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References: 1) Letter, T. Schneider (OEPA) to J. Craig (DOE-FN), YPSP for 
OU5 K, Soil Sampling and Analysis - Approval," dated 
September 20, 1994 
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This letter transmits the subject document which has been prepared to 
summarize the K, sampling and analysis program. As identified in the Operable 
Unit 5 (OU5) Remedial Investigation (RI) Report, 1 imited geochemical 
information was avai 1 ab1 e regarding the 1 eachabi 1 i ty of urani um in surface and 
subsurface soils in the area affected by air deposition outside the former 
production area at the Fernald Environmental Management Project (FEMP). 
supply this information, an investigation was conducted during the summer of 
1994 under the Project-Specific Plan (PSP) for OU5 K, Soil Sampling and 
Analysis. In addition to supplementing the OU5 RI Report, the investigation 
provided the geochemical information needed by the OU5 Feasibility Study (FS) 
to refine preliminary remediation levels (PRLs), cross-media preliminary 
remediation goals (CPRGs), and waste acceptance criteria (WAC). 

To 
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The PSP described sample co l lec t ion  and analysis  and was approved by the  Ohio 
Environmental Protection Agency (OEPA)  and the  U.S. Environmental Protection 
Agency ( U .  S . EPA) i n September 1994 and November 1994 , respect ively (Reference 
1 and Reference 2 ) .  
EPA provided comments which were responded t o  and subsequently approved 
(Reference 3 ) .  

OEPA approved the  PSP without comments, while the  U.S. 

The OU5 K, Sampling and Analysis Results Report presents the  f ina l  validated 
data  s e t  from the  OU5 K, Soil Sampling and Analysis project  and shows t h a t  the 
r e s u l t s  a re  consis tent  with those generated from the preliminary da ta  s e t  used 
in the  d r a f t  f i n a l  OU5 FS Report. The March 1995 d r a f t  f i na l  OU5 FS Report 
(Appendix F. 1. I )  used the  preliminary data  s e t  ( i  .e. , unval idated sampl ing 
r e s u l t s  from the  on-site laboratory)  from the K, sampling pro jec t  because a 
complete, validated data  s e t  was n o t  avai lable  a t  t h a t  time. In order t o  show 
t h a t  t he  preliminary and val idated data  s e t s  a re  consis tent  and t o  s a t i s f y  
EPA’s request f o r  a separate report  on K, analyt ical  r e s u l t s ,  t h i s  document 
has been prepared. 

I f  you have any questions regarding t h i s  document, please contact Robert Janke 
a t  (513) 648-3124. 

FN: Kappa 

Enclosure: As Stated 

cc w/enc: 

L.  Grif f in ,  EM-423, GTN 
G.  Jablonowski , USEPA-V AT-18J 
J .  Kwasniewski, OEPA-Columbus 
P. Harr is ,  OEPA-Dayton 
M. Prof i t t  , OEPA-Dayton 
S. McClellan, PRC 
R .  Cohan, GeoTrans 
AR Coordinator, FERMCO 

cc w/o enc: 

D. Carr, FERMCO 
R .  D. George, FERMCO 
T.  Hagen, FERMCO 
C. Tabor, FERMCO 
J .  Thiesing, FERMC0/2 
M. Yates, FERMC0/9 

Jack R .  Craig 
Fernald Remedial Action 
Project Manager 
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1 .O INTRODUCTION 1 

The purpose of this clocuinent is to present the tinal validated data set and calculations from the 

Operable Unit 5 K, Soil Sampling and Analysis project. As identified in the Operable Unit 5 

Remedial Investigation (RI) Report. limited geochemical information was available regarding the 

leachability of uranium in surface and subsurface soils outside the former production area at the 

Fernald Environmental Management Project (FEMP) affected by air deposition. To supply this 

information, an investigation was conducted during the slimmer of 1994 under the Project-Specific 

Plan for Operable Unit  5 K,  Soil Sampling and Analysis (U.S Department of Energy [DOE] 1994). 

In addition to supplementing the Operable Unit 5 RI Report, the investigation provided the 

geochemical information needed by the Operable Unit 5 feasibility study (FS) to retine preliminary 

remediation levels (PRLs), cross-media preliminary remediation goals (CPRGs), and waste acceptance 

criteria (WAC). 

The Project-Specific Plan (PSP) described sample collection and analysis and was approved by the 

Ohio Environmental Protection Agency (OEPA) and the U.S. Environmental Protection Agency 

@PA) in September 1994 and November 1994, respectively. OEPA approved the PSP without 

comments while EPA proviclecl comments which were responded to and approved. These comment 

responses and approvals are proviclecl in  Appendix A.  

0 
The draft tinal Operable Unit  5 FS Report (DOE 1995a, Appendix F. 1 .I) used the preliminary data 

set (i.e., unvalidated sampling results from the on-site laboratory) from the K, sampling project 

because a complete, validatecl data set was not yet available. In order to show that the preliminary 

and validated data sets are consistent and to satisfy EPA’s request for a separate report on K, 
analytical results, this report has been prepared. 

This document presents the final validated data set and shows that the results are consistent with those 

generated from the preliminary data set used in the draft tinal Operable Unit 5 FS Report. The 

Operable Unit 5 K, Sampling and Analysis Results report contains the following sections: 

Section I .O cletines specitic geochemical parameters; provides a brief overview of sample 
collection, preparation, and analyses; and describes data organization. 
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Section 2.0 discusses initial soil concentration results, K, and K, values calculated from 
desorption batch tests anil toxicity characteristic leaching procedure (TCLP) results, soil 
chemistry, and physical properties. 

Section 3.0 discusses differences in geochemical values presented in this document from those 
presented in the Operable Unit 5 RI and FS Reports and the potential impacts of these 
differences. 

Section 4.0 provides the conclusions from this investigation. 

Additional support information is provided in the appendices of this document. 

1.1 GEOCHEMICAL PARAMETERS 

Two geochemical parameters, K, and K,, describe the leachability of a containinant from a source 

material and the percent of the contaminant which is extractable from the source material. 

respectively. Parameter K, clescrihes the leaching coefficient which measures a contaminant's mobility 

due to dissolution anil desorption from the source material. Parameter K, detines the percent of the 

contaminant which is extractable or  can be mobilized from the source material due to desorption. K, 
can also be used to measure homogeneity of the contaminant in the source material. For example, if 

K, was very low or very high (less than 10 percent or higher than 90 percent) for the contaminant 

uranium, this would imply that the uranium speciation was very limited in the source material (i.e., 

one dominant species of uranium). 

Fate and transport modeling was coniluctetl for the Operable Unit 5 FS to examine the potential for 

cross-media impacts to the Great Miami Aquifer from the presence of contaminants in the surface and 

subsurface soils. The leachability of contaminants in soil is a key component of the cross-media 

impact evaluation and was represented in the model by a source-leaching coefticient (KJ. The rate of 

movement of the leached constituents in the subsurface is also a key component of the evaluation and 

was represented in the model through the soil-to-water partitioning coefficient (KJ. Figure 1-1 shows 

the areas for which geochemical information, specifically K, and K, values, was available before this 

investigation. 

This investigation provided geochemical information in areas outside the former production area 

where information was lacking. Areas in which geochemical information was needed were identified; 

samples were collected and analyzed; and K, and K, values were calculated from either desorption 

batch test results or TCLP results. K, and K, values can be calculated from desorption batch tests 
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while only K, can be calculated from TCLP analyses. The determination of these geochemical values 

from desorption batch tests and TCLP analyses is provided in Sections 2.2 and 2.3, respectively. 

In this investigation, desorption batch tests were conducted in two phases (i.e., equilibrium was met 

twice), as described in Section 1.2. By conducting two phases of the desorption batch test, K, can be 

described with the terms K,, and K,?. K,, is synonymous to K,, the leaching coefficient described 

above, and was used in the Operable Unit 5 RI and FS modeling. K,?, which has not been defined 

before, is the leaching coefticient for the extractable mass of the contaminant in the source material. 

In this investigation, K,? also describes the ratio between the potential extractable concentration of the 

contaminant in  soil and the concentration of the contaminant in the leachate. Figure F. 1 - 1  in 

Appendix F. 1 conceptually shows this definition. 

Previously only one phase of the clesorption batch test was conducted and the amount of contaminant 

that can be extracted could not he calculated. In  addition, the actual extraction rate of the 

contaminant from the soil could not accurately be determined. By performing the two phases of the 

test and using ratios which exist between these two phases, the total percent of extractable 

contaminant in the soil (K,) and the retinetl rate at which it can be extracted can be calculated. This 

document presents KIl, K,?. and K, values calculated from the validated data set. As discussed below, 

results from the preliminary (unvalidated) and validated data sets are in agreement. 

1.2 SAMPLE COLLECTION. PREPARATION. AND ANALYSES 

Soil samples from six depth intervals (0 to 2 and/or 0 to 6 ,  6 to 12, 12 to 18, 18 to 24, and 24 to 30 

inches) were collected at 15 locations within the FEMP property boundary, but outside the former 

production area (see Figure 1-2). The sampling locations were based on prevailing wind directions, 

source locations, lysimeter locations, and soil types and were biased toward areas of known or 

suspected surface soil contamination. The 2- to 6-inch-depth interval at each location was not 

analyzed but was segregated and returned to the tbp of the excavated area during abandonment of the 

sampling sites. Further details on the sampling locations and depth intervals are provided in the PSP 

for Operable Unit 5 K, Soil Sampling and Analysis. 

One of the locations. KL-SS-15, was moved three times in an attempt to sample from an undisturbed 

area. The original location was provided in the PSP. The soil collected from the final location, 
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identified in Figure 1-2, \vas still suspected of being from a disturbed area. Therefore, analytical 

results may not be representative o r  comparable to other samples collected from the other undisturbed 

areas. 

After collection, the soil samples were prepared by the following procedure. Each soil sample was 

passed through a No. IO (2.0-millimeter) stainless steel sieve into a stainless steel container and then 

homogenized using a sample splitter o r  a riftle sampler. The sample splitter/riftle sampler separated 

the sample into multiple fractions of approximately equal volume. These samples were recombined 

and passed through the rit'tle sampler a second time to ensure sample homogeneity. Then the sample 

material was placed in the containers specified in Table 1-1; other details on sample preparation (e.g., 

preservatives and holding times) are also provided in Table 1-1. 

Analyses were conducted for the extensive list of parameters contained in Table 1-1. Analytical 

results were used in risk assessment calculations; therefore for each parameter, laboratory method 

detection limits (MDLs) and highest allowable minimum detectable concentrations were set at, or as 

near as technically feasible to. it level approximating a 1 x 

(ILCR) for the reasonable maximum exposure @ME) farmer/child risk scenario. A list of MDLs 

requested of the laboratories is provided in Appendix B. I .2. Most of the MDLs for radiological 

constituents requested in this study were lower than those used for previous FEMP RVFS samples. 

In order for the off-site laboratory to achieve these low MDLs for the large number of analytes 

requested, large sample volumes were required. Approximately four to seven gallons of soil were 

collected at each depth interval to provide an adequate volume for the specified analytical program. 

Table 1-1 provides specitk analytical volume/mass requirements from each depth interval per location 

in order to achieve analytical requirements. Analytical methods used by the off-site laboratories are 

provided in Appendix B. 1.3. Table 1-2 shows the quality assurance/quality control (QA/QC) samples 

collected as part of the PSP with the exception of field duplicate frequency which is provided in 

Table 1-1. MDLs achieved by the laboratories are provided in Appendix B. 1.1. Although not all 

MDLs originally requested were achieved. it has been determined that the quality of the data was 

sufficient to determine geochemical values. 

incremental lifetime cancer risk 

Two items identified in Table 1 - 1  and Table 1-2 were not completed. Plutonium-241 was not 

analyzed due to the limited number of plutonium-238 and plutonium-239/240 detections. In addition, 

one of the rinsates required for tield equipment (identified in Table 1-2) was not analyzed for 
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inorganics due to the laboratory breaking the sample container. These deficiencies do not effect the 

quality of the data set. 

Table 1-1 also refers to the K, analysis. This analysis pertains to the two-phase desorption batch test 

procedure. The desorption batch test consisted of placing a 400-gram portion of homogenized soil 

sample into a reactor with 3.5  L of pH-atI.justec1 water (water was pH-adjusted with sulfuric acid to 

reflect acid rain conditions). The resulting initial liquid-to-soil ratio was 8.75. The soil and liquid 

mixture was tumbled at approximately 29 revolutions per minute until total uranium concentration in 

the pH-adjusted water reached equilibrium. 

The time period for the clesorption batch test samples to reach equilibrium in each phase was 

approximately two weeks. During each test, a sample of the leachate was analyzed periodically to 

verify when the sample reached equilibrium. This was performed by drawing off 20 mL of leachate 

and filtering the sample through a 0.45-micron-size membrane filter to remove any solids. Any 

visible solids remaining o n  the filter were returned to the test vessel. The samples were collected at 

approximately 72, 144. 168. 240. 288, 360, and 384 hours until equilibrium was achieved. 

Following each sampling event, the same amount of clean pH-adjusted water was added to the test 

vessel to maintain the constant liquid volume and the solid-to-liquid ratio. 

After completion of the tirst phase of the desorption batch test, the second phase was run for each 

sample using fresh pH-atl.justetl water and the soil sample from the tirst reaction; identical testing 

procedures were followed. After completion of the second phase, a soil sample was collected from 

the tumbler and split for analysis of total and isotopic uranium. The tinal leachate samples from each 

of the two phases were ulso split between the off-site laboratory and the FEMP Laboratory and 

analyzed for isotopic uranium itnd total uranium, respectively. 

1.3 DATA ORGANIZATION 

The data reported from the laboratories is provided in Appendices B and C of this report. Appendix 

B contains all analytical results from both on-site and off-site laboratories and Appendix C contains 

the dry bulk density results. Appendix B contains the following subsections: 

B. 1 - Soil Concentrations, Method Detection Limits, and Analytical Methods 

B.2 - TCLP Data 
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B.3 - Leachate pH and Specitic Conductance Results from Desorption Batch Tests 

B . 4  - Final Soil Concentration Data from Desorption Batch Tests 

B.5 - Quality Assurance/Quality Control Data - Field Blanks and Rinsates - from Sample 
Collection and Preparation. 
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TABLE 1-1 

SAMPLE ANALYTICAL PARAMETER REQUIREMENTS - 
K, SOIL SAMPLING AND ANALYSIS PROGRAM 

Parameters No. of Mass Holding Time 
Preservative Container 

Total HSL metalsc RIC D 3 I d  250 180 Cool, 4°C 16 oz. glass 

(Sampling interval, in.) Lnh" ASLb Samples (g) (days) 

(Hg 28) 

(Hg 28) 

(0 - 2 axid 24 - 30) 

(0 - 2 and 7-4 - 30) 
TCLP HSL metalsc RIC D 30 250 I80 Cool, 4°C 16 oz. glass 

Radiological suit& TOS D 30 3000 I80 None I I-gal. glass 

TCLP radiological suitc" TOS D 30 7000 I80 None 2 I-gal. glass 

(0 - 2 and 24 - 30) 

(0 - 2 and 24 - 30) 

Total organic carhon RIG B 30 100 28 Cool, 4°C 4 oz. amber 
(0 - 2 and 24 - 30) glass 

Dry bulk density uc NA 30 300 NA None Butyrate tube 
or soil block 

4 oz. glass 

(0 - 6 and 24 - 30) 

Gross alphdhcta' FEMP A 3 Id 100 180 None 
(0 - 2 and 24 - 30) . 

FEMP NA 3 2J 400 NA 
(0 - 2 and 24 - 30) 

Total and isotopic uranium FEMP B 32d 800 I 80 

None 16 oz. glnss 

None I L glass 
(0 - 2 and 34 - 30) 

Total and isotopic uranium FEMP B 60 800 I80 None I L glass 
(0 - 6, 6 - 12. 12 - 18. a11d 
18 - 24) 

4 02.  glass Total uranium TOS D 2d 100 I80 None 
(KL-SS- 1 I ,  0 - 2) 
(KL-SS-09,24 - 30) 

a Laboratories: FEMP (FERMCO Lihoratory), RIC (RCRAICERCLA Laboratory), TOS (Radiological Task Order Subcontract), and 
UC [University of Cincinnati Gcotechnical Lahoratory (On-Site)] 
Analytical support b e l  (ASL): A (unvalidnted data), B (unvalidated data), D (validated dam). See Appendix B for a complete 
discussion of data vdidation. 
Hazardous substance list (HSL) instals include: Aluminum, Antimony, Arsenic, Barium, Beryllium, Cadmium, Calcium, Chromium, 
Cobalt, Copper, Cyanide. hlsrcury, Iron, Lead, Magnesium. Manganese, Molybdenum, Nickel, Potnssium, Sodium, Selenium. 
Silicon, Silver, Thallium , Vanadium , and Zinc. 
Includes two field duplicates [KL-SS-09 (24- to 30-inch) and KL-SS-I 1 (0- to ?-inch)] 
Radiological suite includes: Cesium- 137, Neptunium-237, Plutonium-238, Plutonium-239/240, Plutonium-24 I ,  Radium-226, Radium- 
228, Strontium-90, Teclinetiuin-99. Tlioriuin-227, Thorium-228, Thorium-232, Tl~orium-230, Uranium-234, Uranium-235/236, 
Uranium-238, and Uranium-Total 
Screen for shipping purposes only 

E 

O 

NA Not applicable 
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TABLE 1-2 

QUALITY CONTROL SAMPLE PARAMETER REQUIREMENTS - 
K, SOIL SAMPLING AND ANALYSIS PROGRAM 

Parameter 
No. of Holding Time 

Preservative Container L:1l>" A S L ~  Samples (days) 

Rinsate: 

Total HSL metalsc 

Total uranium 

Gross alphahet3. 

Field Illank: 

Total HSL metals' 

Total uranium 

Gross alpha/beta 

RIC D 6 180 
(Hg 28) 

TOS D 6 180 

FEh4P A 6 180 

RIC D 15 180 
(Hg 28) 

TOS D 15 180 

FEh4P A 15 I80 

Cool, 4°C 1 L G l P  
HNO, < 7 _  

Cool. 4°C 1 L glass 
HNO, <7- 

None 120 mL GIP 

Cool. 4OC I L GIP 
HNO, < 2  

Cool, 4°C 
HNO, <2. 

1 L glass 

None 120 mL GIP 

.a b Laboratories: RIC (RCRAICERCLA Laboratory), TOS (Radiological Task Order Subcontract), FEMP (FERMCO Laboratory) 
Analytical support level (ASL): A (unvalidated data), D (validated data). See Appendix B for a complete discussion of data 
validation. 
HSL metals include: Aluininum. Aiitiinony, Arscnic. Barium, Beryllium, Cadmium, Calcium, Chromium, Cobalt, Copper, 
Cyanide, Iron. Lead, Magnesium. Mnngancsc, Mcrcury, Molybdenum, Nickel, Potassium, Selenium. Silicon. Silver, Sodium 
Thallium, Vanadium. and Zinc 
GIP: Glass or plastic 
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2.0 K, SAMPLING AND ANALYSIS DATA 1 

As mentioned in the previous section, the geochemical parameters K, and K, can be calculated from- 

desorption batch test results or from TCLP results. For this investigation, a series of two-phase 

desorption batch tests were conducted to verify assumptions made on the leachability of total uranium 

in soil located outside the former production area. While TCLP analyses were conducted to 

determine K, values for other radionuclides and inorganic constituents. For many of these chemicals, 

only literature Kd values for sand and clay were available to estimate K, for Operable Unit 5 modeling 

purposes. The following subsections describe information obtained from the 15 locations sampled in 

the K, Sampling and Analysis pro.ject: 

Section 2.1 discusses initial soil concentration results. 
Section 2.2 discusses K, and K, values determined from desorption batch test results. 
Section 2.3 discusses K, and K, values determined from TCLP analyses. 
Section 2.4 discusses general soil chemistry and physical properties. 

2.1 INITIAL SOIL CONCENTRATION RESULTS 

In order to calculate K, and K, values, it was first necessary to obtain soil concentrations. Table 1-1 

indicated the analyses performed for each depth interval. K, and K, values in this document were 

calculated from validatecl soil concentrations provided in Appendix B. 1.1.  

Figures 2-1 and 2-2 present protiles of the total uranium concentrations from the 15 sampling 

locations. Figure 2-1 shows the nine locations where soil uranium concentrations were less than or 

equal to 30 pg/g; Figure 2-2 shows the remaining six locations that had maximum soil uranium 

concentrations greater than 30 pg/g but less than 100 pg/g. Location-specitic total uranium 

concentration profiles in a larger scale are provided in Appendix D. I .  The following observations 

can be made from the total uranium soil concentrations: 

The highest surface soil total uranium concentration (i.e., 79 pg/g) was found in the 0- to 2- 
inch-depth interval at location KL-SS-10 which is between the former production area and the 
sewage treatment plant. 

The maximum total uranium concentrations at each of the sampling locations were detected in 
the top 6 inches. The only exception was location KL-SS-15 where the maximum 
concentration was measured in the 12- to 18-inch-depth interval. As mentioned, soil collected 
at location KL-SS-15 was suspected of being from a disturbed area. 

4 

5 

6 

7 

n 

9 

IO 

11 

I? 

13 

14 

IS 

16 

17 

IS 

19 

20 

?I 

22 

23 

24 

2.5 

2b 

21 

28 

29 

30 

31 

32 

33 

34 

35 

36 

3 1  

FEX\OUSKL\CIWDY \KLREPOK1X i EOK 1 ..'IXTIMny 1995 2- 1 



6 - 6 9 4 5  
FEMP-OSKL DRAFT 

May 1995 

Total uranium concentrations decreased sharply with depth; concentrations at the 24- to 30- 
inch-depth interval were at the background level. 

These results/observations are consistent with Section 4.0 of the tinal Operable Unit 5 RI Report 

(DOE 199%). Concentrations from setect inorganic and other radionuclide soil concentrations are 

provided in Appendix D.2. 

2.2 E, AND K. VALUES FOR TOTAL URANIUM FROM DESORPTION BATCH TESTS 

Provided in Appendix F. 1 are detinitions of variables, mathematical procedures, equations, and 

sample calculations for determining K, and K, values from desorption batch tests. The procedure for 

the two-phase desorption batch test was provided in Section 1.2. 

Because equilibrium was reached twice, K, is described with the terms K,, and K12. These terms were 

described previously. K,, is the leaching coefticient in soil for the total mass of the contaminant. K, 

is the leaching coefficient in soil for the extractable mass of the contaminant. &, the total extractable 

percent of contaminant in the soil, can also be calculated because equilibrium was reached twice. 

Below describes how these geochemical parameters were calculated. 

All of the intermediate leachate samples were analyzed for total uranium at the FEMP Laboratory to 

allow the quick turnaround times required during the test. When it appeared that leachate 

concentrations were becoming steady (e.g., leachate concentrations analyzed onsite) tinal leachate 

samples from each phase were split between the off-site laboratory and FEMP Laboratory and 

analyzed for isotopic uranium and total uranium, respectively. All leachate results are provided in 

Appendix B.3.1 and are summarized in Table 2-1. Leachate curves, total uranium concentrations 

versus extraction times, are provided in Appendix E. 1. After completion of the second phase, a soil 

sample was collected from the tumbler and split for on-site and off-site analysis of total and isotopic 

uranium. Results from these soil samples are provided in Appendix B.4. 

A mass balance for total uranium was calculated to determine if the initial mass of uranium present in 

the soil before the desorption batch test equalled the remaining mass in the final soil sample plus the 

amount of uranium which was present in the leachate. In general, the mass did not balance well. 

This may have been caused by an incomplete homogenization of the soil sample collected at each 

sampling location or due to the large volume of soil collected per depth interval. As mentioned in 
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Section 1.2, four to seven gallons of soil were collected per depth interval at each location. The large 

amount of soil increased the difficulty of completing homogenization and increased the difficulty of 

achieving uniform soil concentrations. Incomplete homogenization or the large volumes could 'have 

caused different concentrations in soil samples analyzed initially from those soil samples used in the 

desorption batch tests. To account for this, initial soil concentrations (C,) were calculated from final 

soil and leachate concentrations. The equation to calculate initial soil concentrations (C,) is provided 

in Appendix F.l along with a table summarizing mass balance results. 

Other parameters, such as pH and specific conductance, may effect the desorption process and K, 
value (American Society for Testing and Materials [ASTM] D-4319). Therefore, pH and specific 

conductance measurements were made at the same time that leachate samples were collected for 

uranium analyses. Provided in Appendix B.3.2 is a summary table of specific conductance and pH 

results; pH readings versus time of extraction for each location are provided in Appendix E.2. 

The pH values were measured because according to literature the desorption and dissolution of 

inorganic cations decrease with increasing pH. Relatively small differences in pH (about one-half of a 

pH unit) can result in major differences in the amount of solute adsorbed. For these reasons the pH 

adjusted water was used in the desorption batch tests to simulate the interaction between acid rain and 

surface soil as described in Section 1.2. The pH value was also monitored during the batch test to 

confirm that the equilibrium condition was reached and to provide information for the interpretation 

and application of test results. 

Specific conductance was measured according to EPA guidance @PA, 1987). Specific conductance is 

used to calculate ionic strength which indicates: 

changes in solute activity 

changes in the thickness of the diffuse electrical double layers associated with colloidal particles. 

K, and K, results from the two-phase desorption batch tests for total uranium for the 0- to 2- and 24- 

to 30-inchdepth intervals are presented in Tables 2-2 and 2-3, respectively. Included in the tables are 

the definitions of the variables necessary to calculate K, and K,, values. A classification system (Le., 

contaminated media [CM] = K, < 10 percent, waste material [WM] = K, > 20 percent, and 

background material [BG]) for categorizing the material tested is also included in Tables 2-2 and 2-3. 

This classification is based knowledge of the site and on results from previous studies. Table F.l-1 
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of Appendix F. 1 identifies the location of the variable results within this document and whether these 

variables were measured or calculated. 

0- to 2-Inch-Denth Interval 

Table 2-2 indicates that K,, values for the 0- to 2-inch-depth interval for total uranium ranged from 54 

to 2700 L/kg, K, values ranged from 0.96 to 52.5 L/kg, and K, values ranged from 0.76 to 45 

percent. Figure 2-3 presents K,,, K,, and K, values for total uranium from the 0- to 2-inch-depth 

interval. Figures 2-4 and 2-5 present a contour plot of K,, and K, values, respectively. It can be seen 

from Figure 2-4 that K,, values increase in value with distance from the former production area. This 

indicates that the overall uranium mass in the soil is less leachable with distance from the former 

production area. Figure 2-5 shows the opposite trend for y values; they increase toward the former 

production area. This indicates that the percent of extractable uranium mass in the soil decreases with 

distance from the former production area. 

Nine of the 15 locations from the 0- to 2-inch-depth interval samples exhibited high K,, values, low 

K,, low K, values and were classified as CM. These values indicate that the overall uranium mass in 

the soil does not readily leach (i.e., K,, greater than 250 L/kg) and that the extractable percentage of 

overall uranium mass is low (i.e., K, less than 10 percent). 

Samples from two locations, KL-SS-03 and KL-SS-05, exhibited characteristics between CM and WM 

with K, values between IO and 20 percent and are listed in Table 2-2 as CM/WM. The remaining 

three samples (Le., locations KL-SS-02, KL-SS-06, and KL-SS-15) from the 0- to 2-inch-depth 

interval exhibited lower KI, values (185, 233, and 54 L/kg, respectively), lower G2 values, and higher 

K, values and were classified as WM. These values indicate that the overall uranium mass and the 

extractable uranium mass in the soil readily leaches and that the extractable percentage of overall 

uranium mass is high (i.e,, K, above 20 percent). As previously mentioned, location KL-SS-15 was 

suspected of being a disturbed area and the results from this location may be biased. Location 

KL-SS-02 was west of the waste pit area. Construction activities were recently performed in this 

area, and it is possible that the surface soil was disturbed. Lastly, location KL-SS-06 was close to the 

head of the storm sewer outfall ditch and may have been contaminated by storm water runoff from 

the former production area. 
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24- to 30-Inch-Denth Interval 1 

From Table 2-3, it can he seen that for the 24- to 30-inch-depth interval, K,, values for total uranium 

ranged from 489 to 19.300 L/kg, K12 ranged from 1.29 to 153 L/kg, and y ranged from 0.36 to 7.0 

percent. The initial soil iiranium concentrations were very low for this depth interval as expected. In 

addition, leachate concentrations were also very low, most less than 1 pg/L. In most cases, final 

leachate concentrations from the second equilibrium were either greater than or equal to final leachate 

concentrations from the first equilibrium. If this occurred, K, was Undefined. Final leachate 

concentrations from the second phase may have been greater or equal to the final leachate 

concentration from the first phase because of the difticulty in accurately measuring uranium 

concentrations at levels helow I pg/L. As previously mentioned, sample calculations for determining 

these parameters are presented in Appendix F. 1. 

Most of the results for the samples from the 24- to 30-inch-depth interval indicated high K, and 

undefined K, values. These values indicate that the overall uranium mass in subsurface soil outside of 

the former production area does not readily leach (i.e., high K,,) and is very homogenous. This 

material was classified as BG. 

At location KL-SS-02, K,, was lower than that calculated for other locations, K,, was low and K, was 

approximately 7 percent. This again implies that the overall uranium mass in soil does not readily 

leach (i.e., high Kll)  and the extractable percentage of overall uranium mass is low (i.e., lower KJ. 

However, a small portion of the uranium mass is relatively more leachable (i.e., lower KJ. This 

material was classitiecl as CM. 

2.3 El VALUES BASED ON TCLP ANALYSES 

TCLP analyses were concluctecl for radionuclide and inorganic constituents following EPA method 

SW 846, Method 131 1. Results are provided in Appendix B.2. Because TCLP analyses does not 

mimic natural conditions of the environment or provide information about the reaction rate of 

different phases, K, and K,, could not be calculated. Therefore, the following discussion will only 

involve K, values. Sample calculations are provided in Appendix F.2. 

Table 2-4 presents a comparison of total uranium K, values calculated from TCLP analysis and 

desorption batch tests for the IS locations, 0- to 2- and 24- to 30-inch-depth intervals. Figure 2-6 is a 

regression analysis plot of calculated TCLP uranium K, values versus K,, values from the desorption 
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batch test data. Of the 30 values, three were determined to be outliers based on statistical analysis. 

After disregarding these three outliers, a linear regression line was fitted. The high correlation 

coefficient of 0.84 and fitted line slope of 1 resulting from the regression analysis indicate that while 

there is a fairly large variance between KI values calculated from different locations, both the 

desorption batch test and the TCLP analysis predict similar total uranium K, values. For this reason, 

it is expected that K, values calculated from other TCLP constituent concentrations are valid. 

Table 2-5 presents a summary of KI geometric means for each of the constituents analyzed and for 

each depth interval. Also included in Table 2-5 is the number of locations used to calculate the 

geometric means. Only locations that had positive detections of soil and TCLP concentrations were 

used to calculate IC,. Also included in Table 2-5 is the number of locations that had nondetected or 

negative soil concentrations and TCLP results. 

From Table 2-5, the following observations can be made: 

Radiological constituents were consistently detected in both soil and TCLP leachate except 
strontium-90. 

Concentrations of aluminum, barium, calcium, lead, magnesium, manganese, and potassium 
were frequently detected in both soil and TCLP results. 

Concentrations of arsenic, beryllium, chromium, cobalt, copper, iron, molybdenum, nickel, 
sodium, thallium, vanadium, and zinc were frequently detected in soil only. 

Concentrations of antimony, cadmium, mercury, selenium, and silver were not detected in 
soil or TCLP leachate. 

Table 2-5 also includes the I<I values used in the draft final Operable Unit 5 FS Report. Section 3.0 

discusses the comparison of these values. 

2.4 GENERAL SOIL CHEMISTRY AND PHYSICAL PROPERTIES 

2.4.1 Soil Chemistry 

As part of this investigation, soil chemistry for the glacial overburden was also reviewed. Glacial 

overburden soil samples were collected from the 15 locations in Figure 2-7 as part of site 

characterization for a disposal facility (DOE 1993b). Approximately twenty samples were analyzed 

from the 15 locations for total organic carbon (TOC) content (20 samples), cation exchange capacity 

(23 samples), and soil mineralogy (23 samples). The twenty to twenty three samples represent the 
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different glacial overburden soil types and Table 2-6 contains a summary of this data. This data is 
considered to be representative of cation exchange capacity values in the glacial overburden at the 
FEMP. 

Clay minerals accounted for about 15 percent of the average soil from the site characterization study 
and were comprised of illite, corrensite, chlorite, and iron-oxide minerals. In general, the percent of 

clay minerals in the soil controls the cation exchange capacity of the soil. This is largely a result of 
the greater surface area available for exchange and adsorption reactions in clay-rich soil. Values 
ranged from 13.05 to 0.4 milliequivalents/100 grams of soil, for a soil containing 95 to 2.5 percent 
clay, respectively. This data is considered to adequately bracket the range of cation exchange 
capacity for the glacial overburden soil. 

TOC content was plotted against cation exchange capacity and is shown in Figure 2-8. Cation 
exchange capacity, as measured by exchangeable sodium ion, is independent of the TOC content. 
However, TOC will affect the degree to which organic, and some inorganic constituents will be 
absorbed by the soil. 

TOC analysis was also performed on the samples from the 15 locations (0- to 2- and 24- to 30-inch- 
depth intervals) as part of the PSP for Operable Unit 5 K, Soil Sampling and Analysis. The range of 
TOC for the 0- to 2-inchdepth interval was 19,200 to 37,082 mg/kg. ,The  range of TOC for the 24- 

to 30-inchdepth interval was 78 to 4982 mg/kg. These results are presented in Appendix B. 1.1. In 

Operable Unit 5 fate and transport modeling when site-sp,ecific literature-based values were not 

available, a total organic carbon concentration of 10,OOO mg/kg was used to calculate geochemical 
values. 

e 

2.4.2 Phvsical Properties 

Dry bulk density analysis was performed on soil samples from the 15 Operable Unit 5 K, Sampling 
and Analysis locations (0- to 6- and 24- to 30-inchdepth intervals). Dry bulk density, often referred 
to as dry unit weight, is the weight of ovendried soil per unit of total volume of soil mass and is 
expressed in pounds per cubic feet (pcf). Surface samples had an average dry unit weight of 89.2 pcf 

(1.4 g/cm3) while deeper samples (24 to 30 inches) had an average dry unit weight of 98.7 pcf 
(1.6 g/cm3). Soil samples were classified predominately as silt and clay of low plasticity. The 

permeability of the samples was considered to be moderate at the surface and slow (low) to 

moderately slow (low) at the 24- to 30-inchdepth interval. The results from the dry bulk analysis are 0 provided in Appendix C. 
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3.0 COMPARISON OF GEOCHEMICAL VALUES i 

Before the Operable Uni t  S K, Sampling and Analysis project, K, values used in the Operable Unit 5 

RI and FS Reports were estimated using literahire K, values and limited site-specitic information. 

Soil outside of the former production area was assigned conservative K, total uranium values, 222 

L/kg in the RI Report and 325 L/kg in the FS Report, and did not account for the extractable portion 

of the contaminant (i.e.. assumed a K, value of 100 percent). The draft final Operable Unit 5 FS 

Report included K, and K, values for total uranium and K, for technetium-99 calculated from the 

unvalidated data from the Operable Unit 5 K, Sampling and Analysis project. The unvalidated data 

from these two constituents was includecl in the draft final report, because these parameters have been 

identitied as the critical constituents of concern (COCs) that impact the extent of soil excavation. 

This report presents K, and K, values calculated from validated data for total uranium and technetium-99 

along with the extensive list of inorganic and radionuclide constituents identitied in Table 1-1. 

3.1 TOTAL URANIUM GEOCHEMICAL VALUES 

The desorption batch test results from this project indicate that the modeling approach and K, total 

uranium values outside of the former production area used in the Operable Unit 5 RI and FS Reports 

were conservative and appropriate. K1 values previously used outside the former production area 

were lower than the K,, geometric mean for desorption batch test samples categorized as either WM, 

CM/WM, o r  CM (i.e.. 534 L / k g  see Table 2-2). The 12 samples categorized as CM from the 0- to 

2-inch-depth interval (including the duplicated sample at location KL-SS-1 I and the 24- to 30-inch- 

depth interval sample at location KL-SS-02) had a K,, geometric mean of 797 L/kg. The geometric 

mean of total uranium K,, values for the five samples categorized as either WM or WM/CM was 

205 L/kg. 

The geometric mean of K,, (i.e., I 1.69 L/kg) for the extractable portion of total uranium was very 

close to the K, value of IS L/kg iisetl for modeling the contaminated soil with soluble uranium in the 

former production area. The soluble K, value of 15 L/kg from the Operable Unit 5 RI and FS 

Reports was developed using the perched groundwater and soil uranium concentrations measured in 

the glacial overburden in the former production area (see Attachment F.3.11 of the Operable Unit 5 RI 

Report). As mentioned above, modeling assumed a K, value of 100 percent. This was very 

conservative when compared to the actual K, values presented in Table 2-2. 

3- 1 
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Table 3-1 is a compilation of uranium geochemical values previously used at the FEMP. In general, 

this table shows that the values used before this investigation were lower than the values calculated in 

this report. This indicates that the values used in the Operable Unit 5 RI and FS Reports 

conservatively overestimated the leachability and the mobility of uranium in the soil media at the 

FEMP. 

3.2 RADIONUCLTDE AND lNORGANlC GEOCHEMICAL VALUES 

In general, the radionuclide K,  values used in the Operable Unit 5 RI and FS modeling (listed in 

Table 2-5) were lower than the TCLP results from the 0- to 2-inch-depth interval samples. This 

indicates that the values used in the Operable Unit 5 RI and FS Reports conservatively overestimated 

the leachability of the chemicals. K, values for the 24- to 30-inch-depth interval were less than the 

values used in the Operable Unit 5 RI and FS Reports for the following radionuclides: cesium-137, 

plutonium-238, plutoniuin-239/240. radium-228, and technetium-99. Since these isotopes would not 

be expected at a background concentration. the concentrations found in the soil could he from 

dissolved contaminants migrating from the surface. 

Technetium-99, identified ;is ii critical COC in the groundwater pathway because of its significant 

impacts on the extent of soil required for excavation, had a geometric mean from the validated data 

results of 30.3 L/kg for the 0- to 2-inch-depth interval (Table 2-5). This mean K, for technetium-99 

is approximately two orders of magnitude higher than the K, value in the literature for clay 

(0.118 L/kg, Thiabault 1990) which was used as K, for technetium-99 in the Operable Unit 5 RI 

Report. In  the draft tinal Operahle Unit 5 FS Report, the technetium-99 K, geometric mean 

calculated for the 0- to 2-inch-depth interval from the preliminary data results was 30 L/kg. This 

value of 30 L/kg also was two orders of magnitude higher than the literature value used in the 

Operable Unit 5 RI Report. The TCLP K, values for technetium-99 based on preliminary and 

validated results were very similar, 30 L/kg and 30.3 L/kg, respectively. For this reason, the site- 

specific K, value of 30 L/kg based on preliminary TCLP data that was incorporated into the modeling 

performed for the draft tinal Operable Unit 5 FS Report (Attachment F.2.1) is considered appropriate. 

Aluminum, barium, calcium, lead, magnesium, manganese, and potassium were consistently detected 

in both soil and TCLP concentrations. Among these constituents, barium and calcium had TCLP K, 

values lower than the values used in the Operable Unit 5 modeling. Because the two K, values for 

calcium were very close (i.e., 50 vs. 29 L/kg) and because calcium has low toxicity, the TCLP K, 
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value does not impact the conclusions of the Operable Unit 5 RI and FS Reports. Although the 0 I 

TCLP K, value for barium was lower than the previously modeled value, the value was still high 

enough to exclude hariuin from being considered a COC in the groundwater pathway. 3 
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TABLE 3-1 
RANGE OF SITESPECIFIC URANIUM GEOCHEMICAL PARAMETERS 

USED IN EARLIER FEMP RI/FS REPORTS 

Media Parameter (Lkg) Range 

Waste materials: 

Plants 213, 6, and 9 contaminated soil 

Remaining former production area contaminated soil 

OU2 waste 

OU2 contaminated soil 

OU4 contaminated soil 

OU5 contaminated soil 

Contaminated soil studied by Oak Ridge National Laboratory 

Glacial overburden: 

OU2 soil 

BNL study 

Former production area subsurface soil contaminated by aqueous spills 

Former production area subsurface soil contaminated by air emissions 

Unsaturated sand and gravel: 

OU2 South Field 

Saturated sand and gravel: 

OU1 waste pit area 

OU2 South Field 

South Plume area 

Calibration of SWIFT model 

K,*C 0.6 - 835.02a (14b) 

K,& 75 - 3,55ga (301b) 

Kl 37 - 177' 

Kl 200 - 280' 

KI 12 - 15' 

Kl 12 - 311d 

Kl 64 - 1708' 

Adsorption Kd 11 - 40' 

Adsorption Kd 23 - 25' 

Adsorption KddC 12 - 32g (24') 

Desorption KddC 75 - 2,4339 (270') 

Kd 1 0 -  12' 

KddC 2 - 68' (14b) 

Kd 6 - 9' 
Kddc 0.8 - 4.4' (2.7') 

KddC 1.8 

a Former production area soil contaminated by uranium releases, as indicated in Table F.3.11.3-2 of the Operable Unit 5 RI 
Report (DOE 1995b). 
Geometric mean for indicated range. 

from 17day batch test with spiked solution. 
Unpublished preliminary results from Operable Unit 5 soil washing studies. K, determined from 17day batch test with 
deionized water at initial pH of 5.6. 
Lee et al. (1993). KI determined from 21day batch test with deionized water. 
I" (1993). Kd determined from m a y  batch test with spiked perched groundwater. 

g Former production area subsurface soil between 15 and 20 fed  below the surface contaminated by uranium releases, as 
indicated by Wells 1348. 1354, 1360, 1266, 1317, 1341, 1225, 1230, and 1250 in Table F.3.II.3-2 of the RI Report 
(DOE 1995b). 
Arithmetic mean for indicated range. 

' DOE (1993a). Appendix A, Issue 3 and 5 Report. 

' DOE (1993~).  KI determined from l7day  batch test with deionized water at initial pH of 5.6. Adsorption Kd determined 

F E R \ O U 5 K L \ C I N D Y U R l W L 3 - I  .TBL\Mny 1995 3-4 
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4.0 CONCLUSIONS 

In general, the leaching potentials (i.e., K, parameter) calculated from validated data results from the 

desorption batch tests ant1 TCLP analyses are in agreement with values previously estimated from 

preliminary data results and literature. From this investigation, it was also determined that values 

used in the Operable Unit  5 modeling were conservative with respect to the calculated site-specific 

values. The leaching potentials calculated using the desorption batch test and TCLP analyses 

indicated that most of the constituents are less leachable than assumed in the Operable Unit 5 RI and 

FS modeling. 

Results from this investigation show that outside of the former production area, the majority of 

remaining uranium contamination has relatively low solubility, high K, values, and is contained in the 

top of the glacial overburden (0- to 2-inch-depth interval). Data from lysimeters (shown in Figure 

1-2) along with soil concentrations and geochemical information from this report indicate that at one 

time (1950s and 1960s) a highly soluble form of uranium (low K,) was deposited on the soil by air. 

With time, the highly soluble uraniiim leached out, leaving behind less soluble uranium with a much 

higher K,. As the soluble iiraniiim leached out of the soil, the K, value decreased with time. The 

reason uranium remained in the aqueous phase and passed through the glacial overburden was due to 

the high solubility of the uranium species (uranyl carbonate) and to the low K, in  the glacial 

overburden. Based on this information, the I .5-foot contaminated soil thickness used for modeling 

the area outside of the former production area in the Operable Unit 5 RI and FS Reports is considered 

conservative. 

From this investigation, it has also been determined that K, values calculated for radionuclides from 

the 0- to 2-inch-depth interval were all higher than K, values used in the Operable Unit 5 RI and FS 

Reports. It was also determined that K, inorganic values were all higher or so close to previous 

values that there would be no impact to modeling results. Therefore, values used in the modeling 

present a conservative estimation of the leachability of radionuclides and inorganics. This would 

indicate the actual contaminant concentrations in the groundwater should be less than those predicted 

in the Operable Unit 5 RI Report under the no-action scenario. Also, the CPRGs and WAC 

developed in the Operable Unit  5 FS Report are conservatively protective of the underlying aquifer. 
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APPENDIX A 

REGULATOR APPROVALS OF THE PROJECT-SPECIFIC PLAN FOR 
OPERABLE UNIT 5 K, SOIL SAMPLING AND ANALYSIS 



State of Ohio EnvirPnmental Protection Agency 

Southwest Dlstrlct Office 
arm Main Steel 
on. Ohio 45402-2086 Y; 13) 2856357 

FAX (513) 2858404 
Geoge V. Voinovich 
Governor 

~~ 

September 20,1994 RE: DOEFEMP 
MSL #53 1-0297 
PSP FOR OUS K, SOIL 

APPROVAL 
SAMPLING AND ANLYSIS- 

Mr. Jack Craig 
Project Manager 
U.S. DOE FEMP 
P.O. Box 398705 
Cincinnati, OH 45329-8705 

Dear Mr. Craig: 

Ohio EPA has reviewed DOES document "Project Specific Plan for Operable Unit 5 IC, Soil 
Sampling and Analysis" submitted on August 10, 1994. Ohio EPA approves the PSP as 
submitted. 

If you should have any questions, please contact Mike Proffitt or me. 

Sincerely, 

Thomas A. Schneider 
Fernald Project Manager 
Office of Federal Facilities Oversight 

TAS 

cc: Jim Saric U.S. EPA 
Ken Alkema, FERMCO 
Robert Owen, ODH 
Lisa August, GeoTrans 
Jean Michaels, PRC 
Manager TPSU, D E W C O  

% 
. -  

W 
s 

- 
1. I - cn 
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'Nov 2 B 1994 

I -i 
--fY". 

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY' ' ' ' -. - - 
REGION 5 

77 WEST JACKSON BOULEVARD 
CHICAGO, IL 60604-3590 LbU ' - p  I 13 ;j ;;I ',oq 

. .  -!I --\ ~ 

I ! - -  
-- -- ---. I -  ! I - - .  

.- ' RERY TO THE.ATTuITwr( OF: 

Mr. Jack R .  Craig 
United States  Department of Energy 
Feed Materials Production Center 
P.O. Box 398705 
Cincinnati, Oh io  45239-8705 

' HRE-8J 

RE: Approval of the Responses t o  
Comments on the OU 5 PSP fo r  
K l  Soil Sampling and Analysis 

Dear Mr. Craig: 

The United States  Environmental Protection Agency (U.S.  E P A )  has completed i t s  

review of the Responses to  Comments (RTC)  on the Project Specific Plan ( P S P )  

for  Operable U n i t  (OU)  5 K l  Soil Sampling and analysis. 

The RTC adequately address U.S. EPA's comments and a revised PSP is  not 

required. 

Please contact me a t  (312) 886-0992 i f  you have any questions. 

Si  ncerel y , 

Remedial Project Manager 
Technical Enforcement Section #1 
RCRA Enforcement Branch 

cc: Tom Schne 
Jack Baub 
Don Ofte, 
Jim Theis 
Paul Clay 

der, OEPA-SWDO 
i t z ,  U.S. DOE-HDQ 
FERMCO 
ng ,  FERMCO 

FERMCO 

Printed on Recycled Paper 

(-ja)Go52 



- 6 9 4 5  

sf 2 2 1994 

--p11: 1 7 
L - 1 \ I t , - . ‘  

-- -J 

#%!I- UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION 5 - -  . 

77 WEST JACKSON BOULEVARD \ r3  . L 3  .. i J  25 ;;;I @!q 
u., CHICAGO, IL 60604-3590 

Mr. Jack R .  Craig 
United S t a t e s  Department of Energy 
Feed Materials Production Center 
P.O. Box 398705 
Cincinnati ,  Ohio 45239-8705 

HRE-8J 

RE:  Disapproval of the  OU 5 
PSP for K L  Soil Sampling and 
Analysis 

Dear Mr. Craig: 

The United Sta tes  Environmental Protection Agency (U.S.  E P A )  has completed i t s  

review of the Project  Specific Plan ( P S P )  f o r  Operable U n i t  ( O U )  5 K L  Soil 

Sampling and ana lys i s .  

s i g n i f i c a n t  issues e x i s t  regarding q u a l i t y  control  samples and appropriate 

A l t h o u g h  the PSP meets the s ta ted object ives ,  

analyt ical  support 1 eve1 s . 

Therefore, U.S. E P A  hereby disapproves the OU 5 PSP pending incorporation of 

responses t o  the  attached comments i n t o  t h e  document. Please contact me a t  

(312) 886-0992 i f  you have any questions.  

I 
Sincerely,  

Remedial Project Manager 
Section #1 

RCRA Enforcement Branch 

Enclosure 

cc: Tom Schneider, OEPA-SWDO 
Jack Baubl i tz, U .  S. DOE-HDQ 
Don Ofte, FERMCO 
Jim Theising, FERMCO 
Paul Clay, FERMCO 

Printed on Recycled Paper 
ooc3853 
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GENERAL COMMENTS 

Commenting Organization: U.S. EPA Commentor: 
Section #: NA Page #: NA Line 

Saric 
#: NA 

original General comment #: 1 
Comment: The project specific plan (PSP) does not include 

preparing and submitting a report to the U . S .  Environmental 
Protection Agency (EPA). A report should be prepared and 
submitted to EPA. The report should describe any deviations 
from the approach described in the PSP, present the results 
of the sample analysis, provide a mass balance determination 
for each of the leaching coefficient (K1) tests, and discuss 
the implications to the operable unit 5 (OU5) remedial 
investigation and feasibility study (RI/FS). 

Commenting Organization: U . S .  EPA Commentor: Saric 
Section #: NA Page #: NA Line #: NA 
Original General Comment #: 2 
Comment: The leachability of uranium and hence the Kl of a soil 

sample depends on the mineral species of uranium. The 
Department of Energy (DOE) is attempting to indirectly 
determine whether uranium is present in its mobile form or 
its relatively immobile form by its proposed Kl analysis 
presented in the PSP. 
uranium mineral present in the sample by conducting either 
X-ray diffraction or by scanning electron microprobe 
analysis. 
will provide a more quantitative assessment of uranium 
mobility. 

DOE should also determine the actual 

This data used in conjunction with the Ki  data 

SPECIFIC COMMENTS 

Commenting Organization: U . S .  EPA Commentor: Saric 
Section #: 3.0 Page #: 3-1 Line #: NA 
Original Specific Comment #: 1 
Comment: The PSP states that the soil sample locations were 

based on prevailing wind direction and areas of known or 
suspected contamination. 
considerations, DOE should collocate three sampling areas to 
coincide with the locations of the three lysimeter stations. 
Using the lysimeter data in conjunction with the K1 data 
will provide valuable information in evaluating the impacts 
on the OU5 FS. 

In addition to these 

Commenting Organization: U . S .  EPA Commentor: Saric 
Section #: 3.0 Page #: 3-1 Line #: NA 
Original Specific Comment #: 2 
Comment: The PSP states that laboratory method detection limits 

(MDL) were selected to meet project specific requirements; 
however, the PSP does not list the MDLs. 
provided in the PSP. 

The MDLs should be 

E-1 
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Commenting Organization: U.S. EPA Commentor: Saric 
Section #: 3.0 Page #: 3-3 Line #: NA 
Original Specific comment #: 3 
Comment: Table 3-1 lists analytical support levels (ASL)  for the 

0 
various analyses to be performed. The ASL for liquid 
samples used to determine Kl is listed as ItNAtt. Appendix A 
of the PSP indicates that the Fernald Environmental 
Management Project (FEMP) laboratory will conduct total 
uranium analyses of the liquid to determine K1. Because of 
the importance of the Kl data and due to the significant 
role this data will have in future remedial decisions, total 
uranium and isotopic uranium analysis should be conducted by 
an approved off-site laboratory using ASL D. 

Commenting Organization: U . S .  EPA Commentor: Saric 
Section #: 3.0 Page #: 3-3 Line #: NA 
original Specific Comment f: 4 
Comment: Table 3-1 lists the number of samples to be collected 

for each of the various analyses to be performed. Table 3- 
1 lists a total of 15 samples to be collected from the 0- to 
2-inch and 24- to 30-inch intervals will be subject to total 
uranium analysis. Instead, 15 samples should be analyzed 
for total uranium from each of the two intervals for a total 
of 30 samples to be analyzed for total uranium. 
revise its technical approach. 

DOE should 

Commenting Organization: U . S .  EPA Commentor: Saric 
Section #: 3.0 Page #: 3-3 Line #: NA 
Original Spe'cific Comment #: 5 
Comment: Table 3-1 lists ASLs for the various analyses to be 

performed. This table lists ASL B for total and isotopic 
uranium analysis for the 0- to 2-inch and 24- to 30-inch 
sampling intervals as well as for the 0- to 6-, 6- to 12-, 
12- to 18-, and 18- to 24-inch sampling intervals. ASL D 
should be used for samples from these intervals because the 
data may be used in conjunction with the other data used to 
support risk assessment and remedial action decisions. 
addition, high quality data should be as comparable as 
possible when being used to formulate conclusions that will 
have a major impact on remedial action decisions. DOE 
should revise its technical approach to reflect these 
changes and should note that the change in ASL from B to D 
will require that an off-site laboratory conduct the 
analyses. 

0 

In 

Commenting Organization: U.S. EPA Commentor: Saric 
Section #: 3.6.1 Page #: 3-7 Line f :  NA 
Original Specific Comment #: 6 
Comment: The P S P  states that duplicate analyses will be 

conducted at a rate of one per 20 samples, or a portion 
there of. Instead, duplicate sample analyses should be 
conducted at a rate of one per 10 samples, or a portion 

E-2 
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there of. Increasing the rate of duplicate sample analyses 
is necessary because of the importance of the Kl 
determination and the significant role this data will have 
in future remedial decisions. 

Commenting Organization: U.S. EPA commentor: Saric 
Section #: 3.11 Page #: 3-11 Line #: NA 
Original Specific Comment f :  7 
Comment: This section states that the K1 analysis will be 

conducted on site at the FEMP laboratory at ASL B. As 
stated earlier in specific comments, the K1 analysis should 
be conducted at an off-site. laboratory at ASL D or higher. 

Commenting Organization: U . S .  EPA Commentor: Saric 
Section #: 3.11 Page #: 3-11 Line #: NA 
Original Specific Comment #: 8 
Comment: The PSP should include cation exchange capacity (CEC) 

as an additional analysis for each sample. Information on 
the CEC for samples may provide useful information when 
evaluating differences in analytical results from different 
samples. 

Commenting Organization: U . S .  EPA Commentor: Saric 
Section #: 3.11 Page #: 3-12 Line #: NA 
Original Specific Comment #: 9 
Comment: The PSP states that quality control (QC) samples such 

as rinsate, field blank, and duplicate samples will be 
analyzed for hazardous substance list metals and total 
uranium. QC samples should be analyzed for the same 
parameters as the investigative samples. 
revised to include isotopic uranium and radiological suite 
analyses. 

The PSP should be 

Commenting Organization: U . S .  EPA commentor: Saric 
Section #: 4.2 Page #: 4-1 Line #: NA 
original Specific Comment #: 10 
Comment: The PSP states that rinsate samples will be collected 

from decontaminated sampling and homogenization equipment. 
Rinsate samples should also be collected from decontaminated 
equipment used to sieve investigative samples. 

Commenting Organization: U . S .  EPA Commentor: Saric 
Section #: Appendix A Page #: NA Line #: NA 
original specific Comment #: 11 
Comment: 

the tumbler at the end of the second batch test will be 
split for analysis; however, it does not state what type of 
analysis will be performed. Appendix A to the PSP should be 
revised to state why this analysis is being conducted and to 
specify what analytes are being tested for. 

Appendix A states that the soil sample collected from 

E-3 
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Department of Energy 

Fernald Environmental Management Project 
F? 0. Box 398705 

Cincinnati, Ohio 45239-8705 
(513) 648-3155 

OCT 2 1  1994 
DOE-0096-95 

Mr. James A. Saric, Remedial Project Director 
U.S. Environmental Protection Agency 
Region V - 5HRE-8J 
77 W .  Jackson Boulevard 
Chicago, Illinois 60604-3590 

Mr. Tom Schneider, Project Manager 
Ohio Environmental Protection Agency 
401 East 5th Street 
Dayton, Ohio 45402-2086 

Dear Mr. Saric and Mr. Schneider: 

RESPONSE TO COMMENTS ON THE PROJECT SPECIFIC PLAN FOR THE OPERABLE UNIT 5 K, 
SOIL SAMPLING AND ANALYSIS 

References: 1) Letter, J. A. Saric (U.S. EPA) to J. R. Craig (DOE-FN), 
"Disapproval of the OU5 K, Soil Sampling and Analysis," dated 
September 22, 1994. 

0 
2) Letter, T. A. Schneider (OEPA) to J.R. Craig (DOE-FN), "PSP 

For OU5 K, Soil Sampling and Analysis Approval ,I' dated 
September 20, 1994. 

This letter serves to transmit responses to United State Environmental 
Protection Agency (U .S .  EPA) comments on the "Project Specific Plan (PSP) for 
Operable Unit 5 (OU5)  K, Soil Sampling and Analysis," (Reference 1). Rather 
than revise the PSP, the Department of Energy (DOE) recommends the 
incorporation of all additions and/or corrections that result from the comment 
responses in the final project summary report requested by the U.S. EPA. 

The project summary report will be issued following receipt of all laboratory 
data, completion of the data validation process and final data interpretation. 
The DOE anticipates that the project summary report will be completed in early 

into the November submittal of the OU5 Feasibility Study (FS) report. Final 
K, data will be incorporated in the February submittal o f  the OU5 FS report. 

8 January, 1995. Preliminary findings from the K, study will be incorporated 

@Recycled and Recyclable 89 m 
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If you r e q u i r e  a d d i t i o n a l  i n f o r m a t i o n  on t h i s  s u b j e c t ,  p l e a s e  c o n t a c t  
K a t h i  N icke l  a t  648-3166. 0 S i n c e r e l y  , 

FN : N i  c k e l  

Enclosure: As S t a t e d  

cc 

K. 
D. 
G. 
J. 
P. 
M. 
J. 
R. 
K. 
P. 
F. 0 AR 
c c  

R. 
D. 
J. 

w/enc: 

H. Chaney, EM-423/QO 
R. K o t l  ows k i  , EM-423/QO 
Jablonowski, USEPA-V, AT-18J 
Kwasniewski , OEPA-Col umbus 
H a r r i s ,  OEPA-Dayton 
P r o f f  i tt, OEPA-Dayton 
Michaels, PRC 
Cohan, GeoTrans 
L. A1 kema, FERMC0/65-2 
F. C1 ay, FERMC0/52-2 
B e l l ,  ATSDR 
Coordinator,  FERMCO 

w/o enc: 

L. Glenn, Parsons 
J. Bret tschne ider ,  FERMCO 
W .  Thiesing, FERMCO 

Ferna ld  Remedial A c t i o n  
P r o j e c t  Manager 
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Response to U.S.EPA Comnents on the "Project Specific Plan for 

OU5 K, Soil Sampling and Analysis" 

Commenting Organization: U.S. EPA Commentor: SARIC 
Section#: NA Pg.#: NA Line#: NA Code: 
Original Comment# 1 
Comment: The project specific plan (PSP) does not include preparing and 

submitting a report to the U. S. Environmental Protection Agency 
(EPA). A report should be prepared and submitted to EPA. The 
report should describe any deviations from the approach described in 
the PSP, present the results of the sample analysis, provide a mass 
balance determination for each of the leaching coefficient (K,) 
tests, and discuss the implications to the operable unit 5 (OU5) 
remedial investigation and feasibility study (RI/FS). 

0 

Response: A project summary report will be issued to the U.S .  EPA and OEPA 
following receipt and technical evaluation of data from off-site 
laboratories and resolution of U.S. EPA comments on the PSP. The 
final report will include a description of any deviations from the 
approach described in the PSP, a presentation of the analytical 
results, a mass balance determination for each of the leaching 
coefficient (K,) tests, and a discussion of the implications to the 
OU5 RI/FS. In addition, K, data will be incorporated in the OU5 FS 
report to support development of waste acceptance criteria and soil 
vol ume cal cul at i ons. 

Act i on : Prepare project summary report and submit to U . S .  EPA and OEPA. 

Commenting Organization: U.S. EPA Commentor: SARIC 
Section#: NA Pg.#: NA Line#: 1 Code: NA 
Original Comment# 2 
Comment: The leachability of uranium and hence the K, of a soil sample 

depends on the mineral species of uranium. The Department of Energy 
(DOE) is attempting to indirectly determine whether uranium is 
present in its mobile form or its relatively immobile form by its 
proposed K, analysis presented in the PSP. DOE should also 
determine the actual uranium mineral present in the sample by 
conducting either X-ray diffraction or by scanning electron 
microprobe analysis. This data used in conjunction with the K, data 
will provide a more quantitative assessment of uranium mobility. 

Data will also be presented in the OU5 FS report. 

Response: X-ray diffraction (XRD) and scanning electron microprobe (SEM) 
analysis has been carried out by Oak Ridge National Laboratory 
(ORNL) on five soils collected from the production area and old 
incinerator site (Lee, S . Y  and J.D. Marsh Jr., 1992, 
Characterization of Uranium Contaminated Soils from DOE Fernald 
Environmental Management Project Site: Results o f  Phase I 
Characterization, ORNL/TM-11980, Oak Ridge, TN). XRD results did not 
reveal any uranium minerals - possibly due to amorphous uranium 
forms and/or the volume percent of uranium in the samples was not 
great enough to obtain a diffraction pattern. SEM and energy 

1 
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dispersive spectrometry (EDS) analysis of uranium grains (1 to 1000 
microns in size) reveals uranium to be associated with the elements 
carbon, oxygen, si1 icon, phosphorous, calcium, magnesium, iron, 
aluminum, and manganese. The association of uranium with iron, 
manganese, and aluminum may indicate the adsorption on or 
coprecipitation of uranium with oxide and hydroxide sol ids composed 
of these elements (e.g., Fe(OH),, MnO, AlOOH, etc), as this 
association of elements is commonly observed in uranium ore deposits 
(Nash, J.T., H.C. Granger and S.S. Adams, 1981, Geology, 75th  
Anniversary Volume, pp. 63-116). Uranium also forms solids with 
carbon, oxygen, si1 icon, phosphorous, calcium, and magnesium. 
Examples of these solids include: (U0,)2Si0;2H2O (soddyite), 
Ca (UO,), (Si ,Os) ;5H20 (haweei te) , (UO,) ,( PO4);4H,O, Mg (UO,) (PO,), 
(saleeite), CaUO,, U0;2H,O (schoepi te) , UO,CO, (rutherfordine), U,O,, 
UO,HP0;4H,O, UO, (uraninite), USiO, (coffinite), Ca(UO,),(SiO,),(OH) 
(uranophane), CaU(P04);2H,0 (ningyoite) , and H,(UO,),(PO,), 
(H-autunite). 

Unfortunately, distinct identification of the uranium phases 1 i sted 
above is not possible because SEM and EDS analysis does not give 
stoichiometric information. Moreover, if stoichiometric information 
was available, it is likely that the solids would be found to be a 
mixture of complex salts and oxides that do not fit the ideal 
formulas given above. What can be said about the above list of 
minerals is, from a thermodynamic standpoint, their solubility in 
gl aci a1 overburden groundwater increases in the order 1 i sted above. 
This is, if H,(UO,),(PO), and UO,CO, are present in two soils with the 
same uranium concentration, the soil containing more H,(UO),(PO,), 
would be expected to yield a higher uranium concentration. However, 
when dissolution kinetics are brought into the picture, the ability 
to predict thermodynamically stable compounds is greatly decreased. 
Therefore, it is very doubtful that additional characterization of 
uranium solids in FEMP soils will shed further light on a 
quantitative assessment of uranium mobil i ty unless the necessary 
kinetic experiments are run on the identified phases. This is not 
a realistic goal in terms o f  schedule, time, and funding. 
Furthermore, this data i s  not necessary to support remedy selection 
through the FS process. 

Action : No additional action will be taken. 

Commenting Organization: U.S. EPA Comnentor: SARIC 
Section#: 3.0 Pg.#: 3-1 Line#: na Code: na 
Original Comment# 3 
Comment: The PSP states that the soil sample locations were based on 

prevailing wind direction and areas of known or suspected 
contamination. In addition to these considerations, DOE should 
collect three sampling areas to coincide with the locations of the 
three lysimeter stations. Using the lysimeter data in conjunction 
with the K, data will provide valuable information in evaluating the 
impacts on the OU5 FS. 

2 
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Action: 

Though not specifically stated in the PSP, three soil sample 
locations were selected to coincide with lysimeter clusters. Soil 
sample locations KL-SS-05, KL-SS-09, and KL-SS-13 were selected to 
coincide with lysimeter cluster locations 11128, 11130, and 11132 
respectively. Figure 1 (attached) provides lysimeter and 
corresponding soil sample locations. In addition, as suggested by 
U.S. EPA, sample locations were also based on initial cross media 
PRG zones presented by DOE at the April 26, 1994 TIE meeting. 

Figure 1 will be included in the final project summary report. 

Commenting Organization: U.S. EPA Commentor: SARIC 
Section#: 3.0 Pg.#: 3-1 Line#: NA 
Original Comment# 4 
Comment: The PSP states that laboratory method detection 

selected to meet project specific requirements; 
does not list the MDLs. The MDLs should be prov 

Code: NA 

1 imi t s (MDL) were 
however, the PSP 
ded in the PSP. 

Response: The method detection limits utilized for the OU5 I , PSP are provided 
in Table 1 and Table 2 (attached). Table 1 presents the 
radiological required detection limits and Table 2 presents the 
detection limits for HSL metals analyses. These detection limits 
were selected to correspond as technically feasible to the 
cancer risk level for the RME farmer/child risk scenario. Due to 
laboratory interferences involved with the low detection limits 
reauired for risk level analyses, it should be noted that not all of 
the detection limits listed-in Table 1 and Table 2 will be met. 0 Action: Tables 1 and 2 will be included in the final project summary report 
along with actual limits met by the laboratories. 

Commenting Organization: U.S. EPA Commen tor: SARIC 
Sect i on#: 3.0 Pg.#: 3-3 Line#: 1 Code: NA 
Original Comment# 5 
Comment: Table 3-1 lists analytical support levels (ASL) for the various 

analyses to be performed. The ASL for liquid samples used to 
I determine K, is listed as "NA". Appendix A of the PSP indicates 

that the Fernald Environmental Management Project (FEMP) laboratory 
will conduct total uranium analyses of the liquid to determine K,. 
Because of the importance of the K, data and due to the significant 
role this data will have in future remedial decisions, total uranium - and isotopic uranium analysis should be conducted by an approvtd 
off-site laboratory using ASL D. 

Response: During the K, procedure 1 eachate sampl es were coll ected at interval s 
of approximately 72, 144, 168, 240, 288, 360, and 384 hours. These 
samples are used to determine when equilibrium is reached and 
therefore require a quick turnaround time (48 to 72 hours) which can 
only practically be obtained at the FEMP laboratory. The critical 
final leachate sample (which represents equilibrium conditions and 
is used to determine the leaching coefficient) is analyzed on-site 
at ASL B and off-site at ASL D. Results from the off-site laboratory 

3 
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a t  ASL D will be used t o  v e r i f y  pre l iminary  c a l c u l a t i o n s  performed 
using on - s i t e  d a t a  (da t a  presented i n  the d r a f t  OU5 FS r e p o r t ) .  The 
v e r i f i c a t i o n  will be presented i n  the p r o j e c t  summary r e p o r t .  

Act i on : Present  ASL D d a t a  i n  the p r o j e c t  summary r e p o r t .  

Commenting Organizat ion:  U.S. EPA Commentor: SARIC 
Section#: 3.0 Pg.#: 3-3 Line#: NA Code: NA 
Original Comment# 6 
Comment: Table 3-1 l i s t s  the number of samples t o  be c o l l e c t e d  f o r  each of 

the va r ious  ana lyses  t o  be performed. Table 3-1 l i s t s  a t o t a l  of 15 
samples t o  be c o l l e c t e d  from the 0- t o  2-inch and 24- t o  30-inch 
i n t e r v a l s  will be sub jec t  t o  t o t a l  uranium a n a l y s i s .  Instead,  15 
samples should be analyzed f o r  t o t a l  uranium from each of the two 
i n t e r v a l s  f o r  a t o t a l  of 30 samples t o  be analyzed f o r  t o t a l  
uranium. DOE should r e v i s e  i t s  t echn ica l  approach. 

Response: The commentor i s  c o r r e c t ,  the t a b l e  i s  erroneous.  Samples were 
c o l l e c t e d  from the f i f t e e n  l o c a t i o n s  a t  each of the two i n t e r v a l s  
(0- t o  2 - inch  and 24- t o  30-inch) f o r  a t o t a l  of 30 samples. In 
a d d i t i o n ,  one d u p l i c a t e  sample was c o l l e c t e d  from each in t e rva l  f o r  
a t o t a l  of two dup l i ca t e s .  The t o t a l  number o f  samples from the  0- 
t o  2-inch and 24- t o  30-inch i n t e r v a l s  f o r  on - s i t e  t o t a l  and 
i s o t o p i c  uranium ana lys i s  i s  32. 

Act i on : Table 3-1 will be cor rec ted  and included i n  the f i n a l  pro jec t  

Commenting Organizat ion:  U.S.  EPA Commentor: SARIC 
Section#: 3.0 Pg.#: 3-3 Line#: NA Code: NA 
Original Comment# 7 
Comment: 

summary r e p o r t .  0 
Table 3-1 l i s t s  ASLs f o r  the var ious  ana lyses  t o  be performed. This 
t a b l e  l i s t s  ASL B f o r  t o t a l  and i s o t o p i c  uranium a n a l y s i s  f o r  the 0- 
t o  2-inch and 24- t o  30-inch sampling i n t e r v a l s  a s  well a s  f o r  the 
0- t o  6-, 6- t o  12-, 12- t o  18-, and 18- t o  24- inch  sampling 
i n t e r v a l s .  ASL 0 should be used i n  conjunct ion  w i t h  the o t h e r  da t a  
used t o  suppor t  r i s k  assessment and remedial ac t ion  dec i s ions .  I n  
a d d i t i o n ,  high q u a l i t y  da t a  should be a s  comparable a s  poss ib l e  when 
being used t o  formula te  conclusions t h a t  will have a major impact on 
remedial a c t i o n  dec i s ions .  DOE should r e v i s e  i t s  t echn ica l  approach 
t o  ref lect  these changes and should no te  t h a t  the change i n  ASL from 
B t o  D will r e q u i r e  t h a t  an o f f - s i t e  l abora to ry  conduct the 
ana lyses .  

Response The ana lyses  which d i r e c t l y  suppor t  the K, determina t ion  were 
performed on the 0- t o  2-inch and the  24- t o  30-inch i n t e r v a l s  by 
both the o n - s i t e  labora tory  a t  ASL B and o f f - s i t e  a t  ASL D. Because 
of the  q u i c k  turnaround time obta ined  from the on- s i t e  labora tory  
p re l imina ry  K, c a l c u l a t i o n s  were performed using this  d a t a  and will 
be p re sen ted  i n  the November 1994 d r a f t  OU5 FS r e p o r t .  The extended 
turnaround time f o r  of f - s i  t e  r a d i o l o g i c a l  ana lyses  prevents this 
d a t a  from being incorporated i n t o  the d r a f t  OU5 FS report. However, 

4 



- 6 9 4 5  

the ASL D data will be used to verify preliminary calculations and 
will be presented in the project summary report and in the February 
1995 submittal of the OU5 FS report. 

Analyses performed on the 0- to 6-inch, 6- to 12-inch, 12- to 18- 
inch, and 18- to 24-inch soil intervals on-site at ASL B will be 
used to build a vertical profile of uranium contamination at each 
location and is not used t o  directly support the K, calculation, 
therefore, ASL B was deemed appropriate. 

Act i on : ASL D data will be used in conjunction with ASL B data to support 
risk assessment and remedial action decisions and will be presented 
in the project summary report and the November submittal of  the OU5 
FS report. 

Commenting Organization: U.S.  EPA 
Section#: 3.6.1 Pg.#: 3-7 Line#: NA Code: NA 
Original Comment# 8 
Comment: 

Comentor: SARIC 

The PSP states that duplicate analyses will be conducted at a rate 
of one per 20 samples, or a portion there of. Instead, duplicate 
sample analyses should be conducted at a rate of one per 10 samples, 
or a portion there of. Increasing the rate of duplicate sample 
analyses is necessary because of the importance of the K, 
determination and the significant role this data will have in future 
remedi a1 decisions. 

Response: Dupl icate analyses were performed at a frequency consistent with the 
requirements of the FEMP Site-wide CERCLA Quality Assurance Project 
Plan (SCQ) (Appendix A, Page 77) which states that duplicate 
analyses will be performed at a frequency of 1 per 20 samples. 
Furthermore, it is questionable as to whether duplicates of a soil 
matrix are accurate indicators o f  laboratory precision or sample 
collection techniques due to the variability within the soil matrix. 
This is true even when extensive homogenization techniques, such as 
those employed on this project, are used to minimize variability 
within the matrix. 

Action: No action will be taken. 

Commenting Organization: U.S.  EPA 
Section# : 3..11 Pg.#: 3-11 Line#: NA Code: NA 
Original Comment# 9 
Comment: 

Comentor: SARIC 

This section states that the K, analysis will be conducted on site 
at the FEMP laboratory at ASL B .  As stated earlier in specific 
comments, the K, analysis should be conducted at an off-site 
laboratory at ASL 0 or higher. 

Please refer to the response for comment number 5. Response: 

Action: No action will be taken. 

5 
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Commenting Organization: U.S. EPA 
Section#: 3 . 1 1  Pg.#: 3 - 1 1  Line#: NA Code: NA 

Comment: The PSP should include cation exchange capacity (CEC) as an 
additional analysis for each sample. Information on the CEC for 
samples may provide useful information when evaluating differences 
in analytical results from different samples. 

Commentor: SARIC 

Response: Cation exchange capacity CEC analysis has been conducted on 20 
glacial overburden samples obtained from north and east of the 
production area. Values ranged from 1 3 . 0 5  to 0.4 milliequivalents/ 
100 grams o f  soil, for a soil containing 95 and 2 . 5  percent clay, 
respectively. Data is provided in Table 3 (attached). DOE believes 
that this data adequately brackets the range o f  CEC for soils at the 
site and will be reviewed during data interpretation. 

Act i on : A discussion of how existing CEC data was used during the data 
interpretation process will be included in the project summary 
report. 

Commenting Organization: U . S .  EPA Commentor: SARIC 
Section#: 3 . 1 1  Pg.#: 3 - 1 2  Line#: NA Code: NA 
Original Comment# 1 1  
Comment: The PSP states that quality control (QC) samples such as rinsate, 

field blank, and duplicate samples will be analyzed for hazardous 
substance list metals and total uranium. QC samples should be 
analyzed for the same parameters as the investigative samples. The 
PSP should be revised to include isotopic uranium and radiological 0 suite analyses. 

Response: The decision was made to limit the radiological analyses to uranium 
on QC samples since uranium represents the most critical constituent 
to the K, determination. Uranium will serve as an indicator 
parameter in the QC process when evaluating radiological results. 
This decision was necessary due to the extremely tight time 
constraints imposed on sample turnaround time in order to support 
the OU5 FS process. 

Act i on : No action will be taken. 

Commenting Organization: U.S.  EPA 
Section#: 4 . 2  Pg.#: 4-1 Line#: NA Code: NA 
Original Comment# 1 2  
Comment: The PSP states that rinsate samples will be collected from 

decontaminated sampl ing and homogenization equipment. Rinsate 
samples should also be collected from decontaminated equipment used 
to sieve investigative samples. 

Commentor: SARIC 

Response: 

Act i on : No action will be taken. 

Rinsate samples were collected from the equipment used in sample 
preparation including drying pans, sieves, sample rifflers, and soil 
collection containers. 

6 1 
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Commenting Organization: U.S. EPA 

Original Comment# 13 
Comment: Appendix A states that the soil sample collected from the tumbler at 

the end of the second batch test will be split for analysis; 
however, it does not state what type of analysis will be performed. 
Appendix A to the PSP should be revised to state why this analysis 
i s  being conducted and to specify what analytes are being tested 
for. 

Commentor: SARIC 
Section#: Appendix A Pg.#: NA Line#: NA mIJ9 

Response : 

Act i on : 

The final soil samples collected following Phase I 1  of  the K, 
procedure were split and sent to an off-site laboratory for total 
and isotopic uranium analysis at ASL D and analyzed at the FEMP 
laboratory for total and isotopic uranium analysis at ASL B. The 
soil uranium concentration at the conclusion of Phase I 1  is 
necessary to evaluate mass balance calculations. 

Final soil sample results and a revised K, laboratory procedure 
(Appendix A in the PSP) w i l l  be presented in the project summary 
report. 

7 
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~~ ~ 

Tc-99 

Th-227 ; 

Th-228; Th-232 . 

Th-230 

U-234; U-235/236; U-238 

Gross alpha 

Gross beta 

Table 1: Radiological Constituents and Detection Limits 0 

I 0.3 I 0.015 II 
7.0 0.015 

0.1 0.1 

0.1 0.003 

0.2 0.1 

0.2 0.1 

2.0 15.0 

4.0 30.0 

U-Total (pglunir) 0.1 0.1 



Table 2: Chemical Analyte and Detection Level 

Lead 

Magnesium 192 

Manganese 83.0 

Mercury 0.02 

Molybdenum 0.912 

Nickel 13.7 

Selenium 2.47 

Silver 0.0552 

Thallium 0.109 

Vanadium 58.3 

Zinc 1.24 

- 
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APPENDIX B 

ANALYTICAL DATA PACKAGE 
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I .  LABORATORY OUALIFIERS 0 
.A. INORGANIC L.ABOR.rlTORY QUALIFIERS 

U 

B 

N 

S 

+ 

W 

E 

R s u l t  ivas less than die instrumfit  dz:ecricn limit: inaiytz IS ur,d=r=cr;t!. 
Associated numerical value is the detection limit. 

Reported result is greater than the instrument detection limit. but less than the 
contract required detection limit: analyte is detected. 

Matrix spike recovery associated with this result was outside u t  control limits o t  
75%-125%; result should be considered estimated. 

Analytical result reported from the method of standard additions instcid or  from 
the standard calibration curve generated for this analyte. Result should he 
considered contident unless additional codes are used in  conjunction 
code.. 

irh the " S "  

Result that was reported from the method of standard additions 3n:iiysis ivhich 
exhibited analytical linesrity below the required correlation coefficient \xlue of 
0.995: result should be considered estimated. 

Result generated from graphite furnace atomic absorption analysis. 2nd Post- 
digestion spike recovery associated with this resu!t was outside o f  allvwable 
range; consider result estimated. 

Analytical result considered estimated because of suspected matrix interference 2s 

demonstrated by non-compliant serial dilution data for associated sample. 

* The laboratory duplicate results are not within the control limits; the result should 
be considered estimated. 

B. ORGANIC LABORATORY QUALIFIERS 

U Anal yte is undetected; numerical value is detection limit (usually contr;ict required 
quantitation limit [CRQLJ). 

J Analyte is detected; result considered quantitatively estimated because value is less 
than the CRQL (the result is below the calibration range of the instrument). 

B Analyte also detected in an associated laboratory blank. Positive result for analyte 
should be considered suspect-probably the result of lab blank contamination rather 
than present in the actual sample. 

N Presumptive presence of analyte, i.e.. tentatively identified. Used with target 
compounds to denote marginal chromatographic and/or mass spectral quality uf 
the sample as compared to the calibration and/or reference chromatograms and/or 
mass spectra. 

- 

B-1 



SJ Gsed with 1 )  "tentatively identitied compounds" ('TTICsl to indicntc possii,le 
presence of non-target compounds for which there was no calibration pertormeu. 
Lab uses 3 National Institute of Standards and Tzchnolo%y s o t h a r e  program to 
produce these TICS. 2) Denotes a presumptive target analyte that is c!iiantitativeiv 
below the calibration rmge of the instrument. 

E Result exceeds calibration range of instrument: result should be consiuereil 
quantitative1 y estimated. 

D Result obtained from diluted reanalysis of sample: usually represents a more 
accurate value. 

C Result for pesticide/polychlorinated biphenyl (PCB) compound is confirmed by 
mass spectral idmitication: highest level of contidence for the ; !entitic:ttion o f  
these analytes. 

P Result for pesticide/PCB exhibits significant imprecision between two 
chromatographic columns: lab reports lower value. 

x Used for miscellaneous purposes; lab-defined qualifier: otien denotes operator 
intervention/manipulation of raw data to produce reported result. 

11. VALIDATION QUALIFIERS 

U This analyte was analyzed for, but not detected at levels up to the corresponding 
limit of detection. This qualifier is also used to denote a value that W;IS d j u s t e d  
by the 5X/ lOX rule for evaluation of blank data. as required by the 
Environmental Protection Agency @PA) validation protocol. (Used with 
inorganic, organic and radiochemical analytes.) 

UJ This analyte was analyzed for, but not detected. T h e  associated detection limits 
should be considered estimated due to non-compliant quality control associated 
with the analysis. Direction of bias, if any, is indicated in DJta Validation 
Summary Report. (Used with inorganic, organic. and radiochemical aixiiytes. ; 

N This organic analyte was tentatively identified as a result of marginal/questicinable 
mass spectral and/or chromatographic quality of the sample as compared to 
calibrationlreference standards. Data so qualified should not be used for baseline 
risk assessment evaluations. "N" is also used in radiochemistry validation when 
there a re  problems noted with standards or  tracers that cause some doubt as to the 
quality of the data for specific isotopes; the Data Validation Summary Report will 
clarify the use of this code when these instances occur. 

R These data are considered unreliable/unusable for any quantitative purpose, with 
the possible exception of a general assessment of nature and extent. "R" denotes 
unreliable data quality with respect to analyte identification andior quaxitation. 

- (Used with all analyses.) 
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J 

NV 

C 

NJ 

Z 

These data are considered quantitativeiy estimated. 2nd may be biiisrci due to  
effects reflected in the associated qusiity control results. .halyre  icittntitication is 
reliable. and EPA guidance allows the use of "J"  qualitied data to be used in 
haseline evaluation or risk assessment as well as nature 2nd exten  or  
contamination. This q d i f i e r  is dso  applied to organic d x  ;:h :he X;L,I 

result is less than the CRQL; these data are also considered quantitativelv 
estimated. " J "  may carry additional meaning when used in radiochemical 
validation: the Data Validation Summary Report will further define rhe usage of 
this qualitier. 

These data were not validated. Reasons for non-validation can he found in the 
Data Validation Summary Report associated with the data set. These data cannot 
be used in risk assessment evaluation. 

Result for pesticiddPCB compound is confirmed by mass spectral identification: 
this is the highest lzvel of confidence for the identitication of these :malytes. 

Associated with orrranic non-target TICS - lab does not calibrate ior these 
compounds, and identification/quantItation is tentative (presumed present) at best. 

This qualifier indicates that a more technically useable/representati~fe result tur 
this analyte exists in another analysis of this sample (a dilution, re-extraction, o r  
reinjection). "Z" qualified data should not be used. 

-(dash) A dash (-) indicates that the result is CONFIDENT AS REPORTED; the validator 
did NOT assign any of the above qualifiers to the positive result. (NOTE: When 
an undetected result is not further qualified. the validator will still enter the "U" 
qualifier in the validation qualifier column.) 

GOG 0'7 3 
B-3 
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APPENDIX B.1 

SOIL CONCENTRATIONS, METHOD DETECTION LIMITS, 
AND ANALYTICAL METHODS 
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APPENDIX B.l . l  

SOIL CONCENTRATION DATA 
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APPENDIX B.1.2 0 METHOD DETECTION LIMITS REQUESTED OF OFFSITE LABORATORIES 
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Cyanide 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

TABLE F. 1.2-1 CHEMICAL ANALYTE AND DETECTION LEVEL 

0.3 

0.615 

0.0545 

86.9 

0.0367 

0.133 

Analyte 

~ ~~ 

Copper 

Lead 

Magnesium 

Manganese 

Mercury 

1 Detection Level (mg/kg) 

3.53 

192 

83.0 

0.02 
~~ ~ 

Molybdenum 

Nickel 

Selenium 

Silver 

Chromium VI 

0.912 

13.7 

2.47 

0.0552 

I 11.3 

- 

Vanadium 

Zinc 

58.3 

1.24 

Thallium I 0.109 



TABLE F. 1.2-2: RADIOLOGICAL CONSTITUENTS AND DETECTION LIMITS 

Liquids Soils 

Analyte pCi/L Pci/g 

Cesium- 137 0.3 0.01 

Neptunium-237 0.08 0.05 

Plutonium-238; Plutonium-239/240 0.08 0.2 

................................ 

I \  -- , Plutonium-241 

Radium-226 

11 Radium-228 I 0.02 ' I 0.01 

0.2 e -  

0.02 0.004 

~~ ~ ~ 

Strontium-90 

Technetium-99 

Thorium-227; 

Thorium-228; Thorium-232 

Thorium-230 

Uranium-234; Uranium-235/236; Uranium-238 

Gross alpha 

Gross beta 

U r an iu m-Total ( d u n i t )  

0.3 0.015 

7.0 0.015 

0.1 0.1 

0.1 0.003 

0.2 0.1 

0.2 0.1 

2.0 15.0 

4.0 30.0 

0.1 0.1 
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APPENDIX B.1.3 

ANALYTICAL METHODS 
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4nalyte Analytical Method 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

ICP Method SW 846 6010 

ICP Method SW 846 6010 

GFAAb Method SW 846 7060 

ICP Method SW 846 6010 

ICP Method SW 846 6010 

TABLE F. 1.3-1: ChEMICAL ANALTYE AND ANALYTICAL METHODS 

I 

Cadmium 

Chromium 

Cobalt 

Copper 

Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Molybdenum 

Nickel 

Potassium 

Selenium 

Silicon 

Silver 

Sodium 

Thallium 

Vanadium 

Zinc 

a Inductively coupled plasma (ICP) 
Graphite furnace atomic absorption (GFAA) 

ICP Method SW 846 6010 

ICP Method SW 846 6010 

ICP Method SW 846 6010 

ICP Method SW 846 6010 

ICP Method SW 846 6010 

GFAA Method SW 846 7420 

ICP Method SW 846 6010 

ICP Method SW 846 6010 

GFAA Method SW 846 747017471 

ICP Method SW 846 6010 

ICP Method SW 846 6010 

ICP Method SW 846 6010 

GFAA Method SW 846 7740 

ICP Method SW 846 6010 

ICP Method SW 846 6010 

ICP Method SW 846 6010 

GFAA Method SW 846 7841 

ICP Method SW 846 6010 

ICP Method SW 846 6010 



e TABLE F. 1.3-2: RADIOLOGICAL CONSTITUENTS AND ANALYTICAL METHODS 

Analvte I Analvtical Method 

Cesium-137 Gamma Spectrometry 

Neptunium-237 Alpha Spectrometry 

Plutonium-238 Alpha Spectrometry 

Plutonium-239/240 Alpha Spectrometry 

Plutonium-24 1 Alpha Spectrometry 1 
Radium-226 Gamma Spectrometry 

Radium-228 Gamma Spectrometry 

Strontium-90 Gas Flow Proportional 

1 Technetium-99 Liquid Scintillation 

Thorium-227 Alpha Spectrometry 

Thorium-228 Alpha Spectrometry 

Thorium-232 Alpha Spectrometry 

Thorium-230 Alpha Spectrometry 

Uranium-234 Alpha Spectrometry 

Uranium-239236 Alpha Spectrometry 

1 Uranium-238 Alpha Spectrometry 

Total Uranium' Kinetic Phosphorescence 

' Offsite analysis 
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APPENDIX B.3 

LEACHATE pH Ah9 SPECIFIC CONDUCTANCE RESULTS 
FROM DESORFTION BATCH TESTS 
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APPENDIX B.3.1 

LEACHATE RESULTS FROM DESORPTION BATCH TESTS 
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APPENDIX B.3.2 

pH AND SPECIFIC CONDUCTANCE RESULTS FROM DESORPTION BATCH TESTS 
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APPENDIX B.4 

FINAL SOIL CONCENTRATION DATA FROM DESORPTION BATCH TESTS 
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APPENDIX B.5 

QUALITY ASSURANCE/QUALITY CONTROL DATA - 
FIELD BLANKS AND RINSATES - 

FROM SAMPLE COLLECTION AND PREPARATION 
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APPENDIX C 

DRY BULK DENSITY REPORT 



Department of Civil 
and Environmental Engineering 

741 Baldwin (ML 0071) 
Cincinnati, Ohio 45221-0071 
Phone (513) 556-3648 
Fax (513) 556-2599 

August 11, 1994 
gocurnent ;AOU-AO-C13 

Ms. Cindy Tabor, Project Manager 

Fermco 
P.0. Box 398704 
Cincinnati, Ohio 45239-8704 

CRU-5 , KL Study 

RE: Final Report, Bulk Density Analysis, Site-Wide 
Surface Samples 

Dear Ms. Tabor: 

BACKGROUND 

According to Subcontract No. 2-26407, Task Order 007, 
Technical Support of Restoration Activities, we have completed 
our laboratory analysis of the dry bulk density of thirty surface 
( 0  through 30 inch depth) samples. The custody of 24 of these 
samples was signed over to Dr. Mark T. Bowers on July 12 and the 
final seven (including one replacement sample) were signed over 
on July 15. 
Laboratory C-15 on the Fernald site during the period July 12 
through July 1 8 .  
ALTER (Accelerated Life Testing & Environmental Research) 
Facility at the University of Cincinnati on July 2 6 .  
is a final summary of the laboratory work, analysis, and 
discussion for the project. 

Physical trimming of the samples was conducted in 

A meeting to review the results was held at the 

This report 

LABORATORY TESTING 

The dry bulk density of the samples was determined in 
accordance with procedures set forth in Engineering Manual EM 
1110-2-1906, Laboratory Soils Testing, prepared at the U.S. Army 
Engineer Waterways Experiment Station. The volumetric method of 
analysis was used throughout the testing. 
of computing the total volume of soil from linear measurements of 
a regularly shaped mass. The method is applicable to soils which 
can be cut or formed into a cylinder or parallelepiped. 
procedure used was based on obtaining a cylindrical specimen by 
progressively trimming in front of a calibrated ring-shaped 
specimen cutter. 
suitable for obtaining volumes of silty and sandy soils having 
little cohesion. 
inches and a height of 0 . 7 7 5  inches. 
were struck flush-using a steel bar with a sharpened edge. 
wet weight of the samples was obtained using an electronic 

This method consists 

The 

The calibrated specimen cutter is particularly 

The specimen cutter used had a diameter of 2 . 4 7  
The top and bottom surfaces 

The 

An affirmative actionlequal opportunity institution 
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alance. The specinens were dried in an oven at 110 degrees C 
+ / -  5 degrees C )  for a period of approximately 24 hours. The 
samples were allowed to cool, then reweighed. The dry weight and 
water content were then calculated. ‘Jnit weights on both wet 
and dry bases were caiculated. 

Definitions 

The following definitions were assumed to hold: 

Dry unit weight (dry bulk density) is the weight of 
oven-dried soil solids per unit of total volume of 
soil mass, ana is usually expressed in pounds per 
cubic foot. 

Wet unit weiqnt or wet density is the weight (solids 
plus water) per unit of total volume of soil mass. 

Water content is the weight of water divided by the 
weight of dry solids, expressed as a percentage. 

Sampling Locations 

Figure 1 depicts the approximate locations of the sampling 
points used in this project. 
which was received by FAX transmission from Fermco. 
shows fifteen (15) sampling sites. Two samples were taken from 
each site at depths of approximately 0 to 6 inches and 24 to 30 
inches. 

This drawing is based upon a sketch 
The drawing a 

Laboratory Procedures 

followed for the samples. The surface sample from site KL-SS-09 
is used for illustration. This sample was obtained through a 
sampling tube. Figure 2 shows the soil encased in its plastic 
shipping tube. The ends are covered with red plastic caps which 
are in turn taped to the tube. Figure 3 shows the labelling of 
the sample on the top end cap. The labelling consisted of the 
site number, depth, date and time the sample was obtained in the 
field, a clear indication of the top of the sample (for depth 
determinations), and an indication of the radioactivity level of 
the sample (counts per minute). Figure 4 indicates that the 
security tape was removed from the specimen, both end caps were 
removed, and the sample was prepared for extrusion from the 
holding tube. Figure 5 depicts the extrusion process being 
carried out in Laboratory C - 1 5 .  
jack. The device has a number of differently sized plates for 
use in extruding samples from different tubes or shells. 
noted, most of the samples remained intact through the extrusion 
process. The block samples taken were found to be fragile, 

The following photographs depict a typical testing pattern 

The extruder is a hydraulic type 

A s  



Figure 1: Location of Site-Wide 
Sampling Points . . ._ . .  
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crumbly, and broken. Nevertheless it was possible to obtain 
suitable samples for the density work from the blocks. 

Figure 6 depicts the cutter ring. This ring is made of 
stainless steel with a razor-sharp nose. The pencil gives its 
relatl3e size. The inner diarnecer of the ring is 2.47 inches 
while the height is 0.775 inches. A micromecer was used to 
obtain these measurements. Figure 7 shows the carving process 
underway. The tube samples as received had outer diameters of 
approximately 3 inches. 
the specimen followed by a careful undercutting of the soil to 
the razor edge. A sentle pressure was placed on the ring to 
force it to slide down onto the sample. As resistance was felt, 
further trimming was completed. Figure 8 shows the trimming 
process nearly compiete in the vertical direction. 
was trimmed and the trim ring advanced until approximately 0.25 
inches of sample scood above the top of the ring. The sample was 
then cut about 0.25 inches below the bottom of the trim ring to 
remove the sample EO be tested from the original field sample. 
The top 0.25 inches was trimmed off and a straightedge used to 
obtain a flush top surface as depicted in Figure 9. The sample 
was then turned over to repeat the trimming process on the base. 
The sample was weighed on an electronic balance. 
indicates that the sample was extruded from the trimming ring 
using a stainless steel disk. 
either a porcelain dish or an aluminum pan as described earlier. 
The remainder of the sample and all trimmings were placed in 
sealable plastic bags labelled for easy recognition as 

The trim ring was placed on the top of 

The sample 

Figure 10 

The sample was then dried in 

0 illustrated in Figure 11. 
RESULTS AND DISCUSSION 

Laboratory Results 

Table 1 summarizes the values of wet unit weight, water 
content, and dry unit weight for the samples. The table also 
includes the visual classification of the soil tested according 
to the Unified Soil Classification System. It is to be noted 
that the soils classify predominantly as silts and clays of low 
plasticity (ML and CL, respectively). About ten ( 1 0 )  percent of 
the samples might classify as high plasticity clays (CH). 
Further testing would be required to differentiate these 
classifications. Figure 12 is a summary of the Unified Soil 
Classification System. 
concerning the expected properties of the soils labelled with the 
symbols above. 

This figure gives additional information 

Figure 13 summarizes the water content information. 
Examining all fifteen samples from 0 to 6 inch depth, it was 
determined that the average water content is 21.5% with a 
standard deviation of 5.7. Examining samples 3 through 15 at a 
depth of 24  to 30 inches, the average water content is 22.2% with 
a standard deviation of but 1.9. The soils from sample locations 
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Table 1: Laboratory Determined Values of Wet Unit Weight, Water 
Content, and Dry Unit Weight for the CRU-5 Sampling Locations 0 
Location Depth Wet Unit Wt. Water Content Dry Unit Wt. 

(in.) (pcf 1 ( % I  (pcf) 

1 0 - 6  
2 4 - 3 0  

1 2 2 . 0  
1 3 3 . 8  

2 0 . 9  
1 1 . 2  

1 0 0 . 9  
1 2 0 . 7  

2 0-6  
24 -30  

1 0 5 . 9  
1 4 4 . 0  

1 9 . 0  
1 2 . 2  

8 8 . 9  
1 2 8 . 3  

3 0 - 6  
2 4 - 3 0  

1 0 6 . 2  
1 2 2 . 6  

2 5 . 8  
2 2 . 4  

8 4 . 4  
1 0 0 . 2  

4 0 -6  
2 4 - 3 0  

1 1 1 . 8  
1 2 3 . 0  

2 1 . 8  
2 4 . 0  

9 1 . 8  
9 9 . 2  

5 0 - 6  
2 4 - 3 0  

9 2 . 8  
1 2 2 . 5  

2 5 . 6  
2 0 . 1  

7 3 . 9  
1 0 2 . 0  

6 0 - 6  
2 4 - 3 0  

1 1 7 . 6  
1 2 6 . 2  

2 4 . 4  
2 4 . 3  

9 4 . 6  
1 0 1 . 5  

0 - 6  
2 4 - 3 0  

1 0 6 . 8  
1 1 1 . 7  

3 5 . 9  
2 3 . 7  

7 8 . 6  
9 0 . 3  

8 0 - 6  
2 4 - 3 0  

1 0 5 . 3  
1 1 9 . 3  

1 9 . 7  
2 1 . 2  

8 8 . 0  
9 8 . 5  

9 0 - 6  
2 4 - 3 0  

1 0 9 . 3  
1 1 6 . 4  

1 8 . 1  
2 1 . 1  

9 2 . 6  
9 6 . 1  

10 0 - 6  
2 4 - 3 0  

9 8 . 4  
1 2 2 . 0  

2 6 . 1  
2 2 . 2  

7 8 . 0  
9 9 . 9  

11 0 - 6  
2 4 - 3 0  

1 1 5 . 0  
1 2 0 . 1  

2 2 . 0  
2 2 . 9  

9 4 . 3  
9 7 . 7  

12 0 - 6  
2 4 - 3 0  

1 0 3 . 8  
1 1 8 . 1  

1 5 . 3  
2 4 . 6  

9 0 . 0  
9 4 . 8  

13 0 - 6  
2 4 - 3 0  

115 .3  
1 2 0 . 5  

2 3 . 4  
2 3 . 2  

9 3 . 5  
9 7 . 8  

14 0 - 6  
2 4 - 3 0  

9 1 . 4  
1 1 9 . 0  

2 5 . 7  
1 8 . 0  

7 2 . 8  
1 0 0 . 9  

15 0 - 6  
2 4 - 3 0  

1 2 7 . 3  
1 2 6 . 0  

1 0 . 4  
2 1 . 2  

1 1 5 . 4  
1 0 4 . 0  
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1 and 2 at 24 to 30 inch depth were distinctly different from the 
rest and hence were not included in the average. 

Figure 14 summarizes the dry unit weight information. 
Examining all fifteen samples from 0 to 6 inch depth, 
determined that the average dry unit weight is 89.2 pounds per 
cubic foot (pcf) with a standard deviation of 10.9. Examining 
samples 3 through 15 at a depth of 24 to 30 inches, 
dry unit weight is 98.7 pcf with a standard deviation of but 3.5 
Once again, the soils from sampling locations 1 and 2 were 
distinctly different from the rest and were not included in the 
average. 

it was 

the average 

The two previous figures (13 and 14) indicate a strong 
consistency in the samples from sites 3 through 15 at a depth of 
24 to 30 inches. It should be noted that water content 
determinations should be expected to show some variation, 
especially for the surface samples. 
recent rainfall, potential drying effects following sampling, and 
other differences reflective of the environments from which they 
were taken. 
weight, not the water content, as a design measure or parameter 
against which to gauge behavior. 

Such samples would reflect 

The important consideration here is the dry unit 

Comparison of Laboratory Results to Expected Values From 
Published Soil Surveys of the Area (Soil Conservation Service) 

Following the laboratory work and analysis of the results, a 
comparison of the data was made to published information 
available in the Soil Surveys of Hamilton and Butler Counties. 
These soil surveys are prepared by the United States Department 
of Agriculture, Soil Conservation Service in cooperation with the 
Ohio Department of Natural Resources, Division of Lands and Soil, 
and the Ohio Agricultural Research and Development Center. It 
must be understood at the outset of this discussion of this 
comparison of data that the soil surveys are used by engineers 
for estimating purposes only. 
expectation of what the surficial soil material will consist of. 
These surveys generally describe the top six feet of soil and are 
primarily written for agricultural purposes. 

They do give a reasonable 

To use the soil surveys one must be able to locate the 
precise site of the sampling on an aerial photograph of the 
project. 
various surficial soil types. 
survey to obtain desired values or qualities of the soils 
involved. 

The soil survey maps contain contours that enclose 
One then examines tables in the 

Table 2 summarizes the comparison of laboratory versus 
expected values as set forth in the soil surveys for the soils at 
the project location sites. The majority of the samples have dry 
unit weight values that fall within the expected ranges had one 
referred to the survey prior to any field work being 
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able 2: Comparison of Laboratory Values of Dry Unit Weight with 
xpected Values from Soil Survey by Soil Conservation Service 

Locat ion USCS Values of Dry Unit Weight (pcf) 
Classification 0 - 6  Inch Depth 2 4 - 3 0  Inch Depth 

Expected Actual Expected Actual 
(SCS) (Lab) (SCS) (Lab) 

1 silt loam to 
silty clay 
(CL, CL-ML) 

8 7 . 4 - 9 6 . 8  1 0 0 . 9  9 0 . 5 - 1 0 3 . 0  1 2 0 . 7  

2 

3 

ML, CL, CH 8 7 . 4 - 9 6 . 8  

8 4 . 3 - 9 3 . 6  

7 4 . 9 - a 7 . 4  

7 4 . 9 - 8 7 . 4  

8 1 . 2 - 9 0 . 5  

8 7 . 4 - 9 6 . 8  

8 7 . 4 - 9 6 . 8  

8 7 . 4 - 9 6 . 8  

8 7 . 4 - 9 6 . 8  

8 7 . 4 - 9 6 . 8  

8 7 . 4 - 9 6  . a  

8 7 . 4 - 9 6 . 8  

8 7 . 4 - 9 6 . 8  

8 7 . 4 - 9 6  - 8  

8 8 . 9  

8 4 . 4  

9 1 . 8  

7 3 . 9  

9 4 . 6  

7 8 . 6  

8 8 . 0  

9 2 . 6  

7 8 . 0  

9 4 . 3  

9 0 . 0  

9 3 . 5  

7 2 . 8  

1 1 5 . 4  

9 0 . 5 - 1 0 3 . 0  

9 6 . 8 - 1 0 6 . 1  

7 4 . 9 -  8 7 . 4  

7 4 . 9 -  8 7 . 4  

8 7 . 4 -  9 9 . 9  

9 0 . 5 - 1 0 3 . 0  

9 0 . 5 - 1 0 3 . 0  

9 0 . 5 - 1 0 3 . 0  

9 0 . 5 - 1 0 3 . 0  

9 0 . 5 - 1 0 3 . 0  

9 0 . 5 - 1 0 3 . 0  

9 0 . 5 - 1 0 3 . 0  

9 0 . 5 - 1 0 3 . 0  

9 0 . 5 - 1 0 3 . 0  

1 2 8 . 3  

1 0 0 . 2  

9 9 . 2  

1 0 2 . 0  

1 0 1 . 5  

9 0 . 3  

9 8 .  S 

9 6 . 1  

9 9 . 9  

9 7 . 7  

9 4 . 8  

9 7 . 8  

1 0 0 . 9  

1 0 4 . 0  

CL, CH 

ML, CL-ML, CL 4 

5 

6 

ML, CL-ML, CL 

SC, CL-ML, CL 

7 CL-ML, CL 

8 CL-ML, CL 

9 CL-ML, CL 

1 0  ML, CL, CH 

11 ML, CL, CH 

1 2  

1 3  

CL-ML, CL 

ML, CL, CH 

1 4  

1 5  

ML, CL, CH 

ML, CL, CH 

Notes: SC = clayey sand 
ML = low plasticity silt 
CL = low plasticity clay 
CH = high plasticity clay 
CL-ML = clayey silts and clayey sands with plasticity 

indices between 4 and 7 and liquid limits 
between 1 2  and 2 5  
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complished. There are differences, however, and those 
are important. An examination was undertaken of each 

case where a difference occurred in dry unit weight outside the 
expected range. In some cases the sampling point noted on the 
location .nap put the site right near a supposed change in soil 
type as defined by the presence of a soil contour line. 
cases this made a difference of a few pounds per cubic foot. 
This makes sense understanding that the contour lines of the soil 
survey are best fit based on limited field sampling. In almost 
all cases the description given by an adjacent soil type caused 
the laboratory values to thence fall within the expected range of 
dry unit weight. 

In the cases of Samples 1 and 2 at the 24 to 30 inch depth, 
the dry unit weight values determined in the laboratory are 
higher than those given by the soil surveys for any adjacent 
soils. The samples obtained were almost shale-like in their 
consistency and hardness. 
reflective of a more rocklike texture. 

In some 

The unit weights determined are 

Extrapolation of Expected Permeability of the Field Material 

As described here, permeability is that quality of the soil 
enables water to move downward through the profile. 

ermeability is measured as the number of inches per hour that 
ater moves downward through the saturated soil. The soil 
surveys use the following terms to describe permeability: 

very slow . . . . . . . . . . . . . . . . . . .  less than 0 . 0 6  inch 
slow . . . . . . . . . . . . . . . . . . . . . . . .  0 . 0 6  to 0.20 inch 
moderately slow . . . . . . . . . . . . .  0.2 to 0.6 

moderately rapid . . . . . . . . . . . .  2.0 to 6.0 inches 
rapid.......................6 to 20 inches 
very rapid . . . . . . . . . . . . . . . . . .  more than 20 inches 

inch 
moderate . . . . . . . . . . . . . . . . . . . .  0.6 to 2.0 inches 

Table 3 lists the expected values of permeability for the site 
soils in their native condition (not further compacted). While 
six soil types were distinguished by the Soil Conservation 
Service for this area covered by sampling, very little difference 
is seen in expected permeabilities. For the majority of the 
surface samples ( 0  to 6 inch depth), the permeability is expected 
to be moderate. For the majority of the 24  to 30 inch depth 
samples, the permeability of the soil is expected to be slow to 
moderately slow. 

SUMMARY 

It has been determined that the soils from the fifteen 
sampled sites fall within the bounds of silty clays to clayey 
silts. 
fell consistently between 17 and 27 percent with a few outliers. 

The water content of the samples at the time of testing 
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Table 3: Expected Permeability Values for the Sampled Soils 
Based Upon Soil Conservation Service Data 

Loc a t ion Zxpected Permeability (inchesjhour) 
0 - 6  Inch Depth 2 4 - 3 0  Inch Depth 

0 . 6 - 2  
moderate 

0 . 2 - 0 . 6  
moderately slow 

0.2-0 . .  6 
moderately slow 

0 . 6 - 2  
moderate 

0 . 2 - 0 . 6  
moderately slow 

0 - 0 6 - 0 . 2  
slow 

0 . 6 - 2  
moderate 

0 . 2 - 0 . 6  
moderately slow 

0 . 2 - 0 . 6  
moderately slow 

0 . 6 - 2  
moderate 

0 . 6 - 2  
moderat e 

6 0 . 6 - 2  
moderate 

0 . 6 - 2  
moderate 

0 . 2 - 0 . 6  
moderately slow 

8 0 . 6 - 2  
modera t e 

0 . 2 - 0 . 6  
moderately slow 

0 . 2 - 0 . 6  
moderately slow 

9 0 . 6 - 2  
moderate 

0 . 6 - 2  
noderate 

0 . 2 - 0 . 6  
moderately slow 

1 0  

11 0 . 6 - 2  
moderate 

0 . 2 - 0 . 6  
moderately slow 

0 . 2 - 0 . 6  
moderately slow 

1 2  0 . 6 - 2  
moderate 

0 . 6 - 2  
moderate 

0 . 2 - 0 . 6  
moderately slow 

13 

0 . 2 - 0 . 6  
moderately slow 

14 0 . 6 - 2  
mode rat e 

0 . 2 - 0 . 6  
moderately slow 

15 0 . 6 - 2  
moderate 



surface samples had an average dry unit weight of 89.2 pcf 
ile the deeper ( 2 4  to 30 inch) samples had an average dry unit 
ight of 98.7 pcf. The permeability of the samples is expected 

to be moderate at the surface and slow to moderately slow at the 
two foot depth. 

presented in this report, please bring them to our attention. 

Respectfully submitted, 

If there are any questions regarding the information 

Mark T. Bowers, PhD,  PE 
Geotechnical Engineer 
ALTER Facility 

Linda Rieser 
Director 
ALTER Facility 

/fermco8/mtb c" 
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APPENDIX D 

SOIL CONCENTRATION RESULTS 
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APPENDIX D.l 

VERTICAL CONTAMINATION PROFILES OF TOTAL URANIUM 
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APPENDIX D.2 

SELECT INORGANIC AND RADIONUCLIDE SOIL CONCENTRATIONS 
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APPENDIX E 

TWO-PHASE DESORPTION BATCH TEST CURVES 
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LEACHATE RESULTS 
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The graphs in Appendix E. 1 display: 

e leachate extraction times 

e 
e total uranium leachate results from onsite and offsite laboratories 

best fit leachate curves which determine C;, and C, values. 

Because the data did not always form a smooth curve, a smooth curve was fitted through the data based 

on an understanding of some of the bounds of the curves. The following assumptions were made when 

drawing the leachate curves: 
0 

0 

e 

leachate concentrations were approximately zero at time zero in each phase 
onsite data was primarily used to confirm that equilibrium was reached 
offsite data was considered to better represent the final concentration at equilibrium 
because the data was validated and had an analytical support level (ASL) of D. 

All data provided in Table 2-1 (desorption batch test total uranium leachate results) are included in the 

graphs, even those results collected after equilibrium was reached. For instances in many cases an eighth 

leachate sample was collected and analyzed for phase 1 but usually equilibrium was reached by the 

seventh extraction. The graphs show both the results from the seventh extraction and the eighth, although 

the eighth results were weighted less when drawing the leachate curves. a 
Another factor that should be noted is if the concentration from the first phase final leachate concentration 

(Cwl) was less than the second phase final leachate concentration (C,). In this case C, was undefined 

and the curve was not drawn. CW1 should be greater than C, because more uranium should be extracted 

during phase 1 than phase 2. C, was sometimes greater than Cwl because laboratories have difficulty 

accurately analyzing and reporting total uranium concentrations below 1 pglL. For this reason, some C, 
values were considered unusable in calculating K, values. 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

21 

22 

23 

21 

25 

26 

0 F E R \ O U 5 K L \ C I N D Y U R l U P P E N D I X  EWny 1995 



- 6 9 4 5  

I 

I 

I -  



w 
J + % O  w - 

0 

e cu 
I 
I- 

3 





c 0 
Q) a 
3 

L 

E 
Z 

1 



- 6 9 4 5  

I 

0 0 
I 
I- 
n 
W 

a3 n 

cu 

7 I 1  



e 

e 



- 6 9 4 5  

I 

0 
(u 

0 
d- 

0 
7- 

0 

0 
7 

* 

0 

W 
t- 

0 
W 
J 

a r 
a 





- 6 9 4 5  

I 

i 

Q) cn cu 
2= 
a 

a, cn cu c 
a a 

si 
W 
I 

/ X  0 cu 
I 
I- 
n 

Q W n 7 

J - 



- 1  
, u i - - - - -  

I 
- Q - - : - w - i * - - -  

I *  
1- E% -- 

I *  
. . . . . . . . . . . . . . . . .  - :  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1- . .  __ 

I n  

I+-  -- 

I 
..................,................................d....- 

I *  
_ _ _ _ :  _ _ _ _  1 _ _ _ _ _  

I 
.........,.....6..........,........,....... - : -  - - - -I - - -- 

, e  \ 

: 5  . 
. . . . . . . . . . . . . . . . .  . , . . . . . . .  _ , _ _ _ -  _ - _ _  ~ . . . . . . . . ( .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

_ _ _ _ _ _ _ _ _ 1 _ _ _ _ _ _ _ - . - - - - ~ _ _ _ I _ _ - - _ _ _ _ , _ _ _ _ _ _ _ _ I _ _ _ _  

. . . . . . . . .  I .  . . . . . . .  1 -  . . . . . . .  I . . . . . .  . . , . . . . . . . .  I - - . .  

~. . - : .  - - + -  - - :  _ _ _ _ _ - - _ ' _ _ _ _ - - - -  2 . .  

. _ _ _ _ _ _ _ _ : _ _ - - - - - - ; - - - - - - - - ; - - - - - - - _ I  _ _ _ _ _ _ _ _ :  _ _ _ _ _  1 _ _ _ _  
1 

I I I I  I I I 1 ~ 1 1 1 1 ~ 1 1 1 1 ~ 1 1 1 1 ~ 1 1 1 I  

(D m .- e 0 (u 7- 0 
1/6d uI un!uein pi01 

1 

0 cu 

a3 
r 

(u 
7 

0 
7 

A 

0 

Ln 

c/) 
cn 
? 

i 
Y 

v) 
>r 
0 n 
c 0 
L 

I 

W 

:@ I- 
4 
I 

0 
W 
-I 

a 

a 
15 
J 

2 
0 

o 

w 

I- 

F 
I 
F 



-69 

I 



.. 7 

c a 

Q) cn 
a 
S a 

cu 

S a S a 
t 
0 
z 

0 cu 

: I  

\ 

1 +  

(u . -  Lo 
7 

0 

0 
v 

0 

si 
W 
I 
0 
Z - 

IE 

(D 

0 



- 6 9 4 5  

0 
(u 

(0 
7 

I 
I- 

W 
n 
n 

I -  

* 
7 

.c 

0 0  

E 

7 L  
0 n 
3 

Q z  

(0 

* 

cu 

0 

W 
t- 

I 
0 
W 
J 

a 

a 





- 6 9 4 5  

I 

I 

a 0 cu 

(D (e 





I 

u / A  0 i", 'I cu 

1 :  I 

' +  

0 
c 

I 
I- 

W 
n 
a 

r; 

w 
7- 
I 

7- 





- 6 9 4 5  

I 

I 

\I/ 0 
cu a 

+ 
. _ . _ _  I -  

. _  

3 

I 
I- 

W 
n 
n 

W 
IC 



- ’. I 



-6945 

0 

d- 
(u 

I 
l- a 
W 

-I 

0 cn 

9 

n 
- 
Y 

W 
(!J 
I 
a 





- 6 9 4 5  



0 
cu 

* 
T- 

(D 

* 

0 



- 6 9 4 5  

I 

I 

I 









-6945 



n 
z 

cu 
a, 
u) a 
S 
a 

u; 
cu 
0 cn a 
S 
a 
w 3 

v- 0 
0 

z 
0 
l- 

0 

- 
a 

0 cu 
X 
I- a 
W 
n 

* 
7 

cu 
7 

0 
7 

* 

0 



- 6 9 4 5  

I 7 1  



T (u 
I 

(u 



- 6 9 4 5  

APPENDIX E.2 

pH RESULTS 



- 6 9 4 5  





- 6 9 4 5  





- 6 9 4 5  

I 



0 cu 

. Q  
T- 

- a  

- ( o  

- N  

- 0  

0 
7- 



- 6 9 4 5  

. . .  

. . .  . - ’  - - - - - - - - *  

-; - - - - - 1 
- - - - . _ _  

t 

0 
(u 

a3 
7 

(0 
F 

d 
7 

cu 
7 

0 
7 

a3 

(0 

d- 

cu 

0 

0 
7 

43 





- 6 9 4 5  



0 cu 

a3 
7 

cu 
T- 

d 

0 
7 

(D 

Hd 

e 

0 
F 

c 
0 
Q) 
0 
E 
3 z 

L 

J 

0 cn 
- 
Y 

W 
U 
I 
Q 

a3 

(0 

e 

cu 

0 

W 
[L 
3 
(3 
ii 

e 



-6945 







w f f  
U Q - Q  



- 6 9 4 5  

. _  - c u  

(0 

* 

cv 

0 





t 



Y 

n 

0 
I 
I- 

W 
c3 

I n 

4 
W 



- 6 9 4 5  





- 6 9 4 5  



.. : . .' . . - ' 1 , . .. , .," 



- 6 9 4 5  







. I  



-6943 



- c u  



- 6 9 4 5  





- - - - - - - - 

- - - - - - - - - - 

- - - - - - - - - - - - - - -  
- - - _ _  

- - - - - - . _ . _ . _ _ _ _ _ _ _ _  - ~ - - - - - - - - _ _ _ _  - - . - - - -  

- - - - - - -  - - - - - - - - . . . .  - - - - - -  - - - - - _ - . - - - - -  - _ _ _ _ _ _ _ _ _ - _  

- - - - - - - - - - - - - - - . - . -  - - - - - - - - -  - - - - - - - - - 

- - - - - - - -  - - - - - - - - - - - _ _ _ _ _ _ _ _ _ _  

- - - - - - - - -  - - - - - - - - - -  - 7 - - - - - -  - - - - - - - - - - . - _ _  

- - - - - - - - - - - - -- _ - - - - _ _ _ _ _ _ _ , _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ ~ _ _ _ _  

1 1 1 ( 1 1 1  

0 - Q  

1 1 1 1 1 1 '  1 1 1 1 1 1  

* (D 7 

0 cu 

a -- 
7 

(D 
7 

-- 

* 
7 

cu -- 
v 

0 -- 
7 

Q -- 

-- (D 

* -- 

(u 

0 





- 6 9 4 5  



-6945 

APPENDIX F 

K, AND K, MATHEMATICAL PROCEDURES AND SAMPLE CALCULATIONS 



- 6 9 4 5  

APPENDIX F.l 

Kl AND K, MATHEMATICAL PROCEDURES AND SAMPLE CALCULATIONS 
FROM DESORPTION BATCH TESTS 



- 6 9 4 5  
FEMP-O5KL DRAFT 

May 1995 

F.l. K, AND K, MATHEMATICAL PROCEDURES AND SAMPLE 
CALCULATIONS FROM DESORPTION BATCH TESTS 

Table F. 1-1 lists the variables necessary to determine KI,, KEY and K, that are either measured or 

calculated tests. In order to better understand the definition of these variables, Figure F. 1. 

graphically shows the concepts of the two-phase desorption batch test. 

F. 1.1 DERIVATION OF EQUATIONS 

A mass balance for total uranium was completed first in order to determine if the initial mass of 

uranium present in the soil before the desorption batch test equalled the remaining mass in the final 

soil sample plus the amount of uranium which was present in the leachate. As mentioned in the 

document, the mass did not balance well. This may have been caused by an incomplete 

homogenization of the soil sample collected from each sampling location. To account for this, initial 

soil concentrations (C,) were calculated from final soil and leachate concentrations. The equation to 

calculate initial soil concentrations (C,) is provided below. Table F. 1-2 provides the mass balance 

results along with the calculated C, values used to calculate K,,, K,, and K,. 

. .. 

c,x w + (C,, + cw,> x v c, = 
W 

Calculated initial soil eoncentration (C,) for samples from the 24- to 30-inch-depth interval were all 

below the FEMP total uranium background concentration level of 3.7 pg/g. For this reason, initial 

soil concentration results from the 24- to 30-inch depth interval were used as location-specific 

background values. For example, the initial total uranium soil concentration for location KL-SS-01 

from the 24- to 30-inchdepth interval was subtracted from location KL-SS-Ol’s 0- to 2-inchdepth 

interval initial soil concentration (C,) to determine C, for location KL-SS-Ol’s 0- to 2-inchdepth 

interval. Since C, for the 24- to 30-inchdepth interval was considered background, C, values for the 

24- to 30-inchdepth interval were the same as C, values. Using these location-specific background 

concentrations yield more accurate KIly K,, and K, values. The following equations explain how to 

calculate the initial soil concentration without background. 

a) C,,(@a = C,Cba - Cep-’ [0- to 2-inch-depth interval] (2) 

b) C,or-’ = Corn’ [24- to 30-inch-depth interval] 
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Values for C,, and C, were determined from leachate curves presented in Appendix E.l. The 

leachate curves were smoothed best tit curves. Because the data did not always form a smooth curve, 

a smooth curve was fitted through the data based on an understanding of some of the bounds of the 

curves (e.g., the leachate concentration should be zero at time zero in each phase). If the 

Concentration from the first phase final leachate concentration (C,,) was less than the second phase 

final leachate concentration (CAY then C, was undefined and the curve was not drawn. C,, and C, 
values used to determine K, and K, are provided in Tables 2-2 and 2-3. 

The following outlines the derivation of equations used to develop total uranium K,,, KI2, and K, 
values. 

From the original sample: 

m, = C,x W (3) 

From first equilibrium measurements: 

mwl = Cw, x V (4) 

(Note: K,, refers to the leaching potential for the total mass of contaminant in soil [Refer to Figure 

F.l-1 box a]), 

The following equation is derived from the second equilibrium measurements and by mass balance 
between the two equilibria: 
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(Note: This equation shows that the difference between the two solid-phase soluble contaminant 

masses is the mass remaining in the second equilibrium leachate solution.) 

Assuming a constant linear isotherm for the soluble mass: 

(Note: K,2 refers to the leaching potential for the extractable mass of contaminant in soil [Refer to 

Figure F. 1-1 box a]). 

. .. 

To derive the final equations the first step is to solve Equation 9 for CIS?: 

The next step is to insert these results into Equation 8 to get: 

and finally, solve for Clal: 

The final equations, determined by inserting C',, into Equations 7 and 9, are: 
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For the special case when CW1 was less than or equal to C&, which typically occurred when the soil 

samples had background concentrations, K, was undefined and the following equation was used to 

determine an overall K,. 

F. 1.2 SAMPLE CALCULATIONS 

Sample calculations for total uranium K, and K, values from location KL-SS-01 are provided below. 

The tirst set of calculations is for location KL-SS-01, the 0- to 2-inch-depth interval. The second set 

of calculations is for location KL-SS-01, the 24- to 30-inch-depth interval. The calculations are 

organized in a manner which is similar to the derivation of equations. 
. .. 

Location KL-SS-01 (0- to 2-inch-denth interval) 

A sample calculation for estimating total uranium K, and K, values for the 0- to 2-inch-depth interval 

is presented below. 

e Measured variables: 

Cf = 5.51 pg/g 

C, = 7.50 pg/L 
W = 400 g 
v = 3.5 L 

c,, = 10.50 pg/L 

m, = Cwl x V = 10.50 pg/L x 3.5L = 36.75 pg 
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C 
C w l  10.50 pg/L 

K,, = 2 = 3*96pg/g x lOOOg/kg = 376.964kg 

Location KL-SS-01 (24- to 30-inch-depth interval) 

A sample calculation for estimating total uranium K, and K, values for the 24- to 30-inch-depth 

interval is presented below: 

Measured variables: e Cf = 1.62 pg/g 
c,, = 0.90 pg/L 
C, = NA 
W = 400 g 
v = 3.5 L 

Since C, is undefined: 

C, = C, = 1.62pg/g 
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TABLE F.l-1 

VARIABLES NECESSARY TO DETERMINE THE K, and K, VALUES 

Measured (M) or Location of 
Variable Definition of Variable Calculated (C) Variable Values 

Final concentration of contaminant in soil including 
background at second equilibrium (pg/g) 

Initial contaminant concentration in soil including 
background (pg/g) 

Initial contaminant concentration in soil without 
background (pg/g)  

Concentration of contaminant in leachate at first 
equilibrium (pg/L) 

Concentration of contaminant in leachate at second 
equilibrium (pg/L) 

Mass of test media for each test (400 g) 

Volume of water used during each test (3.5 L) 

Initial mass of contaminant in solid phase without 
background (pg) 

Mass of contaminant in leachate at first equilibrium 
(M) 

Contaminant concentration in soil at first equilibrium 
Oldg) 

Potential extractable concentration of contaminant in 
soil at first equilibrium (pg/g) 

Contaminant concentration in soil at second 
equilibrium (pg/g) 

Potential extractable concentration of contaminant in 
soil at second equilibrium (pglg) 

M Appendix B.4 

C Table 2-2lTable 2-3' 

C Table 2-2/Table 2-3 

M 

M 

M 

M 

C 

C Table 2-2lTable 2-3 

C Table 2-21Table 2-3 

C Table 2-2lTable 2-3 

C Table 2-2/Table 2-3 

C Table 2-2lTable 2-3 

Appendix E. 1 

Appendix E. 1 

Given 

Given 

Table 2-21Table 2-3 

a Table 2-1 provides results from the 0- to 2-inch-depth interval. Table 2-3 provides results from the 24- to 30- 
inch-depth interval. 

FER\OUSKL\CINDYUCLF-1-1 .TBL\Mny 1995 F. 1-6 



- 6 9 4 5  
FEMP-O5KL DRAFT 

May 1995 

TABLE F.l-2 
MASS BALANCE AND CALCULATION OF INITIAL SOIL CONCENTRATION 

Sampling Locationa/ 
Depth Interval (in.) 

Soil Concentrations 

Initial Measured Calculated 
Referenceb Final (CJ Initial (CO, 

P g k  P d g  P d g  

[90] KL-SS-O1/0-2 

[9B2] KL-SS-01/24-30 

[;? KL-ss-02/0-2 

[ 10B2] KL-SS-02/24-30 

[91] KL-SS-O3/0-2 

[4] KL-SS-03/24-30 

[88] KL-SS-O4/0-2 

[ 17821 KL-SS-04/24-30 

(931 KL-SS-05/0-2 

[11B2] KL-SS-05/24-30 

[92] KL-SS-06/0-2 

[1282] KL-SS-06/24-30 

[95] KL-SS-07/0-2 

[5] KL-SS-07/24-30 0 [94] KL-SS-08/0-2 

[1882] KL-SS-08/24-30 

[89] KL-SS-09/0-2 

[13B2] KL-SS-09/24-30 

[23B2] KL-SS-09/24-30 DUP 

[3] KL-SS-10/0-2 

[19B2] KL-SS-10124-30 

[2] KL-SS-1110-2 

[24B2] KL-SS-1110-2 DUP 

[20B2] KL-SS-11/24-30 

[8] KL-ss-12/0-2 

[14B2] KL-SS-12/24-30 

[1] KL-SS-13/0-2 

[2 1 B2] KL-SS-l3/24-30 

[15B2] KL-SS-14/0-2 

[22B2] KL-SS-14/24-30 

[6] KL-SS-15/0-2 

r i 6 ~ 2 i  ~~- s s - i5 /24 -30  

a [ ] Brackets indicate associated sample number 
Results are from data provided in Appendix B.1 

E NA - Not applicable 
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8.23 

1.80 

1.39 

2.60 

16.88 

1.04 

35.64 

3.30 

13.90 

3.28 

7.98 

1.95 

4.22 

1.46 

13.58 

1.73 

10.09 

1.81 

1.03 

78.98 

3.17 

62.45 

53.01 

1.83 

11.78 

2.10 

22.78 

1 s o  
22.07 

2.78 

7.63 

1.32 

5.51 

1.62 

6.03 

1.93 

11.47 

2.17 

27.64 

2.19 

16.72 

2.47 

8.68 

1.80 

4.43 

1.65 

8.77 

1.93 

5.96 

2.24 

1.65 

52.83 

1.77 

40.12 

42.23 

1.79 

9.49 

1.91 

23.59 

1.74 

23.90 

1.87 

6.03 

1 S 5  

F. 1-7 

5.67 

1.62 

6.40 

1.99 

11.81 

2.17 

27.90 

2.19 

17.39 

2.48 

9.17 

1.81 

4.54 

1.66 

8.83 

1.93 

6.05 

2.24 

1.65 

53.30 

1.78 

40.95 

42.45 

1.79 

9.54 

1.91 

23.95 

1.74 

24.43 

1.88 

7.42 

1.55 

Leachate Concentrations 

rom Graph (C,,,,) From Graph ( C a  
PdL 

10.50 

0.90 

22.80 

4.00 

21.00 

0.25 

20.00 

0.30 

42.00 

0.40 

30.50 

0.40 

11.10 

0.48 

5 .OO 

0.10 

6.20 

0.13 

0.17 

33.30 

0.20 

62.50 

15.00 

0.26 

4.00 

0.55 

36.60 

0.78 

48.00 

0.37 

94.00 

0.18 

7.50 

N A' 

19.00 

3.00. 

18.00 

0.16 

10.00 

NA 

35.00 

NA 

25.50 

NA 

1.10 

NA 

2.50 

NA 

4.00 

NA 

NA 

20.00 

NA 

33.30 

10.00 

NA 

1.60 

NA 

5.00 

0.10 

12.00 

0.35 

65.00 

NA 
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C, = Concentration of contaminant in leachate at second equilibrium 
(IcglL) 

0 + @ C,, = Contaminant concentration in soil at second equilibrium (pg/g) 

0 ClI2 = Potential extractable concentration of contaminant in soil at 
second equilibrium (pg/g) 

Contaminant concentration in soil dissolved into the leachate at seconc 
equilibrium (pg/g) 

0 

Contaminant concentration in soil originally dissolved into the leachatc 
at fmt equilibrium @g/g) 

INITIAL TEST MEDIA (SOIL) 

PHASE 1. FIRST EQUILIBRlUM 

\ n  I 

a + @ C, = Initial contaminant concentration in soil without background 
( P d g )  

@ Nonextractable concentration of contaminant in soil (pglg) 

0 Extractable concentration of contaminant in soil (pglg)  

C,, = Concentration of contaminant in leachate at first equilibrium 
(PgW 

. .. 

8 + @ C,, = Contaminant concentration in soil at first equilibrium (pg/g)  

0 C',, = Potential extractable concentration of contaminant in soil at 
first equilibrium (pg/g) 

0 contaminant concentration in soil dissolved into the leachate at first 
equilibrium (pglg) 

" t  
Gl - - - - -  

LE+. HOURS 

'HASE 2. SECOND EQUILIBRIUM 

t 

)RAFT 
FIGURE F.l-1. DESORPTION MECHANISMS FOR THE TWO-PHASE DESORPTION BATCH TEST 
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F.2. LEACHING COEFFICIENTS BASED ON TOXICITY CHARACTERISTIC 
LEACHING PROCEDURE (TCLP) ANALYSES 

3 

F.2.1 DERIVATION OF EOUATIONS 

Following completion of the laboratory analyses and the validation of the TCLP data, K, values were 

calculated. Initial soil concentrations and final leachate concentrations from TCLP analyses were 

needed to calculate K, values. Final soil concentrations were calculated by using a mass balance of 

the contaminant concentration before the TCLP test and at the end of the TCLP test knowing that 

100 grams of soil were mixed with 2 liters of liquid in the TCLP test. y can not be calculated from 

TCLP analyses results. The following variables and equations were used to calculate the K, values 

from the TCLP results. 
. .- 

Variables needed to calculated K,: 

CK = Initial soil concentration (pg/g or pCi/g) 
CL = Leachate concentration from TCLP test b g / L  or pCi/g) 
w = Mass of test media (100 g) 
V = Volume of water used (2 L) 
CKTCLP = Soil concentration at the end of the TCLP test (pg/g or pCi/g) 

In some instances where very low solid and liquid concentrations were detected, C, TcLP could become 

a negative value. In these cases, the initial soil concentration was used in calculating an approximated 

K, value with the following equation. 

Equation 3 was used directly to calculate technetium-99 K, values using preliminary TCLP data in 

Attachment F.2.1 of the draft final Operable Unit 5 FS Report (DOE 1995a). 0 
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F.2.2 SAMPLE CALCULATION 1 
- 

A sample calculation for estimating the technetium-99 K, value for the 0- to 2-inch-depth interval at 

location KL-SS-01 is presented below. 

Variables needed: 

C, = 0.059 pCi/g 
C, = 4.926 pCi/L 
w = 1oog  
v = 2 L  

In this particular case. C, TCLP was negative so the initial concentration was directly 

the K, value (Equation 3). 

3 

J 

5 

-0.039pCilg I I  

12 

used to calculate 13 

14 

Equations 2 and 3 were followed to calculate K, values for all of the inorganics and radionuclide 

constituents. The geometric means of these K, values are presented in Table 2-5. Only locations and 

depth intervals that had positive detected soil concentrations and TCLP leachate results were used to 

calculate the geometric means for K, values. Table 2-5 identifies how many locations were used to 

calculate the geometric means for K, values. 

(Note: Location-specific background concentrations discussed in Appendix F. 1 were subtracted from 

initial soil concentrations from the 0- to 2-inchdepth interval, first, in order to better calculate total 

uranium K, values from TCLP analyses.) 
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