadings of less than 26 percent (Runs 2,4,6) were not considered in the 
following comparisons. 

The results of a comparison of the data to the LALs is presented in Table 4-35. Numbers greater than 

100  indicate that the LAL was exceeded. 

in order to make the comparison, the units must be the same. The analytical results h m  thorium and 
uranium in Appendix H are given as p a .  Since the uranium in the reagents would be ~tu ra l ly  
occurring, and since the weight function of U-235 is signifkant, the conversion of the LALs was made 
for the two isotopes. The weight conversion for thorium results in a number that is essentially 100 
percent Th-232, and so it is not presented isotopically. 
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APPENDIX I 

CEMENT STABILIZATION - REmDY SCREENING (PRELIMINARY PHASE) 
RESULTS AND DISCUSSION 

I. 1 .O INTRODUCI'ION 
In order to determine trends of the response variables (e.g., UCS values) as a function of the reagent 
loadings and to determine the envelope of reagents that would meet the performance criteria, Remedy 
Screening @rehinary phase) experiments were statistically designed to yield widely varying values of 
the response variables. This was accomplished by including a wide range of reagent loadings. The 
range of cement and flyash loadings varied from 26 to 68 percent as expressed as weight of reagent 
divided by wet weight of waste (w/w). The adsorbents (attapulgite and clinoptilolite) and setlstrength 
accelerator (sodium silicate) percentages ranged from 0 to 1 2  and 0 to 7 w/w percent respectively. 
Blast furnace slag and femus chloride were used in Stage III experiments. The blast furnace slag was 
added to decrease the permeability of the treated waste, provide silicates for metal retention, reduce the 

effects of sulfate on the cement, and lower rate of set Ferrous chloride was added as a reducing agent 
to control the chromium leachability in Silo 3. Details of these experiments are given in Chapter 3. 

The formulations used and the results fiom UCS, bulking factor (BF), and MTCLP are presented in 
Tables 1-1 through 1-6 for Silos 1 through 3. The units for the reagent loadings are grams of reagent 
added to each 100 g of wet weight of waste. The fm column in each table is the formulation number 
assigned to each test. The formulation number will be used in subsequent tables and graphs as an 
identification of the formula. Data for RCRA metals in the MTCLP leachates are not presented if all 
measured values were nondetectable for al l  formulations in Stages II and III. The data in these tables 
are sorted by the TS Work Plan stage number (2 and 3), cement loading, and flyash loading. In these 
tables, the Group 1 samples have attapulgite and clinoptilolite at 6 normalized percent. The Group 3 
samples use attapulgite and clinoptilolite loadings at zero or 12 percent. 

a 

The feeds for these experiments are assumed to be heterogeneous. Due to the limitations in the 
treatability laboratory radiological license, the entire sample of silo waste could not be homogenized 
together and tested in the normal proced~re applied to waste. Instead, the waste was mixed in a 
stainless steel tray on-site after collection. Then separate 100  g samples were sent to the laboratory for 
investigation. Generally, the separate 100 g samples were used for each set of tests.- Using small 
sample sizes, which were mixed individually during the Remedy Screening experiments, likely 
introduced considerable variability to the testing program. 
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1.1.1.1 Data Plots 
Most of the plot and regression analysis follows taken directly from the SYSTAT@ and SYGRAPH@ 
manuals. (Wilkinson, Leland, SYSTAT The System for Statistics Evaluation, IL: SYSTAT, hc., 
1988.) Two types of plots were used to assist in analysis of the data, Le., bar graphs and scatterplots. 
Bar graphs indicate the relative magnitude of a variable by the height of each bar. Scatterplots show 
relationships between two of three variables.. 

Data was also smoothed to assist in determining trends. Linear regression and inverse squared 

distance smoothing were used. 

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

Y = a + b X ,  

where a is a constant term and b is a slope coefiicient. e 
With inverse squared distance smoothing, the height of the Curve at a smoothing point is the weighted 
average of the Y values at X values, where the weights are the squared Euclidean distances from the 
data points to the smoothing point on the X axis. This is sometimes called Shepard's method of 
interpolation. 

1.2.0 CEMENT STABILIZATION 
The following sections discuss the measured UCS, BF, MTCLP values, effect of MTCLP pH on 
metal's leachability, the processability of the treated waste, and the effects of addition of adsorbents 
and sodium silicate on the grout mixture. 

12.1 Unconfined Compressive Strennth 
The UCS values for Silos 1 and 2 are all above the performance criteria of 500 psi except for one Silo 

. 1 sample that had cracks in it prior to analysis. The UCS values for Silo 3 ranged from about 100 psi 
to 780 psi. See Tables I-1,I-3, and 1-5 for the listing of the measured UCS values. Bar graphs of the 
UCS values for material from all three silos are presented in Figures I-1,I-2, and 1-3. The bar graphs 
are ordered by the Formulation Numbers from Tables 1-1, 1-3, and 1-5. The cement and flyash 
loadings are increasing from Formulation Numbers 1 through 15 (Silos 1 and 2) and 1 through 14 

FFRmu4'IwIRWm-m93 1-2 
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(Silo 3). The Formulation Number 6 for Silo 1 was not presented since the sample had cracks in it 
prior to analysis. A horizontal line is added to Figures 1-1.1-2, and 1-3 at 500 psi to assist in 
visualizing the number of formulations that had UCS values greater than 500 psi. 

For material from Silos 1 and 2, the UCS value was not a criterion in selection of the formulations for 
the Remedy Selection (advance phase) investigation, since the UCS values were all above 500 psi (see 
Figures 1-1 and 1-2). The selection of reagent loading to produce treated samples with UCS values 
greater than 500 psi was a criterion for the Silo 3 material (see Figure 1-3). Generally, greater than 45 
to 50 percent normalized cement loadings were required to meet the UCS requirement for Silo 3. 

The effects of flyash and cement loadings on the UCS values are illustrated in Figures I 4  through 1-9. 
The data were smoothed by using the linear and inverse regression routines. Only data for samples 
which contained adsorbents (clinoptilolite and attapulgite) normalized loading of 6 percent and which 
contained no BFs were used in these figures. For Silos 1 and 2, there are no statistically sigruficant 
trends for the UCS data as a function of cement and flyash loadings. This is the result of the 
relatively small range of UCS values observed and of the variability of the values. The variability of 
the data can probably be attributed to the heterogeneity of the waste feed. The range of UCS values 
measured for the Silo 3 waste was larger than that measured for Silos 1 and 2 waste. A general trend 
of increasing UCS with increasing cement loading was observed. There may be a small detrimental 
effect of flyash on the UCS value (see Figures 1-8 and 1-9). 

In the Stage II.I studies, formulations containing activated blast furnace slag combined with cement or 
with cement-flyash were investigated (see Tables 1-1.1-3, and 1-5). The mixtures containing blast 
furnace slag had UCS similar to the cement-flyash formulations. 

1.2.2 Bulking Factor 
The bulking factors for Silos 1 and 2 wastes were approximately equal for formulations investigated. 
In contrast, the bulking factor for Silo 3 material was normally less than half of the Silos 1 and 2 
material. See Tables 1-1.1-3, and 1-5 for the listing of the bulking factor data The BF data is 
illustrated in bar graphs (Figures 1-10 , 1-11, and 1-12). The data is ordered by Formulation Number. 

The same general trends for bulking factor were observed for the waste from the three silos. The 
bulking factor was increased by addition of all solid reagents. Typically, flyash, attapulgite, and 
clinoptilolite had larger effects on the bulking factor than cement and blast furnace slag. 

The effects of flyash and cement loadings on the bulking factor are illustrated in Figures 1-13 through 
1-18. The data were smoothed by using the linear and inverse regression routines. Only data for 
samples which contained adsorbents (clinoptilolite and attapulgite) at a normalized loading of 6 percent 
and which contained no BFS were used in these figures. The lowest bulking factors were measured 
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\ with the lowest loading of reagents. Therefore, to minimize the bulking factor, if higher cement or 
flyash loadings are required, it is preferable to increase cement loading instead of flyash. 

1.2.3 MTCLP - RCRA metals 
There were no RCRA metals' leachability concerns for the treated Silo 2 waste. There were RCRA 
metals' leachability concerns for Silos 1 and 3. The treated wastes had lead (Silo l), arsenic, and 
chromium (Silo 3) concentrations greater than one-half the TC regulatory criteria. See Tables 1-2,14,  
and 1-6 for the MTCW results for the three silos. 

Control of the leachability of arsenic and lead was achieved by using formulations with at least 43 and 
50 percent normalized cement loadings, respectively for Silos 3 and 1. Addition of BFS with cement 
or with cement-flyash to the Silo 3 wastes was also an effective treatment for arsenic. Addition of 
BFS with cement-flyash to the Silo 1 waste reduced the lead concentration to nondetectable levels. 
However, the lead concentration e x d e d  the TC regulatory criteria by a factor of three when BFS 
with only cement was used. 

The leachability of chromium was not controlled by increasing the reagent loadings. Since the Silo 3 
material was calcined, it is assumed that part of the chromium is present in the VI oxidation state. 
Compounds containing chromium (VI) are generally more soluble than those containing chromium 
(III). Therefore, a reducing agent, F q ,  was added to the waste to convert the chromium 0 to 
chromium 0. The addition of FeCb successfully lowers the solubility of chromium in the MTCLP 
tests. Also, the addition of activated blast furnace slag mixed with cement or cement-flyash reduced 

the measured chromium concentration to nondetectable values without the addition of a reducing 
agent. 

The concentration of lead in the Silo 1 MTCLP leachate exceeded the TC regulatory limit in 
approximately two-thirds of the formulations. This is illustrated in Figure 1-19. which includes a 
horizontal line at five (5)  ppm lead to indicate the TC regulatory limit for lead. Twelve of the 18 
formulations had lead concentrations greater than five ppm. 

The leachability of lead from the treated Silo 1 waste was a strong function of the final pH of the 
MTCLP leachate. When the pH of the leachate was greater than 8, the lead concentration was less 
than 1.5 ppm, normally less than 0.1 ppm. At lower pH values, the lead concentration si@icantly 
increased. This leachability trend is illustrated in Figure 1-20. The leachability of the arsenic and 
chromium from the Silo 3 waste does not appear to be a strong function of leachate pH. 

1-4 
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12.4 MTCLP - Radionuclides 
Indicators of radionuclides leachability for the MTCLP leach test include gross alpha, gross beta, and 
uranium concentrations in the MTW leachates. See Tables I-2,1-4 and 1-6 for the MTCLP results 
for the three silos. 

The uranium concentrations in the MTCLP leachate were less than 0.5 ppm for the treated Silo 1 
waste. Through interpolation of the data (see Figures 1-21 and 1-22), normalized cement loadings 
greater than 40 percent were required to minimize the uranium leachability. Analysis of the uranium 
data interpolated using the inverse smoothing routine indicates that higher flyash loading may have a 
detrimental effect on uranium leachability. The addition of BFS may have a small detrimental effect 
on uranium leachability. More data is needed to quantQ the effect of BFS. 

For Silo 2, the uranium concentration was generally less than 0.1 ppm. The data for the two samples 
with larger Uranium concentrations in the MTCLP are not depicted in Figures 1-23 and 1-24 smce they 
had adsorbent loadings other than six percent. Only data for samples which contained adsorbents 
(clinoptilolite and attapdgite) normalized loading of 6 percent and which contained no BFS were used 

in these figures. There were two values greater than 1.6 ppm. These latter two values were at the 
lower cement loadings (27 percent) and with no addition of adsorbents (attapulgite and clinoptilolite). 
The addition of BFS may have a small detrimental affect on uranium leachability. More data is 
needed to quantify the effect of BFS. 

The uranium concentrations in all but one of the MTW leachates were less than 0.3 ppm for the 
treated Silo 3 waste. There was one sample with a uranium concentration of 0.85 ppm. This sample 
contained high (1 2 percent) attapulgite with no clinoptilolite added. The high uranium may be due to 
the higher attapulgite concentration or to the heterogeneity of the waste. The effects of flyash and 
cement loadings on the uranium concentration are illustrated in Figures 1-25 and 1-26. Only data for 
samples which contained adsorbents (clinoptilolite and attapdgite) normalized loading of 6 percent and 
which contained no BFS were used in these figures. Analysis of the data interpolated by using the 
inverse smoothing routine indicates that the cement and flyash loading have little effect on the 
uranium concentration in the leachate. Addition of blast furnace slag to the reagent mixture lowered 
the uranium concentration in the MTW leachate. 

For waste from Silos 1 and 3, the gross alpha and beta are minimhd at high cement loadings (greatex 
than 50-60 normalized percent) and low flyash loadings (less than 30 normalized percent) (see Figures 
1-27 through 1-34). For Silo 2 wastes, the gross alpha and beta are minimized by using less than 40 

normalized percent cement and higher loadings of flyash (see Figures 1-35 and 1-38). 
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1-25 Processabilitv 
The processability of the treated waste was determined by measuring the shear strength, penetration 
resistance, and temperature rise when the reagents were added to the waste. With Silos 1 and 2 waste, 
the mixture had low shear strength when miied, had moderate structural integrity (penetration 
resistance at 2 hour cure time), and low temperature rise (less than or equal to 2OC). These wastes 
are considered processible. The Silo 3 waste also had reasonable shear strengths and penetration 
resistance measurements. However, there was generally at least 7% temperature rise when water was 
added to the waste. This temperature rise was likely due to the hydration of material produced in the 
calcining process. Typical materials that may be present in the calcined material and which have 
moderate heats of hydration are activated aluminum and silicon hydroxides and calcium sulfate. In 
addition, the Silo 3 waste had to be agitated during mixing to retard the rate of set. The higher 
temperature rise and more rapid rate of set do not preclude processing of the waste, but indicate that 
process controls will need to be added to control the temperature rise and rate of set. 

1.2.6 Effect of Atta~ulaite. Clinoptilolite. and Sodium Silicate 
The effects of attapulgite, choptilolite, and sodium silicate additions to the reagent mixtures are 
S- * in Table 1-7. These effects are listed for UCS, BF, and the pertinent aspects of the 
MTCLP performance. Generally, the effects of all three reagents are small or ambiguous. Notably, 
the higher loadings of the adsorbents increase the bulking factor for all three silos and decrease the 
leachability of lead in Silo 1. In the MTCLP, the gross alpha and beta values are lowered by 
increasing the sodium silicate loadings from zero to 7 percent for Silos 1 and 2 wastes. Also. the 
leachability of lead was decreased by addition of sodium silicate to the Silo 1 waste. 

1.3.0 SUMMARY 
The performance of the Remedy Screening (prelimhary phase) samples are summand * in Table 1-8 . 
Analysis of the results indicates that solidification of the waste in Silos 1 and 2 can readily achieve the 
desired UCS. Silo 3 requires higher loadings of reagents to solidify the waste since 43 percent of the 
formulations do not achieve a 500 psi UCS. For Silo 2, all formulations passed the TC regulatory 
requirements. However, stabilized samples of Silos 1 and 3 had a signficant number of failures for 
lead (Silo 1) or arsenic and chromium (Silo 3). The leachability of chromium was controlled in Stage 
III by the addition of a reducing agent (FeCb) or addition of BFS to the reagents. The table also lists 
the maximum and minimum values for Uranium and screening gross alpha and beta. Uranium was 
more leachable from the Silo 2 waste than either Silo 1 or 3 waste. The values for gross alpha and 
beta decreased in the order of Silo 1, Silo 2, and Silo 3. The two most promising formulations 
derived from the Remedy Screening (advanced phase) testing program were used in the Remedy 
Selection phase of the program. The most promising formulations had UCS values greater than 500 
psi, met the TC regulatory limits, had relatively low gross alpha and beta values in the MTCLP 
extraction fluid, and had a relatively low bullring factor. 
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1.4.0 

As explained above, the UCS values for Silos 1 and 2 were not a criteria for determining the 
formulations for the advanced phase studies. .The leachability in the MTCLP tests and the values of 
the bulking factors were used to determine the Remedy Selection (advance phase) formulations. The 
leachability of the treated Silo 1 waste was generally greater than that of the Silo 2 treated waste 
material. In order to minimke leachability of the Silo 1 waste, cement loadings greater than 50 
percent were required. In addition, the effect of blast furnace slag was promising on reducing the 
RCRA metals’ leachability of the treated waste. Choosing from the formulations presented in Table I- 
1. formulation numbers ll and 16 were selected since they had cement loadings greater than 50 
percent and relatively low bulking factors. See Tables 4-5 and 4-6 for the formulations investigated 
for each of the three zones in the three silos during the Remedy Selection (advanced phase) work. 

RECOMMENDATIONS FORMULATIONS FOR REMEDY SELECIlON (ADVANCED 
PHASE) , 

The UCS values and MTCLP leachate concentration values were evaluated for determining the 
formulations for the Remedy Selection (advanced phase) studies for Silo 3. Greater than 50 percent 
cement loadings were required to minimize leachability and obtain a 500 psi UCS value when blast 
furnace slag was not used. In addition, a reducing agent, e.g., F a .  was needed to lower the 
leachability of chromium. When blast fumace slag was added to the reagent mixture, at least 40 

percent cement loadings were needed to meet the UCS and RCRA metals’ leachability criteria. On the 
basis of these UCS and leachability requirements, foxmulation numbers 16 and 20 (see Table 1-5) were 
selected. See Tables 4-5 and 4-6 for the formulations investigated for each of the three zones in the 
three silos during the Remedy Selection (advanced phase) work. 

1-7 
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TABLE 1-8 

REMEDY SCREENING (PRELIMINARY PHASE) - CEMENT STABILIZATION 
MTCLP SUMMARY 

~ 

Percentage of Failures 

Adjusted 
Contaminant TC Levela Units silo 1 silo 2 silo 3 

As 0.43 PPm 3 0 43 

Ba 43 PPm 0 0 0 

Cd 0.43 PPm 0 0 0 

Pb 2.15 PPm 22 0 0 

Se 0.43 PPm 6 0 0 

Ag 2.15 PPm 0 0 0 

ucs 500 psi 3 3 43 

Cr 2.15 PPm 0 0 24 

V C  regulatory level assumes maximum dilution adjustment for addition of reagents to waste. 

Minimum - Maximum Values 

Contaminant Units silo 1 silo 2 silo 3 

U PPm 0.0-0.53 0.0-1.9 0.0-0.85 

Alpha d p d 4  cc 15 1 - 1365 7 1-724 0-24 

Beta d p d 4  cc 56-783 0-364 2-12 
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TABLE J -  1 

CHEMICAL EXTRACllON 
REMEDY SCREENING (PRELJMINARY PHASE) STAGE I 

Residual Solids 
Acid LiquidlSolid Cross Alpha Gross Beta 

Ratio orcw (rcw Silo Temperature Time Name Concentration 

1 

1 
1 

1 

1 

1 
1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
1 
1 

1 

1 

1 

1 

1 

80°C 
80°C 
80°C 
80°C 
80°C 
80°C 
80°C 
80°C 
80°C 
80°C 

Ambient 
Ambient 

80°C 
80°C 

Ambient 
Ambient 

80°C 
80°C 

Ambient 
Ambient 

80°C 
80°C 

2 HRS 
2 HRS 
2 H R S  
2 HRS 
2 HRS 
2 HRS 
2 HRS 
2 HRS 
2 HRS 
2 HRS 
2 HRS 
2 HRS 
2 HRS 
2 HRS 
2 HRS 
2 HRS 
2 ms 
2 HRS 
2 HRS 
2 HRS 
2 HRS 
2 HRS 

Untreated Feed 

Nitric 
HCI 

Acetic 
Nitric 
HCI 

Acetic 
Acetic 
Nitric 
HCl 

Acetic 
Nitric 
Nitric 
Nitric 
Nitric 
HCl 
HCl 
HCI 
HCI 

Acetic 
Acetic 
Acetic 
Acetic 

13N 
11.6N 
8.8N 
5.6N 
5.4N 
4.3N 
8.8N 
2.6N 
2.6N 
2 N  
13N 
13N 
13N 
2.6N 
11.6N 
11.6N 
1 l.6N 
2.6N 
8.8N 
8.8N 
8.8N 
2N 

4: 1 
4: 1 

4: 1 

4: 1 
4: 1 

4: 1 

4: 1 

4: 1 

4: 1 

4: 1 

2: 1 

4: 1 

2: 1 

2: 1 

2: 1 

4: 1 

2: 1 
2: 1 

2: 1 

4: 1 

2: 1 
2: 1 

3.700 
4.440 

7.490 
5.680 
4.000 
3.910 
4.230 
4.080 
4.430 
3.130 
3.330 
3.170 
3.940 
3.670 
3.440 
3.640 
3.060 
1.710 
1.490 

1.850 
1.280 
2.95 

1.320 
1 ,500 
2.890 
2.070 
1.160 

1.220 
1.570 
1.530 
1.550 
0.970 
1 .os0 
1.110 
1.340 
1.310 
1.250 
1.290 
1 .ow 
0.630 
0.550 
0.640 
0.430 
1.21 



TABLEJ-2 -- -I 5448 
CHEMICALEXTRACIlON 

REMEDY SCREENING (PRELIMINARY PHASE) STAGE I 

Residual Solids 
Acid IiquidlSolid Gross Alpha Grorr Beta 

Silo Temperature Time Name Concentration Ratio @CV@ W W  

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

80°C 
80°C 
80°C 
80°C 
80°C 
80°C 
80°C 
80°C 
80°C 

Ambient 
Ambient 

80°C 
80°C 

Ambient 
Ambient 

80°C 
80°C 

Ambient 

2 HRS 
2 HRS 
2 HRS 
2 HRS 
2 HRS 
2 HRS 
2 HRS 
2 HRS 
2 H R S  
2 HRS 
2 HRS 
2 H R S  
2 HRS 
2 HRS 
2 HRS 
2 H R S  
2 H R S  
2 HRS 

HCI 
Acetic 
Nitric 
HCI 

Acetic 
Acetic 
Nitric 
HCI 

Acetic 
Nitric 
Nitric 
Nitric 
Nitric 
HCI 
HCI 
HCI 
HCI 

Acetic 

1 l.6N 
8.8N 
5.6N 
5.4N 
4.3N 
8.8N 
2.6N 
2.6N 
2 N  
13N 
13N 
13N 
2.6N 
1 l.6N 
1 l.6N 
1 l.6N 
2.6N 
8.8N 

4: 1 
4: 1 

4: 1 

4: 1 

4: 1 

4: 1 

4: 1 

4: 1 

4: 1 

2: 1 

4: 1 

2: 1 

2: 1 
2: 1 

4: 1 

2: 1 

2: 1 

2: 1 

2.520 
2.660 
2.380 
2.480 
2.250 
2.650 
2.0 IO 
2.260 
1.460 
1.590 
1 .550 
1.830 
1.680 
1.810 
1.630 
1.610 
1.750 
1.720 

0.890 
0.910 
0.780 
0.880 
0.760 
0.900 

0.710 
0.740 
0.490 
0.590 
0.580 
0.670 
0.590 
0.680 
0.600 
0.580 
0.630 
0.640 

2 Ambient 2 HRS Acetic 8.8N 4: 1 1.450 0.490 
2 80°C 2 HRS Acetic 8.8N 2: 1 1.600 0.590 
2 80°C 2 HRS Acetic 2N 2: 1 1.710 0.610 
2 Untreated Feed 1.78 0.757 

a 



TABLE 5-3 'rr ? 5 4.48 
CHEMICAL EXTRACTION' 

REMEDY SCREENING (PRELIMINARY PHASE) STAGE I I  

Teal Silo Temp Time Liquid/ Extractant 1' Residual Solid8 
Sample No. No. Solid Name Conc -acts Rinses Gross 0f088 

ID Ratio # of # of Alpha(uCi/g) Beta(uCi/g) 

10321401 

10321402 

10321403 

10321404 

10321601 

-10321602 

10321603 

10321801 

10321802 

10321803 

10321405 

10321406 

10321407 

10321408 

10321604 

10321605 

10321606 

10321804 

10321805 

10321806 

1 1 80% 2HRS 4:l 

2 1 80% 2HRS 4:l 

3 1 80% 2HRS 4:l 

4 1 80% 2HRS 4:l 

ldup 1 80% 2HRS 4:l 

6 1 80% 2HRS 4:l 

7 1 80% 2HRS 411 

2dup 1 80% 2HRS 411 

3dup 1 80% 2HRS 4:l 

4dup 1 80% 2HRS 4:l 

1 2 , 86% 2HRS 4:l 

2 2 80% 2HRS 4:l 

3 2 80% 2HRS 4:l 

4 2 80% 2HRS 4:l 

ldup 2 80% 2HRS 4:l 

6 2 80% 2HRS 4:l 

7 2 80% 2HRS 4:l 

2dup 2 80% 2HRS 4:l 

3dup 2 80% 2HRS 4:l 

4dup 2 80°C 2HRS 4:l 

HCI 

Nitric 

Acetic 

Acetic 

HCI 

HCI 

HCI + CE 

Nitric 

Acetic 

Acetic 

HCI 

Nitric 

Acetic 

Acetic 

HCI 

HCI 

HCI + CI 

Nitric 

Acetic 

Acetic 

5.4N 1 

5.6N 1 

8.8N 1 

4.3N 1 

5.4N 1 

9N 1 

9N 1 

5.6N 1 

8.8N 1 

4.3N 1 

5.4N 1 

5.6N 1 

8.8N 1 

4.3N 1 

5.4N 1 

9N 1 

9N 1 

5.6N 1 

8.8N 1 

4.3N 1 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 .  

3 

3 

3 

3 

2.830 

2.270 

2.590 

2.700 

2.670 

2.950 

2.890 

2.490 

3.140 

2.71 0 

1.720 

1.500 

1.430 

1.390 

1 .570 

1.450 

1.550 

1 .SI0 

1.730 

1.530 

1.080 

0.760 

0.900 

0.890 

0.986 

1.020 

1.040 

0.920 

1 .m 
0.900 

0.61 0 

0.480 

0.450 

0.470 

0.580 

0.510 

0.530 

0.510 

0.570 

0.530 

Feedswere Silos 1 and2 1990-91 composites with20% bentonite added. 

2 Only one extracbnt was performed during remedy screening. 

. ' : . e  .... , 
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