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EXECUTIVE SUMMARY 

The study describe herein was performed by Sanford Cohen and Associates under subcontract to 
Science Applications International Corporation. This report presents the results of the treatability 
study for subsurface soils at the Maywood FUSR4P Site. Particle-size and radionuclide 
distributions were determined for seven whole-soil samples from the Maywood Site. Further 
characterization and treatability ‘studies were performed on two samples, Composites 1015 and 
1016, which were formed by selectively combining the seven individual samples. The criteria and 
methodology used for compositing the samples are given. The primary radioactive contaminants in 
the soils at the site are those appearing in the U-238 and Th-232 radioactive decay series. The 
radionuclides of particular interest, because they are most closely related to site cleanup criteria, are 
Ra-226, -II-232, and U-238. 

This trcatability study was conducted in two parts, an initial characterization study and an extended 
study with process conceptualimtion. The initial characterization was conducted by Sanford Cohen 
and Associates (SC&A) at its Southeastern Environmental Laboratory in Montgomery, Alabama. 
The second portion of the study was performed by the Center for Coals and Mineral Processing of 
Virginia Tech University in Blacksburg, Virginia, under subcontract to SC&A. This report is 
presented in two parts to reflect the division of performance. 

The primary objectives of the initial characterimtion of the samples were to: (1) determine if 
particle-size separation techniques can be effective in reducing the volume of contaminated soil, (2) 
identify any radiominerals present, (3) determine the presence and magnitude of contamination 
associated with particles of high density and ferromagnetism, and (4) determine if chemical scout 
extraction tests arc effective in reducing the volume of comaminated soil in these samples. 

Initial Chiuacmktion Study 

The results of this initial characterization study led to the following conclusions and 
recommendations: 

0 Particle-Size Separations 

Particle-size separation alone, on Composite 1015, is not capable of achieving a Total Activity 
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Ratio (TAR) of one, while achieving significant volume reduction. The TAR is defined as: 

TAR = Ra-226 + m-232 
5 ) 

where Ra-226,Th-232, and U-238 are the concentrations of the respective radionuclides in pCi/g. 
Other target goals of less than 5 and 15 pCi/g for Ra-226 and Th-232 are achievable with volume 
reductions of greater than 60% for a 200-mesh-size cut. Particle-size separation alone will not be 
effective in meeting any target goals for Composite 1016. 

0 Petrographic Analysis 

Composite 1015 is comprised of a variety of natural and antbropogenic materials. Natural rock and 
minerals constitute more than half of the particles (54 percent). Radioactive materials and materials 
suspected to contain radioactivity are believed to be present in about one-third of the sample. 
Known natural radioactive minerals are monazite and zircon that occur only in the fine sand and 
coarse silt-size fractions. The monazite averages about 0.028 percent of the soil sample and zircon 
about 0.07 percent of the soil sample. A substance that potentially could be a higher contributor to 
the radioactivity in the soil is a white, clay-like, anthropogenic thorium substance that comprises 
three percent of the soil sample. This material is believed to be a thorium orthophosphate. Coal- 
tired, clinker slag comprising about 12 percent of the sample contributes residue ash of uranium 
and/or thorium that produces radioactivity above background levels. 

Radioactive materials are believed to be contained in white glassy slag comprising four percent of 
the soil. Solid magnetic and nonmagnetic slag comprising, respectively, 7 and 13 percent of the 
soil sample, also might contain radioactivity above background levels. This material is suspected 
to be associated with the industrial manufacture of thorium and may possibly contain radioactive 
residual products. 

Composite 10 16 from Maywood is comprised of a variety of natural and anthropogenic materials. 
The natural rock and minerals comprise more than 45 percent of the soil and anthropogenic slags. 

Radioactive motite and zircon are natural minerals that are present as significant sources of 
radioactivity. Both these minerals are found only in the fine sand and coarse silt-size fractions; 
however, the monazite comprises 3.33 percent and zircon 0.82 percent of the soil sample. The 
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concentration level of these radioactive minerals suggests their presence is derived form ore 
minerals used to obtain thorium. 

A white anthropogenic thorium substance comprises 8 percent of the soil sample tested. This 
material is probably an orthophosphate derived from the industrial process to obtain thorium metal. 
It is likely one of the main contributors of radioactivity in the soil sample. 

Radioactivity is believed to be present in some of the slag materials that may be related to the 
industrial process used to manufacture thorium metal. Individual fractions of white glassy slag 
comprising 5 percent of the soil; and solid magnetic and nonmagnetic slag, comprising 2 1 percent 
of the soil sample, should be examined to determine if this material is an important source of the 
radioactivity in the soil. 

. Dense and Magnetic components 

The results of the density and magnetics scoping study show that significant amounts of the 
radioactivity in Composites 1015 and 1016 are associated with dense (>2.89 g/cc) minerals. These 

a 
results indicated that density separation in particular shows promise for the removal of beneficial 
amounts of thorium. These studies showed the need for further characterization of the radioactive 
mineral associations using SEMKRF and the need for additional laboratory studies on the 
composite samples to evaluate the potential for additional partitioning by specik gravity and 
magnetic susceptibility. The results of these studies are presented in Part II of this report. 

l Attrition 

The attrition study on Composite 1015 did not indicate significant benefit from attrition to the 
d/+100 mesh material. The results of the attrition test at 70 percent solids for Composite 1016 
indicated discemable removal of radium and thorium. The use of a vigorous washing step before 
sieving the samples prior to attrition may have been sufficient to liberate the fine material from the 
coarse thus obscuring the benefit of such liberation Any proposed process design would most 
certainly include some form of particle liberation as a precursor to any separation process. 

l Chemical Extraction 

0 

For Composite 10 15 the most effective extractant for both thorium and radium (Ra-228) was 3M 
HCl followed by 0.22M sodium hexametaphosphate, with removals of 80 and 63 percent, 
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respectively. The resulting extracted soil concentrations of Ra-226, Ra-228, and Th-232: 
respectively, were 1.27,4.48, and 1.48 pCi/g. Only 6 percent of the soil was digested during the 
extraction. 

While not as effective as 3M HClkodium hexametaphosphate, O.lM EDTA/O.SM Na,CO, removed 
62 and 24 percent of the thorium and radium, respectively. The resulting Ra-226, Ra-228, and Th- 
232 concentrations of the extracted soil were 1.63,7.31, and 2.84 pCi/g, respectively, which would 
result in a TAR of less than one. Less than two percent of the soil was solubilized in this 
extraction. 

For Composite 1016 the most effective extractant for thorium, uranium, and radium (Ra-228) was 
3M HNO,, with removals of 77,73, and 78 percent, respectively. The resulting extracted soil 
concentrations of Ra-226, U-238, and ‘B-232, respectively, were 8.5,3.4, and 25.7 pCiig (TAR = 
6.9). Approximately 6 percent of the soil was digested during the extraction. 

While not as effective as HNOj; 3M HCl followed by 0.22M sodium hexametaphosphate removed 
62,67, and 71 percent of the thorium, uranium, and radium, respectively. The resulting k-226, U- 
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238, and Th-232 concentrations of the extracted soil were 9.8,4.2, and 43.4 pCi/g (TAR = 10.7), 
respectively. 

Chemical exuation was not pursued beyond the scout testing and the remainder of the study 
concentrated on physical separation. The scout studies indicate that chemical separation, following 
an extensive optimization study, could offer remediation potential for Maywood soils. 

Extended Characterization and Process Desian Study 

The results of this extended characterization and process design study (Part II) led to the 
following additional conclusions and recommendations: 

: l Extended Petrographic Analyses 

Detailed petrographic analyses were conducted on Composite 1015 and Composite 1016 and on 
a sample collected from the Wayne FUSRAP site. In order to achieve more statistically valid 
results, some of the data from the analysis of that sample are included in this report. Scarming 
Electron Microscopy coupled with Automated Image Analysis indicated that the only radioactive 

a component observable via x-ray analysis under SEM was thorium. Thorium was found to occur 
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primarily as a monazite-type particle in the heavy mineral sands. The amount of soil 
uncontaminated by the presence of heavy mineral sands was generally found to increase as 
particle size decreased. Also, the percentage of free heavy minerals contained in each sample 
was generally found to increase with decreasing particle size. In all cases, the 100x200 mesh 
size fraction seemed to stand out as the worst in terms of heavy mineral contamination. 

In an attempt to relate the radionuclide analysis to the characterization data, the TAR was 
compared to the heavy mineral content and the thorium mineral content of each size fraction. 
The TAR was found to correlate well with the thorium mineral content. A plot of TAR versus 
thorium mineral content indicated that these soils must be cleaned to a thorium mineral content 
of less than 0.06 percent in order to achieve a TAR of 1 or less. Based on the theoretical cut-off 
limit on thorium mineral content, Composite 1015 was found to exhibit characteristics of a soil 
that would be amenable to physical separation. Composite 1016, on the other hand, appeared to 
contain far too much locked material to ever meet target criteria. 

. Laboratory Characterization Tests 

Float-sink analyses were performed on the various size fractions of the Composite 1015 and 
Composite 1016 composite soil samples. The test data confirmed the findings of the detailed 
petrographic results which indicated that remediation of Composite 1016 could not be achieved, 
although the total activity of the soil could be significantly reduced. For Composite 1015, the 
float-sink tests indicate that the largest weight percentage of the intermediate-sized soil particles 
are present in the 2.6 x 2.7 density fi-action. These particles have Th-232 and b-226 activities 
below 5 pCi/g. 

Froth flotation tests conducted on the finer size fractions of the Composite 10 15 soil indicate that 
flotation is capable of concentrating radionuclides in the froth product. For the minus 50 mesh 
flotation test, the Th-232 activity of the clean soil was reduced by 23 percent, while the 
concentrate Th-232 activity increased 63 percent. These values were changed to 20 percent and 
320 percent, respectively, for the 50x200 mesh flotation test. The concentrate obtained for tests 
conducted on -200 mesh soil showed increases of up to 170 percent in Th-232 activity. 
Additional optimization tests are recommended based on these promising results. 

. . Conceptual Flowsheet Development 

Test data obtained from the petrographic and laboratory characterization studies were used to 
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develop a conceptual flowsheet for the Maywood FUSRAP site. The flowsheet was developed 
using spreadsheet-based mass balancing and process simulation programs that were developed 
specifically for this project. For the Composite 1015 soil sample, the simulation results indicate 
that primary screening followed by hydroclassification (Circuit I) is capable of meeting a Th-232 
activity of 5 pCi/g at a soil recovery of 52 percent by weight. Adding a low-cost density 
separator (Circuit II) to reprocess the coarse underflow product from the hydroclassifier, results 
in achieving a Th-232 activity of 5 pCi/g and a soil recovery of 52 percent. However, an attempt 
to decrease the allowable Th-232 activity below 5 pCilg showed a significant decrease in soil 
recovery for the two circuits. For example, at a 4.5 pCi/g of Th-232, the soil recoveries are 25 
and 50 percent for Circuit I and Circuit II, respectively. These data indicate that operating 
Circuit I at a 5 pCi/g of Th-232 for the final product will have little margin for error. The decline 
in soil recovery is more subtle with Circuit II. Therefore, the Circuit II configuration will 
provide a “ safety-net” around the cleanup level of 5 pCi/g and is the circuit of choice. Because 
of the importance of n-232 removal in meeting the clean-up criteria, an additional series of 
optimization runs were performed in which the soil recovery was maxim&d at different levels of 
Th-232 activity. These simulation data show that only about 52 percent of the soil can be recovered 
at a Th-232 activity of 5 pCi/g. However, the mass recovery of clean soil can be increased to about 
63 percent by increasing the allowable Th-232 activity to 13.5 pCi/g. A further increase in 
allowable Th-232 activity is not technically feasible with the Circuit I or Circuit II wr&urations. 
The best operating pint for reducing the Th-232 activity while eg soil recovery would be 
to produce a clean soil with a Th-232 activity of approximately 5 to 13 pCi/g. These operating 
points would result in mass recoveries of approximately 55 and 63 percent and could be achieved 
using either Circuit I or II. 

A preliminary cost analysis was conducted to examine the ewnomic feasibility of the proposed 
circuitry. The cost analysis included an estimation of both capital and operating costs for the 
installation of processing facilities capable of treating as little as 62,100 tons and as much as 
550,845 tons of contaminated soil. For the smaller volume, the estimated cost for remediation 
varied from $198.42 to $162.48 per ton of dry feed soil depending on whether the cleanup target 
was set to 5 pCi/g or 15 pCi/g, respectively. These values represent a cost savings of more than 
$8.4 million as compared to complete excavation and disposal of soil from the Maywood site. 
For the greater tonnage of 550,845 tons, the estimated remediation cost was found to vary from 
$179.69 to $143.73 per ton of dry feed soil for the cleanup targets of 5 pCi/g or 15 pCi/g, 
respectively. In this case, a total cost savings of more than $85 million may be realized by 
combining soil treatment and disposal at the Maywood site. 

vi 



COh’TENTS 

1.0 Introduction . . . . . . . . .._..................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .._.................................. . . . . . . . . . . . . . 1 
1.1 Site Background. . . . . .._........................................ 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

PART I: INITIAL CHARACTERIZATION 

2.0 Experimental . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
2.1 

2.2 

2.3 
2.4 

2.5 
2.6 

Analyses ............................................................................................................... 3 
2.1-l Gamma Spectrometry ............................................................................... .3 
2.1.2 Alpha Spectrometry .................................................................................. .3 
Particle-Size Analysis .......................................................................................... 3 
2.2.1 Sample Preparation .................................................................................... 3 
2.2.2 Vigorous Wash ........................................................................................... 4 
2.2.3 Wet Sieving ........................... ...: ................................................................. 4 
2.2.4 Wash Water ................................................................................................ 4 
Formation of Composites 1015 and 1016.. .......................................................... 5 
Petrographic Study ............................................................................................... 11 
2.3.1 Procedure ................................................................................................... 11 
Attrition Study ..................................................................................................... 12 
Scout Chemical Extractions ................................................................................. 13 
2.6.1 Sample Preparation .................................................................................... 13 
2.6.2 Chemical Extraction ................................................................................... 13 

3.0 Results and Discussion ................................... ; ................................................................ 15 
3.1 Particle-Size Distributions ................................................................................... 15 

3.1.1 Individual Samples ..................................................................................... 15 
3.1.2 Composite 1015 ........................................................................................ .15 
3.1.3 Composite 1016 ......................................................................................... 17 

3.2 Radionuclide Distributions .................................................................................. 17 
3.2.1 Individual Samples ..................................................................................... 19 
3.2.2 Composite 1015 ......................................................................................... 21 
3.2.3 Composite 1016 ......................................................................................... 24 

3.3 Petrographic Study ............................................................................................... 27 
3.3.1 Composite 1015 ........................................................................................ .27 

3.3.1.1 Rock Particles ............................................................................. 27 
3.3.1.2 Minerals ...................................................................................... 28 
3.3.1.3 Anthropogenic Materials ........................................................... -30 
3.3.1.4 summary.. ................................................................................... 31 

3.3.2 Composite 1016 ......................................................................................... 32 
3.3.2.1 Rock Particles ............................................................................. 32 
3.3.2.2 Minerals ...................................................................................... 33 
3.3.2.3 Anthropogenic Materials ............................................................ 35 
3.3.2.4 Summary ..................................................................................... 36 

vii 



3.3.3 Density and Magnetic Separation. ............................................................. 37 
3.4 Attrition Study .................................................................................................... .39 

3.4.1 Composite 1015 ......................................................................................... 39 
3.4.2 Composite 1016.. ...................................................................................... .39 

3.5 Chemical Extraction ............................................................................................. 41 
3.5.1 Composite 1015 ......................................................................................... 41 
3.5.2 Composite 1016.. ....................................................................................... 43 

PART 11: EXTENDED CHARACTERIZATION AND PROCESS DESIGN 

4.0 Extended Characterization - SEM Analyses .................................................................... 47 
4.1 Background ............................................................... .47 .......................................... 
4.2 Experimental Procedure ....................................................................................... 47 
4.3 Results and Discussion ....................................................................................... .50 
4.4 Conclusions.. ........................................................................................................ 70 

5.0 Extended C~&rizatkm - L~&&ny Tests.. .............................................................. .73 
5.1 In&&t&n to L&cratory Testing.. ................................................................... .i’3 

5.1.1 De&y &xmd.ration .............................................................................. .73 
5.1.2 Froth IWation .......................................................................................... .75 

5.2 Experimental ........................................................................................................ 80 
5.2.1 Float-Sink Analysis .................................................................................... 80 
5.2.2 Flotation Tests ............................................................................................ 80 

5.3 Results and Discussion ........................................................................................ 84 
5.3.1 Float-Sink Analysis 84 ..................... . .............................................................. 
5.3.2 Flotation Tests ............................................................................................ 85 

5.4 Conclusions ............................................................................................... ........... 92 
5.4.1 Float-Sink Analysis .................................................................................... 92 
5.4.2 Flotation Tests ............................................................................................ 93 

6.0 Flowsheet Development .................................................................................................. 95 
6.1 Introduction .......................................................................................................... 95 
6.2 Mass Balances ...................................................................................................... 95 

6.2.1 Background ................................................................................................ 95 
6.2.2 Procedure ................................................................................................... 97 
6.2.3 &a&s ancl Discussion ............................................................................. .98 

6.2.3.1 Sieve Balances ............................................................................ 98 
6.2.3.2 Float-Sink Balances ................................................................... .99 

6.3 Process Simulations ............................................................................................. 108 
6.3.1 Background ................................................................................................ 108 
6.3.2 Procedure ................................................................................................... 114 

6.3.2.1 Size Separation Modeling.. ........................................................ .114 
6.3.2.2 Density Separation Modeling ..................................................... 115 
6.3.2.3 Simulator Development.. ........................................................... -117 

6.3.3 Results and Discussion .............................................................................. 119 

. . . 
Vlll 



6.4 

6.5 

6.3.3.1 Equipment Selection.. ................................................................. 1 19 
6.3.3.2 perfonxume Optimbhn .......................................................... 124 

Economic Feasibility ........................................................................................... 129 
6.4.1 Background.. .............................................................................................. 129 
6.4.2 Procedures .................................................................................................. 132 

6.4.2.1 twelve Assumptions.. ............................................................... 132 
6.4.2.2 Esti,mation of Capital Costs ....................................................... .133 
6.4.2.3 E-&nation ofoperating Costs .................................................... 134 

6.4.3 Results and Discussion .............................................................................. 135 

6.4.3.1 Cost Sensitivity Analysis.. .......................................................... 135 

6.4.3.2 &.tim&xi Cleanup Costs.. .......................................................... 139 
Conclusions.. ....................................................................................................... .142 

7.0 Concl~ions and Recommendations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . f 4: 
7.1 
7.2 

7.3 
7.4 

7.5 
7.5 

7.6 

p&i&&~ Sep~tio~ .................................................................................... .I40 
Petrogra&ic Analysis .......................................................................................... 146 
7.2.1 Composite 1015 ......................................................................................... 146 
7.2.2 Composite 1016 ......................................................................................... 146 
7.2.3 Dense ad l&gnc3ic Components ............................................................ .147 
Attrition.. .............................................................................................................. 147 
Chemical Extraction.. .......................................................................... ................. 148 
7.4.1 Composite 1015 ........................................................................................ .148 
7.4.2 Composite 1016 ......................................................................................... 148 
Ex&xxkd Petrographic Analyses ........................................................................ .148 
Laboratory Chractaization Tests.. ..... ::. ............................................................ .I49 
7.2.1 Float-Sink Tests ........................................................................................ .149 
7.2.1 Froth Flotation Tests.. ............................................................................... .I49 
Conceptual Flowsheet Development .................................................................. .149 

8.0 References.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..-............... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 151 

Glossary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 153 

Appendix A - Tables of Radioanalytical Results 
Appendix B - Petrographic Plates 
Appendix C - Laboratory Test Data 
Appendix D - Sieve Data Mass Balances 
Appendix E - Float-Sink Mass Balances 
Appendii F - Optimum Circuit Simulation - Circuit 1 
Appendix G - Optimum Circuit Simulation - Circuit I1 
Appendix H - Economic Analyses 

ix 



TABLES 

Maywood Sample Location and Identification.. ..................................................... .2 
Maywood Borehole Sample Locations and Depths ................................................. 9 
Percentages of Individual Samples Included in the Maywood 
Composite Samples.. .............. .... ............ 

.................................................................................................................... 
.l 0 

&gjionuclide Concentrations in Whole Soils.. . 19 
Material Composition and Weight Percent of Soil Fractions from 
Composite 1015 ..... ............... .... ........ ......... ....... ............ .. . .... ....... .:. ....................... .28 
Transparent Heavy Minerals in Fine Sand and Coarse Salt Fractrons 
ofcomposite 1015.. .............................................................................................. .29 
Material Composition and Weight Percent of Soil Fractions from 
Composite 1016 ..................................................................................................... 33 
Transparent Heavy Minerals in Fine Sand and Coarse Silt Fractions 
of Composite 1016.. ............................................................................................... 34 
Heavy Minerals and Magnetic Materials in the -50/+400 Materials 
from Composites 1015 and 1016 .................................................. :. ..................... -37 
Magnetic Material in the -4 to +50-Mesh Material from Composrtes 
1015and1016 ........................................................................................................ 38 
O.lM EDTA/O.SM Na$O, @pH 9.0 for Composite 1015.. ................................. -42 
3M HCl followed by 0.22M Sodium Hexametaphosphate for 
Composite 1015 ......................................................................... ........................... .42 
0.22M Sodium Hexametaphosphate for Composite 1015 .................................... .42 
O.lM EDTA/O.SM Na$O, @pH 9.0 for Composite 1016.. ................................. .44 
3M HCl followed by 0.22M Sodium Hexametaphosphate for : 
Composite 1016 ..................................................................................................... 44 
0.22M Sodium Hexametaphosphate for Composite 10 16 .................................... .44 
3M HNO, for Composite 1016 ............................................................................. .45 
Experimental Operating Conditions ..................................................................... .83 
Economic analysis for partial treatment of Maywood site soil ................... . ........ 143 
Economic analysis for complete treatment of Maywood site soil ...................... .144 

Table 1-l 
Table 2- 1 
Table 2-2 

Table 3-l 
Table 3-2 

Table 3-3 

Table 3-4 

Table 3-5 

Table 3-6 

Table 3-7 

Table 3 -8 
Table 3-9 

Table 3-10 
Table 3-l 1 
Table 3-12 

Table 3-13 
Table 3-14 
Table 5-l 
Table 6-1 
Table 6-l 



FIGURES 

Figure 2- 1 
Figure 2-2 
Figure 2-3 
Figure 3-l 
Figure 3-2 
Figure 3-3 
Figure 3-4 

Figure 3-5 

Figure 3-6 
Figure 3-7 

Figure 3-8 

Figure 3-9 
Figure 3-10 
Figure 3-l 1 
Figure 3-12 
Figure 3-13 
Figure 3-14 
Figure 3-l 5 
Figure 4-l 

Figure 4-2 

Figure 4-3 

Figure 4-4 

Figure 4-5 

Figure 4-6 

Figure 4-7 

Figure 4-8 

Figure 4-9 

Figure 4-10 

Maywood Ra-226 Concentration Contour.. ............................................................. 6 
Maywood Th-232 Concentration Contour.. ............................................................. 7 
Maywood U-238 Concentration Contour ................................................................ 8 
Cumulative Particle-Size Distributions of Individual Samples ............................. 16 
Cumulative and Fractional Particle-Size Distribution for Composite 1015.. ...... ..16 
Cumulative and Fractional Particle-Size Distribution for Composite 1016.. ...... ..18 
Comparison of Particle-Size Distributions of Maywood Composites 
1015and1016 ........................................................................................................ 18 
Maywood Whole Soil Concentrations for Boreholes 3,4, Ah 5, Ah 7, 
andAh ................................................................................................................. 20 
Maywood Whole Soil Concentrations for Boreholes 6 and Ah 10 ...................... .20 
Radioactivity of Oversize Material by Particle Size for 
Boreholes 3, 4, Alt 5, Alt 7, and Alt 8 ................................................................... 22 
Radioactivity of Oversize Material by Particle Size for 
Boreholes 6 and Alt 10 ......................................................................................... .22 
Equilibrium of Radionuclides in Composite 1015 ............................................... .23 
Padionuclide Concentration in Particle Sizes for Composite 10 15 ...................... -23 
Cumulative Weight and Oversize Activity for Composite 1015 .......................... .25 
Equilibrium of Radionuclides in Composite 1016 ............................................... .25 
Cumulative Weight and Oversize Activity for Composite 1016 .......................... .26 
Attrition of Composite 1015 - 60 Percent Solids.. ................................................. 40 
Attrition of Composite 1016 - 70 Percent Solids.. .................. ..- ............................ 40 
SEM photograph of 50 x 100 mesh Maywood Composite 1016 
showing monazite lilnming of quartz.. .................................................................. 49 
SEM photograph of 50 x 100 mesh, float 2.49 fraction of 
Maywood Composite 1016 showing monazite inclusions in slag.. ...................... .5 1 
SEM photograph of 8 x 16 mesh Maywood Composite 1016 
showing monazite wntained in air pockets in a slag particle.. ...................... . ....... 52 
SEM photograph of 8 x 16 mesh Maywood Composite 10 16 
showing monazite inclusions in iron oxide slag .................................................... 53 
Volume distribution of Maywood Composite 1015 based on the 
volume percent heavy minerals in each particle .................................................... 54 
Volume distribution of Maywood Composite 1016 based on the 
volume percent heavy minerals in each particle .................................................... 55 
Volume distribution of Wayne composite based on the 
volume percent heavy minerals in each particle .................................................... 56 
Volume distribution of the heavy minerals in Maywood Composite 1015 
based on the volume percent heavy minerals in each particle .............................. .57 
Volume distribution of the heavy minerals in Maywood Composite 1016 
based on the volume percent heavy minerals in each particle ............................... . 8 
Volume distribution of the heavy minerals in Wayne composite 
based on the volume percent heavy minerals in each particle .............................. .59 

xi 



l Figure 6-14b Influence of sharpness index (p) and bypass factor (Rj) on Pb-214 activity for 
primary particle sizing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..~..~ 120 

Figure 6-15a Effect of particle size cut-point (DsO) and sharpness index (0) on Th-232 actrvtty 
for secondary classification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : ..:. 12 1 

Figure 6-l 5b Effect of particle size cut-point (DSo) and sharpness index (p) on Pb-2 14 actrvuy 
for secondary classification ..__._.........._......................,.................................. :..: . . . 12 1 

Figure 6-16a Effect of particle size cut-point (D,,) and bypass factor (Rr> on Th-232 actrvrty for 
secondary classification ..,......................................................,.........,........... I ..:.... 122 

Figure 6- 16b Effect of particle size cut-point (DrJ and bypass factor (Rfi on Pb-2 14 actrvrty for 
secondary classification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 122 

Figure 6-l 7 Conceptual flowsheet for the proposed soil treatment facility incorporatmg 
p&w-y sizing, secondary classification and density separation _...._.......__.......... 125 

Figure 6-l 8 Simulated relationship between mass recovery (%) and Th-232 activity for 
Circuit I (sizing and classification) and Circuit II (sizing, 
classification and density separation)., . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . _.............. 126 

Figure 6-19 Simulated relationship between mass recovery (%) and Th-232 acttvrty for 
Circuit I (sizing and classification) and Circuit II (sizing, 
classification and density separation) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ....... ._............. 127 

Figure 6-20 Simulated relationship between mass recovery (%) and Pb-2 14 acttvrty for 
Circuit I (sizing and classification) and Circuit II (sizing, classification and 
density separation) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 128 

l 
Figure 6-21 Process flow diagram showing the optimum configuration for Circuit I 

(sizing and classification) required to achieve Th-232 = 5 pCi/g 
(6 + 1 pCi/g background) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 130 

Figure 6-22 Process flow diagram showing the optimum wnfiguration for Circuit II 
(sizing, classification, and density sep&ation) required to achieve 
Th-232 = 5 pCi/g (6 + 1 pCi/g background) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 1 

Figure 6-23 Calculated tonnage of soil treated as a function of number of months of operation 
for 25, 50 and 75 tph plant capacities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 136. 

Figure 6-24 Estimated treatment cost required to achieve <5 pCi/g of Th-232 activity as a 
function of number of months of operation for 25,50 and 75 tph 
plant capacities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 137 

Figure 6-25 Estimated treatment cost required to achieve cl5 pCi/g of Th-232 activity as a 
function of number of months of operation for 25,50 and 75 tph 
plant capacities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..-.... 138 

Figure 6-26 Influence of an escalation in estimated capital and/or operation and maintenance 
costs on the treatment of 300,000 tons of contaminated soil for a Th-232 cleanup 
target of <5 pCi/g . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 140 

Figure 6-27 Influence of an escalation in estimated capital and/or operation and maintenance 
costs on the treatment of 300,000 tons of wntaminated soil for a Th-232 cleanup 
target of xl 5 pCi/g . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 141 

Xiv 



to the extraction of thorium from monazite sands to be used as lantern mantles. 

Process wastes migrated and were transported off the site such that the properties now know 
collectively as the Maywood Site include a portion of the original property (now owned by 
the Stephan Company); the Maywood Interim Storage Site (MISS), on a portion of the 
original property; residential vicinity; and commercial/governmental vicinity properties. 
The samples for this study are from the vicinity commercial properties; namely, subsurface 
soils from the Stephan and MlSS properties. 

Table l- 1: Maywood Sample Location and Identification 

Field Designation 
Laboratory 

Number I 
SPCS East SPCS North Site East Site North 

I I I /I 

Borehole 3 

Borehole 4 

Alt Borehole 5 

Borehole 6 

Alt Borehole 7 

Alt Borehole 8 

Ah Borehole 10 

1004 

1005 

1008 

1010 

1006 

1007 

1009 

2164081.97 752414.06 9600.33 9301.11 

2164090.80 752976.07 9270.33 9756.12 

2164250.70 752671.07 9581.20 9607.97 

216451.94 752524.29 10150.34 9851.12 

2164326.80 752083.42 9994.55 9183.38 

2165061.53 752502.07 1033 1.37 9959.04 

2165230.93 752035.29 10746.88 9687.13 

Following particle-size and radionuclide analyses, the seven (individual) samples were 
combined into two composite samples in a manner (Section 2.6) to best represent the 
Maywood soils during studies to assess their potential for treatment. 



0 PART I: 

INITIAL CHARACTERIZATION 



0 2.0 EXPERIMENTAL 

2.1 Analyses 

2.1.1 Gamma Spectrometrv 

Whole soil samples, particle-size fractions, and wash waters were analyzed for gamma- 
emitting radionuclides using a high-purity germanium detector (EPA80). The wash water 
samples were counted for 1000 min, and the soil samples were counted for 100 to 1000 min, 
according to the levels of radioactivity. Due to the presence of uranium in the samples, 
erroneous Ra-226 values were first obtained from the gamma spectrometry analysis program. 
This is because the primary Ra-226 and the U-235 gamma-ray emissions are only 
approximately two kev apart and are not easily distinguished by gamma spectrometry analysis 
programs. Values now reported for Ra-226 are based on the Pb-214 values reported by the 
program and more accurately represent the actual Ra-226 concentrations. To assure that 
Ra-226 progeny, including Pb-214, were in radioactive equilibrium with Ra-226, each of the 
individual whole soil samples was sealed, counted, stored for approximately a month for 
Rn-222 ingrowth, and recounted. W ithin experimental error there were no differences in 
Pb-214 concentrations reported between the two counts, thus radioactive equilibrium is 
assumed between Ra-226 and Pb-214 and all Ra-2?$5 data throughout this report are the 
Pb-214 values as reported by the gamma spectroscopy program. 

2.1.2 Aluha Suectrometrv 

Analyses for uranium and thorium radionuclides were performed by alpha spectrometry 
(EPA84). Uranium was extracted, coprecipitated with lanthanum fluoride carrier, and 
analyzed by alpha spectrometry. Thorium was separated by ion-exchange chromatography, 
coprecipitated with lanthanum fluoride carrier, and analyzed by alpha spectrometry. 

2.2 Particle-Size Analysis 

2.2.1 Samnle Prenaration 

The seven whole-soil samples for this study were received at the SEL where they were 

l initially screened for gross beta/gamma activity using a Geiger-Mueller portable survey 
instrument. After initial screening, each sample was thoroughly mixed and split into 400-n& 
aliquots using a riffler which was set to allow the passage of material smaller than three- 

3 



a fourths inch. The aliquots were weighed, dried at 60°C for 48 hr, and reweighed. Two 
aliquots from each whole soil were analyzed by gamma spectrometry. After the aliquots were 
ashed at 565°C for 72 hr (all weights reported are dry), they were analyzed for uranium and 
thorium by alpha spectrometry. The material removed by the riffler was thoroughly washed 
with water by hand to remove attached soil particles, dried, weighed, and gamma counted. 
The weight and radioactivity associated with this material were accounted for in the whole 
soil values. 

2.2.2 Vigorous Wash 

After sample preparation, sufficient aliquots were combined to obtain a minimum of two kg 
of whole soil that was then vigorously washed in water for 30 min at a rotational velocity of 
350 t-pm with a liquid-to-solid ratio of 4 mL/lg (SCA-502). The vigorous washing process 
liberates small particles from large particles without generating excessive fines. 

2.2.3 Wet Sieving 

After vigorous washing, an aliquot of each soil sample was fractionated by size using wet 
sieving with American Standard Testing of Materials (ASTM) standard sieves (SCA-503). 
The aliquots were separated into particle-size fractions at 4 mesh (4.75 mm), 8 mesh 
(2.38 mm), 16 mesh (1.19 mm), 30 mesh (0.590 mm), 50 mesh (0.297 mm), 100 mesh 
(0.149 mm), 200 mesh (0.074 mm), and 400 mesh (0.037 mm). The resulting fractions were 
dried at 60°C for 48 hr, weighed, and analyzed for radionuclide content by gamma 
spectrometry. Alpha spectrometry for uranium and thorium was performed on all fractions 
from all of the individual samples and the -200/+400 and -400 fractions of the two composite 
samples (see Section 2.6). Thorium analyses were performed on the remaining fractions of 
Composite 1015. 

2.2.4 Wash Water 

Water from the vigorous wash and separation procedures for each individual and composite 
sample was collected and a Percol 788N flocculant added to settle suspended material. The 
water was then filtered through a 0.025~mm pore filter paper to separate suspended solids 
from the wash water. The material retained on the filter was analyzed by gamma 
spectrometry and, if called for, by alpha spectrometty and reported as the -400 activity, since 
the 400-mesh sieve is the last in the wet sieving stack. An aliquot of filtered wash water 
from each of the eight whole soil samples was analyzed by gamma spectrometry. 
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0 2.3 Formation of Composites 1015 and 1016 

The seven individual soil samples from Maywood were collected from subsurface locations on 
the Stephan and MISS site. Following particle-size and radionuclide analysis, the seven 
samples were combined into two samples of approximately 8 kg each. The composites were 
generated from the individual samples in such a manner as to best represent the material to be 
treated at the site, as forecast by these samples. The samples were composited based on 
particle-size distribution, radionuclide distribution, and quantity of site material estimated to 
be represented by each sample. 

Figures 2-1, 2-2, and 2-3 show the Ra-226, Th-232, and U-238 concentration contours, 
respectively, for the Maywood site. These contours were generated from the radiological 
borehole data in DOE92. The locations of areas of the highest radionuclide concentrations at 
the Maywood site are easily identified from these plots. The area with the highest 
concentrations of all radionuclides is at approximately East 10000 to 10500 and North 96000 
to 10100. 

l The concentrations as a function of depth cannot be accurately predicted because of the 
inconsistent sampling depths of the boreholes; therefore, the concentration contours are plotted 
on a single plane. The planer area represented by ?e higher concentrated locations is 
predicted to be approximately 25 percent of the site. 

The seven samples received at SC&A were taken at locations whose coordinates and depths 
shown in Table 2-l. Borehole 6 and Alt Borehole 10 are located in two of the areas where 
high concentrations of radionuclides are expected. This agrees with their significantly higher 
whole-soil activities. Alt Borehole 8 is located on the edge of the area of highest 
concentration. Borehole 3, Borehole 4, Alt Borehole 5, and Alt Borehole 7 are located 
outside the areas with the highest radionuclide concentrations. The depths of the boreholes 
vary from 2.5 to 11 .O ft. No correlation between depth and activity can be drawn due to the 
variability in the sample depths. 
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Table 2-l : Maywood Borehole Sample Locations and Depths 

Sample ID 

Borehole 3 

Borehole 4 

Coordinates Depth 
East North (fi) 

9600 9300 9.0 
9500 9400 11.0 

Alt Borehole 5 9581 9608 7.0 
Borehole 6 10150 9850 6.0 

Alt Borehole 7 9995 9183 2.5 
Alt Borehole 8 10331 9959 4.0 

Alt Borehole 10 10747 9687 9.0 

No samples were excluded from the composite based only on their particle-size distributions. 
Borehole 3 has the only distinctly different particle-size distribution and was not weighted 
heavily in its composite. 

From the whole-soil activity data, there are two distinct groupings. Borehole 6 and Alt 
Borehole 10 have significantly higher activities than the other five samples. Therefore, these 
two samples were not composited with the other five. 

The location of the samples had a significant influence on the weighting of the composite. 
From the concentration contour data and the location of the samples, there are two groupings, 
Four samples, Borehole 3, Borehole 4, Alt Borehole 5, and Borehole 6 are from the MISS 
property and three samples, Alt Borehole 7, Alt Borehole 8, and Alt Borehole 10 are from the 
Stephan property. However, property identity was not a consideration in compositing. Alt 

Borehole 8 is located on the border of the highest concentration area, therefore its activity 
may misrepresent the activity of the surrounding area. Based on its location, Alt Borehole 8 
was weighted less in the composite. Alt Borehole 5 is located on the border of the storage 
pile, therefore the amount of area represented by its activity may be small. However, the 
concentration contour data shows that the area to the south and east has approximately the 
same activity. Thus, Alt Borehole 5 was assigned more weight in the composite than Ah 
Borehole 8, but not as great as other samples that represent a more definitive area. Borehole 
3 and Borehole 4 are near the New Jersey State Highway 17 and, thus, do not represent a 
large area of soil on the site. Borehole 4 does represent a larger area than Borehole 3 and its 
particle-size distribution is more typical for the site, therefore it was weighted greater. Alt 
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Borehole 7 represents the largest area for the samples that are not in an area of highest 
concentration. Therefore, based on the concentration contour data and location, this sample 
has the greatest weight in the composite. 

Based on the above reasoning and using the particle-size, radioactivity, and concentration 
contour data developed for the individual samples, the composites were formed as shown in 
Table 2-2. Composite 1015 consists of a weighted composite of Borehole 3, Borehole 4, Alt 
Borehole 5, Alt Borehole 7, and Alt Borehole 8. The distribution of the weight percents are 
10, 25, 20, 35, and 10, respectively. Composite 1016 consists of a weighted composite of 
Borehole 6 and Alt Borehole 10. The weighting percents are 80 and 20, respectively. 

Borehole 3, Borehole 4, Alt Borehole 5, Alt Borehole 7, and Alt Borehole 8 are chosen to be 
cornposited based on their similarity in the whole-soil activities. Each sample is weighted 
based on its particle-size distribution and amount of area believed to be represented by it. 
Borehole 4, Alt Borehole 5, and Alt Borehole 7 are weighted the heaviest due to the large 
areas represented by these samples. Borehole 3 is weighted less due to its atypical particie- 
size distribution. Ah Borehole 8 is weighted less due to its location on the edge of the area 
of highest concentration: therefore, its activity may misrepresent the activity of the 
surrounding area. 

Borehole 6 is weighted heavier than Alt Borehole i0 in the Composite 2 sample based on the 
larger area represented by its activity. This composite sample represents a less promising soil 
that may have some unique property that can be exploited to remove the radionuclide 
contaminants. 

Table 2-2: Percentages of Individual Samples Included in the Maywood Composite Samples 

Composite Sample ID 

Composite 10 15 
(More Promising) 

Composite 10 16 
(Less Promising) 

Borehole ID 
Borehole 3 
Borehole 4 

Alt Borehole 5 
Alt Borehole 7 
Alt Borehole 8 

Borehole 6 
Alt Borehole 10 

Percentage 

10 
25 
20 
35 
10 

80 
20 
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l 2.4 Petrographic Study 

Petrographic examination was made of the two composites for the purpose of determining the 
minerals or materials containing the radioactive particles and to ascertain the physical 
properties and composition of the host materials. The petrographic tests were conducted in 
accordance with procedure SCA-5 10. 

2.4.1 Procedure 

Representative portions of the composite samples were wet sieved, following vigorous 
washing, and collected on the 4 (4.76 mm), 8 (2.38 mm), 16 (1.19 mm), 30 (0.590 mm), 50 
(0.297 mm), 100 (0.149 mm), 200 (0.074 mm), and 400-mesh (0.037 mm) sieves (RIC89). 
The weight percent of soil fractions was obtained after drying the fractions at 60°C. 
Representative fractions were then prepared for radiochemical and petrographic analysis. The 
samples for petrographic analysis included the soil fractions on all the sieve sizes. The -400 
sieve size (less than 0.038 mm) material was saved for SEM/EDX analysis to be performed at 
Virginia Tech (VPI). 

Each of the sieve size fractions had its magnetic component removed by a hand magnet 
(SCA-507) and its radioactive concentrations measured. In addition, representative portions of 
the fine sand and coarse silt fractions were separated into a light and heavy fraction by the 
sink-float method. This density separation was made using sodium polytungstate (specific 
gravity = 2.89) as the heavy liquid in the sink-float method (SCA-506). Certain heavy 
materials are known to contain elevated concentrations of naturally occurring radioisotopes 
and, since the high density materials are a much volume than the light materials, this 
separation allows for a more accurate determination of their abundance in the sample. 

The petrographic examination generally began with the coarse fractions by a visual 
classification of materials into categories. All material greater than gravel size (+4 sieve size) 
was examined visually and particles grouped into their respective categories. The various 
categories of materials were then weighed, and the compositions of the various fractions were 
determined as a weight percent. Physical properties, such as color, particle shape, structural 
strength, degree of hardness, particle density, degree of weathering, and porosity were noted 
as part of the examination. 

l The materials retained on the 8, 16, 30, and 50-mesh sieves were placed in a petri dish and 
examined under a binocular microscope. At least 100 particles in each sieve size were 
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examined and classified. Minerals and materials in the fractions retained on the 100, 200, and 
400-mesh sieves were examined under the polarizing petrographic microscope. The materials 
were placed in index oils on a petrographic glass slide and more than 100 grains classified 
into their respective categories. The heavy minerals and materials, obtained by the sink- float 
method, were also examined under the petrographic microscope in a similar manner. The 
heavy mineral and materials were assigned to their various categories by point count. 
Transparent heavy minerals that are unique to this size range (fine sand and coarse silt-size) 
are an especially important category. The heavy minerals are generally present in minor 
quantities relative to the total size fractions, and their separation into mineral species warrants 
a separate tabulation with radioactive minerals highlighted. 

Photomicrographs were made of minerals or other materials identified as radioactive, as were 
other categories of materials which might enhance reporting and characterization of the soil 
fractions. 

2.5 Attrition Study 

l Attrition removes surface material from soil particles by scrubbing while minimizing the 
fracturing or grinding of particles and the production of excessive fines. Attrition may be 
necessary when vigorous washing does not fully liberate surface coatings from particles. : 

The attrition studies were performed on the -4 to +lOO-mesh material for the two composite 
samples using procedure SCA-509. This procedure employs an industrial-size kitchen mixer. 
The use of a blender allows for the attrition testing using smaller samples sizes than those 
required for bench-scale attrition mills. The blender employs one impeller blade as opposed 
to two with opposing pitch usually found in an attrition mill unit. However, the scrubbing 
action obtained by the blender was sufficient to determine if attrition was likely to be an 
attribute in a treatment scheme. 

Attrition was performed at 60 and 70 percent solids (60 percent only for Composite 1015) 
(soil weight/soil+water weight). These ratios were chosen because they are in the range of 
those encountered in attrition unit processes, while being able to maintain sufficient movement 
in the blender without overloading it. 

l 
Approximately 200 to 250 g of whole soil was wet sieved to obtain the -4/+100 material 
which was then diluted with tap water to 60 or 70 percent solids. The diluted material was 
placed in the industrial mixer, set at the lowest speed possible, and attritioned for 30 minutes. 
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l The attrited material was then wet sieved at 4, 8, 16, 30, 50, 100, 200, and 400 mesh. The 
resulting fractions were dried at 60°C overnight, counted for gamma activity, and, after 
ashing, analyzed for thorium (Composite 1015 only). 

2.6 Scout Chemical Extractions 

Scout chemical extraction tests are conducted on the composite samples to assess the potential 
for remediation of whole or soil fractions to meet site criteria when physical separation 
techniques may fail to achieve the necessary degree of cleanup. Scout chemical extraction 
tests were performed on Composites 1015 and 1016 following procedure SCA-508. 

The extraction solutions selected were O.lM EDTA/O.SM Na,CO, @pH=9.0; 3M HCl 
followed by 0.22M sodium hexametaphosphate; and 0.22M sodium hexametaphosphate. 
Composite 1016 was also extracted with 3M HNO,. The result of previous studies designed 
to extract thorium from contaminated soils led to the selection of these extractants. 

2.6.1 SamDIe Premration 

To conserve process costs and to maximize the radionuclide removal, it was desirable to 
perform chemical extraction only on portions of the sample requiring treatment beyond what 
physical processes can achieve and on those fractions where it is likely to be effective. Scout 
chemical extractions were performed with the three extracting solutions on the -4/+100 mesh 
material following attrition. The soils used for attrition were the -4/+100 material of 
Composites 1015 and 1016. The head sample for attrition on Composite 1015 was formed by 
reconstitution of particle-size fractions previously separated by wet sieving (-4 through +lOO 
mesh). The head sample for attrition for Composite 1016 was whole-soil material that was 
wet sieved to exclude the +4-mesh and the -loo-mesh material. Following attrition both 
samples were wet sieved to exclude the -loo-mesh material generated by attrition. This 
material formed the head samples for chemical extraction. 

2.6.2 Chemical Extraction 

For chemical extraction, a cylindrical reaction kettle was closed with a cl-neck cover and fitted 
with a refhtx condenser, centigrade thermometer, stirrer with paddle, and thermocouple 

l 
assembly. The stirrer was turned by a high-torque electric motor and its speed monitored 
every five min by an optical tachometer. The thermocouple assembly consisted of a iron- 
constantan thermocouple sealed in a Teflon tube to protect it from acid corrosion. Heat was 
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provided by a heating mantle whose temperature was monitored and controlled by a Glas-Co1 
Digitrol II that was connected to the thermocouple and the variable autotransformer. Visual 
monitoring of temperature was also performed by observation of the centigrade thermometer. 

For each test the extractant (1 OmL/g of soil) was heated to 90°C while being stirred at a 
nominal 350 r-pm. Approximately 50 g of the sample was introduced to the reaction flask 
with a spatula over a five-min period to assure complete contact between the reagent and the 
sample. The sample was extracted while stirring for 60 min. The extracted sample was 
collected with the aid of a hot extractant-solution wash and separated from the extractant first 
by one centrifugation step and then by vacuum filtration. The filtercake was washed with 
three portions of hot extracting solution and three portions of hot water, thoroughly mixing 
the solid each time and collecting it by centrifugation. The extracted soil was dried at 60°C 
and analyzed by gamma spectroscopy and for thorium by alpha spectrometry. 
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l 3.0 RESULTS AND DISCUSSION 

3.1 Particle-Size Distributions 

3.1.1 Individual Samnles 

The cumulative particle-size distributions for the individual samples are shown in Figure 3-l. 
The distributions fall into three groupings. The most obvious feature of the graph is that the 
sample from Borehole 3 has a distinctly different distribution from the other six. Over 60°h 
of its weight is contained in particles with less than 400-mesh (0.038 mm) size and 
proportionally less material in the sand and gravel sizes. As stated in Section 2.3, Borehole 3 
is located near the New Jersey State Highway 17 and on the border of the site property, and 
thus, may have materials incorporated which are not characteristic of the remainder of the 
site. 

Samples from Borehole 4, Borehole 6, and Alt Borehole 10 have fairly similar distributions in 
the -5O-mesh size material; however, Borehole 4 has less gravel and coarse-sand size material 
than the other two. All three samples have greater than 55% of the material with particle 
sizes larger than 200 mesh. 

Samples from Alt Boreholes 5, 7, and 8 have similar distributions in the -loo-mesh sizes with 
Alt Borehole 7 having noticeably more sand and gravel-size material. For each sample, more 
than 60% of the material is larger than 200 mesh. 

All samples, with the exception of that of Borehole 3, have greater than 55% of their material 
with particle sizes greater than 200 mesh and, while the individual distributions are dissimilar 
in the respects described above, from the prospective of particle-size separation this data, 
considered alone, indicates potential success. 

As described above, Section 2.3, the individual particle-size distributions were considered in 
the make-up of the composite treatability samples. 

3.1.2 Comnosite 1015 

The cumulative and fractional particle-size distributions for Composite 1015 are shown in 
Figure 3-2. Thkiigure also shows the cumulative particle-size distribution that was predicted 
from the distributions of the individual samples forming this composite. The particle-size 
distribution predicted from the weighted cornpositing was achieved to within a few percent at 
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l all size fractions, as shown by the compliance of the predicted and actual cumulative 
distributions in Figure 3-2. 

Approximately 64 percent of the material in Composite 1015 has particle sizes greater than 
200 mesh (0.075 mm) and 52 percent greater than 100 mesh (0.150 mm). This amount of 
material available for particle-size separation in the +lOO-mesh particles does not preclude 
consideration of the use of soil washing as a treatment technology. The degree of success of 
this alternative is, of course, dependent upon the radionuclide concentrations relative to 
cleanup goals in the various size fractions, which are discussed in the following section. 

3.1.3 Composite 1016 

The cumulative and fractional particle-size distributions for Composite 1016 are shown in 
Figure 3-3. The particle-size distribution that was predicted from the distributions of the 
individual samples which comprise this composite is compared to that determined from wet 
sieving the composited sample. The particle-size distribution predicted was achieved to within 
a few percent at all size fractions, as shown by the compliance of the predicted and actual 
distributions in Figure 3-3. 

Approximately 60 percent of the material in Composite 1015 has particle sizes greater than 
200 mesh (0.075 mm) and 47 percent greater than 100 mesh (0.038 mm). 

The cumulative and fractional particle-size distributions for Composite 1016 are shown and 
compared to those of Composite 1015 in Figure 3-4. Compared to Composite 1016, 
Composite 1015 has discernible less material in the +4- and -4OO-mesh sizes, somewhat more 
in the +8- to +lOO-mesh sizes, and approximately the same amount in the 200 and 400~size 
fractions. Composite 1016, because it has less material in the +lOO-mesh sizes than 
Composite 1015, is less promising from the standpoint of remediation by particle-size 
separation. However, with 47% in the +lOO-mesh sizes, it could still be economically feasible 
to apply such technology. This is; however, without regard to the radionuclide concentrations 
which follow. 

3.2 Radionuclide Distributions 

The concentrations of Ra-226, Ra-228, Th-230, Th-232, and U-238 in the individual and 

l composite whole soils are summarized in Table 3-l. 
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l Table 3-l: Radionuclide Concentrations in Whole Soils 

3.2.1 Individual SamDles 

a 

Figure 3-5 contains the Ra-226 (Pb-214), U-238, and Th-232 data obtained on the whole soils 
of Boreholes 3, 4, Alt 5, Alt 7, and Alt 8. Figure 3-6 gives this information for Boreholes 6 
and Alt 10. Also shown in Figures 3-5 and 3-6 is the Total Activity Ratio (TAR), which is 
defined as: : 

TAR = Ra-226 ; m-232) + (78) 

where Ra-226, Th-232, and U-238 are the concentrations of the respective radionuclides in 
pa/g. 

The radioanalytical data for the individual samples for all tests are given in Tables A-l 
through A-7 of Appendix A. Th-232 is the most abundant radionuclide of the three 
considered in the Maywood cleanup criteria. This is true for all the samples considered in 
this study and it accounts for an average of 85 percent of the TAR calculated for the seven 
individual samples. 

Samples from Borehole 6 and Alt Borehole 10 contain distinctly higher concentrations of all 
radionuclides than the remaining five. Boreholes 3 and 4 contain approximately equal 

l concentration of both Ra-226 (Pb-214) and Th-232 (Figure 3-5). Samples from Alt Boreholes 
5, 7, and 8 have relatively equal concentrations of Ra-226. However, Alt Borehole 5 has a 
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Th-232 concentration almost twice that of Ah Borehole 7 and one and one-half times that of 
Alt 8. 

Figure 3-7 shows the TAR for the oversized material as a function of particle size for 
Boreholes 3, 4, Alt 5, Alt 7, and Alt 8. The total activity of Alt Borehole 5 is the greatest 
and increases rather rapidly as the particle size decreases from the +4 to the +8 and +16 sizes. 
The TAR then remains relatively constant from the +16 through the +400 sizes. Borehole 4 
has the lowest TAR and remains constant for decreasing particle sizes through 400 mesh. 
Samples from Alt Boreholes 7 and 8 have slightly increasing TARs through 100 mesh tihere 
the TAR increases more dramatically with decreasing size. Borehole 3 radioactivity increases 
slightly through 100 mesh and more rapidly through -400 mesh. The TAR is at or below one 
only for Borehole 4 through 400 mesh and Alt 7 to 50 mesh. 

Figure 3-8 gives the TAR values for the oversize material for samples from Boreholes 6 and 
Alt 10. For both samples the total activity increases steadily with decreasing particle size. 
The Th-232 concentrations for Borehole 6 are roughly a factor of 10 greater than those of 
Alt 10 for all particle sizes. The TAR is less than one only for Alt Borehole 10 for particle 
sizes of +8 mesh. 

3.2.2 ComDosite 1015 

The radioanalytical data for all tests performed on Composite 1015 are listed in Table A-8. 
Composite 1015 whole soil has concentrations (mean of two determinations) of 5.2, 28.5, and 
3.5 pCi/g for Ra-226, Th-232, and U-238, respectively. The resulting TAR is 6.8. Figure 3-9 
shows the concentrations of the significant radionuclides and the equilibrium of the U-238 and 
Th-232 decay series. The values indicate that the U-238 and Th-232 concentrations are 
depressed in their respective series. 

Figure 3-10 shows the Ra-226, Th-232, and U-238 in the sieve sizes of Composite 1015. 
Th-232 has the greatest concentration in all size fractions. The U-238 values are predicted 
based on the uranium concentrations in the individual whole-soil samples and the amount of 
each sample forming the composite. Uranium analyses were not performed on all of the size 
fractions for this composite because U-238 concentrations predicted as above indicated that no 
size fraction would have a concentration greater than about 20% of the 50 pCi/g target value. 

In Figure 3-l 1 the oversize concentrations (the concentration of a radionuclide in all material 
with particle sizes equal to and greater than a given size) are shown for Ra-226 and Th-232 
and for the sum of the Ra-226 and Th-232. Because the uranium concentration is low, it 
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contributes little to the TAR. Thus, the sum of the Ra-226 and Th-232 concentrations 
equaling five is practically equivalent to a TAR of one. 

The oversize Ra-226 concentration does not exceed 5 pCi/g until the -400 mesh fraction. The 
Th-232 oversize concentration exceeds 5 pCi/g for material over 30 mesh. The Ra-226 
concentration in the oversize material never reaches 15 and that of the Th-232 exceeds 15 
between 100 and 200 mesh. The sum of the two oversize concentrations is 5 pCi/g at the 
+&mesh size; however, it is 7.24 at 100 mesh (TAR = 1.45). 

Thus, particle-size separation alone will not achieve cleanup to a TAR of one for any 
significant quantity of material in Composite 10 15. However, these results suggest that 
particle-size separation in conjunction with other physical separation techniques could be 
effective in achieving site cleanup goals. With only slight additional removal support from 
processes complementary to particle-size separation, there is potential to recover over 50% of 
the soil at levels below site cleanup goals. 

3.2.3 Composite 1016 

a The radioanalytical data for all tests performed on Composite 1016 are listed in Table A-9. 
Composite 1016 whole soil has concentrations (mean of two determinations) of 203, 1247, 
and 82.5 pCi/g for Ra-226, Th-232, and U-238, respectively. The resulting TAR is 292. 
Figure 3-12 shows the concentrations of the significant radionuclides and the equilibrium of 
the U-238 and Th-232 decay series. Th-232 and U-238 are significantly deficient in their 
respective series. 

In Figure 3-13 the oversize concentrations are shown for Ra-226 and Th-232 (predicted) and 
for the sum of the Ra-226 and Th-232. The Th-232 concentrations were not determined for 
all size fractions of Composite 1016. The values used are those predicted from the analyses 
of the individual samples making up this composite and the amount of each included in the 
composite. The oversize Ra-226 concentration is 27.8 pCi/g in the +4 material and increases 
to 56.4 in the +400 sizes. The Th-232 oversize concentrations are predicted at 25 pCi/g in 
the +4, 137 pCi/g in the +200, and is over 200 pCi/g in the +400- mesh material. The sum of 
the two oversize concentrations is 53 pCi/g at the +Cmesh size, increasing to 273 pCi/g in the 
+400 material. 

0 Particle-size separation alone will not be effective in achieving any of the site cleanup goals, 
including 15 pCi/g, for either Ra-226 or lb-232 for Composite 1016. 
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3.3 Petrographic Study 

3.3.1 Comnosite 1015 

Composite 1015 was characterized by petrographic analysis to collect preliminary information 
on the material and mineral composition of the soil particles. Comparing and contrasting the 
physical properties of the particles could provide an indication of the potential for remediation 
of this radioactive soil by mineral processing technology. This information is very useful in 
directing the remainder of the characterization study. 

The mineral and material compositions of the soil fractions are listed by categories in Tables 
3-2 and 3-3. The groups categorized include rock particles, homogeneous minerals, slag 
materials, industrial thorium substance, woody organic particles, and miscellaneous building 
materials and other minor constituents. Each of these groups is described in the following 
paragraphs in terms of their abundance in the size fractions, physical properties, and potential 
contribution to the radioactivity of the soil. 

3.3.1 .I Rock Particles 

The rock particles occur in the gravel and coarse sand-size fractions and consist of 
sandstone/siltstone, igneous rocks, and black bituminous coal (Table 3-2). 

The sandstone and siltstone are reddish brown in color, fine to medium grained, subrounded, 
rough to smooth surface, structurally strong to friable, and comprised predominantly of quartz 
clasts and minor clay and hematite matrix. These particles comprise 25 percent of the gravei 
and 2 - 12 percent of the coarse sand-size fractions. They are derived from the local New 
Jersey bedrock with radioactivity at normal background levels. 

The igneous rocks are granite and basalt particles that comprise one percent of the gravel-size 
materials and but trace amounts of coarse sand-size fractions. These particles are subangular, 
tough, dense, and durable. The radioactivity in these materials is essentially that of 
background levels. 

Black bituminous coal particles comprises 3 percent of the gravel materials, 4 - 10 percent of 
coarse and median sand-size fractions and trace to 2 percent of fine sand and coarse silt-size 
fractions. This material is light weight, subangular shape, smooth surfaced, and durable. The 
bituminous coal in the United States averages 3 ppm uranium and 3.12 ppm thorium 
(ROG64). The coal therefore contributes relatively minor amounts of radioactivity, only 
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slightly higher perhaps, than average background radioactivity 

3.3.1.2 Minerals 

Natural minerals in the soil fractions consist of quartz, feldspar, and detrital heavy minerals. 
Quartz and minor quartzite particles, included with the quartz, is the dominant material in the 
soil fractions (Table 3-2). The quartz comprises 2 percent of the gravel, 14 - 26 percent of 
the coarse sand, 50 - 54 percent of the median sand, 57 - 60 percent of fine sand, and 55 
percent of the coarse silt-size fractions. The quartz particles are hard, dense, and durable and 
free of radioactivity or at background levels for the region. 

Table 3-2: Material Composition and Weight Percent of Soil Fractions from Composite 1015 

T = Trace amounts, less tbao 0.05 percent. 
1, Weight percent for materials greater than 400 sieve size (0.038 mm). 

2. Transparent heavy minerals greater than 3.0 grain density. Species listed in Table 3-3. 
3. white, fine grained, friable, “clay-like”, anthtopogenic thorium substance. 
4. Miscellaneous red brick, tan concrete, ceramic materials, glass, metal, and minor other. 
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Table 3-3: Transparent Heavy Minerals in Fine Sand and Coarse Silt Fractions of 
Composite 1015 

T = Trace Amounts (less than 0.05%). 
1. Weight percent of transparent heavy minerals greater than 3.0 grain density in the sieve size fractions. Other heavy materials included 

in Table 3-2 listing, e.g., opaque minerals with magnetic materials, white Tit substance, and other slag materials. 

2. Other includes tiace amounts of kyanite, hypcnthcnc, tounnalioc, and chlorite. 

Feldspar comprises from 1 - 4 percent of the medium to fine sand and 8 percent of the coarse 
silt-size fractions. The feldspar is grey to pink in color, subangular, hard, dense, and durable. 

a The radioactivity associated with this type of material is essentially at background levels. 

Transparent heavy minerals occur in the fine sand and coarse silt-size soil fractions, ranging 
from 2 to 3 percent in these fractions. The transparent heavy minerals average approximately 
1 percent of the soil material tested (Table 3-2). Opaque heavy minerals are relatively minor 
and included with other categories of materials. The transparent heavy minerals are listed in 
Table 3-3. The amphibole group, comprised in the main by hornblende, comprises 27 to 57 
percent of these fractions and the garnet group comprises 13 - 27 percent of the transparent 
heavy minerals (see Figure B-l). The remainder of these materials consist of the epidote 
group (3 - 10 percent), zircon (2 - 15 percent), monazite (5 - 46 percent), rutile (up to 1 
percent) and minor kyanite, hypersthene, tourmaline, and chlorite (trace - 1 percent). All 
these minerals are hard, dense, and durable and have persisted in nature because of their high 
resistance to weathering and abrasion. Of these minerals, monazite and zircon contain 
naturally occurring radioactive materials (see 
Figure B-l). 

Monazite is the common ore mineral of thorium, which on the average contains from 3 to 10 

a 
percent thorium oxide and from 0.2 to 0.6 percent uranium (ADA59). Monazite in the 
-50/+100, -100/+200, and -200/+400 sieve-size fractions, contains respectively, 5, 46, and 24 
percent of the transparent mineral fractions (Table 3-3). When these fractions of monazite are 
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0 calculated to representation in the total sample, they are respectively 0.01 percent, 0.24 
percent, and 0.03 percent. This abundance of monazite in the soil could account for a major 
portion of the thorium contamination in this composite. 

Zircon is the other natural mineral that contributes to the enhanced radioactivity in this soil 
sample. Zircon can contain up to 4 percent uranium or thorium (ADA59). Uranium-238 is 
the more common radionuclide in zircon. The zircon in the -5O/+lOO, -100/+200, and 
-200/+400 sieve fractions is, respectively, 2, 8, and 15 percent of the transparent heavy 
mineral fraction. In respect to total sample, this is calculated as 0.005, 0.04, and 0.02 percent 
for zircon in the total sample. 

3.3.1.3 Anthronocrenic Materials 

A white, fine grained, “clay-like” friable, thorium substance comprises 3 percent of the soil 
material tested (Table 3-2). This is believed to be a radioactive, anthropogenic material, 
produced in the extraction of thorium from ore. This material is absent in gravel as discrete 
particles but may occur in voids or pore space available in porous slag materials. It comprises 
from 1 to 4 percent of the soil fractions from coarse sand to coarse silt-size with increasing 
abundance in the smaller soil fractions (see Figure B-2). The particles are well represented in 
the heavy fraction, greater than 3.0 grain density and is believed to be a thorium 
orthophosphate material and appears to correlate with previous investigations (FIN88). The 
radioactivity in these particles are believed to be a major part of the radioactivity in the soil 
sample. 

White, light weight, porous, angular to subrounded and nodular shaped, generally structural 
sound, glassy slag comprises 4 percent of the soil sample (Table 3-2). This slag is distinctive 
from the other categories of slag in this soil in its’ creamy white to light tan color, glassy, and 
high luster appearance. Although absent in discrete particles in the gravel-sized materials, it 
may occur in voids or attached to other slag particles. Because of its’ unique appearance, it is 
a suspicious candidate for containing minor amounts of thorium, although its low density 
suggests otherwise. 

Magnetic materials comprise 7 percent of the soil sample (Table 3-2). The magnetic particles 
are most abundant in the gravel and coarse sand-size fractions (16 - 3 1 percent) with less 
representation in the smaller sieve sizes (2 - 7 percent). The magnetic particles are 

0 
predominantly black to reddish colored, metallic lustered, flat and angular shaped, slag 
materials and minor amounts of black, subrounded, dense, magnetite and grey to black, dense, 
metallic, spherical balls (see Figure B-3A). 
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l Solid industrial slag, black to reddish colored, flat to angular shaped, dull to metallic lustered, 
comprises 13 percent of the soil sample, and tan clinkers, highly porous, subrounded to 
nodular shaped, coal-fired, comprise about 12 percent of the soil sample (Table 3-2). The 
solid slag may be related to the thorium industrial process and contain residual radionuclides. 
The porous, clinker slag is believed to be residual ash from coal-fired material and probably 
has concentrations of uranium oxide from coal as part of the clinker. Although higher than 
background radiation levels, the clinker slag is probably but a minor contribution to the 
radioactivity of the soil sample. Slag materials in this sample are depicted in the 
photomicrograph of Figure B-3B. 

Miscellaneous and woody, organic materials comprise, respectively two percent and trace 
amounts of the soil sample (Table 3-2). The miscellaneous materials occur predominantly in 
the gravel-size (10 percent) and coarse sand-size (7 percent) fractions and consist of 
construction materials including, in order of abundance, red brick fragments, grey concrete 
fragments, and minor ceramic material, glass, and metal fragments. Wood and plant material 
comprise 1 - 2 percent of the gravel and coarse sand-size fractions and from trace amounts to 
one percent of the finer sieve sizes. All this material is free of radioactivity beyond 
background levels. 

3.3.1.4 SUInm~ 

Composite 1015 is comprised of a variety of natural and anthropogenic materials. Natural 
rock and minerals with radioactivity at background levels constitute more than half of the 
particles (54 percent). Coal, woody materials, and miscellaneous construction materials 
average about 7 percent, and their radionuclide concentration is at or very slightly above the 
normal background levels. 

Radioactive materials known and suspected to contain radioactivity are believed to be present 
in about one-third of the sample. Known natural radioactive minerals are monazite and zircon 
that occur only in the fine sand and coarse silt-size fractions. The monazite averages about 
0.028 percent and zircon about 0.07 percent of the soil sample. A component that potentially 
could be a higher contributor to the radioactivity in the soil is a white, clay-like, 
anthropogenic thorium substance that comprises 3 percent of the soil sample. This material is 
believed to be a thorinm orthophosphate and has a specific gravity generally greater than 3.0. 
Coal-fired, clinker slag comprising about 12 percent of the sample, contributes residue ash of 
umninm and/or thorium that produces radioactivity above background levels. Suspect 
radioactive materials are believed to be contained in white glassy slag comprising 4 percent of 
the soil. All these minerals and materials which are believed to be the major contributors to 
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0 the elevated radionuclide levels in this sample have specific gravities greater than 3.0 and are 
candidates for removal by density separation processes. Further definition of the amount and 
radionuclide concentration of the dense (heavy) materials is given in Section 3.3.3. A more 
detailed study specifically related to treatment process removal is given in Chapter 5. 

Solid magnetic and nonmagnetic slag comprising, respectively, 7 and 13 percent of the soil 
sample, also might contain radioactivity above background levels. This material is suspected 
to be associated with the industrial manufacture of thorium and may possibly contain 
radioactive residues. Further definition of the amount and radionuclide concentration of the 
magnetic and non-magnetic materials is given in Section 3.3.3. 

3.3.2 Composite 1016 

Composite 1016 was characterized by petrographic analysis to collect preliminary information 
on the material and mineral composition of the soil particles. Comparing and contrasting the 
physical properties of the particles would provide the first indication of the potential for 
remediation potential of this radioactive soil by mineral processing technology. This 
information is most useful in providing direction for the remainder of the characterization 

0 study. 

The mineral and material composition of the soil fractions is listed by categories in Tables 3-4 
and 3-4. The minerals and materials groups categorized include rock particles, homogeneous 
minerals, slag materials, industrial thorium substance, woody organic particles, and 
miscellaneous construction materials and other minor substances. Each of these categories of 
materials is described in the following paragraphs in terms of their abundance in the size 
fractions, their physical properties, and potential contribution to the radioactivity of the soil. 

3.3.2.1 Rock Particles 

The rock particles consist of sandstone and siltstone, igneous rocks, and coal (Table 3-4). 
The sandstone and siltstone, comprising 4 percent of the sample, are grey to reddish brown in 
color, fine to medium grained, subrounded, rough to smooth surfaced, and friable to 
structurally strong. The coarser sandstone is more abundant than the finer, smoother surfaced, 
siltstone. Mineral composition is predominantly quartz, and minor clay and hematite cement, 
These rock particles comprise 14 percent of the gravel and 2 - 6 percent of the coarse, sand- 
size fractions. The sandstone and siltstone are from local bedrock, and the radioactivity of 
this material is at background levels for the region. 
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The igneous rocks are predominantly basalt with minor amounts of granite and hornblende 
gneiss. These grey to black colored, angular to rounded, hard, dense, durable particles 
comprise I percent of the soil fractions tested. The radioactivity in these particles is 
essentially at background levels. 

Black bituminous coal particles comprise 3 percent of the soil materials tested. The coal 
particles are black in color with a high virtuous luster, light weight, subangular in shape, 
smooth surfaced, and durable. The bituminous coal in the United States averages 3 ppm 
uranium and 3.12 ppm thorium (ROG64). The coal constitutes a minor source of 
radioactivity above that of background. 

3.3.2.2 Minerals 

Natural minerals in the soil fractions consist of quartz, feldspar, and detrital heavy minerals. 

Table 3-4: Material Composition and Weight Percent of Soil Fractions from Composite 1016 

White Tb Substance’ 5 9 5 I 7 I 9 I 7 8 12 8 

..n._. r. “̂ “.. P1__ I I” I 1 6 L ” ‘I I (. I 7 I 5 W”llc “liimy .xay, - .I 
Magnetic Slag 4 14 22 13 7 4 4 3 7 

Dense Slag 12 17 14 14 11 17 13 19 14 

I t-8 I 71 I 7 I 1P ’ n I 0 I II-I I < I II-I Cl’ . -* 
.I, 

.” ” .” ,,nrrer sag IL &I . 7 
I 

I 

II w’oodv Materials 1 3 I 
4 

I 
3 

I T 1 T 1 T 1 T 1 - 1 I 
I I I I I I I I 

Miicellancous’ 41 II 7 
I 

T T T T 10 

T = Trace amounts, less than 0.05 pe=nt. 
I. Weight percent for mat&Is greater than 400 sieve size (0.038 mm). 
2. Transparent heavy minerals greaIer than 3.0 grain density. Species listed in Table 3-5. 
3. mite, fine gmined, friable, “clay-like”, anthmpogcnic thorium substance. 

4. Misc&.ncous gny MDCRI~, red brick, black asphallic road metal, glass, metal fragments, ceramic material, and minor other. 
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Table 3-5: Transparent Heavy Minerals in Fine Sand and Coarse Silt Fractions of 
Composite 1016 

T = Trace Amounts (less than 0.05%). 
1. Weigh: percent of tnnsparent heavy minerals greater than 3.0 grain density in the sieve size fractions indicated. 
2. Other transparent heavy minerals include kyanite, hypcnthcnc, tourmalinc, and chlorite. 

Quartz and minor quartzite particles are the dominant materials in the soil sample (Table 3-4). 
The quartz comprises 1 percent of the gravel, 11 - 54 percent of the sand-size fractions, and 
45 percent of the coarse silt fraction. The quartz particles are hard, dense, and durable and 
free of radioactivity above background levels. 

Feldspar comprises approximately 3 percent of the soil fractions. The feldspar occurs in the 
fine sand and coarse silt fractions in the range from trace amounts to 5 percent. The feldspar 
is pink to grey in color, essentially rectangular to subrounded in shape, and generally hard, 
dense, and durable. The radioactivity in this material is generally in the background range. 

Transparent heavy minerals (greater than 3.0 grain density) occur in the fine sand and coarse 
silt-size fractions. The percent of the transparent heavy minerals for the -5O/+lOO, -100/+200, 
and -200/+400 sieve size is, respectively, 6, 21, and 7 percent (Table 3-4). The mineral 
species present in these size fractions are listed in Table 3-5. The monazite and zircon 
radioactive minerals are the dominant minerals with monazite 31 - 72 percent and zircon 12 - 
18 percent. Other minerals include the amphibole group (2 - 18 percent), garnet group (1 - 4 
percent), epidote group (5 - 7 percent), rutile (trace - 1 percent), and minor hypersthene, 
kyanite, chlorite, and tourmaline (trace - 2 percent). All these detrital, transparent heavy 
minerals are hard, dense, and very durable, having persisted in the environment for a very 
long time. It is apparent that the anomalous amounts of monazite and zircon are due to their 
presence as ore minerals for thorium extraction at an industrial site (see Figure B-4). 
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category of material (see Figure B-6B). The black, solid, metallic slag could contain some 
radioactivity if it is waste produced during the production of thorium from ore. 

Solid slag, black to reddish colored, flat to angular shaped, dull to metallic lustered, comprises 
14 percent of the soil materials tested. Tan colored slag, nodular to subrounded shape, highly 
porous, coal-fired clinker, constitutes 10 percent of the soil (Table 3-4). The slags are 
relatively uniformly distributed in all size fractions. The clinker slag contains residue ash of 
uranium from the burning of coal (ROG64). This material contributes to radiation levels 
above background, however, the clinker slag is not a strong contributor to the radiation levels 
of this soil sample. 

Miscellaneous and woody, organic materials comprise respectively 10 and 1 percent of the 
soil sample, respectively (Table 3-4). The miscellaneous materials are predominantly 
construction materials comprised of concrete, brick, asphaltic road metal, glass, and minor 
metal particles. These materials occur in significant amounts only in the gravel and coarse 
sand-size fractions. Wood and plant particles are also abundant only in gravel and coarse 
sand-size fractions (Table 3-4). None of this material produces radioactivity above 
background levels. 

3.3.2.4 Summaw 

The composite soil sample, 1016 from Maywood is comprised of a variety of natural and 
anthropogenic materials. The natural rock and minerals comprise more than 45 percent of the 
soil and anthropogenic slags, thorium substances, and miscellaneous materials; woody 
materials constitute the remaining soil particles. 

Radioactive monazite and zircon are natural minerals that are present as significant sources of 
radioactivity. Both these minerals are found only in the fine sand and coarse silt-size 
fractions; however, the monazite comprises 3.33 percent and zircon 0.82 percent of the soil 
sample. The concentration level of these radioactive minerals suggests their presence is 
derived form ore minerals used to obtain thorium. 

A white anthropogenic thorium substance comprises 8 percent of the soil sample tested. This 
material is probably an orthophosphate derived from the industrial process to obtain thorium 
metal. It is probably one of the main contributors of radioactivity in the soil sample. 

0 Radioactivity is believed to be present in some of the slag materials that may be associated 
with the industrial process used to manufacture thorium metal. Individual fractions of white 
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glassy slag comprising 5 percent of the soil and solid magnetic and nonmagnetic slag, 
comprising 21 percent of the soil sample, are possibly important sources of the radioactivity 
in the soil. 

Both Composite 1015 and 1016 consist of natural and anthropogenic materials with natural 
rock and minerals comprising 54 and 45 percents, respectively. Both samples contain 
significant amounts of monazite and zircon in the fine sand and coarse silt-size fractions. 
Composite 1015 has 0.028 and 0.07 percent monazite and zircon, respectively, and Composite 
1016 has 3.33 and 0.82 percent. A white anthropogenic thorium substance, believed to be 
orthophosphate from the industrial process, is present in both samples at 3 percent in 1015 
and eight percent in 1016. Both composites contain slag materials which may be from the 
manufacturing process and possibly contain radioactivity above background levels. 

3.3.3 Den&v and Magnetic Separation 

To determine the potential for contaminant/host soil separation on the bases of ferromagnetism 
and density, scoping tests were performed as described in Section 2.3. The -5O/+lOO, 
-100/+200, and the -200/+400 fractions of Composites 1015 and 1016 were subjected to a 
sink-float density separation at a specific gravity of 2.89; and the sink (heavy minerals) and 
the floats (light minerals) were collected, dried, and weighed. The heavy minerals were 
scanned with a hand-held magnet to remove ferromagnetic material and both fractions, 
magnetic and non-magnetic, were weighed. After combining the heavy minerals from each of 
the size fractions, a portion of each of the light, magnetic, and non-magnetic fractions was 
analyzed by alpha spectrometry for uranium and thorium. Insufficient material was available 
for gamma (Ra-228) analysis. The results of these analyses are presented in Table 3-6, 
below. 

Table 3-6: Heavy Minerals and Magnetic Materials in the -50/+400 Materials from 
Composites 1015 and 1016 

Composite 1015 

HEAvYMJNER4u LIGHTS MAGNETIC NON-MAmC 

% of whole % of % of Whole % of Heavy % of % of Heavy % of 

Soil Fraction Soil Minerals Whole Soil MiiCralS whole Soil 

038 97.20 13.29 49 0.19 51 020 

0.49 95.71 10.97 25.1 0.04 19.9 0.12 

0.15 98.07 7.81 21.5 0.07 12.5 0.18 

121.7 i 153 1.49 f 0.55 4.75 f 1.05 175 i 20.7 

807.9 f 573 9.99 f 2.9 37.1 f 11.0 1196f 88 
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Table 3-6: Heavy Minerals and Magnetic Materials in the -50/+400 Materials from 
Composites 1015 and 1016 (continued) 

Following the separation of the magnetic from the heavy mineral fraction, the magnetic 
material was separated from the more coarse fractions, +8 through 50-mesh, with a hand-held 
magnet. The amounts removed from these coarse fractions are presented in Table 3-7. 

Table 3-7: Magnetic Material in the -4 to +50- Mesh Material from Composites 1015 and 
1016 

Composite 1015 

MAGNETlC NON-MAGNETIC 

SUE PERCENT OF PERCENT OF WHOLE PERCENT OF PERCENT OF WHOLE 

FRACTlON SOIL FRACllON SOIL 

-4/+g 30.8 1.77 692 3.91 

-8l+16 25.4 131 14.6 3.83 

-16/+30 15.9 0.93 : 84.1 4.93 

-30/+50 7.0 0.67 93.0 8.92 

Composite 1016 

-t/+8 26.1 1 .so 13.9 4.24 

.’ -El+ I6 222 1.14 11.8 4.00 
-16/+30 12.5 0.73 87.5 5.13 

-30/+50 7.10 0.68 92.9 8.91 

From Table 3-5 the selective concentration of U-238 and Th-232 in the heavy mineral 
fractions is obvious, vvith concentration ratios (pCi/g in heavy minerals/pCi/g in lights) for 
both radionuclides of approximately 80. While not as dramatic, concentration ratios for the 
non-magnetic to magnetic of 32 to 37 were obtained. 

The results of this scoping study confirm the assumption made during the petrographic study 
that significant amounts of the radioactivity in Composites 1015 and 1016 are associated with 
dense (>2.89 g/cc) minerals. The identification of these materials was discussed above. The 

l amounts of these minerals are small, one percent or less of the whole soil; however, the 
concentration ratios obtained, particularly for the heavy minerals, suggest that density 
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separation is worthy of further study. The results of the extended characterization of the 
radioactive mineral associations using SEMKRF and the additional laboratory studies on the 
composite samples to evaluate the potential for additional partitioning by specific gravity and 
magnetic susceptibility are presented in Part II of this report. 

3.4 Attrition Study 

3.4.1 Comoosite 1015 

Figure 3-14 gives the results of the attrition study of Composite 1015 at 60 percent solids. 
Some benefit was obtained since additional thorium was removed from the -4/+100-mesh 
material. The Th-232 concentration in the +lOO mesh material was reduced from 6.4 to 4.6 
pCi/g by attrition. The Ra-226 results indicate no benefication by attrition since the 
concentrations at all size fractions are the same for the head and the attrited samples. 

Due to the nature of the attrition scout testing, the absolute thorium removal in a full scale 
process is not possible to fully assess. However, the benefit is obviously not large. The 
vigorous washing procedure (SCA-502) employed prior to the sieving process apparently 
sufficiently liberates fines such that attrition of the resultant material is not of major benefit. 
It is not clear if the small amount of fines (5 percent of the attrited material) generated in the 
attrition study, were the result of fines liberation, surface removal from coarse particles, or 
coarse particle fracturing. 

3.4.2 Composite 1016 

Figure 3-15 illustrates the attrition results at 70 percent solids for Composite 1016. It should 
be noted that the Th-232 concentrations for the head sample are those calculated from the 
concentrations in the two individual samples that comprise this composite and the relative 
amounts of material combined to form this composite. It is clear from a comparison of both 
Ra-226 and Th-232 for the oversize concentrations of the head and attrited soil that attrition 
was beneficial in reducing the radioactivity in the +4/-100 sizes. The reduction for Ra-226 in 
the +lOO-mesh oversize concentrations for Ra-226 and Th-232 are 37 and 30 percent, 
respectively. Of coarse, the concentrations of both radionuclides remain well above target 
goals following attrition for this composite. 

Less than one percent of the fines were generated by the attrition process. The results of the 
attrition of 1016 at 60 percent solids were comparable to those of the 70 percent solids. 
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The results of attrition testing of both composites indicate that attrition, or some process for 
liberation of fines, is desirable and should be a component of a treatment scheme. Since the 
samples subjected to attrition testing had previously been through vigorous washing, it is not 
possible to independently evaluate the efficacy of attrition for fines liberation. 

3.5 Chemical Extraction 

3.5.1 Comnosite 1015 

The gamma and alpha spectrometry analysis results for the head samples (-4/+100 mesh) and 
the extracted soils for Composite 1015 for the three extractants are presented in Tables 3-8, 
3-9, and 3-10. The results are tabulated for Ra-226, Ra-228, and Th-232. Since the chemical 
extraction may have affected the radionuclide equilibrium between Ra-226 and its progeny, 
the use of Pb-214 to determine Ra-226 may be inappropriate. Ra-228 that is determined from 
its daughter AC-228 (half life 6.13 hours) is likely a better determinant for the efficiency of 
chemical extraction. Sufficient time elapsed between extraction and the gamma counts to 
allow for greater than 96 percent secular equilibrium between Ra-228 and AC-228. 
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CHEMICAL EXTRACTION SCOUT TEST RESULTS 
COMPOSITE 1015 

Table 3-8: O.lM EDTA/O.SM Na,CO, @pH 9.0 for Composite 1015 

Head Sample Extracted Soil 

‘Ji; 

Removal % 

,. 98.4 

Ra-226 (Pb-214) 1.65 1.63 .;. ‘1 

Th-232 7.56 2.84 : :: :‘: .‘. .62 . . 

Ra-228 9.67 7.31 24 

Recovered % 

Table 3-9: 3M HCl followed by 0.22M Sodium Hexametaphosphate for Composite 1015 

Recovered % 

Table 3-10: 0.22M Sodium Hexametaphosphate for Composite 1015 

1 Head Sample 1 Extracted Soil 1 ,..I.;,.~~~,~va’~~:~~/- Recovered % i : b !I 

$6.: ;;::.:~:,i:.:~:~,:::.,.:: 41&~~ 



The most effective extractant for both thorium and radium @a-228) was 3M HCl followed by 
0.22M sodium hexametaphosphate, with removals of 80 and 63 percent, respectively. The 
resulting extracted soil concentrations of Ra-226, Ra-228, and Th-232, respectively, were 
1.27, 4.48, and 1.48 pCi/g. Only 6 percent of the soil was digested during the extraction. 

While not as effective as 3M HWsodium hexametaphosphate, O.lM EDTA/O.SM Na,CO, 
removed 62 and 24 percent of the thorium and radium, respectively. The resulting Ra-226, 
Ra-228, and Th-232 concentrations of the extracted soil were 1.63, 7.31, and 2.84 pCi/g, 
respectively, which would result in a TAR of less than one. Less than two percent of the soil 
was solubilized in this extraction. 

3.5.2 Comnosite 1016 

The gamma and alpha spectrometry analysis results for the head (whole soil) samples and the 
extracted soils for Composite 1016 for the three extractants are presented in Tables 3-10, 
3-l 1, and 3-12. In addition, an extraction with 3M HNO, was performed. The results of this 
extraction are presented in Table 3-14. The results are tabulated for Ra-226, Ra-228, U-238, 
and Th-232. The U-238 data for the head sample are taken from the attrition study for 
60 percent solids. 
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CHEMICAL EXTRACTION SCOUT TEST RESULTS 
COMPOSITE 1016 

Table 3-11: 0.1M EDTA/O.SM Na,CO, @pH 9.0 for Composite 1016 

Ra-226 
Ra-228 233.8 167.3 
Th-232 113.1 I 112.5 :., . . :---, ..\. 

U-238 

Table 3-12: 3M I-ICI followed by 0.22M Sodium Hexametaphosphate for Composite 1016 

Head Sample Extracted Soil Removal % 

‘5i’.:m.R ..‘;, . . :. 

Recovered % 

89.0 

Ra-226 20.8 9.8 .::‘- ;::.:i:.. . . . . .,:3 ... ,;/ 
Ra-228 236.7 67.9 :: :,71 : > 

Th-232 113.1 43.4 . . ,.... :: 62.;.;:. 

U-238 : ; 

Table 3-13: 0.22M Sodium Hexametaphosphate for Composite 1016 
Recovered % 

97.5 
.,,, ( :‘::.‘: . . . . i 

Ra-226 
Ra-228 398.6 328.6 .:,~~~~~.~~:n~~~~l 8:.;& 

‘I-h-232 .. 113.1 121.5 ;:‘-.::- ::. ;;: ,...;-“z:;::, 

U-238 12.6 9.8 .:l..-:.; .:. 1:: -23 .., 
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Table 3-14: 3M HNO, for Composite 1016 

Recovered % 

Ra-226 
Ra-228 229.2 49.5 : ‘. 78 
Th-232 113.1 25.7 ,; :.,: .; 77.. -:I 
U-238 12.6 3.4 ,:: .‘< .;: i..; .;j 1. 73 j ‘;’ ; 

The most effective extractant for thorium, uranium, and radium (Ra-228) was 3M HNO,, with 
removals of 77, 73, and 78 percent, respectively. The resulting extracted soil concentrations 
of Ra-226, U-238, and Th-232, respectively, were 8.5, 3.4, and 25.7 pCi/g (TAR = 6.9) 
Approximately 6 percent of the soil was digested during the extraction. 

While not as effective as HNO,; 3M HCl followed by 0.22M sodium hexametaphosphate 
removed 62, 67, and 71 percent of the thorium, uranium, and radium, respectively. The 
resulting Ra-226, U-238, and Th-232 concentrations of the extracted soil were 9.8, 4.2, and 
43.4 pCi/g (TAR = 10.7), respectively. O.lM EDTAIO.SM NqCO, removed from 28 to 40 
percent of the radium but was ineffective in its thorium removal. 

The chemical extractions were performed to determine, on a broad scale basis, if previously 
used extractants might be effective in removal of radium, thorium, and uranium from the 
composite soils. No optimization of extraction conditions was attempted. Based on these 
limited results, both 3M HCYsodium hexametaphosphate and O.lM EDT/VO.5M Na$O,.are 
effective; with the latter extractant having less environmental and aesthetic considerations to 
overcome in its application to radionuclide removal. Due to resource and time considerations, 
no further consideration was given in this study to the use of extractants as the primary or as 
a supportive treatment process. 
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PART II: 

EXTENDED CHARACTERIZATION 
AND PROCESS DESIGN 
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0 4.0 EXTENDED CHARACTERIZATION - SEM ANALYSES 

4.1 Background 

Physical separation processes are effective only if the particulate contaminants are adequately 
liberated from the host soil (i.e.: present as discrete particles). Therefore, the first series of 
extended characterization tests were performed to evaluate the liberation behavior of the Maywood 
soil. These studies were performed using an advanced mineralogical identification system 
available at Virginia Tech. This system incorporates au automated image analyzer (AIA) together 
with a variety of spectroscopic techniques including optical petrographic microscopy, scanning 
electron microscopy (SEM) and energy dispersive x-ray (EDX). The system is totally dedicated to 
the evaluation of the separation potential of particulate materials and is used extensively to assist in 
solving separation problems throughout the minerals processing industry. This system allows the 
rapid determination of the types and relative amounts of each component present in the 
contaminated soil. The image processing system also allows the degree of association between the 
various components to be quantitatively established. This work provides a means of determining 
whether the contaminated components in the soil are sufficiently liberated to be rejected by 
physical cleaning processes. The findings of this subtask have a major bearing on the development 
efforts carried out under the re maining tasks since the selective removal of contaminants by 
physical separation techniques is possible only if the particles are adequately liberatexl. 

The information reported under this subtask includes characterization data from both the Wayne 
and Maywood sites. This reporting approach was necessary in order to obtain petrographic .’ 
correlations that were statistically meaningful. These correlations provide tremendous insight 
into the mode by which radionuclides occur at the FUSRAP sites. This knowledge is critical in 
the development of a successful remediation scheme for the FUSRAP soils. 

4.2 Experimental Procedure 

Characterization of three composite FUSRAP soil samples supplied by SC&A was performed by 
scarming electron microscopy/automated image analysis. One composite soil sample (Composite 
1017) was obtained from the Wayne site, while two composite samples (Composite 1015 and 
Composite 10 16) were obtained from the Maywood site. Mounts of individual size fractions 

a 
were prepared by embedding particles in epoxy resin. Cross-sections were then cut from these 
mounts and remounted thus eliminating sample bias by particle settling. The final mounts were 
then polished and sputter-coated with gold before being placed in the SEM. The polished 
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a samples were initially analyzed by electron backscatter imaging and energy dispersive X-ray 
spectra. This allowed for the identification of the various components of the soils and for the 
determination of gray-level intensities generated by the backscattered electron signal coming 
from these components. 

It was determined that the samples could be divided into three types of.material based on gray- 
level intensity. These three types included (i) a low intensity material consisting of 
predominantly quartz as well as other silicate minerals, (ii) an intermediate intensity material 
consisting of a porous slag, and (iii) a high intensity group made up of heavy minerals such as 
ihnenite, iron oxide, zircon, rutile, and monazite. Routine analyses of the samples were 
performed by transferring backscattered electron images to the image analyzer, which had been 
programmed to identify the three gray-level ranges. The image analyzer then measured the 
cross-sectional area of each particle and the area of each of the three-gray level ranges, if present 
in the particle. These data were then used to calculate the amount of each type of material in the 
sample and to classify the particles in terms of their composition. 

a 

Size fractions analyzed for Maywood Composite 1015 and Composite 1016 include 8x16, 
16x30,30x50,50x100,10Ox200, and 200x400 mesh. For the Wayne (1017) sample, the 16x30, 
50x100, and 200x400 mesh size fractions were analyzed. Approximately 1500 to 2000 particles 
were counted for each size fraction. : 

The initial X-ray analysis of the soils indicated that one mineral phase in particular contained 
considerable amounts of thorium. Although the chemical composition of this phase is variable, it 
appears to be monazite-like in that it generally contains rare earth elements and phosphorous. 
Therefore, to determine the quantity of this phase in the soils, point counts were performed on 
the heavy mineral component by using X-my spectra for phase identification. Given the 
percentage of “monazite” in the heavy minerals and the amount of heavy mine& in the total 
sample, the area percent “monazite” in the sample was calculated. In addition to the “mom&e”, 
minor amounts of a calcium-thorium-phosphorous phase, and thorium oxide were also found to 
be present. Therefore, the sum of these three phases provides an estimate of the total amount of 
radioactive material in the sample. 

Although no radioactive components were observed in any minerals other than those that are 

0 
normally classified as heavy mineral sands, several SEM photographs were taken to provide 
some examples of how the “morn&e” occurs in association with other non-contaminated 
materials. Figure 4-1 is a photograph taken of the Composite 1016 sample for the 50x100-mesh 
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SEM photograph of 50 x 100 mesh Maywood Composite 1016 showing monazite 
rimming of quartz. 
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size fraction. This photograph shows two composite particles made up of “monazite” rimming 
quartz. Figures 4-2 and 4-3 show examples of “monazite” located in the pores of slag material. 
Figure 4-2 is a whole particle (not mounted in epoxy and polished) from the Composite 1016 
50x100 mesh size fraction that floated during a density separation at a specific gravity of2.49 
g/cc. Figure 4-3 is a particle from the Composite 10 16,8x1 6-mesh size fraction showing a 
similar occurrence of “monazite”. High magnification observations of “monazite” in these pores 
indicate that the “monazite” occurs as very tine particles resting in the pores and is not physically 
bound to the slag. Figure 4-4 is a photograph taken of the Composite 1016,8x1 6 mesh size 
fraction which shows “monarite” disseminated throughout a slag particle as well as embedded in 
an iron oxide particle. 

4.3 Results and Discussion 

Based on the preliminary SEM analyses, it appears that the radioactive components in these soils 
are generally contained in heavy mineral sands and are predominately in the form of monazite- 
like particles. These monazite-like particles can either be free, locked with other heavy mineral 
sands or locked with slag material. The exact distribution and occurrence of these particles can 
be quantified by examining the SEM-IA data. 

Figures 4-5 to 4-7 show the size-by-size composition of Composite 1015, Composite 1016, and 
Wayne (1017) soils relative to heavy mineral content. These figures are probably best 
characterized by considering the amount of material containing no heavy mineral contamination. 
As shown, the amount of material containing zero percent heavy mineral increases with size until 
approximately 30 mesh, after which there is little change or only a slight increase. This is true in 
all cases with the exception of the 100x200-mesh size class for the two Maywood samples. In 
the case of the Maywood samples, there appears to be an abrupt increase in the heavy mineral 
contamination of the 100x200-mesh fraction. In general, it can be seen that the Wayne sample 
contains the largest amount of material that is uncontammated by heavy minerals, followed by 
the Composite 1015 and the Composite 1016 soils. 

If’only the heavy mineral portion of Composite 1015, Composite 1016, and Wayne (1017) soils 
is considered, it is possible to characterize these samples on the basis of the heavy mineral 
occurrence. Figures 4-8 to 4- 10 show the breakdown of the heavy minerals contained in each 
soil in terms of the amount that is free and that which is locked with other materials. In general, 
the amount of free (100 percent) heavy mineral increases as particle size decreases, with two 
exceptions to this &end. The 16x30-mesh fraction of Composite 10 15 seems 
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Maymod Composik 1016 
(Float 2.49 SG, 50x100 Me&i) 

Slag 

200 microns 

Figure 4-2: SEM photograph of 50 x 100 mesh, float 2.49 fraction of Maywood Composite 
1016 showing monazite inclusions in slag. 
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Figure 4-3: 

200 microns 

SEM photograph of 8 x 16 mesh Maywood Composite 1016 showing monazite 
contained in air pockets in a slag particle. 
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Figure 4-4: SEM photograph of 8 x 16 mesh Maywood Composite 1016 showing monazite 
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Figure 4-5: Volume distribution of Maywood Composite 1015 based on the volume percent 
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Figure 4-6: Volume distribution of Maywood Composite 1016 based on the volume percent 
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Figure 4-7: Volume distribution of Wayne composite based on the volume percent heavy 
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Figure 4-8: Volume distribution of the heavy m inerals in Maywood Composite 1015 based on 
the volume percent heavy m inerals in each particle. 
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Figure 4-9: Volume distribution of the heavy m inerals in Maywood Composite 1016 based on 
the volume percent heavy m inerals in each particle. 
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Figure4-10: Volume distribution of the heavy minerals in Wayne composite based on the 
volume percent heavy minerals in each particle. 
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l to show an increase in the amount of locked heavy mineral, while the 200x400-mesh fraction of 
Composite 10 16 exhibits a similar condition. It is interesting to note that the sample containing 
the highest amount of radioactive contamination (Composite 1016) also seems to contain the 
largest amount of free heavy minerals. Since free particles are generally easier to remove than 
locked particles, this fmding would seem to be encouraging from a remediation point-of-view. 

All the results shown in Figures 4-5 to 4-10 are summarized in Figures 4-l 1 and 4-12. These 
plots show the combined analyses for all size classes, weighted according to the amount of 
material in each size class. The overall analysis of the three soil samples is shown in Figure 4- 
1 1. As shown, the Wayne (1017) soil contains the largest amount of material (85.6 percent) 
which is uncontaminated by heavy minerals. This is followed by the Composite 1015 sample 
with 76.7 percent and the Composite 1016 sample with 63.2 percent. Assuming that all 
radioactivity was caused by heavy minerals, these numbers would indicate the amount of 
material which could be returned as clean soil, provided a perfect separation could be achieved. 
If one considers the remaining material which is contaminated by heavy minerals (Figure 4-12), 
66.7 percent of this material occurs as free heavy-mineral particles in the Composite 1016 
sample, while approximately 46 percent is free in both the Wayne (10 17) and the Composite 
1015 soils. From the point-of-view of remediation, the percentage of free heavy minerals should 
represent the portion of the umtamination that is easiest to remove. Thus, nearly two-thirds of 
the heavy minerals contained in the Composite 1016 kmple, and half of those contained in the 
Wayne (10 17) and Composite 1015 samples, are accessible for removal by a physical separation 
process. 

The data collected fiom the SEM analysis were also used to determine the total amount of heavy 
minerals contained in each size class. These data are shown in Figure 4-l 3. As shown, there is 
generally little change or a slight decrease in heavy mineral content for all three samples as size 
is decreased from the 8x16-mesh class to the 50x100-mesh class. This is followed by an abrupt 
increase in the heavy mineral content at the 100x200-mesh class, and a decrease, once again, in 
the 200x400-mesh class. Thus, it would seem that the 100x200-mesh class contains the greatest 
contamination of heavy minerals. Ia fact, in the case of the Composite 1016 sample, over one- 
fourth of all the material in the 100x200-mesh class is composed of heavy minerals. In the case 
of the Composite 10 15 sample, both the 100x200-mesh class and the 8x16-mesh class appear to 
be equally contaminated by heavy minerals (approximately 7 percent); while in the case of the 
Wayne ( 1017) sample, no class contains greater than 4 percent heavy minerals. The overall 
heavy snimrd composition in the 8x400-mesh in Composite 1015, Composite 1016, and Wayne 
(1017) samples is shown in Figure 4-14.‘The Composite 1016 sample contains nearly 
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Figure 4- 1 I : Weighted volume distribution of the 8 x 400 mesh Maywood #I (Composite 

1015), Maywood #2 (Composite 1016) and Wayne composite samples based on 
the volume percent heavy mineral in each particle. 
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Figure 4-12: Weighted volume distribution of the heavy minerals in the 8 x 400 mesh 
Maywood #I (Composite 1015), Maywood #2 (Composite 1016) and Wayne 

1 samples based on the volume percent heavy mineral in each particle. 
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Figure 4-13: Volume percent heavy minerals in each size class for the Maywood #1 
(Composite 1015), Maywood #2 (Composite 1016) and Wayne Composite 
samples. 
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Figure 4-14: Overall volume percent heavy minerals in the 8 x 400 Mesh Maywood #1 
(Composite 1015), Maywood #2 (Composite 1016) and Wayne composite 
samples weighted according to the size distribution. 
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0 four times as much heavy mineral contamination as does the Composite 1015 sample, and nearly 
ten times as much as the Wayne (1017) sample. This finding correlates to the relative levels of 
radioactive contamination in each of the soils. 

,e 

Since not all of the heavy minerals present in the sample contribute to the overall radioactivity, it 
was decided to break out those heavy minerals which contain thorium. These data are shown in 
figures 4- 15 and 4- 16. As shown in Figure 4- 15, there is a clear trend in all three samples for the 
percentage of thorium-containing minerals to increase with decreasing particle size, with the 
greatest increase occurring in the 100x200-mesh size class. This is followed by a slight decrease 
in the thorium mineral content in the 200x400-mesh size class; although the thorium mineral 
content is still relatively high in this class. Thus, in terms of thorium-containing minerals, the 
100x200 and 200x400-mesh size classes both have significant quantities. Furthermore, this 
finding seems to be true for all three samples; although the percentages are quite low for the 
Composite 10 15 and Wayne (10 17) samples. In terms of overall thorium mineral content (Figure 
4-l 6), over 7 percent of the Composite 1016 sample is composed of thorium-containing 
minerals. This accounts for about half of the heavy minerals in that sample. The Composite 
1015 and Wayne (1017) samples, on the other hand, contain less than 0.5 percent thorium- 
bearing minerals. 

In order to relate the characterization data to the radiokclide analysis, an attempt was made to 
correlate the TAR for each size class with the percentage of heavy minerals and the percentage of 
thorium minerals in each size class. These results, for all three soil samples, are shown in 
Figures 4-17 to 422. As shown, there appears to be a general correlation between TAR and both 
the percentage of heavy minerals and the percentage of thorium minerals; however, the 
correlation between TAR and percentage of thorium minerals appears to be better. For example, 
in the case of the Composite 1015 sample (Figures 4-17 and 4- 18), the general trend in the 
thorium mineral composition with size and the TAR variation with size (Figure 4-l 8) is the same 
with the exception of the 8 x 16-mesh size class. This trend is not as clear if the total percentage 
of heavy minerals (Figure 4- 17) is used. Similar findings can be seen for the other two soil 
samples. Based on these results, a plot of TAR versus thorium mineral content was generated. 
As shown in Figure 4-23, this plot results in a straight line on a log-log scale which seem to level 
out at a TAR of 1. The intercept of the line at a TAR of 1 is approximately 0.06 percent thorium 
minerals, which indicates that it is necessary to clean these soil samples to a thorium mineral 
content of less than’&06 percent in order to achieve a TAR of 1 or less. 
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Figure 4-15: Volume percent thorium minerals in each size class for the Maywood #l 
(Composite 1015), Maywood #2 (Composite 1016) and Wayne Composite 
samples. 

Figure 4- 16: Overall volume percent thorium minerals in the 8 x 400 Mesh Maywood #l 
(Composite IOl5), Maywood #2 (Composite 1016) and Wayne composite 
samples weighted according to the size distribution. 
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Figure 4-17: Relationship between volume percent heavy minerals and total activity ratio as a 
function of particle size for the Maywood #l (Composite 1015) composite 
sample. 
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Figure 4- 18: Relationship between volume percent thorium minerals and total activity ratio as a 
function of particle size for the Maywood #l (Composite 1015) composite 
sample. 
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Figure 4- 19: Relationship between volume percent heavy minerals and total activity ratio as a 
function of particle size for the Maywood #2 (Composite 1016) composite 
sample. 
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Figure 4-20: Relationship between volume percent thorium minerals and total activity ratio as a 
function of particle size for the Maywood #2 (Composite 1016) composite 
sample. 
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Figure 4-2 1: Relationship between volume percent heavy minerals and total activity ratio as a 
function of particle size for the Wayne composite sample. 
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Figure 4-22: Relationship between volume percent thorium minerals and total activity ratio as a 
function of particle size for the Wayne composite sample. 
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Figure 4-23: Relationship between total activity ratio and volume percent thorium minerals. 
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Figure 4-24: Volume percent thorium minerals as a function of particle size for the Maywood 
#l (Composite 1015) composite showing the breakdown between free and locked 
particles. 
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Finally, the 0.06 percent limit on thorium mineral content was used as a means of evaluating the 
potential cleanability of each of the three soils. This was done by plotting the total thorium 
mineral content in each size class on a bar chart. Each bar was broken down to represent the 
portion of the thorium mineral present as free particles and the portion present as locked material. 
This information is shown in Figures 4-24 to 4-26. The line drawn on each chart represents the 
theoretical cut-off limit for thorium mineral content in order to achieve a TAR of 1. Any part of 
a bar which appears above the line represent material that must be removed to achieve the TAR 
of 1. Since locked particles are generally much more difficult to remove than free particles, any 
soil samples which contain locked material appearing above the line would probably be difficult 
to clean. As shown in Figure 4-24 for the Composite 1015 sample, only the 8 x 16 mesh and the 
100x200 mesh size classes contains any locked material that would need to be removed, and in 
the case of the Wayne (10 17) sample (Figure 4-26);0nly free material would need to be 
removed. Thus, these soil seems to show the most promise for remediation. In the case of the 
Composite 1016 sample, the scale is so large that the cut&f line is not even visible. A 
considerable amount of locked material would have to be removed along with the free material. 
Thus, the Composite 1016 soil is most likely not amenable to remediation by physical separation 
techniques alone. 

4.4 Conclusions 
_’ 

Characterization of Composite 1015, Composite 1016, and Wayne (1017) composite soil 
samples was carried out using S canning Electron Microscopy coupled with Automated Image 
Analysis. The major findings of this analysis are given as follows: 

l The only radioactive component observable via x-ray analysis under SEM was thorium. 
Thorium was found to occur primarily as a monazite-type particle. These monazite-type 
particles were found to occur both as f&e and locked particles. In the coarser size 
fkctions (8x16 mesh) monazite inclusions were often found in the pore structure of slag 
particles. At the finer sizes (minus 50 mesh), the monazite-type material was 
predominantly free; although some processed monazite was found to occur as a rim 
around quartz particles. 

l The amount of soil uncontaminated by the presence of heavy mineral sands was generally 
found to increase as particle size decreased. In the case of the 8x400 mesh, Composite 
1015 sample, 76.7 percent of the soil was uncontaminated, while the 8x400 mesh of 
Composite 1016 sample contained 63.2 percent uncontaminated soil. The best situation 
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Figure 4-25: Volume percent thorium minerals as a function of particle size for the Maywood 
#2 (Composite 1016) composite showing the breakdown between free and locked 
particles. 
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Figure 4-26: Volume percent thorium minerals as a function of particle size for the Wayne 
composite showing the breakdown between free and locked particles. 
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appeared to be for the Wayne (I 0 17) sample which contained 85.6 percent 
uncontaminated material. 

l The percentage of free heavy minerals contained in each sample was generally found to 
increase with decreasing particle size. For the Composite 10 15 and the Wayne (10 17) 
samples, the percentage of free heavy minerals amounted to approximately 46 percent. 
The Composite 1016 sample, on the other hand, contained 66.7 percent free heay 
minerals. Thus, although the Composite 10 16 sample was the most contaminated 
particles, it also contained the largest percentage of heavy minerals in a separable form. 

l The volume percent of heavy minerals contained in each sample ranged from just over 14 
percent for the Composite 1016, to approximately 3.5 percent for Composite 1015, and 
1.5 percent for the Wayne (1017) sample. In all cases, the 100x200-mesh size f?action 
seemed to stand out as the worst in terms of heavy mineral contamination. For the 
Composite 1015 sample, the 8x16 mesh fraction was also significant, and for the 
Composite 10 16 sample, the 200x400 mesh class was heavily contaminated as well. 

l In terms of thorium mineral contamination, the Composite 1016 sample contained just 
over 7 percent thorium minerals, while the Composite 1015 and Wayne (1017) sample 
contained less than 0.5 percent. Once again, the 100x200 mesh size f?act.ion stood out as 
the most contaminated in all three samples. In addition, the 200x400 mesh fraction was 
significant for the Composite 10 16 and the Wayne (10 17) samples. 

l In an attempt to relate the radionuclide analysis to the characterization data, the TAR was 
compared to the heavy mineral content and the thorium mineral content of each size 
fraction. The TAR was found to correlate well with the thorium mineral content. A plot 
of TAR versus thorium mineral content indicated that these soils must be cleaned to a 
thorium mineral content of less than 0.06 percent in order to achieve a TAR of 1 or less. 

l Based on the theoretical cut-off limit on thorium mineral content, the characterization 
data were used to determine the amenability of each soil for physical remediation. The 
Composite 10 15 and Wayne (10 17) samples were both found to exhibit characteristics of 
soils that would be amenable to physical separation. The Composite 10 16 sample, on the 
other hand, appeared to contain far too much locked material to ever meet a TAR 
criterion of 1. 
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a 5.0 EXTENDED CHARACTERIZATION - LABORATORY TESTS 

5.1 Introduction to Laboratory Testing 

In this subtask, two mineral processing techniques (i.e., density concentration and froth flotation) 
have been evaluated for the remediation of feed soil from the Maywood FUSR4P site. Density 
concentration exploits differences in the specific gravity of contaminated particles to remove 
them from the host soil. This technique is generally effective for treating sand-sized material. 
Froth flotation, which is a physicochemical process, exploits differences in the surface properties 
(i.e., wettability) of particles to achieve the desired separation. Froth flotation offers tremendous 
flexibility since particle wettability can be controlled through the use of appropriate surface 
modifying reagents. Another advantage of this technique is its ability to treat very fine silt-sized 
particles. The density concentration and f?oth flotation technologies are described in greater 
detail in the following sections. 

5.1.1 Densitv Concentration 

a Float-sink testing is the simplest of all gravity processes and has long been a standard laboratory 
method for separating minerals of different specific gravities. In principle, given sufficient time, 
it is possible to make a perfect separation between t& particles of differing density by placing 
them in a liquid whose density is intermediate between the two. This principle is shown in the 
following schematic. 

Float Minerals f--- Fluid Medium .-> 
SG < 2.9 SG = 2.9 

Sii Minerals 
SG > 2.9 

The objective of float-sink testing is to separate the sample into a series of fractions according to 
specific gravity. These fractions are then weighed and analyzed to establish relationships 
between mass recovery of particles and the concentration of wanted or unwanted components. 
These relationships are used to ccnstmct the standard float-sink (washability) curves to estimate 

0 
the response of a given sample to density concentration. These curves are developed by 
subjecting either the whole or various size fractions of the sample to float-sink testing. Float- 
sinktests are widely used in the laboratory (i) to evaluate the potential of density concentration 

73 



methods, (ii) to determine the economic separating density, and (iii) to evaluate the efficiency of 
an existing density concentration process. 

Most float-sink tests are performed using organic liquids which are available in a wide range of 
specific gravities. Since most organic liquids are toxic and produce harmful vapors, the use of 
true heavy liquids has not been found practicable on a commercial scale. Most industrial density 
separations employ artificial heavy liquids (heavy media) consisting of finely ground solids 
suspended in water. These heavy media processes have the ability to make sharp separations at 
nearly any required density with a high degree of efficiency. The density of separation can be 
closely controlled and can be maintained under normal conditions for indefinite periods. The 
process is applicable to any material in which, after a suitable degree of liberation, there is a large 
enough difference in specific gravity between the particles to allow a separation. Heavy media 
processes are widely applied when the density difference occurs at a relatively coarse particle 
size (i.e., gravel-sized material). Separation in fine sizes can also be made through the use of 
centrifugal separators, although the separation efficiency decreases with decreasing size due to 
the slower rate of settling of finer particles. 

Unfortunately, the small production rate and high costs associated with ancillary equipment are 
likely to prevent the use of heavy media processes for soil remediation. Fortunately, several 
water-based techniques are commercially available for density concentration. These units exploit 
differences in the settling velocities of light and heavy particles to achieve a selective separation. 
Examples of commercially available techniques include jigs, teeter-bed separators, water-only 
cyclones, and flowing-film (table and spiral) concentrators. A jig uses water pulsed from below ,. 
to segregate a particle into high and low density fractions. This technique is generally not 
effective iftoo many near gravity particles are present. Teeter-bed separators are a special class 
of hydroclassifiers which create an artificial density by fluidking particles from the host material 
in an upward current of fluid. The effectiveness of these units is generally limited to a very 
narrow size range. Water-only cyclones may also be used for density separations, although they 
also result in particle classification. Flowing-film concentmtors, such as shaking tables and 
spirals, are the most popular water-based density concentrators. These devices take advantage of 
differences in the movement of particles of various densities as they move through a thin film of 
moving liquid. Flowing-film concentrators are effective over a relatively wide range of particle 
sizes and require little in terms of ancillary equipment. 
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5.1.2 Froth Flotation 

Flotation is undoubtedly the most important and versatile mineral processing technique. In this 
technique, fine particles suspended in water are treated with chemical reagent which selectively 
makes some of the particles nonwettable (hydrophobic), while others remain wettable 
(hydrophilic). A separation is achieved when the hydrophobic particles selectively adhere to air 
bubbles which are introduced into the flotation cell. Particles adhering to the air bubbles are 
carried to the top of the flotation pulp and collected in the form of froth. Particles which do not 
attach to air bubbles remain suspended in the pulp and are eventually discharged from the bottom 
of the flotation cell. 

Most minerals are not hydrophobic in their natural state so flotation reagents must be added to 
the pulp. The most important reagents are the collectors. Collectors selectively adsorb on 
mineral surfaces, render them hydrophobic and facilitate bubble attachment. In fact, the 
flexibility of flotation is largely due to the availability of a wide variety of collectors which can 
render different types of minerals hydrophobic. To prevent the drop-back of particles after the 
bubble reaches the surface of the flotation pulp, a frothing agent is normally added to promote 
the formation of a stable froth. Also, regulators are commonly used to control the flotation 
process. These reagents either activate or depress mineral attachment to air bubbles and are also 
used to control the pH of the system. A brief review of the role of these reagents and the 
physical variables influencing the flotation are presented below. 
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Collectors: Froth flotation is a viable process only if the wettability of particles can be .’ 
controlled. To achieve this, surfactants known as collectors are added to the pulp. A period of 
time is normally allowed for collector adsorption during agitation in what is known as the 
conditioning period. Collectors are organic compounds which render selected minerals 
hydrophobic by adsorption of molecules or ions on to the mineral surface. The adsorption 
reduces the stability of the hydrated layer separating the mineral from the air bubble to such a 
level that particle-bubble attachment can he made on eontact. Collector molecules may be 
ionizing compounds, which dissociate into ions in water, or non-ionizing compounds, which are 
practically insoluble and render the mineral hydrophobic by covering its surface with a thin, 
nonwettable film. Ionizing collectors have found wide application in flotation. They have 
complex molecules which are asymmetric and are heteropolar, i.e., the molecule contains a 
nonpolar hydrocarbon group and a polar group. The nonpolar hydrocarbon radical has 
pronounced water-repellent properties, whereas the polar group reacts with water. Ionizing 
collectors are classified in accordance with the type of ion., anion or cation, that produces the 



water-repellent effect in water. 

Because of the chemical, electrical, or physical attraction between the polar portions and mineral 
particles, collectors adsorb on the particles with their nonpolar ends orientated towards the bulk 
solution, thereby imparting hydrophobic@ to the particles. Collectors are added in small 
amounts, usually just sticient to form a monomolecular layer on the particle surfaces. In fact, 
an excessive concentration of a collector can have an adverse effect on the recovery of valuable 
minerals. Apart from the cost, an excessive collector addition will tend to float other minerals, 
thus reducing selectivity. However, it not uncommon to add more than one collector to a 
flotation system. A selective collector may be used at the head of the circuit, to float the highly 
hydrophobic minerals, after which a more powerful, but less selective, collector is added to 
promote the recovery of slower floating minerals. 

Frothers: Frothers are water soluble organic reagents that adsorb at the air-water interface. They 
are heteropolar molecules, with a polar group to provide water solubility, and a nonpolar 
hydrocarbon group. A &other is required to provide a froth above the pulp that is stable enough 
to prevent undue froth breakage and subsequent return of particles to the pulp before the froth is 
removed. The frothing action is due to the ability of the brother to adsorb at the air-water 
interface and reduce the surface tension. It is important that the froth breakdown rapidly once the 
froth is removed from the top of the flotation cell. Frothem are in many respects chemically 
similar to ionic collectors, and, indeed many of the collectors are powerful frothem. In fact, they 
are too powerful to be used as efficient fiothers, since the froths which they produce can be too 
stable to allow efficient transport to subsequent processing steps. A good frother should have 
negligible collecting power, and also produce a froth which is just stable enough to facilitate 
transfer of floated mineral from the cell surface to the froth launder. 

Regulators: Regulators or modifiers, are used extensively in flotation to modify the action of the 
collector, either by intensifying or reducing its water repellent effect on the mineral surface. 
They make collector action more selective towards certain minerals. Regulators can be classed 
as activators, depressants, or pH modifiers. Activators are the reagents which alter the chemical 
nature of mineral surfaces so that they become hydrophobic due to the action of the collector. 
Activators are generally soluble salts which ionize in solution, the ions then react with the 
miueral surface. 

Depressants are used to increase the selectivity of flotation by rendering certain minerals 
hydrophilic, thus preventing their flotatiorr. The mechanisms in which these depressants achieve 

76 



0 their effects are well documented in the literature and various theories have been offered as to 
their mode of action. These reagents act by preferential adsorption onto the surface of the 
unwanted material and reduce its state of flotation or increase its hydrophilic properties, thus 
giving it less tendency to adhere to air bubbles. These depressants require close control since a 
slight excess may change the entire flotation process. 

Regulators for pH are used to control the pulp alkalinity and play a very important role in 
flotation. In practice, selectivity in complex separations is dependent on a delicate balance 
between reagent concentrations and pH. Flotation, where possible, is carried out in an alkaline 
medium, as most collectors are stable under these conditions. Pulp alkalinity is controlled by the 
addition of lime, sodium carbonate or sodium hydroxide. These chemicals are often added to the 
slurry prior to flotation to precipitate heavy metal ions from solution. Since the heavy metal salts 
precipitated can dissociate, to a limited extent, and allow ions into the solution, other chemicals 
are often used with the alkali to complex them. By carefully controlling the pulp alkalinity, the 
critical pH can be determined, below which any given mineral will float, and above which it will 
not float. This critical pH value depends on the nature of the mineral, the particular collector, 
and its concentration. 

The surface charge of the particles also plays a significant role in the adsorption of a collector on 
the mineral surface. When a particle is suspended in & aqueous solution, a surface charge is 
developed at the interface under equilibrium conditions. Generally, three interface potentials are 
of interest for the charged surfaces. These are (a) the surface potential, (b) the Stern potential 
(the potential of first layer of counter ions), and finally, (c) the zeta potential. The nature of the .. 
zeta potential can be seen in Figure 5-1, which shows a model of the electric double layer at the 
particle surface. The zeta potential is the potential at the shear plane, where slip takes place 
when the surface moves relative to the liquid. An important parameter for characterizing the 
charged surface is the point of zero charge (PZC). When the net surface charge is zero, the 
surface is considered to be at its PZC and have a zeta potential equal to zero, as shown in Figure 
5-2. According to flotation chemistry theory, the surface hydrophobicity is maximum at the 
PZC. 

In order to develop a flotation circuit, preliminary laboratory test must be- undertaken in order to 
determine the choice of reagents for a given throughput as well as flow sheet data. The bulk of 
the laboratory test work is carried out in batch flotation cells, usually with 500 g, 1000 g and 

a 2000 g of material. The cells are mechanically agitated, the speed of the rotation of the impellers 
being variable, and simulate the large-scale models commercially available. The air is 
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usually introduced through a hollow standpipe surrounding the impeller shaft. The action of the 
impeller draws air down the standpipe, the volume being controlled by a valve. The air stream is 
sheared into fine bubbles by the impeller, and rise to the surface, where any hydrophobic 
particles are removed as mineralized froth. 

5.2 Experimental 

5.2.1 Float-Sink Analvsis 

The section describes the procedure used to develop float-sink (washability) curves for 
Composite 1015. These experiments provide data that can be used to establish if gravity 
concentration is a viable approach for separating thorium and radium radionuclides from 
contaminated soils. 

The float-sink analyses were conducted on Composites 1015 and 1016 for five different size 
fi-actions; namely, 4 x 8,8 x 16,16 x 30,30 x 50, and 50 x 100 mesh. Lithium Metatungstate 
@MT), having a specific gravity of 3.0, was used in the experiments and solutions with lower 
specific gravities were prepared by simply adding distilled water to LMT and mixing well. 

Solutions of different specific gravities ranging from’i.5 to 3.0 in incremental steps were 
prepared. The representative soil sample was weighed and introduced into the solution of lowest 
density. The tests were performed in a separatory funnel, and the sinks product was removed, 
washed and dried. After the sinks product was completely dried, it was placed in the liquid of 
the next higher density, whose sinks product is then transferred to the next higher density and so 
on. The floats products were recovered, washed and dried, and weighed together with the final 
sinks product, to give the density distribution of the sample by weight. The entire procedure was 
repeated for five size f%actions for both composite samples. 

All the density fractions were analyzed by gamma and alpha spectrometry as described in 
Sections 2.1.1 and 2.1.2. 

5.2.2 Flotation Tests 

The effective use of flotation technology requires the development of an appropriate reagent 
blend so that radioactive particles are dispersed and at the same time made hydrophobic, Only 
under these circumstances is it possible for froth flotation to be successfd in cleaning the 
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contaminated soils. The following section summarizes the procedures used for all flotation tests 
conducted on Composite 1015. 

The optimal particle size range for froth flotation is normally 40-300 microns (400 to 50 mesh), 
depending on the mineral type and surface chemistry. As was reported in Part I, most of the 
radioactive contaminants in the soils are concentrated in the fine-size fractions. Hence, the 
bench-scale flotation tests were conducted on 50x200 and -50 mesh size fractions for all soil 
samples. 

A representative soil sample weighing 1600 g, mixed with 6 kg/t of sodium carbonate, was 
scrubbed at 40 percent solids for 10 minutes in the flotation cell. The slurry was then screened 
using 50 and 200-mesh sieves. The soil fractions consisting of -50 mesh, 50x200, and -200 mesh, 
were stored in plastic containers for the flotation tests. A Denver flotation machine was used for 
bench-scale tests in order to remove radionuclides from the soil samples. The flotation tests were 
carried out in a 4-liter cell at room temperature as described by the experimental procedure in 
Figure 5-3. Two groups of tests were performed, one with feed size of -50 mesh and other with 
50 x 200&e fraction. An 800 g aliquot of the soil sample was taken into the cell with an 
appropriate tap water addition to make a 20 percent solids suspension by weight. The suspension 
was first conditioned for about 10 minutes with the addition of the desired modifier to regulate 
the suspension PH. Sodium Oleate (a fatty acid collector) was then added and the suspension 
was conditioned for another 10 minutes prior to flotation. Four drops of MIBC (methyl isobutyl 
carbinol) brother was added and the pulp was conditioned for additional five minutes. The air 
was applied and a single stage flotation was carried out at 1500 rpm for an appropriate time 
period (1 O-1 5 minutes) or until no mineralized bubbles were observed. The experimental 
operating conditions and the amounts of reagents added during the test are listed in Table 5-1. 
After flotation, both the concentrate and tails (the clean soil) were collected, filtered and dried for 
analysis. The concentrate, tail, and feed samples were analyzed by gamma and alpha 
spectrometry. 

81 



Feed Sample 
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Frother Addition 
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Conditioning for 5 Minutes 

1 
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Flotation to Exhaustion 

Flotation Flotation 
Concentrate Tail 

Figure 5-3 : Procedure for bench-scale flotation tests of contaminated soil samples. 
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Table 5-l : Experimental Operating Conditions 

Release analysis tests were performed to provide a measure of ultimate cleanability of a sample 
by froth flotation. Release analysis is based on the assumption that, provided recovery by 
entrainment is eliminated, changes in flotation operating conditions can be used to generate 
results along a single “ideal” separation curve. In this approach, the sample was initially 
separated into floatable and non-floatable componentsby utilizing recurrent stages of cleaning. 
The floatable material was then separated into components having various degrees of floatability 
by collecting froth products (concentrates) as a function of increasing aeration rate and impeller 
speed. This procedure results in four concentrates and an overall tailings from which the release 
curve was constructed. The release analysis tests were conducted on -200 mesh size fkaction for 
both composite samples. 

Release analysis tests were carried out in a 4-liter batch flotation cell using a Denver D-12 
flotation apparatus. In this technique, approximately 200 g of the sample was taken into the cell 
with an appropriate tap water addition to make a 5 percent solids suspension by weight. The 
pulp was then conditioned with appropriate amounts of modifiers, collectors, and f&hers prior 
to flotation at an impeller speed of 1700 rpm. The first stage of release analysis involved the 
separation of the non-floatable material from the floatable material. Flotation started with the 
impeller speed at 1700 rpm and air inlet valve completely open. A high pulp level was 
maintained throughout this stage, and the froth was gently removed to minimize entraimnent. 
Extra f?other was added as needed to maintain stable froth and was continued until the froth 
appeared to be barren. The tail material was then saved and the froth product was repulped for 
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additional cleaning. This procedure was repeated three times to minimize the presence of 
entrained material in the froth product. The resulting products from the first stage consisted of a 
concentrate containing all truly floatable material and a tail product containing all the non- 
floatable material. 

The second stage of the release analysis procedure involved the separation of the floatable 
material into components of various degrees of floatability. In this stage, the concentrate product 
from the first stage was repulped and flotation was initiated with an impeller speed of 1100 rpm 
and an aeration rate of approximately 50 percent of full range. These weak flotation conditions 
allowed only the most floatable material to report to the froth product. After the Iroth became 
barren, the collection basin was changed, and the impeller speed was increased to 1300 rpm and 
aeration rate of 60 percent, until the second concentrate is formed. This concentrate was 
removed as the second froth product. The procedure of increasing impeller speed and aeration 
rate was repeated two additional times to produce a total of four concentrates. The tail material 
was combined with the tirst stage tail product to produce an overall tail product. All four 
concentrates and the combined refuse product were filtered, dried, and weighed. The dry weights 
were recorded and the concentrate, feed, and tail samples were analyzed by gamma and alpha 
spectrometry. 

5.3 Results and Discussion 

5.3.1 Float-Sink Analvsis 

The density separation and petrographic data from the initial characterization study indicate that 
a significant amount of the radioactivity in Composite 1015 is associated with dense (>2.89 g/cc) 
minerals. These results led to the recommendation to further characterize the Maywood samples 
by density partitioning. Float-sink analyses were performed on the 4 x 8,8 x 16,16 x 30, 
30 x 50, and 50 x loo-mesh fractions to better define the radionuclide concentrations in these 
fractions based on density. The fiactions were partitioned at Float 2.5,2.5 x 2.6,2.6 x 2.7, 
2.7 x 2.8,2.8 x 2.9,2.9 x 3.0, and Sink 3.0 SG fractions. The resulting fractions were analyzed 
by gamma and alpha spectrometry as discussed in 2.1-l and 2.1.2, respectively. 

It should be noted that detailed petrographic results for Composite 10 16 indicated that 
remediation by soil treatment will not be feasible due to the percent thorium removal that has to 
be achieved to reach the clean-up criteria target goals. However, these data are not conclusive 
and it was recommended to perform the float-sink analyses to better evaluate the potential for 

84 



remediation of this composite sample. The float-sink data are presented in Appendix C. The 
float-sink tests did not significantly reduce the Th-232 activity in the density fractions. 
Therefore, density separations does not reduce the radionuclide activities to reach the target 
clean-up criteria. 

The data for Composite 10 15 are summarized in Figures 5-4 through 5-8 and presented in 
Appendix C. These figures present the results of the density partitioning for Ra-226, Ra-228, 
and Th-232. The results indicate that the contamination is distributed throughout the density 
fractions. However, these results show that the contamination is mostly associated with the high 
density partitions. These results are expected based on the assumption that the radionuclide are 
associated heavy minerals. The float-sink data confirms the SEh4IXRF results including that 
indicated the contaminants are associated with the heavy minerals. 

Figures 5-4 through 5-8 also indicate that the density fizctions with the highest weight percent 
are the Float 2.5 and 2.6 x 2.7 fraction. The Th-232 and Ra-226 activities are below 5 pCi/g in 
these density fractions. Therefore, these results are very promising and suggest that a density 
separation unit operation may be beneficial in reducing the contamination for Composite 10 15 
soil at the Maywood site. 

5.3.2 Flotation Tests 

The detailed petrographic data indicate that as the particle size decreased, the percent liberation 
increases. It should be noted that the -4OO-mesh material was not analyzed and that the percent 
liberation became constant around 70 to 80 percent liberation. For Composite 1015 and 
Composite 1016, approximately 36 and 41 percent of the soil, respectively, is -200 mesh. Also, 
the -200-mesh material has high radionuclide concentrations. Therefore, these data indicate that 
.for successful remediation with a large volume reduction, contaminated particles in the fine siz.e 
classes must be removed. The preferred, cost effective method for fine-particle separation is 
flotation. Flotation tests were performed on the -50,50 x 200, and -2OO-mesh material for 
Composite 1015 and Composite 10 16. The resulting fkctions are the feed, tail, and concentrate. 
These hctions were analyzed by gamma and alpha spectrometry as discussed in 2.1.1 and 2.1.2, 
respectively in this report. 

It should be noted that detailed petrographic results for Composite 10 16 indicated that 
remediation soil treatment will not be feasible due to the percent thorium removal that must be 
achieved to reach the target goals. However, these data are not conclusive and it was 
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Fig. 5-6 Maywood Composite 1 - 16 x 30 mesh 
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Fig. 5-7 Maywood Composite 1 - 30 x 50 mesh 
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Fig. 5-8 Maywood Composite 1 - 50 x 100 mesh 
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recommended that flotation tests be performed to better evaluate the potential for remediation of 
this composite sample. The flotation test data are presented in Appendix C. The flotation tests 
did not significantly reduce the activity for any radionuclide, thus confirming the results from the 
detailed petrographic work. Therefore, based on these data it does not appear that soil 
representative of Composite 1016 can be treated at the Maywood site using physical separation 
processes. 

The data for Composite 1015 sample are summarized in Figures 5-9 through 5-l 1 and presented 
in Appendix C. These figures present the results of the flotation tests for h-226, Ra-228, and 
Th-232. The results indicate that the contamination is concentrated in the concentrate product. 
These results also indicate that Th-232 and Ra-228 are the major radionuclides of concern. This 
is consistent with the particle-size and density partitioning data. 

Figure 5-g presents the results for the -50-mesh flotation test. The activities decreased in the tail 
product and increased in the concentrate product, as expected. However, the tail product has a 
Th-232 activity of approximately 33 pCi/g, which is above the clean-up goals. The Th-232 feed 
activity is approximately 43 pCi/g and the concentrate has an activity of 70 pcilg. Therefore, the 
-50 mesh flotation test produced a tail product with a 23 percent Th-232 reduction and a 
concentrate with a 63 percent increase in Th-232 activity. These percent changes are promising, 
but not sufiicient to meet the clean-up criteria. The flotation chemistry is more diflkult on the 
ultra-fine material (-200 mesh), which contains the highest concentrations. This means that the 
selective collector and the operating parameters of the flotation circuit must be optimally 
controlled. Limited resources did not allow these parameters to be optimized. However, there . . 
are supportive data, from both the detailed petrography and this flotation test to indicate that 
flotation may be successful in reducing the activities below the clean-up criteria. Further 
laboratory testing should be done to optimize the operating parameters, as well as the selective 
collector. 

Figure 5-l 0 presents the results for the 50 x 200-mesh flotation test. The ultra-fine material was 
removed for this test due to the problems discussed in the above paragraph. Again, the activities 
decreased in the tail product, but not significantly, and increased in the concentrate product, as 
expected. In this test, the tail product has a n-232 activity of approximately 32 pCi/g. The 
Th-232 feed activity is approximately 40 pCi/g and the concentrate has an activity of 168 pCi/g. 
Therefore, the 50 x 200 mesh flotation test produced a tail product with a 20 percent Th-232 
reduction and a concentrate with a 320 percent increase in Th-232 activity. These percent 
changes are more promising than what is observed in the -50 mesh flotation test indicating that 
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Fig. 5-11 Flotation - 200 mesh 
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the problems associated with the ulna-fine material are confirmed. Again, the clean-up goals are 
not met for the Th-232, however, with additional controlled laboratory testing, the selective 
collector and operating parameters can be optimized. Thus, the data for the 50 x 200 mesh 
floatation test indicate great promise and support further laboratory testing. 

Figure 5-l 1 presents the results for the -200 mesh release analysis flotation test. The ultra-fine 
material was used in this test to evaluate the effectiveness of the collector and operating 
parameters used in the previous tests. Since it is known that the ultra-fine material is the most 
difficult to remediate, these data are useful in determinin g a starting point for finding the optimal 
conditions for an ultra-fine flotation circuit. From this starting point, conditions can be modified 
and the test repeated. This process is continued until the maximum recovery of the concentrate is 
achieved. In. this test, the resulting fractions are the feed, tail, concentrate 1, concentrate 2, 
concenttate 3, and concentrate 4. As in the previous tests, the activities decreased in the tail 
product and increased in the concentrate products. The tail product has a Th-232 activity of 
approximately 37 pCi/g. The Th-232 feed activity is approximately 41 pCi/g. The Th-232 
activities for concentrate 1, concentrate 2, concentrate 3, and concentrate 4 are 47,76,1 IO, and 
111, respectively. Therefore, the tail product has a 10 percent Th-232 reduction. Concentrate 1, 
concentrate 2, concentrate 3, and concentrate 4 have a 15,85,168, and 171 percent increase in 
Th-232, respectively. These data are not as promising as in the previous tests, however, as stated 
before, the flotation chemistry for the ultra-fine mate& will be more difficult and these data will 
be used as a starting parameters in optimizing the ultra-fine flotation circuit. Further release 
analysis flotation tests should be done to determine ifthe ultra-fine material can be remediated 
for the Maywood site. 

5.4 Conclusions 

5.4.1 Float-Sink Analysis 

Float-sink analyses were performed on the 4 x 8,8 x 16,16 x 30,30 x 50, and 50 x 100 mesh 
fractions to better define the radionuclide concentrations based on density for Composite 1015 
and Composite 1016. The fractions were partitioned at Float 2.5,2.5 x 2.6,2.6 x 2.7,2.7 x 2.8, 
2.8 x 2.9,2.9 x 3.0, and Sink 3.0 SG fractions. Based on the results, the following conclusions 
are made. 

l The contamination is distributed throughout the density fractions for Composite 1015 and 
Composite 1016; however, it is mostly associated with the high density partitions. 
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The float-sink results for Composite 10 16 confirmed the detailed petrographic results that 
indicated that remediation will not be feasible due to the percent thorium removal that 
must be achieved. The float-sink tests did not significantly reduce the Th-232 activity in 
the density fractions such that it would meet the clean-up criteria. Therefore, based on 
these data, the Maywood site is not treatable by the physical separation processes 
evaluated. 

For Composite 1015, the density fractions with the highest weight percent are in the 
Float 2.5 and 2.6 x 2.7 density fraction. Also, in these fractions the Th-232 and Pb-214 
activity are both below 5,pWg. 

The float-sink results for Composite 1015 support the conclusion that for soils 
representative of this composite, a density separation unit operation may be beneficial for 
reducing the activity of radionuclides for at the Maywood site. 

5.4.2 Flotation Tests 

For the Composite 1015 and Composite 1016, approximately 36 and 41 percent of the soil, 
respectively, is -200 mesh and high activities are associated in this material. The detailed 
petrographic data indicated that as the particle size. dekased, the percent liberation increases. 
These data indicate that for successful remediation with a large volume reduction, contaminated 
particles in the fine size classes must be removed. Therefore, flotation tests were performed on 
the -50,50 x 200, and -2OO-mesh material for the Composite 1015 and Composite 1016. Based .- 
on the results, the following conclusions are made. 

. The contamination is concentrated in the concentrate product for each flotation test for 
both composites. 

l Th-232 and Ra-228 are the radionuclides with the highest concentrations. 

l The flotation tests results for Composite 1016 confirmed the detailed petrographic results 
that indicated that remediation will not be feasible due to the percent thorium removal 
&at has to be achieved. The flotation tests did not significantly reduce the Th-232 
activity in the density fractions such that it would meet the TAR clean-up criteria. 
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a 6.0 FLOWSHEET DEVELOPMENT 

6.1 Introduction 

After successfully completing the characterization studies, a conceptual flowsheet for a 
production-scale soil treatment plant was developed for the Maywood site. The preferred process 
flowsheet was selected based on the ability of the circuitry (i) to meet the desired clean-up 
criteria, (ii) to provide the maximum volume reduction of the contaminated soil, (iii) to minimize 
the production of secondary wastes, and (iv) to achieve these objectives in a cost-effective 
manner. Equipment selection was limited to proven, field-tested mineral processing technologies 
that can be implemented in the field with little or no additional research and development effort. 

Specific activities that were performed under the flowsheet development effort included: 

l formulation of consistent mass balances which specify the expected solid mass rates and 
contamination levels based on particle size analyses, float-sink data, and other 
characterization information, 

. development of a process simulation program capable of identifying the preferred circuit 
: 

configuration for soil treatment, 

l preparation of a list of required unit operations including equipment type, unit size, 
capacity, reagent/chemical requirements, power requirements, etc., and 

. construction of process flow diagrams that clearly illustrate mass flow rates, particle size 
distributions, contamination levels, etc., for all primary process streams. 

These efforts are described in the following sections of this report. 

6.2 Mass Balances 

6.2.1 Baokrzround 

Mass baIances are routinely performed to evaluate test data obtained from particulate separation 

a processes. Mass baiances are based on the law of mass conservation which dictates that the mass 
of any given component entering a process must equal the mass leaving the process when 
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a operating under steady-state conditions. The concept provides the elementary foundation upon 
which all process engineering calculations and circuit design efforts are based. In the present 
work, mass balances are required (i) to obtain consistent data sets for use in the simulation 
programs and (ii) to provide independent checks on the reliability of the experimental test data. 

The mass balance concept has been discussed extensively by Wills (WILSS). In this procedure, 
the mass flow of material through any series of processes is mathematically represented by a 
series of interconnected nodes and streams using a connection matrix. The connection matrix is 
of size m x n where m is the total number of streams and n is the total number of stream 
connection points (nodes). Two types of nodes are possible, i.e., separators and junctions. A 
separator is defined as a node having one stream entering and two exiting, while a junction has 
two streams entering and one exiting. Within the connection matrix, +l indicates an inflow to 
the node, -1 indicates an outflow from the node, and 0 indicates the stream has no influence on 
the node. The sum of any row indicates the type of stream present (i.e., feed stream = + 1, 
product stream = -1, internal stream = 0). 

Using the connection matrix (C,), the generalized mass balance equations for the circuit become: 

2 CUM, =.O k5.11 
i-1 

&A:M, =o 
i-1 

where Mi is the mass flow rate of each stream i and A# is the assay for each component k in 
stream i. All of the results obtained Gram the laboratory characterization tests must satisfy these 
expressions. 

Although conceptually very simple, consistent mass balances can be difficult to obtain when 
conflicting (over-defined) data sets are evaluated. This occurs when redundant streams are 
sampled or when multiple independent assays (activities) are available for the same sample. For 
example, activities for each particulate stream may result in different (but equally valid) 
estimates of mass distributions. These differences are due to experimental errors associated with 
process fluctuations, sampling techniques and laboratory procedures. These experimental errors 

a 
are generally assumed to be randomly distributed. 
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l One method of resolving the mass balance dilemma is to develop a self-consistent data set which 
satisfies the mass balance criteria given by Equations [6.1] and [6.2]. This procedure must be 
performed such that the minimum total adjustment is made to the measured data set. 
Mathematically, this can be achieved by minimizing the weighted sum-of-squares (WSSQ) given 
by: 

WSSQ=$~(A;s$“)2 +~‘“+-~)2 co 
I I 

16.31 

where si’ and Si are standard deviations df the measured assay values and measured mass flow 
rates, respectively. The superscript * is used to distinguish estimated values from experimental 
values. In the present work, Srk and Si are assumed to be proportional to two-sigma errors 
obtained from the radionuclide measurements. 

Several mathematical techniques can be used to perform the mass balance minimization. These 
include the use of Lagrangian multipliers (wLE79) and direct search techniques (MUL79). 
Commercially available computer programs have been developed and marketed for this purpose. 
However, these programs are costly, incompatible with other software packages, require user 
training, and have capabilities which exceed the needs of this project. To overcome these 
shortcomings, a spreadsheet-based mass balance program has been developed in the present work 
for the analysis of the soil washing test data. The program was developed using Microsoft 
Exeelm for Windows 95TM A disk containing the program has been included with the master ” 
copy of this report. The mass balance spreadsheet has been configured to handle up to 20 
streams and up to 10 nodes (20x10). The spreadsheet provides a convenient, user-friendly 
interface for entering experimental data and displaying numerical output. 

6.2.2 Procedure 

All of the characterization data fmrn the sieve analysis and density partitioning were subjected to 
the mass balance procedure. The mass balances were performed as follows. First, the 
connection matrix for the given characterization test was entered in the first page of the 
spreadsheet The names of each node and stream were manually entered and +l , 0 or -1 were 
entered to indicate the interconueetions. The next page of the mass balance spreadsheet was used 
to enter the experimentally measured mass distributions and activities. Two separate sets of 
activities were entered for the a&ride (i.e., Th-228, Th-230, and Th-232) and gamma (i.e., Pb- 



214, Ra-228, Bi-214 and Pb-212) data. The actinide data for nraninm (i.e., U-234, U-235, and 
U-238) were also included in the mass balances conducted for sieve analyses. In all cases, the 
experimental mass distributions were assumed to be reliable and were not adjusted. This 
approach was reasonable since good sieve recoveries were achieved in all cases. In addition, the 
head activities for the overall composite soil sample were assumed to be reliable and were not 
adjusted. A third spreadsheet page was used to enter the two-sigma errors for the remaining 
activity measurements. Very small errors of essentially zero (i.e., <O.OOOOl) were entered in the 
first column and first row of each page to prevent adjustments to the sieve mass distributions and 
head activities. 

In order to obtain the “best” estimates of the remaining activities, the total weighted sum-of- 
squares ( WSSQ) given by Equation [6.4] must be minimized. The value of WSSQ is given at the 
bottom of the fourth page of the mass balance spreadsheet page. The individual cells on this 
page represent the weighed sum-of-squares for each estimate. For reference, the relative change 
in the measured values (expressed as a percentage) are also provided on the right-hand side of 
this page. In the ExcellM spreadsheet, the FVSSQ mimmization is conducted usiug a built-in tool 
known as SOLVER. After SOLVER identifies a solution, the updated estimates of the mass 
flow distributions and activities are displayed on the right side of second spreadsheet page. To 
assist in the comparison of the measured and adjusted values, the percentage change is shown on 
the right side of the fourth spreadsheet page. These values are considered to be the best 
statistkd estimates of the true activities of the soil samples. Data sets which required little 
adjustment were deemed to be reliable, while those requiring large adjustments were considered 
to be less reliable. 

6.2.3 Results and Discussion 

6.2.3.1 Sieve Balances 

All of the characterization data obtained from the sieving tests were analyzed using the 
spreadsheet-based mass balance program. The resuhs of these analyses are summaked in 
Appendix D. In order to iktstrate the degree of data adjustment required, the experimentally 
measured activities were plotted as a function of the estimated (i.e. mass balanced) activities for 
each size fraction. In these plots, a perfect mass balance would be represented by a straight line 
passing through the origin with a slope of one. 
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Figures 6-l to 6-3 show that excellent balances were generally obtained for both the actinide and 
gamma data. Only small adjustments to the data sets were typically required to obtain reasonable 
balances. Problems associated with poor balances were overcome by correcting data entry errors 
or by repeating analytical measurements. The only poor balance which could not be corrected 
was obtained for U-235. This difficulty was attributed to the small magnitude of the U-235 
activities (~0.3 pCi/g). The only other data points which required any adjustments were found to 
correspond to the minus 400 size diction. Fortunately, the activity of the minus 400 mesh 
material had relatively little impact on the f.inal design of the process tlowsheet since the 
ultrafine particles were difficult to treat and would require off-site disposal. The generally good 
balances suggest that the activity measurements and test procedures used to generate the sieved 
samples were reliable. 

6.2.3.2 Float-Sink Balances 

Mass balances were also conducted for each of the samples obtained from the float-sink (density 
partitioning) testing of the 4x8,8x16,16x30,30x50 and 50x100-mesh size fractions. The results 
of these analyses are summarized in Appendix E. In order to maintain an internally consistent 
set of data, the head activities for each series of float-sink tests were obtained from the mass 
balances of the sieving test data. The experimentally measured activities were then plotted as a 
function of the estimated activities in order to evahk the suitability of the mass balance. 
Separate plots were generated for actinide (Th-228, Th-230, and Th-232) and gamma (Pb-214, 
Ra-228, Bi-2 14, and Pb-2 12) data for each of the five size fractions subjected to float-sink 
testing. As before, a perfect mass balance would be represented by a straight line passing 
through the origin with a slope of one. Since the uranium concentrations were determined to be 
below the clean-up criteria for all but the finest size fractions, no analytical determinations were 
made for these a&tides in the float-sink test samples. 

Figures 6-4 to 6-8 show the mass balances for the float-sink actinide data. The data adjustments 
were larger than those required to balance the data fkom the sieve tests. Good balances were 
obtained for the 4x8 and 8x16 mesh size fractions, while average balances were obtained for the 
16x30 and 50x100 mesh fractions. All of these balances were considered to be reasonable given 
the experimental difficulties associated with accurate measurements of activities. Unforhmately, 
a very poor balance was obtained for the 30x50 mesh size classes. Therefore, it was necessary to 
rely on the estimated values of activity for this particular sample. The difficulty in obtaining a 
consistent mass balance have been attributed to the large amount of sample handling and 
partitioning required to generate the float-sink teat data. 
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Maywwd Composite #l - Sieve Analysis 
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Figure 6-3: Comparison of measured and estimated activities (gamma) obtained after 
the mass balance procedure for the sieve characterization test data. 
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May& Composite #l - 49 M Density Partition 
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Figure 6-4: Comparison of measured and estimated activities (actinide) obtained after 
the mass balance procedure for the 4x8 mesh float-sink test data. 
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Maywxd Composite #l - 8x16 M Density Partition 

--•-I-LLYL, 

- - I --c + L ida, I I I11111 --r-r7rl-,+, 

Oi 110 id.0 loo.0 10&.0 

Measured (pwg) 

Figure 6-5: Comparison of measured and estimated activities (actinide) obtained after 
the mass balance procedure for the 8x16 mesh float-sink test data. 
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Maywod Composite #l - .16x30 M Density Patition 
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Figure 6-6: Comparison of measured and estimated activities (actinide) obtained after 
the mass balance procedure for the 16x30 mesh float-sink test data. 
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Mapmod Composite #l - 50x100 M Density Partition 

1000.0 

--+-++++I- -,-+-+.44+w 

--T-r,,Tn ---I- 
--~-,4JLu :::i:~~~~~~,iii~i~~~~~~ii~~~~l 

I I I,I,I 
--f-rTT+,T ! 

I111111 

---c-c4,c!4c ---I- 4-CCI.4” 

ul 2 o_ 
~~~~~~~~~l ii~~3IEEi~~~i~~~iii~i~i~~~~~I 

3 I 8 III,, 

I --__---- _-- .___ --.-- i I~o~~~~~~r-lii~-iii~~~il --L-LIILI-” ---‘-mn-l ___ IIII~ITI4~-- 

10.0 lW.0 1ooo.0 
Measured (pcilg) 

Figure 6-8: Comparison of measured and estimated activities (actinide) obtained a&r 
the mass balance procedure for the 50x100 mesh float-sink test data. 
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The mass balances for the float-sink gamma data are shown in Figures 6-9 to 6-l 3. As shown, 
the balances for the gamma data were similar to those obtained for the actinide data. The 4x8, 
8x16, and 30x50 mesh size fktions were found to mass balance relatively well. Some degree of 
scatter was noted for the Ra-228 values for the 4x8 mesh data. In contrast, the mass balance for 
the 16x30 mesh particles was found to be the most difficult to balance and, hence, the least 
reliable data. The remaining balances were generally acceptable, although a few outlier points 
were noted. To date, a suitable explanation for the poor balances could not be identified. 
However, it was noted that many of the density fractions had large two-sigma errors which made 
the back-calculation of the head activities difficult. Since errors tend to be cumulative, good 
mass balances may simply be difficult to obtain when a large number of weight f?actions and 
activities having large two-sigma errors are mathematically recombined. This problem may be 
responsible for the larger adjustments that were generally required to provide consistent mass 
balances for the density separations. 

6.3 Process Simulations 

6.3-l. Backeround 

e Two types of information arc needed to identify the most appropriate processing strategy for 
treating contaminated soils, i.e., property data and efficiency data. In the present work, property 
data was provided by the characterization tests described in earlier sections of this report. These 
cmtion tests defined the intrinsic properties of the feed soil in terms of the occurrence of 
radionuclidcs as functions of particle size, particle density and magnetic susceptibility. These data 
represent the separation performance that may be achieved using “idcal” separation processes 
which are perfectly efficient. In other words, the property characterization data provide a 
convenient measure of the “ul&nate” cleanabiity that should be expected for one or more physical 
separation processes. Characterization data of this type have the advantage that they depend solely 
on the inherent properties of the given sample. As a result, the information obtained from property 
c-on tests are independent of the process eventually used to achieve ihe desired 
separation. 

Because of inefficiencies associated with “real-world” separation processes, it is rarely possible to 
achieve the ideal separations predicted by property characterization data- Therefore, a second type 
of information which chamcterizes the efficiency of the separation process must be obtained. This 

e 
information is typically provided in the form of an efficiency plot commonly referred to as a 
partition curve. A:partition curve is simply a plot of the desired separation property (e.g., particle 
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Mayvmod Composite #l - 4x8 M Density Partition 
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Figure 6-9: Comparison of measured and estimated activities (gamma) obtained after 
the mass balance procedure for the 4x8 mesh float-sink test data. 
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Figure 6-10: Comparison of measured and estimated activities (gamma) obtained after 
the mass balance procedure for the 8x16 mesh float-sink test data. 
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Maywod Composite #l - 16x30 M Density Partition 
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Figure 6-11: Comparison of measured and estimated activities (gamma) obtained after 
the mass balance procedure for the 16x30 mesh float-sink test data. 
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Maywod Composite #l - 30~60 M Density Partition 
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Figure 6-12: Comparison of measured and estimated activities (gamma) obtained after 
the mass balance procedure for the 30x50 mesh float-sink test data. 
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Mayvmcd Composite #1 - 5OxlOO M Density Partition 
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Figure 6-l 3: Comparison of measured and estimated activities (gamma) obtained after 
the mass balance procedure for the 50x100 mesh float-sink test data 
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size or specific gravity) as a diction of the mass fraction of particles reporting to a given product 
stream. The partition curve for an ideal separator would be represented by a step function which 
runs parallel to the abscissa at the specific value of the separation property. Less efficient 
separators would result in the misplacement of particles and would be represented by an S-shaped 
curve which deviates f?om the ideal curve. Over normal operating ranges, partition curves are 
generally assumed to be independent of the inherent properties of the particles. Therefore, the 
shape of the partition curve is largely dictated by the nature of the separation process (i.e., each unit 
operation has its own unique family of partition curves). 

The use of partition curves allows realistic predictions to be made for the mass recovery and quality 
of soil samples treated by different types of separators. Partition curves may be obtained directly 
from experimental test programs conducted with the unit operation under consideration. Although 
more accurate, this experimental approach is very costly and time consuming. Fortunately, the 
partition curve data can in many cases be obtained from existing data bases of empirical 
expressions developed from extensive laboratory and field tests. These expressions can be readily 
incorporated into computer-based simulation programs that are capable of predicting realistic levels 
of separation performance. These programs require only property characterization data and 
sign&army reduce the amount of experimental work required to establish the most attractive 
process flowsheet. 

6.3.2 Procedure 

The property characterization data described in previous sections of this report indicate that the 
most promising methods for treating soil samples from the Maywood site are particle 
sizing/classification and density separation. As a result, a spreadsheet-based simulation program 
has been developed in the present work to evaluate the technical performance of these processes. 

6.3.2.1 Size Senaration Modeling 

Property data obtained from the sieving tests have been used to characterize the association of 
various radionuclides within different size fractions of the feed soil. These ideal separation results, 
which have been discussed extensively within earlier sections of this report, cannot be achieved in 
actual practice due to process inefficiencies. The actual separation performance in terms of 
oversize mass recovery (Mo) and activity (Aok, for each radionuclide (K) can be calculated Corn: 
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M, = te’Mi 
i=l 

t6.41 

f6.51 

i=l 

where Pp is the sizing partition factor, Mi the mass fraction and Aik the activity of each 
radionuclide k present in size fraction i. The magnitude of Pla has been estimated in the present 
work from the generalized classification curve identified by Heiskanen (HIE93). This curve can 
be mathematically represented by: 

&‘=(l-R,)l-exp(i--l(%r}]+R, WI 

a where Rfis the by-pass correction factor, Di the mean particle diameter of size fraction i, D5o the 
cut-point particle size, and p is the size separation sharpness index (HE193). In this case, Pf is 
defined as the mass fraction of particles of size i that report to the coarse product of the sizer. 

6.3.2.2 Densitv Senaration Modeling 

In some cases, particle Size separations are incapable of producing acceptable volume reductions at 
the specified clean-up criteria. Property data obtained from the petrographic studies and float-sink 
tests suggest that finther improvements in the separation performance can be obtained using density 
concentrators to extract radioactive contaminants present as heavy minerals from the various size 
fi-actions. The separation performance of density separators can be calculated from the property 
characterization data and efficiency curves available in the litemture. In this case, the mass 
recovery (MO) and activity (A$) of the cleaned soil for each radionuclide (k) can be calculated by: 

M, =te’pd’M, 16.71 
i-1 
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WI 

where PIa is the sizing partition factor, Pod the density partition factor, Aok is the activity of 
each radionuclide k, and Mg the mass fraction of particles present in each size fraction i and 
density fraction j. In this case, PV *dis defined as the mass fraction of particles of size i and 
density j that report to the clean soil product. 

As before, the magnitude of Pf has been estimated in the present work using Equation [6.6]. 
Likewise, Pod has been estimated from the Lynch&o (LYN77) equation given by: 

16.91 

where SGj is the mean specific gravity of particles in density class j and size fraction i, SG50 the 
cut-point specific gravity, and a is the density separation sharpness index. Processes of higher 
efficiency are identified by larger a values. Typical a values can be estimated from: 

a = 1.089 ? 
P 

[6.10] 

in which Ep is the Ecart probability (KAW95). Larger values of Ep are indicative of less 
efficient processes. In many cases, Ep values may be reported by equipment mamrfacturers 
using an imperfection index (I) defined by: 

E I=P 
SG,, 

[6.11] 

Extensive studies conducted in AustraIia by Woods (WOOSS) and others indicate that suitable 

e 
estimates of Ep for density-based separators can be obtained from: 
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E, =$ 
I 

[6.12] 

in which K is an efficiency constant for a given type of separation device. In the present work, a 
K factor or 0.08 has been used to represent typical water-based density separation processes. 
Equation [6.12] indicates that the partition factors (Pip> for density-based separation processes 
are a function of both particle size (i) and density 0’). As should be expected, finer particles are 
separated less efficiently than coarser particles due to the smaller Ep values. 

6.3.2.3 Simulator Develonment 

JZquations [6.4]-[6.12] have been used in the present work to develop a spreadsheet-based 
simulation program for evaluating the cleanability of soils containing radionuclides. The 
program was developed using Microsoft Excel TM for Windows 9STM (Version 7.0 or later). The 
spreadsheet format provides a convenient, user-friendly interface for entering experimental data, 
performing calculations and displaying numerical output. A disk containing a source-code for 
the simulation program is provided with the master copy of this report. 

Simulations are carried out using the following procedure. First, the user enters the mass 
distribution of particle sizes and densities obtained f&m property characterization tests. The 
radionuclide content of each size and density fraction must also be entered. Data entry is 
achieved using the first workbook page of the simulation spreadsheet. Next, the user enter 
relevant design parameters or operating conditions for each separation process. This information. 
is entered using the second workbook page of the simulation spreadsheet. At present, the 
spreadsheet has been configured to include a primary particle sizing unit, a secondary 
classification unit, and two stages of density concentrators. Some of the float-sink data indicate 
that radionuclide contaminants may be present within low-density particles containing gas or 
organic inclusions. Therefore, the density separators have been configured so that the first unit 
can reject the highdensity particles (such as monazite), while the second unit can reject low- 
density particles (containing inclusions). 

The user can select specific types of sizing devices or density separators by entering the 
appropriate values which define the partition curve for the particular unit. Values which must be 
input for the primary sizer include the sharpness index (p), bypass factor (R$ and the particle size 
cut-point (050). The same types of information must be entered for the secondary classifier. 
Values entered for the density separators include the efficiency constant (K) and the specific 
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gravity cut-point (SGJO). If desired, simulation runs can be conducted under ideal conditions by 
entering the appropriate responses. For convenience, a third workbook page has been 
incorporated into the spreadsheet to graphically display the partition curves for each operation. 

After completing the data entry procedures, the simulation program automatically calculates 
detailed information related to the separation performance of each unit operation. These include 
the mass rate of each product and concentrations of various radionuclides. The data from the 
individual unit operations are then mathematically combined and used to calculate the amounts 
and qualities of the clean and contaminated products that would be generated by the overall soil 
treatment circuitry. For convenience, a summary page is provided at the top of the second 
spreadsheet page which summarizes the results obtained by the following circuit configurations: 

(A) the primary classifier only, 

(B) the combined primary and secondary classifiers, 

(C) the combined primary and secondary classifiers with a single stage of density 
separation, and 

(D) the combined primary and secondary clas&iers with a two stages of density 
separation. 

In each case, the total amouut of clean product soil recovered and the concentrations of all 
relevant radionuclides are reported on the summary page. 

The simulation approach offers many potential advantages. First, the simulator allows the user 
to compare the performance of different unit operations and circuit configurations and to 
establish the impact of different operating modes on separation performance. The simulator can 
provide consistent results with a rapid turn-around, resulting in substantial savings in analysis 
time, manpower and cost. Second, the simulator allows the cleanability of other soil samples to 
be evaluated with a minimum of experimental testing. In essence, the simulator will provide a 
vehicle for extrapolating the findings ofthis study into other soil treatment projects. 

6 
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63.3 Results and Discussion 

6.3.3.1 Eouinment Selection 

The fnst series of simulation runs were performed to identify the types of equipment that would be 
required to meet the clean-up objectives. In these simulations, it is assumed that the feed soil has 
been vigorously agitated to completely disperse all particles. Previous studies by SC&A indicate 
that the dispersion may be achieved using a rotary tumbler or trommel. A similar approach is 
recommended in the current fiowsheet design 

The primary particle sizing unit was evaluated over a wide range of values for the sharpness index 
(p) and bypass factor (Rj. The particle size cut-point (D50) of 4.75 mm was selected for the 
primary sizer and held constant in all simulations. Figure 6-14a and 6-l 4b show the impact of 
variations of /3 and Rfon the Th-232 and Pb-214 activities, respectively, for the Maywood soil. 
The simulations show that the 0 has a relatively smaller impact on the activities. A value of 10 
or larger was found to have little impact on the separation performance. This value as also 
deemed to be obtainable using one of several commercially available sizing devices. On the 
other hand, the simulations show that even a small increase in the Rpalue has a dramatic 
adverse impact on the resulting activities. This implies that the bypass of fines to the coarse 
product camrot be tolerated in the primary sizing unit:‘Therefore, to meet these requirements, a 
multi-deck vibrating screen was selected due to its high efficiency and low cost per unit capacity. 
The screen will need to have an adequate retention time and a well designed fresh water spray 
system to ensure that the all particles are completely rinsed of fines prior to discharge of the 
coarse product. Failure to do will result in an increase in Rfand an significant increase in the 
activities for the product from the screening operation. 

Simulation runs for the secondary classifier are shown in Figures 6-l%, 6-15b, 6-16a, and 6-16b. 
In this case, simulations were performed to show variations in the lh-232 and Pb-214 activities as 
functions of particle size cut-point (D,) for different p and Rfvalues. As expected, a reduction in 
the cut-size (LI50) resulted in a rapid increase in activities, particularly below 1 mm. An increase 
in the sharpness index (p) above approximately 10 also increased the activities. More 
importantly, the simulations show that even small amounts of bypass (as indicated by nonzero 
values of Rr> result in an unacceptable increase in the activities, especially Th-232. In fact, the 
‘II-232 activity was increased from about 3.9 to 4.9 pCi/g by allowing just 1 percent of the 
material to bypass this sizing step. None of the commercially available screening devices were 
deemed to be suitable for the secondary sizer because of the tight tolerance on misplacement and 
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the smaller cut-size required to achieve reasonable clean soil recoveries. Available alternatives 
include spiral classifiers, hydrocyclones (single and multi-stage) and hindered-bed 
hydroclassifiers. 

The simulation data indicate that a single-stage hydrocyclone would not be capable of producing 
an acceptable separation due to the high by-pass (Rf> 0.2). In addition, a typical imperfection 
index (I) of 0.3-0.4 for a single-stage hydrocyclone is lower than would be desired for this 
separation. Multiple stages of serially-connected hydrocyclones are capable of significantly 
reducing the bypass (Rf< 0.05) and improving the imperfection (0.15-0.20). However, nearly 
complete elimination of ultraiine particles is necessary to maximize contaminant removal and 
clean soil recovery. The must suitable unit for achieving this separation would be one of several 
hindered-bed hydroclassifiers such as the Floatex, Linatex or Stokes units. These devices use a 
counter-current flow of fresh wash water to remove fines which often short-circuit to the coarse 
particle stream. As a result, these devices are capable of providing a bypass factor (Rr> 
approaching zero. In addition, a well operated unit can achieve very sharp separations with an 
imperfection index (l) in the range of 0.10. This corresponds to a sharpness index @) of 
approximately 10. Hydroclassiflers offer relatively low capital and operating costs, although the 
claritied water consumption is high compared to other fine sizing devices. The high water 
consumption will require that the thickener be properly designed to offer adequate clarified water 
capacity. 

: 

A variety of devices are available to provide the desired density separation. These include 
pneumatic jigs, flowing film concentrators (mineral tables and spirals), cyclones (water-only and 
dense-media), and centrifugal gravity concentrators. Water-only cyclones are too inefficient and the 
ancillary units required to support dense-media cyclones am too costly. Centrifugal gravity 
concentrators such as the Multi-Gravity Separator, Falcon Concentrator and Knelson Concentrator 
are not suitable for treating the large particle topsize that occurs in the feed stream. Therefore, these 
units were not considered in the present flowsheet. A pnuematic jig would be an acceptable choice 
ifthe final clean-up level dictates that only the coarsest particle size fractions be recovered. 
However, a more at&active option would be to utilize flowing-film separators such as tables or 
spirals. These units are generally efficient over a relatively wide particle size range (4-0.1 mm), 
require little in temrs of ancillary equipment, and are ideally suited to treat the high-solids feed 
slurry prepared by the hydroclassifier. In addition, small heavy particles which report with the 
coarser light particles in the hydroclassifier underflow am known to be readily rejected by flowing 
fihn concentrators. In the present design, mineral spirals are recommended over tables since they 
offer a significantly lower cost per unit capacity. 
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Figure 6-l 7 shows the conceptual process flowsheet for the proposed circuitry. The circuit includes 
a dispersion operation (rotary scrubber), a primary sizing unit (screen), a secondary classifier 
(hydroclassifier) and-density separator (spiral module). The interconnections for all key ancillary 
equipment are also specified in the conceptual flowsheet. 

6.3.3.2 Performance ODtimiidOII 

After completing the baseline equipment selection, an additional series of simulation runs were 
conducted to optimize the circuit performance. Parameters examined in the optimization runs 
included the particle size cut-point for the secondary particle classifier (hydroclassifier) and the 
specific gravity cut-points for each of the density separators (spirals). 

Two circuit configurations were found to provide adequate levels of radionuclide removal to meet 
the desired clean-up criteria The first configuration (Circuit I) includes only particle 
sizing/classification, while the second (Circuit II) includes an additional step of density separation. 
A third configuration (Circuit III) which included two stages of density separation was incapable of 

c 
i further improving the separation Performance. Therefore, the results of these simulations are not 

rfqmted in the present work 

Figures 6-18 and 6-19 show the mass of clean soil recovered under optimum separation conditions 
as a function of the Th-232 activity for Circuit I and II (these plots differ only by the scale of the x- 
axis). These plots account for the site background Th-232 activity of 1 pCi/g. At Th-232 activities 
greater than 5 pCi/g, there were no difference in mass recovery between Circuit I and II. However, 
the data show that a significant decline in mass recovery from 50 percent to 25 percent occurs for 
sizing and classification alone at a Th-232 activity of approximately 4.5 pCi/g. This sharp decline 
was attributed to the rejection of intermediate sand-sized particles that were conmmmated at levels 
just about the stated Th-232 activity. These Particles responded well to density treatment and, as a 
result, mass recoveries of 45-50 percent could be maintained down to Th-232 activities of about 
2.5-4.5 pCi/g by utilizing Circuit II (sizing and density separation). In fact, only small 
improvements in soil recovery were obtained using the density separator for Th-232 activities 
greater than 4.5 pCi/g. A mass recovery of 52 percent was achieved using Ciiuit I and II, 
reqectively, when operating at a Th-232 activity of SpCi/g. 

0 Figure 6-20 shows the mass recovery as a function of Pb-2 14 (I&-226) activity. The Pb-214 plot 
shows that a mass recovery of 100 percent was achieved operating -at a Pb-214 activity of 4.16 
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Figure 6-l 8: Simulated relationship between mass recovery (%) and Th-232 activity for 
Circuit I (sizing and classification) and Circuit II (sizing, classification and 
density separation). 
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pCi/g, which is below the target 5 pCi/g. This was expected since th.e activity for the Pb-2 14 was 
already near or below 5 pCi/g in the feed soil (i.e., 5.16 pCi/g for Pb-214). In contrast, the Th-232 
in the feed soil was significantly higher at 25.3 pCi/g. Thus, achieving the clean-up criteria for a 
treated soil from the Maywood site appears to be primarily controlled by the recovery and/or 
rejection of particles containing l-h-232. 

Because of the importance of Th-232 in meeting the clean-up criteria, an additional series of 
optimization runs were performed in which the soil recovery was maximized at different levels of 
Th-232 activity. The results of these simulations are also shown in Figures 6-l 8 and 6-19 (these 
plots differ only by the scale of the x-axis). The simulation data show that only about 52 percent of 
the soil can be recovered at a Th-232 activity of 5 pCiig. However, the mass recovery of clean soil 
can be increased to about 68 percent by increasing the ‘l-b-232 activity to 13.5 pCi/g. A further 
increase in l-b-232 activity is not technically feasible with the current circuit configurations. To 
recover additional mass, the secondary classifier cut-point (D& must decrease. This is because 36 
percent of the feed soil is below 200 mesh. However, there are no separation unit operations that 
will achieve a cut-point below 200 mesh, especially at the p and Rf values that are needed. The 
data suggest that the best operating point for reducing the Th-232 activity while maximi&g soil 
recovery would be to produce a clean soil with a Th-232 activity of approximately 5 to 13 pCi/g. 
These values correspond to just above the “knee” in the recovery-activity plots. Figure 6-19 shows 
that these operating points would result in mass recoveries of approximately 55 and 66 percent. 
These values could be achieved using either Circuit I or Il. 

For reference, process flow diagrams showing the optimum configurations to achieve the desired 
Th-232 activity of 6 pCi/g (5 + 1 pCi/g background) are provided in Figure 6-21 for Circuit I and 
Figure 6-22 for Circuit II. The complete spreadsheet output from these two series of simulation 
runs are provided in Appendix F and G, respectively. For reference, plots of the partition curves for 
primary sizing, secondary classification and density separation have also been included. 

6.4 Economic Feasibility 

6.4.1 Background 

The test results obtained under this project indicate that a significant portion of the contaminated 
soil from the Maywood site can be successfully cleaned and recovered using physical separation 
processes (i.e., particle size and density separators). In order to assess the economic feasibility of 
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Maywood Composite #1 - Optimum Screen and Hydroclassifier 

Figure 6-21: Process flow diagram showing the optimum con&uration for Circuit I 
(sizing and classification) required to achieve Th-232 = 5 pCi/g (6 + 1 pCi/g 
background). 
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Maywood Composite #l - Optimum Screen, Hydroclassifier and Density Separator 

Figure 6-22: Process flow diagram showing the optimum configuration for Circuit II 
(sizing, classification and density separation) required to achieve Th-232 = 5 
pCiig (6 + 1 pCi/g background). 
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this approach, a cost-benefit analysis of the proposed circuitry was conducted using the 
conceptual flowsheet design. Two series of economic analyses were performed. The fast 
analysis was conducted to evaluate the cleanup of the contaminated soil to a total Th-232 activity 
of 5 pCi/g (6 pCi/g including background). The second analysis was performed assuming a 
relaxed cleanup target for Th-232 of 15 pCi/g (16 pCi/g including background). As discussed 
previously within this report, the activity of Th-232 was found to be the major limitation in 
meeting the soil cleanup criteria. The activities of the remaining radioisotopes of interest were 
found to fall below the established cleanup targets when the activity of Th-232 was reduced to 
the specified cleanup levels. 

Items addressed in the preliminary economic evaluation included: 

l summary of estimated capital costs for the complete installation of the full-scale 
treatment plant circuitry and any required ancillary operations including activities related 
to procurement, construction, and fabrication of the facility, 

l summary of expected operation and maintenance costs including electrical power, make- 

a 
up water, chemical reagents, replacement parts, soil handling/disposal, and other 
miscellaneous consumables, as well as labor costs, skilled and unskilled, to operate and 
maintain the soil treatment facility, and ” 

l cost-benefit analysis that specifies the expected savings based on the soil treatment and 
remaining disposal costs. 

6.4.2 Procedures 

6.4.2.1 Baseline ASSU~IID~~OIB 

All of the cost analyses were performed for a production-scale circuit incorporating a primary 
sizing unit (screen), secondary classifier (hydroclassifier), density separator (spiral module) and 
water clarifier (thickener). Results obtained from the optimized simulation runs were used to 
provide the necessary data for the economic analyses. A summary of the circuit performance data 
and associated economic calculations are provided in Appendix H. The spiral module was 
included in all of the economic analyses despite the fact that the simulation results indicated that 
a density separation step would not be necessary to meet a relaxed cleanup target of 15 pCi./g for 
Th-232. Since the spiral module added little to the overall cost of the circuit, this backup system 
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was included to serve as a “safety net” to reject isolated pockets of contaminated heavy mineral 
sands which may enter the plant during the excavation of “hot spots” in the host soil. 

The economic analyses were performed to address the costs associated with the partial 
excavation, treatment and disposal of a minimum of 62,100 tons (46,000 cubic yards) of 
contaminated soil from the Maywood site up to the complete excavation, treatment and disposal 
of all 550,845 tons (408,033 cubic yards) of contaminated soil estimated to be present at the 
Maywood site. Costs related to the excavation/loading ($15.19/tan), transportation ($119.72/tori)) 
and disposal ($156.OO/ton) of the contaminated soil were provided by SAIC. Costa associated 
with the purchase and haulage of backfill material were estimated to be $6.50/tan, with an 
additional fee of $2.1 O/ton for backfill placement, landscaping and revegetation. For calculation 
purposes, the feed soil was assumed to enter the plant with a total moisture content of 10% by 
weight. The moisture contents of the total cleaned soil product and contaminated waste product 
were assumed to be 8% and 20% by weight, respectively. Au tonnage values involved in the 
excavation, transportation, treatment and disposal activities have been properly corrected to 
account for added weight due to moisture content. 

For the purpose of this study, the feed rate to the treatment facility was maintained below 75 tph 
(dry basis) since a larger plant size was not considered practical due to site limitations and 
constraints on equipment availability. The facility was assumed to operate two I-hour shifts per 
day for 20 days per month, i.e., 320 hours/month. A 62% safety factor on productivity has been 
assumed. The cost analyses were conducted for a variable plant life of 6-36 months in 6 month 
increments. An annual inflation rate of 4 percent was assumed and, in order to be conservative in 
the estimation, the full debt load was carried forward for all months of operation. As is typical 
for small mineral processing plants, the salvage value of the plant was assumed to be equivalent 
to the costs associated with the decommissioning and disposal of the plant equipment and 
hardware. No tax payments or depreciation factors were considered in the economic analysis. 
Costs associated with analytical support and radiological/safety support were also not considered 
in the economic analyses. In practice, these cost elements are expected to be somewhat higher 
for site treatment and partial disposal than for complete disposal due to the greater number of 
process streams that must be sampled during treatment. 

6.4.2.2 Estimation of Canital Costs 

In order to estimate the capital costs of the proposed circuits, prelii scale-up projections 
were made for a mid-range 50 tph (dry basis) treatment facility. These calculations indicated one 
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6x4 fi multi-deck screen and one 4x4 ft square hydroclassifier would be required to handle the 
desired production rate. The cost of the screen, including as associated controls, was estimated 
to be $2 1,500. Likewise, the cost of the hydroclassifier unit was estimated to be $14,000. A 
module containing four twin-turn mineral spirals was also required for the proposed density 
separation. Ibis module was estimated to cost $9,500. In addition to these soil cleaning units, 
several key ancillary operations were also included in the listing of capital costs. These included 
a feed hopper-conveyor ($36,000), rotary scrubber ($28,000) thickener ($52,000) and filter press 
($122,000). A variety of miscellaneous items such as sumps, pumps, bins, meters, etc., were also 
included in the capital cost estimation. A complete listing of these items is provided in 
Appendix H. 

All equipment estimates were provided by verbal vendor quotes and are believed to be reliable. 
Capital cost estimates for equipment sizes other than 50 tph were calculated using the “seven- 
tenths rule” which states that the ratio of capital costs for different sired units is proportional to 
the ratio of equipment capacities raised to the 0.7 power. Installation cost was estimated by 
multiplying the total equipment cost by a factor of 1.1. These formula are routinely used by 
fabricators in the mineral and coal processing industries for conducting preliminary cost 
estimations of process circuitry. Other costs considered in the capital estimation included a 15 
percent fee for engineering and an overhead rate of 20 percent. 

6.4.2.3 Estimation of Onerating Costs 

Annual operating costs were estimated for the 50 tph (dry basis) plant. Elements included in the 
operating costs were power consumption, equipment maintenance, personnel and miscellaneous 
consumables (i.e., reagents, lubricants, etc.). Electrical power consumption was estimated for the 
feed conveyor (12 HP), rotary scrubber (25 HP), primary screen (20 HP), thickener (12 HP), 
filter press (40 HP), and transfer pumps (4 x 7.5 HP). These values were adjusted as deemed 
appropriate using the seven-tenths rule. For the primary unit operations, a power load factor of 
80 percent was used to estimate actual power requirements, while a power factor of 15-20 
percent was used for the instrumentation and small reagent pumps. Power costs were estimated 
at an industrial rate of %O.OS/kW-hr. 

The treatment circuit was assumed to require one operator ($65,OOO/yr), one mechanic/electrician 
($45,OOO/yr) and one administrative support person ($50,000&r) for each working shift. In 
addition, one technician position ($35,000 each) was added for each 25 tph (dry basis) of feed 
tonnage feed to the plant for each working shift. All positions were assumed to be full-time with 
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benefits. Fringe benefits were estimated as 50 percent of the base salary. Pay scales were 
estimated for a working year of 2,080 hours per employee. 

The major consumable item included in the annual operating costs was the clarification reagents 
(i.e., flocculant @ $O.gO/lb). Lubrication costs were estimated to be $O.Ol/ton of feed. Make-up 
water consumption was estimated by doubling the water consumption calculated from the 
differences in the moisture contents of the feed soil and treated products. Water and sewage rates 
have been assumed to be $2.50 per 1000 gallons of water/sewage handled. Miscellaneous annual 
equipment maintenance Costs were calculated as 10 percent of the total capital cost of the 
proposed circuitry. This guideline has been found to provide reasonable estimates of 
maintenance costs for small-to-medium scale processing plants. 

6.4.3 Results and Discussion 

6.4.3.1 Cost Sensitivitv Analysis 

The first series of economic analyses for the Maywood site were conducted to evaluate the 
impact of various cost elements on the total estimated cleanup cost.. The first two factors 
examined in the sensitivity analyses were plant feed rate and operating duration. Figure 6-23 
shows the total tonnage of soil treated as a function of;the number of months of operation for 25, 
50 and 75 tph processing plants. The corresponding data for soil treatment cost (reported as 
dollars per ton of feed soil processed) are shown in Figures 6-24 and 6-25. These figures were 
constructed assuming cleanup targets for ‘II-232 of 5 pCi/g and 15 pCi/g, respectively. Figure 6-’ 
23 indicates that the plant will require about 34 months of operation at the maximum capacity of 
75 tph in order to cleanup the entire 550,845 tons of contaminated soil at the Maywood site. 
Likewise, approximately 12 months of operation at 25 tph would be required to treat only a 
portion of the site (i.e., 62,100 tons). The data given in Figures 6-24 and 6-25 show that the 
treatment costs would vary between $143/tori to $2 13/tori depending on the particular selection 
of operating duration, plant capacity and cleanup level. However, the plant should not be 
operated for a period of less than about 12 months (at any rated capacity) in order to avoid the 
rapid rise in treatment costs -associated with difficulties in recovering the capital investment. 
This data given in these figures also show that significant savings can be realized by utilizing 
larger plants (due to the economy-of-scale). Unfortunately, the savings begin to diminish rapidly 
after a rated feed capacity of approximately 50 tph is exceeded. 
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l Since the reliability of the economic analysis depends on the accuracy of the cost estimates, a 
sensitivity analysis was performed to determine the influence of increases in capital and 
operation/maintenance costs on overall treatment cost. This analyses were conducted assuming 
that a mid-range value of 300,000 tons of contaminated soil would be treated. The results of 
these analyses are shown in Figures 6-26 and 6-27 for Th-232 cleanup targets of 5 pCi/g and 15 
pCi/g, respectively. The result5 from three sets of calculations are given: (1) escalation in 
capital costs only, (2) escalation in operation/maintenance costs only, and (3) escalation in 
capital and operation/maintenance costs combined. For the case of meeting the 5 pCi/g target, an 
escalation in operation/maintenance costs was found to result iu a slightly higher rise in 
treatment cost than an escalation in treatment costs. In contrast, an escalation in capital costs was 
found substantially more important than an escalation in operation/maintenance costs when 
attempting to meet a relaxed cleanup criteria of ~15 .pCi/g of Th-232 activity. Fortunately, an 
escalation factor of 2 (i.e., doubling of the estimated costs) for both capital and 
operation/maintenance costs increased the treatment cost for the 5 pCi/g case from only $182/tori 
to $198/tan. Thus, a doubling of the estimated processing cost increased the treatment cost by 
only $16/tori (4%). Likewise, an escalation factor of 2 (i.e., doubling of the estimated costs) for 
both capital and operation/maintenance costs increased the treatment cost for the 15 pCi/g case 
from only $148/tori to $164/tan. In this case, a doubling of the estimated processing cost 
increased the treatment cost by only $16/tori (<l 1%). These analyses indicate that the major cost 
drivers for the site cleanup are not strongly dependent on the soil processing cost. 

6.4.3.2 Estimated Cleanup Costs 

The first series of detailed cost analyses for the cleanup of the Maywood soil are summarked in 
Table 6-1. These calculations were performed assuming that approximately 62,100 tons of soil 
would require treatment. This required I2 months of plant operation and a feed rate capacity of 
about 25 tph (i.e., 23.5 tph). The ewnomic analyses show that the estimated cost for complete 
disposal of 62,100 tons of contaminated soil is $298.65/tan. Alternatively, site remediation to a 
total Th-232 activity of <5 pCi/g would reduce this cost to $198.4Uton, a savings of $100.23/tan. 
This cost reduction represents a total savings of approximately $6.2 million compared to 
complete disposal without treatment. Under the relaxed cleanup criteria of <15 pCi/g, the cost of 
site remediation is further reduced to %162.48/tori,, a savings of %136.17/tan. This cost reduction 
represents a total savings of approximately $8.5 million for the treatment of 62,100 tons of soil. 
According to the values provided in Table 6-1, the major cost elements in the site remediation 
are the contaminated soil transportation and disposal costs. These items wnstitute 69-74% ofthe 
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total cost of the site remediation depending on the level of cleanup desired (i.e., 5 or 15 pC;/g). 
In contrast, processing of the soil by the proposed circuitry represents only 16- 19% of the total 
site remediation cost. 

Table 6-2 shows the cost analyses for the remediation of all contaminated soil (approximately 
550,845 tons) at the Maywood site. This case required 34 months of operation at a feed rate 
capacity of about 75 tph (i.e., 73.5 tph). As before, the analysis indicates that complete disposal 
of the soil without treatment would cost $298.65/tan. Remediation of the site to a total Th-232 
activity of <5 pci/g would reduce this cost to $179.69, a savings of $118.96/tan. Compared to 
complete disposal, this cost reduction represents a total savings of approximately $65.5 million. 
Furthermore, an additional savings of $154.92/tori can be realized under the relaxed cleanup 
criteria of <15 pCi/g. In this case, the cost of site remediation is reduced to $143.73/tori.. This 
cost reduction represents a total savings of approximately $85.3 million for the treatment of 
550,845 tons of soil. Again the major cost elements in site remediation are the contaminated 
soil transportation and disposal costs. These items account for 78-82% of the total cost of the 
site remediation, while processing of the soil by the proposed circuitry represents only 6-9% of 
the total site remediation cost. 

6.5 Conclusions 
: 

A conceptual flowsheet for the Maywood FUSRAP site was carried out in the present work using 
process engineering methods commonly employed in the coal preparation and minerals 
processing industries. The major conclusions of this effort are as follows: 

. Test data obtained from the experimental characterization studies were evaluated using a 
spreadsheet-based IMSS balance program. In general, very good mass balances were 
achieved for the size-by-size (sieving) data The good balances indicate that the activity 
measurements and sizing procedures were generally reproducible and reliable. As 
expected, the mass balances for the float-sink data were generally more variable, although 
reasonable balances were still achievable. 

. The characterization test data for the Maywood site indicated that particle size and 
density separations could be used to reduce the volume of soil requiring disposal. In 
order to evaluate these remediation processes, a circuit simulator was developed using 
process models which are available in the technical literature. Process models were 
included for primary sizing (screening), secondary sizing (hydroclaasification) and 
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Table 6-1: Economic analysis for partial treatment (62,100 tons) of Maywood site soil. 

Activity 
Soil Excavation 
Backfd Material 
Backfill Placement 
Soil Transportation 
Soil Disposal 

Totals 

Option 1 - No Soil Treatment with Complete Soil Disposal 
Dry Solids Moisture Total Soil Unit Cost 

(tons) (tons) (tons) ($/ton) 
55,890 6,210 62,100 $15.19 
55,890 0 55,890 $6.50 
55,890 0 55,890 $2.10 
55,890 6,210 62,100 $119.72 
55,890 6,210 62,100 $156.00 

$298.65 

Total Cost 
6) 

$943,299 
$363,285 
$117,369 

%7,434,612 
%9,687,600 
%18,546,165 

Option 2 - Soil Treatment to <SpCi/g Th-232 wifh Pardal Soil Disposal 
Site Dry Solids Moisture Total Soil Unit Cost Total Cost 

Activity (tons) (tons) m-4 (%/ton) (9 
Soil Excavation 55,890 6,210 62,100 $15.19 $943,299 
soil Processing 55,890 6,210 62,100 $31.14 $1,933,6X 
Soil Replacement 29,342 2,552 31,894 $2.10 $66,977 
Backfii Material 26,548 0 26,548 $6.50 $172,560 
Backfill Placement 26,548 0 26,548 $2.10 $55,750 
Soil Transportation 26,548 6,637 33,185 $119.72 $3,972,871 
Soil Disposal 26,548 6,637 33,185 $156.00 f5,176,811 

Totals $198.42 s12,321,944 

Option 3 -Soil Treatment to <I5 pCi/g n-232 with Partial Soil Disposal 
Site Dry Solids Moisture Total Soil Unit Cost Total coat 

Activity (tons) hw @N WW 0 
Soil Excavation 55,890 6,210 62,100 $15.19 $943299 
soil Processing 55,890 6,210 62,100 $30.67 $1,904,657 
Soil Replacement 35,619 3,097 38,716 S-2.10 $81,304 
Backfill Material 20,271 0 20,271 $6.50 $131,763 
BackfIll Placement 20,271 0 20,271 $2.10 $42,570 
Soil Transportation 20,271 5,068 25,339 $119.72 $3,033,600 
Soil Disposal 20,271 5,068 25,339 $156.00 s3,952,904 

Totals $162.48 $19090,097 
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Table 6-2: Economic analysis for complete wea!ment (550,845 tons) of Maywood site soil. 

Option I - No Soii Treatment with Complete Soil Disposal 
Site Dry Solids Moisture Total Soil Unit Cost Total Cost 

Activity (tons) (tons) (tons) (%/ton) (9 
Soil Excavation 495,161 55,085 550,845 $15.19 %8,367,366 
Backfill Material 495,161 0 495,761 $6.50 %3,222,443 
Backfill Placement 495,76 1 0 495,16 1 $2.10 s1,041,097 
Soil Transportation 495,761 55,085 550,845 $119.72 S65,947,163 
Soil Disposal 495,761 55,085 550,845 $156.00 %85,93 1,820 

Totals $298.65 S164,509,859 

Option 2 - Soil Trednteni to <S pCi/g Th-232 with Partial Soil Disposal 

Site Dty Solids Moisture Total Soil Unit Cost Total Cost 
Activity Ood (tons) @N ($/ton) ($1 

Soil Excavation 495,161 55,085 550,845 $15.19 $8,367,336 
Soil Processing 495,161 55,085 550,845 $12.41 $6,834,620 
Soil Replacement 260,274 22,633 282,907 $2.10 $594,104 
Backfill Material 235,486 0 235,486 $6.50 $1,530,661 
Backfill Placement 235,486 0 235,486 $2.10 $494,521 
Soil Transportation 235,486 58,872 294,358 $119.72 $35J40,515 
soil Disposal 235,486 58,872 294,358 t156.00 $45,919,816 

: 
Totals $179.69 S98,981,547 

Option 3 - Soil Treatment to < I5 pCi/g Th-232 with Partial Soil Disposal 
Site Dly solids Moisture Total Soil unit cost Total Coat 

Activity 
Soil Excavation 
Soil Processing 
Soil Replacement 
Backfill Material 
Backfill Placement 
Soil TmnspmtatiOn 
Soil Disposal 

Totals 

WN (tons) m.9 
495,76 1 55.085 550,845 
495,76 1 55,085 550,845 
315,948 27,474 343,422 
179,812 0 179,812 
179,812 0 179,812 
179,812 44,953 224,765 
179,812 44,953 224,765 

WW 0) 
$15.19 S8,367,336 
$11.92 $6,567,499 
$2.10 $721,186 
$6.50 Sl,168,780 
$2.10 $377,606 

$119.72 $26,908,916 
$156.00 $35,063,405 
$143.73 $79,172,728 

c 
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density separation (spiral separator). The simulation results indicate that primary 
screening and hydroclassification alone are capable of achieving soil recoveries of 52.5 
percent and 63.7 percent at Th-232 values of 5 and 15 pCi/g, respectively. However, the 
density separation step (spiral module) was included in the circuit to act as a “safety net” 
to reject contaminated heavy mineral sands which may occur in “hot spots” at the site. 
The spiral module added little to the overall cost of the circuit. The activities of U-238 
and Pb-214 remained below 5 pCi/g for all simulations. 

l After completing the technical evaluation, a preliminary cost analysis was conducted to 
examine the economic feasibility of the proposed circuitry. The cost analysis included a 
summary of estimated capital and operating costs for the complete installation of both 25 
tph and 75 tph treatment facilities to treat 62,100 tons and 550,845 tons of contaminated 
feed soil, respectively. For the smaller volume of 62,100 tons, the estimated cost for site 
remediation was found to vary from % 198.42 to % 162.48 per ton of dry feed soil 
depending on whether tbe cleanup target was set to 5 pCi/g or 15 PCS/g, respectively. 
These values imply that a total cost savings of more than $8.4 million may be realized by 
combining soil treatment and disposal at the Maywood site. For the greater tonnage of 
550,845 tons, the estimated remediation cost was found to vary fkom $179.69 to $143.73 
per ton of dry feed soil for the cleanup targets of 5 pCi/g or 15 pCi/g, respectively. In this 
case, a total cost savings of more than $85 million may be reaked by combining soil 
treatment and disposal at the Maywood site. 
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l 7.0 COh’CLUSlONS Ah! RECOMMENDATIONS 

7.1 Particle-Six Separations 

Particle-size separation alone, on Composite 1015, is not capable of achieving a TAR of one while 
achieving significant volume reduction. Other target goals of less than 5 and 15 pCi/g for Ra-226 
and Th-232 are achievable with volume reductions of greater than 60% for a 200-mesh-size cut. 

Particle-size separation alone will not be effective in meeting any target goals for Composite 10 16. 

7.2 Petrographic Analysis 

7.2.1 Composite 1015 

Composite 1015 is comprised of a variety of natural and anthropogenic materials. Natural rock and 
minerals wnstitute more than half of the particles (54 percent). Radioactive materials and materials 
suspected to contain radioactivity are believed to be present in about one-third of the sample. 
Known natural radioactive minerals arc mom&e and zircon that occur only in the fine sand and 
warse silt-size fractions. The monazite averages about 0.028 percent of the soil sample and zircon 
about 0.07 percent of the soil sample. A substance that potentially wuld be a higher contributor to 
the radioactivity in the soil is a white, clay-lie, anthropogenic thorium substance that comprises 
three percent of the soil sample. This material is believed to he a thorinm orthophosphate. Coal- 
&xxi, clinker slag comprising about 12 percent of the sample contributes residue ash of uranium 
and/or thorium that produces radioactivity above background levels. 

Radioactive materials are believed to be wntained in white glassy slag wmprising four percent of 
the soil. Solid magnetic and nonmagnetic slag comprising, respectively, 7 and 13 percent of the 
soil sample, also might wntain radioactivity above background levels. This material is suspected 
to be related to the industrial manufacture of thorium and may possibly contain radioactive residual 
products. 

7.2.2 Comuosite 1016 

Composite 1016 i?om Maywood is comprised of a variety of natural and anthropogenic materials. 
The natural rock and minerals comprise more than 45 percent of the soil and anthropogenic slags. 
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Radioactive montite and zircon are natural minerals that are present as significant sources of 
radioactivity. Both these minerals are found only in the fTine sand and coarse silt-size fractions; 
however, the monazite comprises 3.33 percent and zircon 0.82 percent of the soil sample. The 
concentration level of these radioactive minerals suggests their presence is derived form ore 
minerals used to obtain thorium. 

A white anthropogenic thorium substance comprises 8 percent of the soil sample tested. This 
material is probably an orthophosphate derived from the industrial process to obtain thorium metal. 
:.: ‘. .,. ,.. , ..:;.,:: -. (.. IL -. ._, .._.__ ,..._ -. -.-’ . . . . ,3: xiioactivity in the soil sample. 

Radioactivity is believed to be present in some of the slag materials that may be associated with the 
industrial process used to manufacture thorium metal. Individual fkctions of white glassy slag 
comprising 5 percent of the soil, and solid magnetic and nonmagnetic slag, comprising 21 percent 
of the soil sample, should be examined to determine if this material is an important source of the 
radioactivity in the soil. 

7.2.3 Dense and Magnetic ComDonents 

The results of the density and magnetics scoping study confirm the findings of the petrographic 
study that significant amouflts of the radioactivity in Composites 10 15 and 10 16 axe associated with 
dense (>2.89 g/cc) minerals. These results indicated ,Fe need for further characterization of the 
radioactive mineral associations using SEMRRF and the need for additional laboratory studies on 
the composite samples to evaluate the potential for additional partitioning by specific gravity and 
magnetic susceptibiity. The results of these studies are presented in Part II of this report. 

7.3 Attrition 

The attrition study on Composite 1015 did not indicate signiscaut benefit fi-om attrition to the 
-4/+100 mesh material. The results of the attrition test at 70 percent solids for Composite 1016 
indicated discernable removal of radium and thorium. The use of a vigorous washing step before 
sieving the samples prior to attrition may have been su&ient to liberate the fine material from the 
coarse thus obscuring the benefit of such liberation. Any proposed process design would most 
certainlv include some form of Datticle liberation as a nmcursor to anv S~LXU&OII Drocess. 
----d ----- 

-r------- ~- ~~~. . a  
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7.4 Chemical Extraction 

7.4.1 Composite 1015 

The most effective extractant for both thorium and radium @a-228) was 3M HCl followed by 
0.22M sodium hexametaphosphate, with removals of 80 and 63 percent, respectively. The 
resulting extracted soil concentrations of Ra-226, Ra-228, and Th-232, respectively, were 1.27, 
;<,i’ -7; 7 /” -: ‘,> Cf *__>.. 1 I . . p, t. c;::: i: y$<: -; ,::‘::.y ::!i; \‘,:c; ‘igested ckGzg ti;e e:,Zdion. 

While not as effective as 3M HWsodium hexametaphosphate, O.lM EDTA/O.SM Na&O, removed 
62 and 24 percent of the thorium and radium, respectively. The resulting b-226, Ra-228, and Th- 
232 concentrations of the extracted soil were 1.63, 7.3 1, and 2.84 pCiig, respectively, which would 
result in a TAR of less than one. Less than two percent of the soil was solubii in this 
extraction. 

7.4.2 Comnosite 1016 

The most effective extractant for thorium, uranium, and radium (Pa-228) was 3M HNO,, with 

0 removals of 77,73, and 78 percent, respectively. The resulting extracted soil concentrations of Ra- 
226, U-238, and Th-232, respectively, were 8.5,3.4, and 25.7 pCi/g (TAR = 6.9). Approximately 6 
percent of the soil was digested during the extraction. .’ 

While not as effective as I-INO,; 3M HCI followed by 0.22M sodium hexametaphosphate removed 
62,67, and 71 percent of the thorium, uranium, and radium, respectively. The resulting b-226, U- 
238, and Th-232 concentrations of the extmcted soil were 9.8,4.2, and 43.4 pCi/g (TAR = 10.7), 
mspectively. 

Ifchemical extraction is believed to be a viable option for Maywood soil treatment, optimization 
studies will be required to determine ultimate removal potential. 

7.5 Extended Petrographic Analyses 

Detailed petrographic analyses conducted using S caning Electron Microscopy coupled with 
Automated Image Analysis indicate that the only radioactive component observable via x-ray 
analysis under SEM was thorium. Thorium was found to occur primarily as a monazite-type 

a 
particle in the heavy mineral sands. The amount of soil uncontaminated by the presence of 
heavy mineral sands was generally found to increase as particle size decreased. Also, the 
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percentage of free heavy minerals contained in each sample was.generally found to increase with 
decreasing particle size. In all cases, the 100x200 mesh size fraction seemed to stand out as the 
worst in terms of heavy mineral contamination. 

In an attempt to relate the radionuclide analysis to the characterization data, the Total Activity 
Ratio (TAR) was compared to the heavy mineral content and the thorium mineral content of each 
size fraction. The TAR was found to correlate well with the thorium mineral content. A plot of 
TAR versus thorium mineral content indicated that these soils must be cleaned to a thorium 
mineral content of less than 0.06 percent in order to achieve a TAR of 1 or less. Based on the 
theoretical cut-off limit on thorium mineral content, the Composite 10 15 sample was found to 
exhibit characteristics of a soil that would be amenable to physical separation. The Composite 
1016 sample, on the other hand, appeared to contain far too much locked material to ever meet a 
TAR criteria of 1. 

7.6 Laboratory Characterimuon Tests 

7.6.1 Float-Sink Tests 

0 Float-sink analyses were performed on the various size fractions of the Composite 1015 and 
1016 soil samples. The test data confirmed the findings of the detailed petrographic results that 
indicated that remediation of the Composite 1016 sam$le that a TAR of 1 could not be achieved, 
although the total activity of the soil could be significantly reduced. For the Composite 1015 
sample, the float-sink tests indicate that the largest weight percentage of the intermediate-sized 
soil particles are present in the 2.6 x 2.7 density Ii-action. These particles have Th-232 and Ra- 
226 (I%-2 14) activities below 5 pCi/g. 

7.6.2 Flotation Tests 

Froth flotation tests conducted on the finer size f?actions of the Composite 1015 soil indicate that 
flotation is capable of concentrating radionuclides in the froth product. For the minus 50 mesh 
flotation test, the Th-232 activity of the clean soil was reduced by 23 percent, while the 
concentrate Th-232 activity increased 63 percent. These values were changed to 20 percent and 
320 percent, respectively, for the 50x200 mesh flotation test. The concentrate obtained for tests 
conducted on -200 mesh soil showed increases of up to 170 percent in Th-232 activity. 
Additional optimization tests are recommended based on these promising results. 
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7.7 Conceptual Flowsheet Development 

Test data obtained from the petrographic and laboratory characterization studies were used to 
develop a conceptual flowsheet for the Maywood FUSRAP site. The flowsheet was developed 
using spreadsheet-based mass balancing and process simulation programs that were developed 
specifically for this project. For the Composite 10 15 soil sample, the simulation results indicate 
that primary screening followed by hydroclassification (Circuit I) is capable of meeting a Th-232 
activity of 5 pCiJg at a soil recovery of 52 percent by weight. By adding a low-cost density 
separator (Circuit II) to retreat the coarse product underflow from the hydroclassifier, achieving a 
Th-232 activity of 5 pCi/g also gives a soil recovery of 52 percent by weight. However, with just 
a slight decrease in the allowable Th-232 activity, the data show a significant decrease in soil 
recovery for the two circuits. For example, at a 4.5 pCi/g Th-232 activity the soil recoveries are 
25 and 50 percent for Circuit I and Circuit II, respectively. These data indicate that operating 
Circuit I at a 5 pCi/g Th-232 activity for the final product will have little margin for error. This 
conclusion is supported in Figure 6-19 where the “knee” of the curve occurs around 4.8 pCi/g 
‘III-232 with a sharp decline in soil recovery to around a 4.5 pCi/g Th-232 activity. This figure 
also shows that the decline in soil recovery is more subtle with Circuit II. Therefore, the Circuit 
II configuration will provide a “safety-net” around the clean-up level of 5 pCi/g, and thus is the 
circuit of choice. Because of the importance of Th-232 removal in meeting the clean-up criteria, an 
additional series of optimization runs were performed in which the soil recovery was maxim&d at 
different levels of Th-232 activity. The results of these&mlations are also shown in Figure 6-19. 
Again the simulation data show that only about 52 percent of the soil can be recovered at a Th-232 
activity of 5 pCi/g. However, the mass recovery of clean soil can be increased to about 63 percent 
by increasing the allowable Th-232 activity to 13.5 pCi/g. A further increase in Th-232 activity is 
not technically feasible with the Circuit I or Circuit II configurations. To recover additional mass, 
the secondary classifier cut-point (Da) must decrease. This is due to 36 percent of the feed soil is 
below 200 mesh. Hoover, there are no separation unit operations that will achieve a cut-point 
below 200 mesh, especially at the p and Rf values that are needed. However, the data suggest that 
the best operating point for reducing the lh-232 activity while maximizing soil recovery would be 
to produce a clean soil with a Th-232 activity of approximately 5 to 13 pCi/g. These values 
correspond to just above the “knee” in the recovery-activity plots. Figure 6-19 shows that these 
operating points would result in mass recoveries of approximately 55 and 63 percent. These values 
could be achieved using either Circuit I or II. 

A preliminary cost analysis was conducted to examine the economic feasibility of the proposed 
circuitry. The cost analysis included an estimation of both capital and operating costs for the 
installation of processing facilities capable of treating as little as 62,100 tons and as much as 
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550,845 tons of contaminated soil. For the smaller volume, the estimated cost for remediation 
varied from $198.42 to $162.48 per ton of dry feed soil, depending on whether the cleanup target 
was set to 5 pCi/g or 15 pCi/g, respectively. These values represent a cost savings of more than 
$8.4 million as compared to complete excavation and disposal of soil from the Maywood site. 
For the greater tonnage of 550,845 tons, the estimated remediation cost was found to vary from 
$179.69 to $143.73 per ton of dry feed soil for the cleanup targets of 5 pCi/g or 15 pCi/g, 
respectively. In this case, a total cost savings of more than $85 million may be realized by 
combining soil treatment and disposal at the Maywood site. 
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GLOSSARY 

Anthropogenic Man-made material. In this document it refers to the association of 
naturally occurring radioactive material with a manufacturing process 
waste. 

Characterization A study conducted to determine the basic characteristics, such as particle 
size, density, and magnetic susceptibility of soil. While its purpose is to 
determine if a treatment process is applicable to the remediation of a 
particular soil, the study is not conducted to specifically evaluate the 
effectiveness of a given technology. 

Composite Sample formed by the selective addition of other samples. 

Head Sample The sample fraction upon which experimentation is conducted 
(beginuing sample fraction). 

Hydroclassification The separation of solid particles into fractions based on their differential 
rates of flow or settling through water. 

Mesh Size Number of openings per linear inch in a sieve used to determine particle 
Size. 

Mona&e Mineral consisting of phosphates of the rare earth metals, including 
thOliUlll. 

Orthophosphate A salt of orthophosphoric acid containing the trivalent , negative radical 
PO,. 

Petrography Study Examination conducted to identify and classify minerals and materials in 
a soil sample. 

TAR Total Activity Ratio. The sum of the radium-226 and thorium-232 
concentrations, divided by five, summed with the uranium-238 
concentration, divided by 50. 

Treatability 
Study 

A study conducted for the purpose of determining if a treatment 
technology is applicable to the remediation of a contaminated soil. 

Zircon A natural mineral which may have incorporated uranium or thorium. 
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II. ~111 ic~nlnctunlly rcquarcd (xahs wc!tc n.~t Ial)r~ry sc~rcl~sd. I I,.: 

<1c;;!:IIaIcIl rc(,~cscn,alo”c could rcq”c;( Illtr:~: s131.1 l’rom (IIC l3lJor~rory. 

3 I’[(‘ rtxulu which aI-c l-lO( sufficicrltly zlbovc IIIC ICWI “1 tt1c bl3nk ShO”ld “C,( 
LX: SrcporrcJ. (Dilutions and sample six must bc wkcn into account when 
comparing chc amounts prcscnr in blanks and samples.) 

4. When a compouod is not found ia aoy blanks. but is a suspected akfact‘of 
cmnm~n laboratory cootamiaan& the result may be flagged as unusable (R). 

5. In defidiag whether a Library search result for a TIC. repr~ents a realistic 
identifrCUio& protcssioaal judgment must be exercised. If there is more than 
one reasonable match. the result tray be reported as ‘either compound X or 
compound Y.‘ If then is a lack of isomer specificity. the TIC result may be 
changed to a aoo-spccifK ‘komer result (1.3.5~trimethyl bcnscae to trimethyl 
bearcoe isomer) or to a cotopound class (2-methyl. 3-ethyi benzene to 
substituted aromatic compound). 

6. The reviewer may elect to report ail similu isomers as a total. (All alkaou 
may be summar%d and reported as total hydmcarboas.) 

7. O ther Case facton may influurcc TIC judgmeats. If a sax&t TIC match is 
poor but other sampkr.&vc a TIC with a good tibnry autdt, similar nlative 
reteatioa time aad the same ioas, idcatifi~tioa iaformatioa may be inferred 
from the other saawk TIC results. 

8. PhysiQl coastaa%. suds as boiliag poiat, may be factored i4to professioaai 
judgment of TIC rcsult~ 

Du&iagthepeodf&~ing -at Puformaace QC cheek (em& b.Jar+.Stuaing, 
calibrrtioa), c@aga may d fn e w that &g&e the qrnlicy of the data While this 
degtadatioa Would .aot bc directly +howa by Qc cherzkzs until the aext required se&s of 
aaaIut;otl QC rua a tbotvagb rrricr of the oagoiag data icqtti&tioa aa field iadicrtoa of 
iosttumcat &orUaUtX. 

Some 
follows 

exttmpk of iaS.mmcn ! performrncc ‘mdiatoa for WiouJ factoa are as 

II Abrapc &&Crete shifts ia rcawstroctcd ioa chromtogram (RX) base!iae may 
iacliate gaia or threshold chagcs. 

2. Pooi chromatognphk performance affects both qualitative and quantitative 
results. Indications of substandard performance inctudr 

i: High RIC background kvek or shifts in absolute retention timcs OF internal 
rtandrrds. 

b. Exccsrivc bxcline rise at clcvntcd tctnpccnturc. 
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‘I’IIC‘ t~~~uircnr~:n~ (0 bc chcckcd in vatidation arc Iistcd below. (-CcS- iudicatc: (11;1t 
the contract rcquircmcnu for thcsc ibxus will also be chcckcd by CCS; CC3 rcquircnlcou arc 
t~o( ~~lways rhc same Y the dau review criteria.) 

I. 

11. 

111. 

IV. 

V. 

VL 

VIL 

WK 

Ix 

x 

Holding Times (CCS - Lab holding times only) 

Pesticides Instnuneat Periormancc (CCS) 

Calibntioa 

0 Initial (CCS) 

0 Analytid Sequence (CCS) 

0 Continuing (CCS) . 

Blanks (CCS) 

Surrogate, Recovery 

Matrix Spike/Matrix Spike DupliQtc (Ccs) 

Field Dupliatn : 

coalpouad 1dcnwiutioa 

Gxapoaad Quaatitatioa ad Reported Detection Limits 

OvOdtAtserrmeot0tmaf0r~C+se 



1c. (Irilca i.3 

I l)l> I J;cIc,llll,ll I~llllC 

DDT mu:~ hvc rctcn~ion ~imc 00 fuckcd columns (crccpt OV- I ~ocl OV- IO1 j 
g’caRr rkln or cqu3l to I2 nlhules. 

2. Rctenrion Time Windows 

The laboratory must report retention time window data on the Pcsticide/PCB 
Standards Summary (Form Ix) for each Gc column used to analp samples. 

3. DDT/Endrin Degradation Check 

The total percent breakdown for neither DDT nor endrin may exceed 20%. 
The percent breakdowa is the amount of. decomposition Uaat eadria and 4.4’- 
DDT undergo when analyzed by the chromatographic systecn 

a For endria. the percent breakdown is determined by the primacy of 
cndrin aldehyde and/or cndtin ketone in the Gc chromatogm 

b. For 4,C-DDT. the percent breakdown is determined from the prc%~n~~ 
of 4.C-DDD and/or 4,C-DDE in the GC chromatognm. 

C. A combined percent, breakdown must be calculated if there is evidence 
of z @eak at the retention time of endcin aldehyde/4.4’-DDD. which 
co-ciute on the OV-1 packpd column (or an tquivrlent column). 

d. Percent b&Wown ir. aknMed us-bg the following aqpitiorrs: 

96 Breakdown - Total DDT degaadatioo pe?k area (DDE + DDD) x loo 
for 4.4’-DDT Toal DDT pak or0 (DDT + DDE + DDD) 

Dqndat?oa Pak Arm (endrin aldehydc + endrin ketboe’) I *oo 
%  Brakdowa - A 
for eadrin Peak hrer (ettdria + cndrin ddehyde + end& ketoae) 

rIi!?kb peak ara of cadrin rldehyde must be measured during 
the dcgndatioa deck to verify system pecformurce. 
Endtin al&thy& is not reported on Form 1 because it is 
r&wed .by rlucniaa cleanup. 

Note The term ‘peak hcighr may be substituted for the term 
‘pak arei’, 

Total degndation peak areas 
Combined = (DDE + DDD + endria rldchyde + eadria ketone) 
4b Breakdown Total DDT and endrin peak areas 

.(DDT + DDE + DDD + endrin + endrin aldchydc + en&in ketone) 
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s~,ltl~>oclll,l. lllcrc is usually no crccct “11 IllC CiTl1:1 (r’*,:l -~lc~x~cd V~I”Cc, ca,, 
Lx2 coll;itlcrcd valid.) 

b. [f the affected sample chromatograms contain peaks 4~ich may be of 
concern (i.e.. above the CRQL and either Close 10 or within the expected 
retention time window of the pesticide of interest). then two options are 
available to the reviewer to determine the extent of the effect on the data- 

1) If no additional effort is warranted by the reviewer, flag all positive 
results and quantitation limits as unusable (R). The narrative should 
cmphasixc the possibility of either false negatives or false positivr%, as 
appropriate. 

2) In some cases. additional effort & warranted by the reviewer (e.g., if 
the data arc needed on a priority basis and if the peak(s) present 
might represent a level of concern for that particular pesticide). In 
these situatiom. the reviewer may undertake the following additional 
efforts to determine a usable retention time window for affected 
SXlIplCS 

(a) The reviewer should examine the data package for the presence 
of three or more sttndards containing the pesticide of interest 
that were ma vithin.,r 72-hour period during which the ample 
-=e=d- 

(b) Ifthreeffrdansuchstpnaardfarcprcsea~be.maaaad 
staadad dovhtion of the retention time window can be re- 
evaluated. 

(4 ff au sQdad.9 aad aQ!rk spikes fill within the revised 
WiadOW, the V&id pO&h Or aC&Ve S#n& dk aa be 
determkd IX& t&is wia&w. 

(d) Tbc ourrtive should identify the additional efforts taken by the 
reviewer aad the msultaat -mpact on daa usability, In 
additioa. the support documeatation shoui& contain all 
calculacioas aad amp&so= genentcd by the reviewer. 

3. DDT/Endrin Degradation Check 

a If DDT breakdown is greater than 20%. beginning with the samples 
following the last &control standud: 

1) Flag all quantitative results for DDT as estimated (J). If DDT was 
not detected. but DOD and DDE are positive. then flag the 
quantitation limit for DDT as unusable (R). 

2) Flag results for DDD and/or DDE as prcsumptivcly prcscnt at an 
cstintatcd quantity (NJ). 
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cl = Standard Deviation 

CF = Mean Glibcation Facror 

Note: The 10% RSD limzarity check is required only for COIU~IXU which are 
used for quantitative determinations. Quantitation of the surrogate 
requires the use of a colunin shown to meet the 10% lincariry criterion. 
Columns used only to provide qualitative confirmation are not required 
to meet this criterion. 

2. Anaiyticai SCqUCI’tcC 

a. Primary Analysis 

At the b&inning of each 72-hour period all sfandards must be 
anal-. 

b. Confirmation Analysis 

1) Evabarion Scaadard Mix A. B. and C arc re+ircU for the curve. 

2) Only. the staa& con- the. uxnpound(s) to be rxmfinned ‘are 
required. These rtandacds must be repeated after every five samples. 

3) Evahwion Mix B is req&cd after every ten samples. 

3. Coatiauing Calibtatioo 

ne alibntioo fack for arch &ndaxd mast be within 15% of the ztandara ar 
the beginning of the amlytiaI SeQuunr on qaaacitatioa cdurnns (20% on 
confiitioo colulam). 

c. Evafualiaa Procedure 

I. initial Calibration 

s. Inspect the Pesticide Enltntioa Standards Summary (Form VIII) aad verify 
agreement with the raw Gc data (chromatograms and data system 
printouts). 

b. Check the raw data and recalculate some of the calibration factors and the 
pcrccnt relative standard deviations (%RSD) for aldrin. endrin. 
4.4’-DOT. and Jibutylchlorcndate at lhc three calibration couccntratitms. 
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IV. IIl..\r;K;:; 

:\ C)bjci(i*c 

The ~ssc:smcn~ of &nk analysis rcsulK is co dctcrruinc the CKis~CrlCC and nlagnicudc 
of contamination problems. 7%~ criteria for evaluation of blanks apply to any blank 
associated with the samples. If problems with w blank crist. all dara associaled with 
(he Case must be carefully evaluated to determine whether or not there is an inherent 
variability in the data for the Case. or (he problem is aa isolated occurrence not 
affecting other data. 

8. Criteria 

No contaminants should be prexnt in rhe’blank(s). 

C. Evaluation. Procedure 

1. Review the results of ill associated blank(s). Form I(s) and raw data 
(chromazograms. qua.ntiQtion repom or da8 system printouls). 

2. Verify that the method blank anAy& contains less than the Contract 
Required Quantitation Limits (CRQL) of any Pesticide/PCB or interfering 

3. Verify that method blank analysis has been reported per mattin. per 
coacentxatioo level. for each GC system used to analyze smplcs. and for each 
extraction batch 

D. Action 

Action in the case of unsuitabk blank ret&s depends O IL the circums~~ and the 
origin of the blank. No positive sample results should be reportal unless the 
coacentntion of the oocnpouad in the sampk e&cc& 5 times the amount in the 
blank In inSancc% whauuwcethan~btankis ashated with a &$a sample, 
qualific&oa should be..- upoa a comparison witb the associated blanE &iv-w the 
highest conccntntion of a’coo&ninant The rcsnlts must m be corrected by 
subttactiq the blank time. SgsdfK: actioas are as follovr 

1. If a Pcuicide/PCB is found -SI the blank but & ‘found io the sample(s). no 
actioa is takea 

_- 
2 Any Pe&cide~ detected ip the sample and also detected io any associated 

b&al& axast ‘bm&lxikd rlicn tbc sampk coaccntntiort is lc.Ss ihaR 5 tima 
the blank uxtccntsation. 

The reviewer should note that the blank analyses may not involve the same 
weigh& volumes or dilution factors as the associated umpks. These facrors 
must be taken into consideration when applying the 5x uiter’u. such that a 
comparison of the cotal amount of contamination is actually made. 

Additionally, there may bc instances whcrc littIc or no contamination was 
prcscnt in the ass&a& blanks. but qualification of the ssmplc was dccrncd 
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C. Ev~~luation I’roccdurc 

1. Check raw data (i.e., chromatograms. quanc list, etc.) to verify chc recovcrie: 
on the Surrogate Recovery (Form II). 

2. If recoveries are not within limia. chock raw data for possible interferences 
which may have affected surrogate rccoveria. 

D. Actioo 

If pesticide surrogate recoveries are outside of advisory windows. the following 
guidance is suggatedr 

1. If low recoveries are obtaihed. flag associated positive results and quaatitatioa 
limits Y estimated (I). 

2. If high r&&es arc obttinai, profmional judgmeat should be used to 
determine appropriate a&o& A high bias may be due to co-eluting 
interfexeflcer 

3. If zero pesticide surrogate recovery ‘is reported. the reviewer should examine 
the sample chromatogmn to deteqine if the surrogate may be preset& but 
slightly outside its retentioa time window. If this is the case. io addition to 
assssing surrogate recovery for guantitative bii ihe ovenidiag wosideration 
is to investigate the qualitative validity -of the analysis. If the surrogate is not 
preset& flag all qegative results as unusable (R). 

A. Objective 

These data anz gemsated CO d&amine low-term precisii aad accutacy of the 
aollyticd method on various nlatrica These &la * allot bc used to eva.luate 
the prccis~on ,apd accuracy of individual samples. 

B. Criteria 

1. Advisory limits are atablthed for spike recovery‘ limits in the approoriate 
SOW and on Form III 

2. Advisory limits are established Car relative percent difference between matrix 
spike and matrix spike duplica!e recoveries in the appropriate SOW and on 
Form III. 
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.\ Objcctiwc 

Qualitative criteria for compound idcntificltion have been established CO minimize the 

number of erroneous identifications of compounds. An C~~O~COUS identification can 
either be a false positive (reporting a compound present when it is not) or a false 
negative (not reporting a compound that is present). 

u. Criteria 

t. Retentioa times of reported compounds muft fall within Lhe calculated 
retention time windows for the two chromatographic column. 

2. GC/MS confirmation is required if the concentation of a compound exceeds 
10 ng/uL in the final sample extracL 

C. &Auatioa Procedure 

1. Review Form I, the associated taw data (chroautograms aad dam system 
p&touts) and the Paticide/PCB Idearifkation Summary (Form X). Coafirm 
reported positive detects. using appropriate retentioa times aad retentioa time 
windows. aad verify that the compounds lis~cd as -not detected- are correct 

z Verify that positive ideotifiations have dissimilar column analysir (The 3% 
OV-1 column aanot be us& for &dvtion if both die&in aad DnF. are 
identified) 

3. For multipeaL pesticides (cbfonizae and toxaghene) and PC&, the reteatioa 
times and relative peak height ratios of oxajor component peaks should be 
compared against the appropriate standard chromatogtams. 

4. Verify that GC/MS contirmatio~ was pUrotmed for perticides/PCB 
coaceatratious in *e Gal sample extract wbict~‘c.xwuled 10 ag/uL, 

D. Actioa 

1. lf the qualitative ‘criteria for twu-wLunrp c0ufiitioa were not me& all 
~rttd positive detcck should be cooridered non-detects. The reviewer 
should use ptofessional ,judgment to aniga an ~&xopriate quaatitation limit 
using the following guidzb# 

a. If the mkiieatifii Qcak was suffk~tly outside the age!. pesticide 
retention time window. thea the CRQL can be reported 

b. If the misideotificd peak poses aa interference with potential detection 
of a txget peak. then the reported value should be considered and 
flagged as the estimated quantitation limit (UJ). 

2. If PC& or muhipcak pcsticidcs exhibit marginal pattern-matEhing quality. 
professional judgment should bc used 10 establish whether the diffcrcnccs arc 
attributable 10 cnvironntcntal ‘wc3thcring-. lr rhc prcscncc of 3 
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COIICCTII: :IIICI C‘“IIIIIIC”,S on the v~lidicy of 118~ ovcnll dslz~ pxkaec for 3 CJJC. Tl~ts i; 
particularly appr~pri~tc for Gscs in which there are several QC criteria out of specifrgtion. 
The addicivc nacurc of QC factors out of specification is difftcult 10 assess in an objective 
manner. but rhc reviewer has a responsibility to inform users concerning data quality and 
data limitations in order to assist that user in avoiding iaappropriate USC of the data. while 
not precluding any consideration of the data at all. The data reviewer would be greatly 

assisted in this endeavor if the data quality objectives were provided. 
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Case 

Ossc/Neutral/Acld Compounds - compounds analyzcd.by scmivotatilc technique 

A finite, usually prederermmed number of samples collected over a given rime 
period for a particular site. A ca5e consists of one or more Sample Delivery 
Group(s). 

ccc 

CCS 

Calibration Check Compound 

Contract Compliance Screening - vocess in which SMO inspecrs analytical data 
for contractual compliance and provides results to the Regions. laboratories and 
EMSL/LV. 

CF Calibration Factor 

CRQL Contract Required Quantitation Limit 

DFfPP Decafluorotriphenylphosphine - semivolatile tuning compound 

DPO Deputy Project Officer 

EICP Extracted Ion Current Profile _. 

CC/EC Gas Chromatography/Electron Capture Detector 

Gc/m Gas Chromatograph/Mass Spectrometer 

GPC Gel Permeation Chromatography - A sample clean-up technique that tegarat& 
compounds by .size and molecular weight Generally used to remove oily 
materials from sample extracts. 

Is 

MS/MSD 

m/z 

Internal Standards - Compounds added to every VOA and BNA standard. blank. 
matrix spike duplicate, and sample extract at a known concentration. prior ‘to 
instrumental analysis. Internal standards are used & the basis for quantitation 
of the target compounds. 

Matrix Spike/Matrix Soike -Duplicate 

The ratio of mass (m) to charge (2) of ions measured by GC/MS 

OADS Organic Analysis Data Sheet (Form I) 

ORDA Organic Regional Data Asscssn~cnt 

I’Cll t’olychlorin~tccl bithcnyl 
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IKTHODUCTIOi’J 

This documenr is designed to offer guidxxc in IabralOry data tv3lUll~On 3nd 
validation. ln some aspects, it is equivalcnr IO a Standard Open~ing Procedure (SOr). In 

other, more subjective areas. only general guidance is offered due to the comple~ilics 3nd 
uniqueness of data relative to specific S~~PICS. These Guidelines have been updated 10 
include 311 requirements in the 7/87 Starement of Work (SOW) for Inorganic& Amcndmcn! 1 
and December 1987 Revisions. 

nose areas where specific SOPS are possible are primarily areas in which definitive 
performance requirements are esrablished. .These requiuments are concerned with 
specifications that are not timple dependent. they specify performance requirements on 
matters that should be fully under a laboratory’s COntrOl. These specific areas include blanks, 
calibration standards, calibration verification standards. laboratory control standards. and 
interference check standards. In particular. mistakes such as calculation and transcription 
erron must be rectified by resubmission of corrected data sheets. 

This document is intended for technical review. &me ara of overlap between 
technical review and Contract Compliance Screening (Cm exisg however. determining 
contract compliance is not intended to be a goal of these guidelines. It L assumed that the 
CCS k available and can be utilized to assist in the data review procedure. 

At times. there may be an urgent need to use data which do not meet all contract 
requirements and technical criteria Use of these data dw not constitute either a new 
requirement standard or full acceptance of the data. Any decision 10 utilize data for which 
performance criteria have not been met is strictly to faciliate the progress of projects 
requiring the availability of the dam A contra& laboatory submitting data which are out of 
specification may be required to rerun or resubmit data even if the previously submitted data 
have been utilized due to urgent program needs; daa which do not meet specified 
requirements are never fully acceptable. The only exception to this requirement is in the 
area of requiremenu for individual sample airalys%. if the nature of the sample itself limits 
the attainment of specifiations. appropriate allo~nces must be made. Ihe overriding 
concern of the Agency is to obtain data which an technially valid and legally defensible. 

All data reviews must have, as a cover sheet, the Inorganic Regional Data 
Assessment (IRDA) form. (A copy is attached at the end of this document) If.niandatory 
actions are required, they should be specifially noted on this form. Zn addition. thii form is 
to be used to summa&e overall deficiencia requiring attention. as we11 as general laboratory 
pedorrmoce and Roy discernible tteDdS ia the quality of. the da0 (Thii form is- not a 
replacement for the &a review.) Suffcieot aupplemeoory dOCumeatati0n must accompany 
the form to clearly identify the probkma asociated with 8 ti The form and any 
attachmeDts must be submitted to the Contnct ~bontory Program Quality Assurance 
Coordinator (CLP QAC), the Regional Deputy Project Officer (DK)). and the Environmental 
Monito&~ systems tibontory in Las Vegas (EMSL/LV). 

‘It ia tbe rU$MUibility of the data reviewer to notify the R&nal DPO concerning 
problems mnd shortcomings with regard to tabontory data. If there b PD urgent requirement, 
the DPO may be coaactcd by telephone to expedite corrective action. It is recommended 
fhat all items for DPQ action be presented at one time. In any a~. the Inorganic Regional 
Data As.scssment form must be completed and tubmicred. 
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0 

a 

II. Calibration 

0 Initial (KS) 

0 Inilial and Continuing Calibration Verifiution (G-3) 

111. Blanks (KS) 

IV. , ICP Interference Check %rmple (CC3 

V. Laboratory Control Sample (CC3 

VI. Duplicate Sample (KS) 

VII. Matrix Spike Sample (KS) 

VIII. Furnace Atomic Absorpuon w (CC% 

IX. ICP Serial Dilution (CCS) 

x Sample Result Verification (CCS - 10%) 

XI. Field Duplicates 

XII. Ovetall Assessment or Data for a Case 

I. HOLDING TIMES 

A. Objective 

The objective is to ascertain the validity of results based on the hoiding time of the 
sample from fime of collection to time Of tkUa.lyGS 

J&& The holding time is used on the date of collection. tather than verified. time 
of sample receipt. and date of digestion/distillation. It is a technical evaiuatikn rather 
than a contractual rquirement. 

B. Criteria 

Technical requirements for sampie holding times have only been established for wlter . matncu. The folIowing holding time snd prcsemtioo rquiremettts were established 
under 40 CFR 136 (Clean Water Act) plrd are found in Volume 49, Number 209 of 
the lfeded Register. pase 43260. issued oo October 26. 1984. 

METALS: 6 months; preserved to pH < 2 

MERCURY: 28 days; preserved to pH < 2 

CYANIDE: 14 days; preserved to pH > 12 

3 



2) The correlation coerficicnt must be ~0.995. 

rJote: the correlation coefficient of 0.995 is a technical cri~crion 

and not contractual. 

C. Mercury Analysis 

I) A blank and at least four standards must be used in establishing 
the analytical curve. 

d. 

2) The correlation coefficient must be 20.59s. 

Cyanide Analysis 

I) A blank and at least three standards must be used in establishing 
the analytical curve. 

2) A midrange standard must be distilled. 
3) A comfation coefficient 20.995 is required for photometric 

determination. 

2. Initial and Continuing Calibration Verification (ICV and CCV) 

a. Analysis results must fall within the control limitt of 90 -I IO percent 
Recovery (%R) of the true value for all analytcs except mercury and 
cyanide. 

b. Analysis results .for mercury must fall within the control limits of 80- 
12o%R 

C. Analysis results for cyanide must fall within the control limits of 85- 
lIS%R. 

C. 
: 

Evaluation Procedure 

1. Verify that the instrument was calibrated daily and each time the instrument 
was set up using the correct number of standards and blank. 

2. Verify that the comhtion coefficient is LO.995 

3. Check the distillation log and verify that the midrange CN standard was 
distilled. 

4. Recalculate one or more of the ICV and CCV %R per type of analysis (ICP. 
GFAA. etc.) using the following equation and verify that the realculated 
nlue agrees with the labomtory reported values on Form iU. Due to possible 
rounding disaprrrcia, allow results to fall within 1% of the conttact windows 
(e.g.. g9-111%). . 

Where, 

Found - concentration (in ug/L) of each analyte measured in the analysis of 
the ICV or CCV solution 



C. Evalu~c~on Procedures 

Review rhc results reporred on the Blank Summary (Form 111) as well as the raw dara 
(ICP prinIouLs, strip charts. prinrer tapes. bench sheet.%, CIC.) for all blanks and verify 
rhar the results were accuralely reported. 

D. Action 

Action in the case of unsuitable blank resulrs depends on the circumstances and origin 
of. the blank. Sample results > IDL but 4 times thr xnounc in any blank should be 
qualified as (IJ). 

Any blank with a negative result whose absolute value is > IDL must be carefully 
evaluated to determine its effect on the sample data. 

w The blank analyses may not involve the same weights, volumes, or dilution 
factors as the associated samples. In panicular. soil ample rcsulu reported On Form I 
will not be on the same basis (units, dilution) as the calibration blank data reported on 
Form 111. The reviewer may find it easier to work froin the raw data when applying 
5X criteria to soil sample data/calibration blank data 

In instances where more than one blank is associated with a given sample. 
qualification should be based upon a comparison with the associated blank having the 
highest concentration of a contaminant. The resulD m-t not be corrected by 
subtracting any blank value. 

IV. ICP INTERFERENCE CHECK SAMPLE flCS) 

A. Objective 

The ICP Inttrferena Check Sample verifier the contract labontory’s interelement and 
background correction factors. 

B. Criteria 

1. An I(s must k ~a at the beginning aad and of each sample analysis &n (or 
a m inimum of twice per I hour working shif& whichever is more frequent). 

2. Results for the ICS solution AB analysis must fall within the control lim its of 
f 20% of the craie value. 

c. E~luation Procodoro 

1. . Realcolate from the tow data (ICP printout) one or more of the recoveries 
using the following~oqtntion (%R) and verify that the recalculated value agrees 
with the laboratory reported values on Form IV. 

ICS%R- Fou d SodhmAl 
TN: % tutiOa AB 

x loo 

7 l/%8 



considered only as estimated vz~lues, since the exact value of any analytical 
system is instrument specific. ThereTore. estimate the conccn~ra~i~n produced 
by an interfering element. lr Ihc cstim~tc is >2>; CRDL and also grcaccr rhJr 
10% of rhe reported conccntrarion of the affected clemcnr. qualify the 
afrecred rcsul~s as eslimaled (I). 

V. LABORATORY CONTROL SAMPLE fLCS) 

A. 0bjec:ivc 

The laboratory control sample serves as a monitor of the overall performance of all 
steps in the analysis. including the sample preparation. 

B. Crjreria 

I. All aqueous LCS re3uIts must fall within the control lim its of 80-JZO%R. 
except Sb and Ag which have no control lim its. 

2. All solid LCS results must fall within the control lim its established by the 
EPA. This information is available from E)VISL/LV. 

C. Evaluation Procedure 

1. Review Form VII and verify tlsat results fall within the control lim its. 

2. Check the raw data (ICP printout. strip charts, tmch sheets) to verify the 
reported recoveries on Form VII. Recalculate one or more of the recoveries 
(%R) using the following equation: 

La %R I ‘Lcs Found 
LCS l-rue 

x 100 

LCS Found = concentration (ii ug/L for aqueous; mg/kg for tolid)‘of each 
analyte measured in the analysis of LCS solution 

L.CS-fNC - cooceatntioo (in ug/L for aqueolrr; mg/kg for solid) of each 
analyte in the LCS source 

D. Aclion 

I. Aqueous Lcs 

a. If the LCS r&&very for ray rnaly?e falls within the range of 50 - 79% 
or >120%, qualify results > IDL as estimated (J). 

b. If resula are < IDL and the LCS recovery is greater than 120%. the 
data are acceptable. 

C. If resulfs are < IDL and the LCS recovery falls within the range of SO- 
79%. qualify the data for the affected rnalytes as estimated (UJ). 



2. If the lield blank was used for duplicate analysis. all other QC data musl bc 
carefully checked and professional judgment exercised when cvalual~ng lhc 
data. 

m: This information must bc included on the IRDA form. 

VII. MATRlX SPIKE SAMPLE ANALYSIS 

A. Objective 

The matrix spike sample analysis provider information about the effect of each sample 
matrix on the digestion and measurement methodology. 

B. Criteria 

1. 

2. 

Samples identified a~ field blanks cannot be used for spiked sample analysis, 

Spike recovery (%R) must be within the limitr’ of 75- 125%. However. spike 
recovery limits do not apply when sample concentration exceeds the spike 
concentration by a factor of 4 or more. 

C. Evaluation Procedure 

1. 

2. 

Review Form V and verify that results fall within the specified limits. 

Check raw data and recalculate dne or more %R using the following equation 
to verify that results were correctly reported on Form V. 

Where. 

SSR = Spiked Sample Result 

:A” 
- Sample Result 
I Spike Added 

D. 

3. Verify that the field blank was not used for spike analysis. 

Action 

1. If the spike recovery is ~125% and the reported sample results are < IDL. the 
data is acceptable for use. 

'2. If the spike recov&y is ~125% or <7S% and the sample results are z IDL. 
qualify the data for these samples as estimated (J). 

3. 

4. 

If the spike recovery falls within the cuage of 30-74% and the sample results 
are c IDL. qualify the data for these samples as estimated (UJ). 

If spike recovery results fall ~30% and the sample results are < IDL. qualiiy 
the data for these samples as unusable (R). 

II l/SS 



6. IC sample absorbance is ~50% of the post digestion spike absorbance then’ 

a. If the furnace post digestion spike rccovcry is no1 within 85-1 15%. 
qualify the sample results > IDL a estimated (I). 

b. If the furnace post digestion spike recovery is not within 85-l 15%. 
qualify the sample results < IDL as estimated (UJ). 

7 II Method of Standard Additions (MSA) is required but has nor been done. 
qualify the data as estimated (J). 

a. If any of the samples run by MSA have not &en spiked at the awroprisre 
leveis. qualify the data as estimated (J). 

9. If the MSA correlation coefficient is 4.995. qualify the data as estimated (J). 

IX. ICP SERIAL DTLUTIOj” 

A. Objective 

The serial dilution determines whether significant physical or chemical inrerferences 
exist due to sample matrix. 

B. Criteria 

If the analyre concentntion is sufficiently high (concentration in the original sample 
is minimally a factor of 50 above the IDL). an analysis of a S-fold dilution musr 
agree within 10% Difference (%D) of the original results. 

C. Evaluation Procedures : 

I. Check the nw data and recalculate the %D using the following equation to 
verify that the dilution analysis results agree with results reponed on Form IX. 

Where. 

I - Initial Sample Rault 
S I Serial Dilution Result (Instrument Reading x 3) 

2. Check the raw data for evidence of negative interference. i.e.. results of the 
diluted wpk M $gnifiintIy higher than the origioai sample. 

D. Action 

1. 

2. 

When criteria are not met. qualify the associated data as estimated (J). 

If evidence of negative interference is found, use professional judgment :o 
qualify the data. 

13 i/as 



C. Evaluarion Procedures 

Samples which arc field duplicates should bc idcnlified using EPA S3mplc Tr3ffic 
Reporcs or szmplc field sheets. The reviewer should cOmD3rc the rcsuits reported for 
each sample and c~lcul~tc the Relative Percent Diffcreocc (RPD). if appropriafc. 

D. Action 

Any evalualion of the field duplicates should be provided with the reviewer’s 
comments. 

XII. OVERALL ASSESSMENT OF DATA FOR A CASE 

lt is appropriate for the data reviewer to make professional judgments and express 
concerns and comments on the validity of the ove~ll data for a Case. This is particularly 
appropriate when there are sevenrQC criteria out of specifmation. The additive nature of 
QC factors out of specifnation is difficult to assess in an objective manner. but the reviewer 
has a responsibility to inform the user concerning data quality’ and data limitations in order to 
a&t that user in avoiding inappropriate use of the data, while not precluding any 
consideration of the data at all. If qualifiers other than those used in this document are 
necessary to describe or qualify the data, it is necasaty to thoroughly document/explain the 
additional qualifiers used. The data reviewer would be greatly assisted in this endeavor if the 
data quality objectives were provided. The cover form and supplementary documentation 
must-be included with the review. 



CLOSSARY U 

Addifional Terms 

Associaled SJmpkS 

AA 

Calibration CU~VC 

Case 

CCE 

ccs 

CCV 

CLP 

CRDL 

cv 

DW 

EhffWLV 

Field Blank 

Any sample related IO 3 parlicular w analYSiS 
For example: 

For ICV, all samolcs run under the same 
calibration curve. 

For dupwate RPD, all SDG samples 
digested/distilled of the same matrix. 

Atomic Absorption 

A plot of absorbance versus concentration of 
standards 

A finite. usually predetermined number of samples 
collected in a given time period for a particular site. 
A the c01’1~isu of one or more Sample Delivery 
Groups. 

Continuing Calibration BIank - a deionized water 
sample run every ten samples designed to detect any 
carryovir contamination. 

Contract Compliance Screening - process in which 
SMO inspects analyti=i data for contractual 
compliance and provida EMSL/LV. laboratories, and 
the Regions with their findings. 

Continuing tilibntion Verification - a standard run 
every ten samples designed to teSt instrument 
pcrforrnancc 

Contact LaboAory Program 

Contmct Required Detection Limit 

CoeffKient of Variatioa 

Deputy Project Officer 

Environmental Monitoring System LaboIatory/ 
Lrr Vegas (P-0. Box 15027. Ias Vegas. 
Nevada 89 I 14) 

Field blanks are intended IO identify conraminantr 
that may have been introduced in the field. 
Examples are trip blanks, travel blanks. 
rinute blanks. and decontamination blanks. 



l SDC 

SMO 

SOP 

sow 

S~mplc Dclivcry Group - defined by one Of IIIC 
following. whichevcc occurs first: 

- cxse of field samples 

- each lwenly field samples in a Case 

- each 14-day calendar period during which 
field samples in a Case are received. 
beginning with receipt of the firs: sample 
in the SDG. 

Sample Management Office 

Standard Operating Procedure 

Statement of Work 
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RISK ASSESSMENT 

By: Scott Rowden 
Engineering Science 

Presented at: Clemson University, 
Continuing Engineering 
Education Seminar, 
February 20,199l 



- 

DEFINITION OF “RISK ASSESSMENT” 

CHARACTERIZATION OF THE POTENTIAL 
ADVERSE HEALTH EFFECTS OF HUMAN 
EXPOSURES TO ENVIRONMENTAL HAZARDS. 
INCLUDES: 

. DESCRIPTION OF POTENTIAL ADVERSE HEALTH 
EFFECTS BASED ON RESEARCH RESULTS; H y- 3,: .:: 

. EXTRAPOLATION OF RESEARCH RESULTS TO 
GIVEN SET OF CONDITIONS; 

. JU~GEMENTS ON.NUMBERS OF PERSONS 
EXPOSED AND TYPE OF EXPOSURES; 

. SUMMARY OF OVERALL PUBLIC HEALTH 
: 

PROBLEM; AND 

. CHARACTERIZATION OF UNCERTAINTIES. 

AT521/911J140 



1. 

2. 

3. 

4, 

s ----.+5, 

,.,/I 

6. 

SELECTED REFERENCES toy CLM t+ J + 
(7b fpd.0 + ‘,, , r; . 

_RISK&SSESSMENT @IDANCE FOR 
SUPERFUND, VOLUME I, HUMAN HEALTH ---_- 
EVALUATION MANUAL (PART A), EPA/540/i- 
89/002, DECEMBER 1989. 
RISK ASSESSMENT GUIDANCE FOR ..;-Y( 
SUPERFUND, VOLUME II, ENVIRONMENTAL / --% 
EVALUATIONMANUAL, EPA/540/i-89/00, 
MARCH 1989. 
EXPOSURE FACTORS HANDBOOK, , G + ? 
EPA/600/8-89/043, Ju~v1989. 

/ 

‘“l”“/c * 0 . 
SUPERFUND EXPOSURE ASSESSMENT 
MANUAL, EPA/540/i-88/001 ,APRIL 1988. 
IRIS, INTEGRATED RISK INFORMATION SYSTEM z&ti 
(DATA BASE), U.S. EPA, OFFICE OF ~ _& C.-d* 
RESEARCH AND DEVELOPMENT. /p&..-..& 

I-@LTH EFFECTS A_SSE~~MENT@MMAR~” 
TABLES, U.-S. EPA, UPDATED QUARTERLY. 
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DATA COLLECTION 

l MODELLING PARAMETERS 

l DEFINING BACKGROUND ..,- ;+ : <.,.“I..~ 

coNCENTRATIONS . Y+J-. 

NATURALLY OCCURRING 
~.#p” t+w *a-J r,. t &I&.& /o ;Js Ya+=* 

ANTHROPOGENIC LEVELS -’ 

RAGS MANUAL SUGGESTS APPLICATION OF 

RIGOROUS STATISTICAL ANALYSIS ONLY UNDER 
LIMITED CIRCUMSTANCES 

NOTE: 10% OF TOTAL SAMPLES - SOMETIMES 
RULE OF THUMB 

l PRELIMINARY IDENTIFICATION OF 
POTENTIAL HUMAN EXPOSURE 

w MEDIA OF CONCERN 

I mES OF E)(PECTED CONTAMINANTS 

m POTENTIALCY EXPOSED POPULATIONS 

I POTENTIAL CONTAMINANT TRANSPORT ROUTES 



DATA EVALUATION 

- , i. ; - 
l APPROPRIATE ANALYTICAL METHODS ’ 1-J -*-I= 

l SAMPLE QUANTIFICATION LIMITS 
(SQLS) 
I SOME SAMPLES CONTAIN A CONTAMINANT 
w I/2 SQL 
m NOTZERO 

l EVALUATION OF QUALIFIED DATA 
I TABLE FOR USE OF QUALIFIED DATA: GAGS 

MANUAL 
m ESTIMATED VALUES (J)- SAME As POSITIVE 

RESULT 
I RWECTED VALUES (R)- ELIMINATE 

- CONTAMINANTS FOUND IN BLANKS (B)- 
IJ IO x’s: COMMON LABORATORY 

CONTAMINANTS 

n ‘5 x’s: NOT COMMON LABORATORY 
CONTAMINANTS 



EXPOSURE ASSESSMENT 

THREE STEP PROCESS: 

I. CHARACTERIZE EXPOSURE SETING 

l PHYSICAL ENVIRONMENT-FUTURE AND 
CURRENT 

l POTENTIALLY EXPOSED POPULATION 

2.. IDENTW EXPOSURE PATHWAYS 
l CHEMICAL SOURCE/RELEASE 

l EXPOSURE POINT’ 
l EXPOSURE ROUTE 30 A c--.7; ‘cv 

3. QUANTIFY EXPOSURE 
l MONITORING DATA A @J LO!! 

l MODELING 

Note: The 95% upper confidence limit &JCL) on 
the arithmetic average concentration most 
often used as estimate of exposure 
concentration. 

A1522/011J140 



QUANTIFICATIONOFEXPOSURE: 
ESTIMATIONOFCHEMICALINTAKE 

l INGESTIONOFCONTAMINATEDFRUITS 
ANDVEGETABLES 

l INGE~TI~N~FC~NTAMMTEDMEAT, 
EGGS, AND DAIRY PRODUCTS 
NOTE: SEE ATTACHMENT 1 FOR DETAILS 

CONCERNING CALCULATION OF CHEMICAL : 
INTAKES 



GENERIC EQUATION FOR CALCULATING 

CHEMICAL INTAKES: 

I= C X CR X EFD 
BW X AT 

WHERE: 

I= CHEMICAL INTAKE (I.E., MG/KG- 
DAY) 

C= CHEMICAL CONCENTRATION 
(E.G., MG/LITER) 

CR = CONTACTRATE (E.G., 
LITERS/DAY) 

EFD = EXPOSURE FREQUENCY AND . . . . 
DURATION 
EF = EXPOSURE FREQUENCY 

(DAYS/YEAR) 
ED = EXPOSURE DURATION 

_ (YEARS) , ;:.rL-- 

BW = BODY WEIGHT (E.G., 70’iiiJ 
M- 

’ 

AT = AVERAGINGTIME = (DAYS) 

a 



l 

TOXICITY ASSESSMENT--CONTINUED 

m WEIGHT-OF-EVIDENCE CLASSIFICATION: 

GROUP CLASSIFICATION 

A HUMAN CARCINOGEN 
Bl OR PROBABLE HUMAN CARCINOGEN 

B2 

C PObBLE HUMAN CARCINOGEN 
D NOT CLASSIFIABLE AS TO HUMAN 

CARdlNOGENlClTY 

E EVIDENCE OF 
NONCARClNOGENlCllY 

FOR HUMANS 
. 

ATSZ2/911Jlu) 



RISK CHARACTERIZATION 

[CANCER RISKS] 

LINEAR LOW-DOSE CANCER RISK: 

RISK = 5CDI X SF 

. 
- 

:fgd/-~ 
“gJ”/” 

-2 CDI = CHRONIC DAILY INTAKE 
(mg/kg-DAY) 

SF = SLOPE FACTOR (mg/kg-DAY)-’ 

NOTE: RISK <O.Ol - i&m* “/’ I ,,,-3 
! 1 wro-P-l 

ONE-HIT FQUATlOI$ 

RISK = 1 - EXP (-CD1 X SF) 

ExP= EXP6NENTIAL 
CDI = CHRONIC DAILY INTAKE 

(w/b-DAY) 
SF = SLOPE FACTOR (mg/kg-DAY)” ‘. 

NOTE: RISK > 0.01 

FOR MUI WjJ SUBSTANCES: 

RISKT = o RISQ 

RISKT = TOTAL RISK, EXPRESSED AS A UNITLESS 
PROBABILITY. 

RlSKj = THE RISK ESTIMATE FOR THE iTH 
SUBSTANCE. 

0 

AT522/QllJ140 



ATTACHMENT 1 
EXPOSURE SCENARIOS EXTRACT FROM 

“RISK ASSESSMENT GUIDANCE FOR SUPERFUND,” 
EPA/540/i-89/002 
DECEMBER 1989 



RESIDENTIAL EXPOSURE: INGESTION OF 
CHEMICALS IN DRINKING WATER ’ 

(ANDBEVERAGES MADEUSING DRINKING WATER) 

Equation: 
Intake (m%Lg-day) 

==tkKF 

CW- Chemical Concentration in Water (mpfliter) 
IR = Ingestion Bate (literrlday) 

:i 
= Exposure Frquancy (days/year) 
= Exposure Duratioa (years) 

BW = Body Weight (kg) 
AT = Averaging Time (period over which exposure is averaged - days) 

Variable Values: 

Cw: Site-specihc measured or modeled value 

1R: 2 liters/day (adult, 90th percentile: EPA 1989d) 
1.4 liters/day (adult, average: EPA 1989d) 
WspeciRc values (EPA 19894) 

EF: Pathway-sp&Bc value (for residents, usually daily - 365 days/year) 

ED: 70 years (lifetime: by convention) 
38 years (national upper-bound time (90th percentile) 

at one residcocr, EPA 1989d) 
9 years (tmlooal media0 time (50th percentile) at ooe resideoai 

EPA 1989d) 

BW: 70 kg (adult, mrage: EPA 19891) 
Age-specific nlues (EPA 198Sa. 1989d) 

AT: Pathway-sp+lc period of exposure for oonarcioogcoi~ eflectf 
(it., ED a 365 days/year), and 70 year lifetime for Ut 'CIoOgcolC 

&ecu (i.e., 70 yeam I 365 Qydyar). 



RESIDENTIAL EXPOSURE: 
DERM4L CONTACT WITH CHEMICALS IN WATER 

Equatioo: 

Absorbed Dose (mg+day) = p 
BWxAT 

z = Chemical Concentratioo in Water (mg/litcr) 
= Skin Smfacc Area Available for Contact (cm’) 

PC = Chemical-specific Dermal Pcnacability Coostaot (cm/br) 
m = Exposure Time (hours/day) 
EF = Exposure Frquency (days/year) 
ED __ 5: Exposure Duration~can) 
CF = Volumetric Coovenion Factor for Water (I liter/1000 cm”) 
BW k Body Weight clu, 
AT = Averaging Time (period over rbicb l qosure is averaged - days) 

Variable Values: 

Cw: Site-specific measured or modeled value 

Sk : 

3.~6 0.728 0.711 
6.~9 0.931 0.919 
9 < 12 1.16 1.16 
12 < 1s ::: 1.48 
15 < I8 
Adult 1.94 ::: 

6~7 0.11 0.041 0.24 
9 < 10 
Adult ;g 

0.067 0.31 
0.082 0.55 



RESIDENTIAL EXPOSURE: 

iNGESTION OF CHEMICALS IN SOIL 

Equation: 

Intake (mdkg-day) = C,S x IR x CF x Fl x EF v ED 
BWxAT 

Where: 

cs = Chemical Concentration in Soil (mg/kg) 
IX = Ingestion Rate (mg soil/day) 
; = Conversion Factor (10-e wmg! 

5; Fnctton Ingested from Contamtnated Source (unitless) 
EF = Exposure Frequency (days/years) 
ED = Exposure Duntion (years) 
BW = Body Weight (kg) 
AT = Averaging Time (period over which exposure is averaged - days) 

Variable Values: 

cs: Site-speciBc measured value 

IR: 200 mg/day (children, I through 6 years old; EPA 1989g) 
100 mgIday (age groups greater than 6 years old: EPA 1989gI 

NOTE: IR values are default values and could change based 
oo site-specific or other inZormation. Research is currently ongoing 
to better dctine ingestion rates. IR values do not apply to individuals 
with abnormally high soil ingestion rates (i.e., pica). 

CR IO a kg/mg 

Fl: Pathway-specitic value (should coosidcr contaminant location and 
population activity patterns) 

EF: 365 days/year 

ED: 70 years (liletime; by convention) 
30 years (national upper-bound time (90th percentile) at ooe 

resideace; EPA 19891) 
9 years (oatiooal mediao time (SOtb percentile) at one residener; 

EPA W89Q 

BW: 70 kg (adult, avetage: EPA 19B9d) 
16 kg (cbildreo 1 -&rough 6 years old, 50th percentile; EPA 19gSa) 

AR Pathway-specific period of avposure for noncarcinogenic cRects 
(i.e., ED I 365 days/year), and 70 year lifetime for Carcinogenic effects 
(Le., 70 years x 365 days/year). 



RESIDENTIAL EXPOSURE: 
INHALATION OF AIRBORNE (VAPOR PHASE) CHEMICALS 

Intake hgfkg-d~y) =v 

CA = 

iii 

Cootaminaot Concentration in Air (mO/m*) 
- lnh~lrtloo Bate (ma/hour) 
= Exposure Time (boun/dry) 

EF = Faxposure Frequcocy (days/year) 
ED - Exposure Duratioo (yeor@ 
BW = MY w~loht w 
AT = Averaging Time (period over which exposure is everaged - days) 

Vorirblc Values: 

CA: SitespecifIc measured or modeled value 

fR: 30 ma/day (adult, suggested upper bouod value: EPA 1989d) 
20 mVday (adult, rrcrrge: EPA 1989d) 
Iiourt~ retes (EPA 1989d) 
&specific values (EPA 198Sr) 
A& sex, rod activity based values (EPA 19ESe) 
0.6 ma/&r - sbmcrio( (rll J,V groups: EPA 1969d) 

ET: Petbway-specific values (dependcot oo duhoo of cxposur+relted 
8CtiVitkS) 

12 mioutcs - shmeriog (90th percentile: EPA 1989d) 
7 mioutes - sbowtriog (SO& perceotilc; EPA 19891) 

EF: Pathwry-specific value (dcpeodent oo frqucog of sbowcriog or other 
exporure-relstrd l ctivities) 

ED: 70 pan (liletimc; by conveotioo) 
30 yean (oationoi upper-bound time (90th perceotile) l t doe resideocc: 

EPA 1989dj 
9g~l;nadonoI toed&o time (SOtb perceotilc) ot ooc rcsidcncq 

BW:. 70 k# hdult, we- EPA 1989d) 
A&+specific ~IWS (EPA 198Sa, 1989d) 

ATZ Pathway-specific prriod of exposure for ooocarcino~eoic cfkts 
(i.e., ED x MS &ys/yur), l od 70 year lifetime for arcioopoic effects 
(I.e., 70 yun x 36S days/year). 



RESIDENTIAL EXPOSURE: FOOD PATHWAY -- 
INGESTION OF CONTAMINATED FISH AND SHELLFISH 

Equation: 

haeke bw’Q-day) = v 

lcRF 
= Contaminant Concentration io Fish (mghg) 
= 1ngesU0.8 IWe (~mcsl) 

E 
= Fractioo Ingested from Cootamionted Source (unitless) 
= Exposure Frqucncy (meals/year) 

ED = Exposure DuraUoo (run) 
BW = Body Weight (ko, 
AT = Avenging Time (period over which exposure is averaged - days) 

Variable Values: 

CFi Site-speclflc measured or modeled value 

m 0.284 ~meal(9Stb perceotlle for !!a fish; Pao et d 1982) 
0.113 kg/meal (50th percentile for fin fish; Pao cl d. 1982) 

132 Jday (91th pcrceotile daily intakes averaged over Uwee days 
for coosumen of no fish; Pao et d 1982) 

38 dday (S&b perceotile daily intake. averqed over three days 
for coosumers of no fuh;‘ho cl d. 1982) 

6.S g/day (daily intake averaged over l year, EPA 1989d. 
NOTE: Daily intake values should be used b cooqjuoc%ioo ritJ~ 
a0 aposun frqueor) of 366 daydyur.) 

Specific values for age, WI, rice, region sod fish species are 
available (EPA 1989d. l989b) 

Fk Pa-y-specMc value (should consider lorrl usage patterer) 

EFZ Pa&way-specific value (should consider local populrtioo patterns 
U iofort~tloo is l ilable) 

4 &ys/yar (averqe per apiu for fish sod sbellfisb; EPA Tolerclaa 
Auusmeot System io EPA l989b) 

ED: 70 JanOUefim* by cooveotioa)~ 
3~~~t~nal upper-bound trmc (90th percentile) at ooe residencc; 

9 yun (o~doo~l medii time (50th percentile) at ooe residenrr; 
EPA l989d) - 

BW: 70 k8 (adult, wenLc; EPA 1989d) 
Age-speclh nlues (EPA l98Sa, 1989d) 

At: Pathway-speclc period of aposun lor noocarcioogeoic effect3 
(Le., ED x 365 dnys/yur), sod 70 year lifetime for CDtio&wic effect.5 
(Le., 70 years I 36s dayUye& 



RESIDENTIAL EXPOSURE: FOOD PATHWAY -- 
INGESTION OF CONTAMINATED MEAT, EGGS, 

AND DAIRY PRODUCTS = 
Equatioo: 

Inlake (m%kg-dJy) = CF x I”,;‘,‘:,“’ x Ep 

Where: 

CF = 
IR 

Conlaminant Cooceotratlon io Food (mg&l 
= logestion R8te (kg/mal) 

Fl = Fraction Ingested from Contaminnted Source (unitless) 
E; = Exposure Frequency (mcnls/yeJr) 

= Exposure Dunuon (years) 
BW = Body Weight (Irg) 
AT = Avenging Time (periodover which exposure is even@ - days) 

VJtiJbie VJhCS: 

CF: 

IR: 

Fk 

EF: 

ED: 

BWt 

AT: 

Site-specific measured or modeled vJIue. Bpsed on soil 
COOCentrJtiOOS, phnt (feed) JCCUmUiJtiOn fJctOK, and feed-to-me8t 
or feed-to-daity product transfer coefftcients 

0.28 kglmerl - beef (9Sth perizeotile: PJO d d. 1982) 
0.112 kg/mcPI - beef tSOtb percentile: PJO et OL 1982) 
SpCCiBC VJlueS for other meJts are JVJilJbte (PJO u d 1982) 

O.lSO i@mcol L eggs (95th percentile: PJO l f al. 1982) 
0.064 wmeal - egg (SOtb perceotile; PJO et al. 1982) 

Specific %3lUeS hr milk, Cheese and other dairy products on Jvaiiobie 
(Pao cl d 1982) 

Pathvsy-specific nlue (should consider IocJtion rod size of cootJmioJted 
8M t&tiVe to that Of residential JtuS, JS Well JS JntiCipJtcd uSJ~~ 
pattern) 

Patbwsy-specitic Value (should coosider anticipated ussge petterns) 

70 years (lifetime; by cooventioo) 
30 years (national upper-bound time t9Otb perceotile) It one residence; 

EPA 198911 
9 yews (nstiotmt thediao time (39th percentile) 8t one resideoce; 

EPA1989d) 

70 kg todult, rvenge; EPA 19894) 
Age-speciBc values (EPA 198Sa, 19894) 

Pathway-specilic period ol exposure for noocarcinogtoic eRects 
(i.e.. ED x 365 days/year), md 70 year lifetime lor cJrcinopoic eRects 
(i.e., 70 years x 365 days/year). 
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