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EXECUTIVE SUMMARY 

This report documents the Remedial Investigation (RI) phase of the Femald Environmental 
Management Project (FEW) Operable Unit 4 Remedial InvestigationFeasibility Study (RUFS). The 
FEMP site is a U.S. Department of Energy (DOE) facility which operated from 1952 to 1989. The 
facility's primary h c t i o n  was to provide high punty uranium metal products to support United States 
defense programs. Production operations were suspended in 1989 to focus on environmental 
restoration and waste management activities at the facility. One of these activities, the RWS, is being 
conducted pursuant to the terms of a Consent Agreement under Sections 120 and 106(a) of the 
Comprehensive Environmental Response, Compensation. and Liability Act (CERCLA) between DOE. 
and the U.S. Environmental Protection Agency (EPA). The purpose of the RWS is to identify the 
most effective cleanup actions to be undertaken at the FEW site to address identified environmental 
c011cerns. The Ohio Environmental Protection Agency (OEPA) is also participating in the RWS 
process at the FEMP site through direct involvement on review meetings and technical review of 
project documentation. 

The RI phase of the RWS develops a detailed understanding of the nature of the stored waste 
materials, their impacts on the surrounding environment, and the associated risks posed to human 
health and the environment. Following the RI Report, an FS Report will be issued to evaluate the 
range of available cleanup alternatives. Consistent with the Consent Agreement, selection of the 
preferred cleanup alternative will be documented in a Record of Decision (ROD) issued by EPA 
following consideration of comments received from the public and other interested parties. 

To promote a more structured and expeditious cleanup of the FEW site, the facility and 
environmental issues associated with the site have been segmented into five operable units. An 
operable unit is a term used to identify a logical grouping of environmental issues at a cleanup site. 
Separate RWS documentation, including RI and FS reports and ROD, are being issued for each of the 
five operable units at the FEW site. This report documents the RI phase for Operable Unit 4, which 
consists of the following FEW site facilities and associated environmental media: 

Silos 1 and 2 and their contents (also termed K-65 silos) 

Silo 3 and its contents (also termed cold metal oxide silo) 

s i lo4 

K-65 decant sump tank, its contents, and associated piping 

A radon treatment system (RTS) 

A portion of a concrete pipe trench and other concrete structures 
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An earthen berm surrounding Silos 1 and 2 

Soils beneath and immediately surrounding Silos 1, 2, 3, and 4 

Perched groundwater in the vicinity of the silos that is encountered during the 
implementation of cleanup activities (Groundwater within the Great Miami Aquifer 
underlying the silo area is not within the scope of Operable Unit 4. Groundwater in the 
Great Miami Aquifer is within the scope of Operable Unit 5.) 

Consistent with DOE policy, the FEW is integrating the requirements of the National Environmental 
Policy Act (NEPA) into the documentation being prepared to support the RVFS process. On May 15, 
1990, a Notice of Intent was published in the Federal Register indicating that DOE planned to prepare 
an Environmental Impact Statement @IS) to evaluate the environmental impacts associated with 
planned cleanup activities at the FEMP site. As identified in the Notice of Intent, the FS for the lead 
FEMP site operable unit, in this case Operable Unit 4, will be issued as an FS-EIS. The FS-EIS will 
examine the cumulative environmental impacts associated with the implementation of cleanup actions 
for each of the five FEMP site operable units. This RI Report supports the examination of 
environmental impacts by providing a description of the environment potentially affected by cleanup 
actions at Operable Unit 4. The RI Report also examines the impacts associated with the no-action 
alternative. Additionally, a Site-Wide Characterization Report (SWCR), issued as final in March 1993, 
supplements the RI evaluation of the no-action alternative by providing an assessment of the 
cumulative environmental impacts associated with existing conditions at the FEMP site on a site-wide 
basis. 

SOURCE DESCRIPTION 
Operable Unit 4 can be more broadly defined as the facilities and environmental media residing within 
a 5.8 acre area located in the southwest comer of the FEMP Waste Storage Area on the 
western portion of the FEW site. 

Silos 1 and 2, known as the K-65 silos, contain the residues generated from processing high-grade 
uranium ores. This processing, which was conducted at both the FEMP site and the Mallinckrodt 
Chemical Works (MCW) in St. Louis, Missouri during the 1950s. was completed to extract the 
uranium from the natural ores. The ores, termed pitchblende, were shipped to the United States 
primarily from one mine; the Shinkolobwe Mine, in the Belgian Congo (an area now known as Zaire). 
Pursuant to the terms of an agreement between the U.S. Atomic Energy Commission (AEC) and the 
African Metals Corporation (owner of the mine), the United States was sold rights to the uranium in 
the ores: The African Metals Corporation retained ownership of the precious metals in the ore 
including radium, gold, and silver. The K-65 silos were constructed at the FEMP site in 1951 to 
provide interim storage of the residues, pending retum of the material to the country of origin. For 

ES-2 000022 



November 3.1993 

more than 30 years, these materials remained in storage at the FEMP facility, under the terms of the 
original agreement, awaiting transfer. In 1984, ownership of the residues was transferred to the United 
States government. 

Silos 1 and 2 contain 216,300 cubic feet of waste residues. As part of the RI, samples were collected 
from the contents of the silos. The waste materials within the silos are primarily a silty clay with an 
average moisture content of approximately 40 percent. Analytical results from these samples 
confirmed prior process knowledge in the identification of significant activity concenmtions of 
radionuclides within the uranium decay series. The waste volumes within the two silos contain in 
excess of 3700 Curies of radium (Ra)-226, 600 Curies of thorium (Th)-230, and 1800 Curies of lead 
(Pb)-210. The waste also contains leachable concentrations of barium and lead. 

Silos 1 and 2 are equipped with a decant sump tank, which was first used to decant liquids from waste 
slumed into the silos. The system also served to collect silo leachate that enters the Silos 1 and 2 
underdrain system. The tank is buried within the silo berm, between Silos 1 and 2, at a depth 
approximately 2 feet below the base of the silos. The decant sump tank is connected to the berm 
surface via a standpipe. In 1990, personnel noted 4 feet of liquid in the standpipe. In 1991, then 
again in February 1993. the decant sump tank was emptied and sampled. Analytical results of the 
decant sump tank liquids are, in general, consistent with the contents of Silos 1 and 2. 

' 

The presence of significant quantities of liquid in the decant sump tank indicates that the system is 
collecting leachate from the silo underdrain system, as it was designed to do. Excess quantities of 
liquid in the decant sump tank, causing liquid to overflow into the standpipe, appear to provide a 
mechanism for leachate from the silos to enter perched groundwater. 

Structural evaluations completed on Silos 1 and 2 identified a significant loss of the load-carrying 
capability at the center portion of the domes on both structures. A protective barrier was placed over 
the deteriorated central portions of the silo domes in 1986 to minimize potential environmental impacts 
in the event of a catastrophic dome collapse. The remaining structures, Silos 3 and 4, like Silos 1 and 
2, are beyond their original design life and show signs of deterioration due to the effects of 
weathering. 

- 

As a natural consequence of the decay of the Ra-226 present in the Silo 1 and 2 waste materials, a 
radioactive gas, radon (Rn)-222, is generated. Samples collected in 1987 from the unfilled, upper 
portions of Silos 1 and 2 showed a maximum concentration of 30 million picoCuries per liter (pCi/L). 
Average background concentrations of Rn-222 in ambient air are approximately 0.5 pCi/L. In 1991, a 
layer of bentonite clay was placed over the residues in Silos 1 and 2. This clay layer was installed to 
reduce the release of radon gas to the atmosphere. Samples collected following emplacement of the 
bentonite clay show a 99 percent reduction in the Rn-222 present in the headspace of the silos. 
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The inventory of radiynuclides present in the K-65 residues significantly elevates the direct penetrating 
radiation field in the ‘vicinity of the silos. Measurements collected from the dome surfaces prior to the 
installation of the bentonite clay layer showed exposure rates in excess of 200 millirem per hour 
(mrem/hr), or approximately 20,000 times natural background radiation levels. Measurements 
collected from the surfaces of the domes following bentonite installation showed a greater than 95 
percent decrease in the direct radiation fields on the dome surface. 

Silo 3 contains waste residues, known as cold metal oxides, which were generated at the FEMP site 
during uranium extraction operations in the 1950s involving Belgian Congo ores and uranium 
concentrates received from a variety of uranium mills in the United States and abroad. The residues in 
Silo 3 are substantially different than those in Silos 1 and 2. First, Silo 3 residues are dry and residues 
in Silos 1 and 2 are wet. Second. while the radiological constituents are similar to those in Silos 1 
and 2, certain radionuclides, such as radium, are present in Silo 3 in much lower concentrations. 
Thus, Silo 3 exhibits a significantly lower direct radiation field and radon emanation rate than Silos 1 
and 2. 

Samples collected from the contents of Silo 3 confirmed process knowledge and indicated the presence 
of significant activity concentrations of the radionuclides within the uranium decay series. The 
predominant constituent identified within Silo 3 was Th-230, a radionuclide produced from the natural 
radioactive decay of uranium (U)-238. Distributed within the 137,700 cubic feet of waste residues 
within Silo 3 is approximately 450 Curies of Th-230. Tests performed on samples of the Silo 3 
residues to detennine the leachability of inorganic substances present detected eight metals, with the 
highest concentrations being attributed to arsenic, cadmium, chromium, and selenium. The waste 
materials within Silo 3 are in a powder-like form with very low moisture content. 

NATURE AND EXTENT OF CONTAMINATION 
Investigations were performed as part of the RI and other site programs to examine the nature and 
extent of contamination present in environmental media associated with Operable Unit 4. These 
investigations included the collection and laboratory analysis of samples and the collection of direct 
field measurements. The investigations included examination of surface and subsurface soil, surface 
water and sediment, and groundwater. 

Surface Soils 
Sampling performed as part of the RWS and other site programs in the vicinity of Operable Unit 4 
indicates the Occurrence of above background concentrations of uranium, and to a lesser degree other 
radionuclides, in the surface soils within and adjacent to the Operable Unit 4 Study Area. Activity 
concentrations observed during the RI for the surface soils in the vicinity of Operable Unit 4 were as 
much as 20.8 pCi/g for U-238, or 16 times natural background, and 4.8 pCi/g for Th-230. or two 
times background. These above background concentrations appear to be generally limited to the upper 
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6 inches of soil. Available survey data and process knowledge indicate no direct relationship between 
the surface soil contamination in the Operable Unit 4 Study Area and the silo contents. Further, more 
than 70 percent of the surface soil samples indicates that the uranium contamination in surface soils is 
depleted (Le., the uranium contains depleted percentages of U-235). This result is inconsistent with 
the silo residues that consist of natural uranium. Thus, the existence of these activity concentrations in 
the surface soils are attributed to air deposition resulting from the former Production Area and past 
plant production operations and/or waste handling practices in the waste pit area. 

Soil samples were also collected from the soils contained in an earthen embadanent (berm) 
surrounding Silos 1 and 2. The analytical data from the berm fill show only slightly elevated 
radionuclide activity concentrations. Uranium was the predominant contaminant with activity 
concentrations less than 4 pCi/g, or approximately three times background. In addition to U-238. 
activity concentrations of polonium (P0)-210 and Pb-210 ranging up to 10 and 6 times background, 
respectively, were identified in the berm fill. These radionuclides are produced from the natural 
radioactive decay of Rn-222. Their presence in the berm fill is a direct result of radon escaping the 
silos by passing through the silo wall. Once outside the silo and in the soil, the radon decays to 
Pb-210 and then Po-210. 

One sample collected as part of the berm investigations was retrieved from an interval that closely 
reflected the original ground surface prior to berm installation. Analytical results from this sample 
showed distinctly higher concentrations of radionuclides than other samples taken within the berm 
soils. Uranium and radium concentrations in the sample were 19 and 580 times background, 
respectively. This sample clearly indicates the occurrence of some spillage or seepage from the silo 
onto the original surface soils adjacent to the silo at that location. 

Subsurface Soils 
As pan of the RI, samples were collected from the subsurface soils located under and adjacent to the 
K-65 silos. Analytical results reveal elevated concentrations of radionuclides from the uranium decay 
series in the soils at the interface between the berm and the original ground level. Elevated 
concentrations (up to 53 pCi/g for U-238, about 40 times background) were also noted in slant 
boreholes, which passed in close proximity to the silo underdrains. 

The occumnce of these above background concentrations in soils near the silo underdrains are 
attributed to vertical migration of leakage from the silo underdrains or decanting system. Elevated 
readings at the interface between the silo berms and the native soils are attributed to historical air 
deposition or past spillage from the silos during filling operations in the 1950s, prior to installation of 
the berms. 
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Surface Water and Sediment 
Extensive sampling was conducted on the sediment and surface water present in Paddys Run and on 
key drainage swales leading to Paddys Run, as part of the RI and other site programs. Results of the 
surface water sampling indicate the occurrence of above background concentrations of U-238, up to 
1500 times background, in the drainage swales in the vicinity of the Silos 1 through 4. The highest 
readings were recorded in a drainage ditch, which flows from east to west, located approximately 250 
feet south of Silo 1. The most probable source of the contamination in Paddy Run and the drainage 
swales is the resuspension of contaminated particles from surface soils within the Operable Unit 4 and 
1 Study Areas into stormwater. 

Groundwater 
Groundwater samples were collected from wells within the Operable Unit 4 Study Area during the RI. 
Groundwater occufs not only in the Great Miami Aquifer underlying the FEMP site, but also in 
discrete zones of fine-grained sands located in the soils above the lower aquifer. The water contained 
in these sand pockets in the clay-rich glacial soils are termed perched water zones. Samples were 
collected from slant borings placed adjacent to and under Silos 1 and 2; 1000-series wells screened in 
the glacial ovehurden; 2000-series wells screened at the water table in the Great Miami Aquifer, and 
3Wser ies  wells screened at approximately the central part of the Great Miami Aquifer, just above the 
clay interbed. 

Background concentrations of ~ t ~ r a l l y  occurring inorganics and radionuclides in groundwater in the 
vicinity of FEMP site are currently being established under the RI/FS. For purposes of this report, the 
background concentration of total uranium in groundwater was assumed to be less than 3 
microgramshiter (p@) or 3 parts per billion (ppb). 

Perched Water 
Elevated Concentrations of total uranium weR detected in the slant boreholes under and around Silos 1 
and 2. Slant Boring 1617, immediately southwest of Silo 1, contained the highest concentration of 
total uranium (9240 p a ) .  

Uranium concentrations were also elevated in samples collected from the 1000-series wells. The 
highest observed total uranium concentrations obtained from 1000-series wells were in samples 
collected from Well 1032, located 150 feet due west of Silo 2. The range for these concentrations was 
from 196 to 276 pg/L. 

Considering both the slant brings and 1000-series wells, U-238 was found in the range of 1.1 to 1313 
pCi/L. Overall, well measurements and analytical results confirmed that the perched groundwater in 
the vicinity of Operable Unit 4 flows from east to west. Further, Operable Unit 4 is contributing to 
contamination of perched groundwater in this region of the site. 
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Great Miami Aauifer 
The concentration of total uranium in the upper portion of the Great Miami Aquifer, 
of samples from the 2000-series wells, ranged from less than 1 to 40.3 p a .  These 

based on analysis 
data do not 

necessarily suggest that the silos are the source of the observed contamination because both upgradient 
and downgradient wells contain above background concentrations of total uranium. Well 2032, 
located 150 feet west of Silos 1 and 2, exhibited a concentration of total uranium at 39.0 p a .  Well 
2033. located 150 feet east of Silos 1 and 2, exhibited a concentration of total uranium at 40.3 p a .  
Because groundwater flow in this region of the Great Miami Aquifer is from west to east, these two 
wells are located upgradient and downgradient of Operable Unit 4, respectively. The above data, as 
well as measurements taken from other vicinity wells, demonstrate that there is no apparent link 

between contamination in the Great Miami Aquifer and Operable Unit 4. 

The concentration of total uranium measured at deeper levels in the Great Miami Aquifer (3000-series 
wells) ranged from less than 1 to 4 p a ,  with the exception of 1 sample out of 16, which contained 
15 p a .  Like the 2000-series wells, no conclusion could be drawn to link this contamination to the 
silos. 

BASELINE RISK ASSESSMENT 
As previously stated, one objective of the RI phase of the W S  is to evaluate the risks to human 
health and the environment associated with the existing conditions present at the waste site in the 
absence of any cleanup actions. This evaluation is documented through the completion of a baseline 
risk assessment. The results of the baseline risk assessment will be compared to risk-based goals 
established by federal environmental regulation to determine if cleanup activities are warranted. Risk- 
based goals are established for both carcinogenic and noncarcinogenic constituents present at the waste 
site. The predominant constituent of potential concern associated with Operable Unit 4 is considered 
carcinogenic by nature; therefore, discussions in this Executive Summary are directed to carcinogenic 
related risks. Details on the risks associated with the toxicity of noncarcinogenic constituents are 
presented in Section 6.0 and Appendix D of this RI Report. 

Statistical evidence indicates humans have about a one in three (33 percent) risk of acquiring cancer. 
Federal regulations designed to protect human health require that any excess risk from exposure to 
carcinogenic materials at a waste site not be greater than one in ten thousand to one in a million. 
According, the baseline risk assessment in this document assesses the exposure to carcinogens as an 
incremental lifeline risk. That is the additional risk that humans might suffer, given a lifetime of 
exposure to such waste site materials. 

To judge whether a waste site exceeds these risk goals, a formalized risk assessment process has been 
established through EPA guidance. To make this determination, risks are not only assessed for current 
contamination levels in the environment, but also for future conditions in the event that no mitigative 
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cleanup actions are implemented at the waste site. To accomplish this objective, EPA has developed a 
concept called Reasonable Maximum Exposure. Within the baseline risk assessment, the maximum 
exposure that a human could reasonably be expected to receive from a waste site is evaluated. This 
evaluation typically examines the current land use of the waste site and assumes no active controls are 
applied to control constituent releases to the environment. The baseline risk assessment for Operable 
Unit 4 was assessed for both the current land use of the site as an industrial waste storage facility and 
a projected future use of the site as a family f m .  For the current land use, risks were assessed with 
and without public access convols in place. 

To assess the risks under these land-use scenarios, assumptions were made as to the exposure setting 
of potential human receptors and the mechanisms by which they are exposed to the site contaminants. 
For the current land-use scenario, which assumes the site remains an industrial facility, human 
receptors considered included a vespassing child, a groundskeeper, an off-property farmer, and an off- 
property surface water user. For the fbture land-use scenario, which assumes the site reverts to a * 

family farm, human receptors examined included an on-property farmer, an on-property resident child, 
an off-property farmer, and an off-property surface water user. To assist in evaluating the potential 
risks to each these receptors, a number of mathematical models were employed to estimate the 
concentration of contaminants that will be transported through the environment. The models assist in 
predicting the affects that the physical processes of nature will have on the movement of contaminants 
through the environment. Following application of these models, assumptions were made, based on 
EPA guidance, as to the quantity of contaminants to which the receptors were exposed through 
ingestion, inhalation, and direct contact. 

For purposes of this Executive Summary, one land-use scenario (the future family farm) and one 
receptor (the on-property resident farmer) were selected to provide a relative indication of the baseline 
risks associated with Operable Unit 4. No such resident farmer currently exists at the facility, and the 
calculated risks represent the maximum that the hypothetical receptor can reasonably be expected to 
receive during a lifetime. For purposes of this risk assessment, the on-property resident farmer was 
assumed to reside immediately adjacent to Operable Unit 4, grow his crops in the soils present in the 
Operable Unit 4 Study Area, and withdraw groundwater for agricultural and domestic use. This 
scenario makes the following assumptions: the domes of Silos 1 and 2 have failed, exposing the 
bentonite clay layer over the residues to the atmosphere; and Silo 3 has collapsed, spilling its contents 
onto the surrounding surface. 

For the on-property resident farmer, the maximum contribution of risk from Operable Unit 4 came 
primarily from four exposure mechanisms: consumption of foodstuffs grown in contaminated soils 
and irrigated with contaminated water, consumption of contaminated groundwater, inhalation of 
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resuspended Silo 3 particulates, and direct radiation. The maximum reasonable exposure from these 
pathways results in an incremental3ifetime cancer risk (ILCR) of acquiring cancer from Operable Unit 
4 sources, which approaches a proQability of 1 in 1, or unity. 

CONCLUSIONS -'I 

Investigations conducted as part ofthe RI and other site programs successfully characterized the 
properties of the stored waste inveatories and the nature and extent of contamination associated with 
Operable Unit 4. These investigations confirmed prior process knowledge as to the physical, chemical, 
and radiological characteristics of &e stored wastes. Above background concentrations of 
radionuclides and other contaminants were identified in surface and subsurface soil, sediment and 
surface water, and groundwater within and adjacent to the Operable Unit 4 Study Area. 

Risk to the on-site resident fanner. assuming facility land use in the future reverts to a family farm, 
was assessed to approximate unity.fiom the Operable Unit 4 contaminants. Based on.the results of the 
site investigations and risk calcularions, the risks associated with Operable Unit 4 exceed generally 
accepted regulatory thresholds, thereby necessitating the implementation of remedial actions. Viable 
remedial action alternatives will be evaluated in an FS Report to be issued for Operable Unit 4. 
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1.0 INTRODUCTION 

This report documents the data collection and analysis phase, known as the Remedial Investigation 
(RI) phase, of the Remedial Investigation/Feasibility Study (RI/FS) for Operable Unit 4 at the U.S. 
Department of Energy (DOE) Fernald Environmental Management Project (FEMP site). The FEMP 
site is a contractor-operated government facility which operated from 1952 to 1989 to provide high 
purity d u m  metal products to support United States defense programs. Production operations were 
halted in 1989 to focus available resources on environmental restoration initiatives at the facility. One 
of these initiatives, the RI/FS, is being conducted pursuant to the terms of an agreement with the U.S. 
Environmental Protection Agency (EPA) to idenhfy the most plausible cleanup actions to be 
undertaken at the FEMP site to address identifed environmental concerns. These environmental 
concerns have been identified by DOE, EPA, Ohio Environmental Protection Agency (OEPA), and 
members of the community living near the facility. These concerns have included the potential 
impacts on human health and the environment from past releases of hazardous materials from the 
FEMP site to the air, water, and surrounding soils; continuing releases of hazardous materials to the air 

and the Great Miami River; and the on-site accumulation of a large inventory of uranium process 
materials and low-level radioactive and hazardous wastes at the site. 

In accordance with DOE policy, the National Environmental Policy Act (NEPA) values are being 
integrated into the FUlFS documents (being prepared at the FEW) consistent with DOE Order 5400.4. 
This RI will function as an integral part of the overall NEPA documentation for the remedial activities 
at the FEMP site: The integration of NEPA and the Comprehensive Environmental Response and 
Liability Act (CERCLA) is discussed in more detail in Section 1.5.1. 

To promote a more structured and expeditious cleanup of the FEMP site, the facility and 
environmental issues associated with the site have been segmented into five operable units. An 

operable unit is a term employed under federal environmental regulation to idenhfy a logical grouping 
of environmental issues at a cleanup site. Separate RIPS documentation, including RI and FS Reports 
and a Record of Decision (ROD) are being issued for each of the five operable units at the FEMP site. 
As previously stated, this report documents the RI phase for Operable Unit 4. Operable Unit 4 
consists of the following FEW site facilities and associated environmental media: 

Silos 1 and 2 and their contents (also termed K-65 silos) 

Silo 3 and its contents (termed cold metal oxide silo) 

s i lo4 

.K-65 decant sump tank, its contents, and associated piping 
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A radon treatment system (RTS) 

A portion of a concrete pipe trench and other concrete structures 

An earthen berm surrounding Silos 1 and 2 

Soils beneath and immediately surrounding Silos 1, 2, 3, and 4 

Perched groundwater in the vicinity of the silo that is encountered during the 
implementation of cleanup activities (Groundwater within the Great Miami Aquifer 
underlying the silo area is not within the scope of Operable Unit 4. Groundwater in the 
Great Miami Aquifer is within the scope of Operable Unit 5.) 

Silos 1 and 2, known as the K-65 silos, contain the residues generated from the processing of high- 
grade d u m  ores. This processing, which was conducted at both the FEMP and the Mallinckrodt 
Chemical Works (MCW) in St. Louis, Missouri during the 1950s, was completed to extract the 
uranium compounds from the natural ores. These ores, termed pitchblende, were shipped to the 
United States primarily from one mine, the Shinkolobwe Mine in the Belgian Congo (an area now 
known as Zaire). Pursuant to the terms of an agreement between the U.S. Atomic Energy Commission 
(AEC) and the African Metals Corporation (the owner of the mine), the United States was sold rights 
to the uranium in the received ores. The African Metals Corporation retained ownership of the 
precious metals in the ore including radium, gold, and silver. The K-65 silos were constructed at the 
FEMP site in 1951 to provide interim storage of the residues, pending the return of the materials to the 
country of origin. For more than 30 years, these materials remained in storage at the FEW, under the 
terms of the original agreement, awaiting transfer. In 1984, ownership for the residues was transferred 
to the United States government. 

The K-65 residues have been the focus of considerable attention from DOE, EPA, OEPA, and the 
local public due to the nature of the materials and their present storage configuration. Si@icant 
concerns associated with the K-65 silos include: 

High activity concentrations of radionuclides, including radium and thorium, present in 
thematerials ' 

Elevated direct penetrating radiation field in the vicinity of the silos 

Chronic emissions of sigmfkant quantities of the radioactive gas, radon, to the 
atmosphere from the silos 

Structural instability of the silo domes and the age of the remaining portions of the 
structures 
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Potential for leaching of the contained residues to the underlying sole source aquifer 

Silo 3 contains waste residues, known as cold metal oxides, which were generated at the FEMP site in 
the 1950s during uranium extraction operations involving the Belgian Congo ores and uranium 
concentrates received from a variety of uranium mills in the United States and abroad. Silo 3, which 
was filled in 1957, contains dried residues with sigruficant activity concentrations of radionuclides. 
The residues in Silo 3 are, by characteristic, very different from the K-65 residues, exhibiting a 
significantly lower direct radiation field and radon emanation rate than those in the K-65 residues. 
Silo 4 was never used for waste storage and remains empty. 

The RI/FS for Operable Unit 4 is being conducted pursuant to the terms of a Consent Agreement 
between DOE and EPA. One objective of this study is to develop a detailed understanding of the 
nature of the stored waste materials, their impacts on the surrounding environment, and the threat that 
the Operable Unit 4 facilities pose to human health and the environment. This detailed understanding 
is developed to the degree necessary to: (1) support the decision on whether a remedial action is 
warranted; and (2) support the evaluation of available remedial action alternatives. The purpose of this 
RI Report for Operable Unit 4 is to report on the investigations undertaken at the FEMP site and 
develop a detailed understanding of the existing situation at the operable unit. Following the RI 
Report, an FS Report will be issued for Operable Unit 4 to evaluate the range of available cleanup 
alternatives for the permanent disposition of the residues, the silo structures, and associated 
contaminated environmental media. 

This RI Report is prepared in accordance with the latest EPA guidance @PA 1988a) and 
recommended format. The report consists of an Executive Summary, Sections 1.0 through 7.0, 
appendices, and summary tables. The Executive Summary provides a brief overview of the content 
and conclusions of the RI. 

Section 1.0, in addition to describing the purpose and organization of the report, presents a facility 
description and history of operations for the FEW site and, more specifically, for the facilities 
included as part of Operable Unit 4. Section 1.0 further describes prior Operable Unit 4-related 
studies and other relevant prior environmental investigations at the FEW site. The objective of this 
section is to provide both a historical and regional perspective essential to fully evaluate environmental 
or human health impacts associated with Operable Unit 4. 

The investigation activities utilized to support the Operable Unit 4 RI are summarized in Section 2.0. 
This section includes a description of the specific data objectives and methodology employed for each 
data collection and analysis procedure as it relates to Operable Unit 4. Also presented is the RI 
quality program, the data validation process, and a discussion of the usability of data collected to 
, "> I. 
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support both the assessment of the nature and extent of contamination and the completion of the 
baseline risk assessment. 

Section 3.0 describes the physical characteristics of the Operable Unit 4 Study Area. Data relevant to 
the physical characteristics of the Operable Unit 4 Study Area are presented from both a site-wide and 
operable unit perspective, as appropriate. Section 3.0 further discusses the structural aspects of the 
silos and the physical characteristics of the stored wastes. 

Section 4.0 presents the data gathered during the RI and discusses the nature and extent of 
contamination associated with Operable Unit 4. Relevant data from previous studies are also included. 

An evaluation of the probable fate and transport scenarios for contaminants originating from Operable 
Unit 4 is presented in Section 5.0. Physical and chemical characteristics of the contaminants are 
described and considered in the evaluation. 

The baseline risk assessment for Operable Unit 4 has been prepared as a separate, stand-alone 
document to accompany the Operable Unit 4 RI Report as Appendix D. A summary of the si@icant 
findings from the risk assessment is presented in Section 6.0 of this RI report. 

Section 7.0 summarizes the results and conclusions from evaluation of the RI data relevant to Operable 
Unit 4. This section presents the remedial action objectives (RAO) that are being addressed as part of 
the FS for Operable Unit 4. 

The appendices summarize data relevant to the Operable Unit 4 RI. The appendices are 
comprehensive with respect to data obtained within the Operable Unit 4 Study Area during the RI. 
Excerpted data from the Characterization Investigation Study (CIS) (Weston 1987) are also 
SUmmarized. 

1.1 DESCRIPTION AND HISTORY OF FEMP 

1.1.1 Overview 
The FEMP site is a 425 hectare (1050 acre), government-owned, contractor-operated facility located in 
southwestern Ohio, about 29 kilometers (km) (17 miles) northwest of downtown Cincinnati. The 
facility is located just north of Femald, Ohio, a small farming community, and lies on the boundary 
between Hamilton and Butler counties (Figure 1-1). Of the total site area, 345 hectares (850 acres) are 
in Morgan and Crosby townships of Hamilton County, and 80 hectares (200 acres) are in Ross 
Township of Butler County. 
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Production operations at the FEMP site were limited to a fenced in, 55 hectare (136 acre) tract of land 
known as the Ptoduction Area, located near the center of the site. Large quantities of liquid and solid 
wastes were generated by the various operations at the FEMP site. Prior to 1984, solid and slunied 
wastes from FEMP processes were stored or disposed of in the on-site Waste Storage Area. This area, 
located west of the production facilities, includes six low-level radioactive waste storage pits; two 
earthen-bermed concrete silos containing K-65 residues; one concrete silo containing metal oxides; one 
unused concrete silo; two lime sludge ponds; a burn pit; a clearwell; and a solid waste landfill. The 
Waste Storage Area, shown graphically in Figure 1-2, is addressed under Operable Units 1, 2, and 4. 

The remaining FEMP site areas consist of forest and pasture lands, a portion on which a nearby dairy 
farmer is allowed to graze livestock. 

1.1.2 Integration of FEMP with the U.S. Department of Energy Svstem 
The primary mission of the FEMP during its 37 years of operation was the processing of "feed" materials 
to produce high purity uranium metal (thus, the derivation of the site's original title, the Feed Materials 
Production Center [FMPC]). These high purity uranium metals were then shipped to other DOE facilities 
for use in the nation's on-going weapons program. A graphic depiction of the FEMP's integration with 
other DOE facilities is presented in Figure 1-3. 

Feed materials at the FEMP site consisted of pitchblende ores obtained from mines in the Belgian 
Congo and Australia, uranium concentrates (yellowcake) obtained from uranium mills in Canada and 
the United States, uranium tetrafluoride (green salts - UF,) obtained from excess inventory at the 
nation's gaseous diffusion plants, uranium hexafluoride (UF,) also obtained from the gaseous diffusion 
plants, uranium trioxide (UO,) as slightly enriched recycled material from the Hanford h e x  Plant, 
and recovered uranium-bearing residues from processing operations at the FEMP site and elsewhere. 

Through a process described in Section 1.1.3, these feed materials were converted into high purity 
uranium metal, cast into various shapes, machined in some instances, and then transported to other 
DOE facilities. Depleted uranium metal derbies (see Section 1.1.3 for description) were transported to 
the Y-12 Plant in Oak Ridge, Tennessee; derbies and flat billets were shipped to the Rocky Flats Plant 
near Golden, Colorado. Uranium ingots were center drilled and then sent to Reactive Metals, 
Incorporated (RMI), in Ashtabula, Ohio, for extrusion. The resulting extruded billets, consisting of 
slightly enriched uranium metal, were then shipped to the Hanford Reactor Site near Richland, 
Washington. Those extruded uranium billets consisting of depleted uranium metal were returned to 
the FEMP site for cutting and surface machining to create what are known as target element cores. 
These depleted uranium metal target cores were shipped to the Savannah River Site near Augusta, 
Georgia. A description of these uranium metal forms is provided in the next section. 
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1.1.3 Description of the FEMP Facility and -rations 
The following paragraphs provide an overview of the chemical and metallurgical processes used at the 
FEMP site for the manufacture of uranium metal products (Figure 14). In general, these processes 
occurred in 7 of the FEMP's more than 50 production, storage, and support buildings. The physical 
layout of those buildings is shown in Figure 1-5. Much of the discussion of the refining process and 
handling of the K-65 residues is excerpted primarily from the following documents and will not be 
specifically referenced in all instances in the text: 

"Uranium Processing Technology" (Harrington and Ruehle 1959) 
"K-65 Operations Manual," prepared by Catalytic Construction Company, Inc., (no date) 
"A Closer Look at Uranium Metal Production, A Technical Overview" (FMPC 1988) 

Impure starting materials, or feed materials, were first introduced into the process through the sampling 
plant, Plant 1. Here the materials were sampled to determine the uranium concentration and the 
uranium enrichment. Impure feed materials were transferred to the refinery, Plant 2/3, where they 
were dissolved in nitric acid and the d u m  was purified through solvent extraction to yield a 
solution of uranyl nitrate. Evaporation and denitrification converted the uranyl nitrate solution to UO, 
powder. Because Plant 2/3 was a source of all of the waste materials stored in Silo 3 and about 20 
percent of the material in Silos 1 and 2, this portion of the process is discussed in greater detail in 
Section 1.2. 

Beginning in 1962, Plant 2/3 was used for processing quantities of recycled tails received from several 
DOE facilities, including the Hanford Purex Plant. Residing within these tails were trace quantities of 
fission products and transuranics. These feed streams generally contained less than 3 parts per billion 
(ppb) of transuranics such as plutonium (pU)-239 and less than 10 parts per million (ppm) of fission 
products such as technetium (Tc)-99. 

Uranium trioxide from Plant 2/3 was transported to the green salt plant, Plant 4, where it was reduced 
with hydrogen to form uranium dioxide (U02) and then converted to UF4 by reaction with anhydrous 
hydrogen fluoride. The UF4 was then transported to Plant 5 (a metals production plant) where it was 
blended with magnesium metal granules, placed in a closed refractory-lined steel pot, and reduced to 
metal in furnaces. At approximately 65OOC (1200T), the UF4 and the magnesium would initiate an 
exothermic reaction. The resulting product was a 135- to 165-kilogram (kg) (300 to 375 pound [lb]) 
piece of pure uranium metal, and a by-product, magnesium fluoride slag. The resultant piece of 
uranium metal had the shape of a gentleman's top hat, or derby; these pieces were called derbies. 

Some of the derbies were shipped directly to the Y-12 Plant and Rocky Flats Plant. However, most 
remained in Plant 5 where they were remelted, along with uranium scrap-metal from earlier metals 
machining operations, and poured into graphite molds to form cylindrical or flat ingots. All flat ingots 
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consisted of depleted uranium metal. These flat ingots were topcropped and inspected in Plant 6, a 
metals fabrication plant, and then shipped to the Rocky Flats Plant. 

The cylindrical ingots consisted of either depleted or slightly enriched uranium. These ingots were 
machined, trepanned, and heat treated in Plant 6 and then sent to RMI in Ashtabula, Ohio. At RMI, 
depleted uranium ingots were extruded into tubes. The ingots which consisted of slightly enriched 
uranium, were upset forged, and machined, then shipped to the W o r d  Site. The extruded tubes that 
consisted of depleted uranium were renuned to Plant 6 at the FEW. There, they were cut into 
sections, heat treated, machined to f d  dimensions. and inspected for final product quality. The 
completed target element cores were shipped to the DOE Savannah River Site. 

Small amounts of thorium were processed at the 
1975. Thorium operations were conducted in Plant 1, Plant 6, the recovery plant (Plant 8). the special 
projects plant (Plant 9), and the Pilot Plant. The FEW site serves as the thorium repository for DOE 
and maintains storage facilities for a variety of thorium materials. Thorium materials are no longer 
being received at the FEW site for storage. Existing thorium inventories have now been declared 
waste and are being shipped to the DOE Nevada Test Site (NTS) for disposal. 

site on several occasions from 1954 through 

1.1.4 Operatine Historv of the FEW 
The AEC, predecessor to the U.S. Energy Research and Development Administration (ERDA) and 

then DOE, established the FMPC in conformance with AEC orders in the early 1950s. In 1951, 
National Lead Company of Ohio, Inc.. (now NLO) entered into a contract with the AEC as the 
Operations and Management Contractor for the facility. This contractual relationship lasted, first with 
the AEC and finally with DOE, until January 1, 1986. Westinghouse Materials Company of Ohio 
(WMCO). a wholly owned subsidiary of Westinghouse Electric Corporation, then assumed 
management responsibilities for the site operations and facilities. In 1991, Westinghouse renamed this 
subsidiary the Westinghouse Environmental Management Company of Ohio (WEMCO). During that 
same year, DOE renamed the site to Fernald Environmental Management Project to reflect the site's 
revised mission. On December 1. 1992, Femald Environmental Restoration Management Company 
(FERMCO) assumed responsibility for the site as the first Environmental Restoration Management 
Contractor (ERMC) for DOE. 

The FEMP began operations in 1951 upon completion of the Pilot Plant, the site's first operational 
facility. Plant 1, Plant 2/3, Plant 4, Plant 5, and Plant 8 began operations in 1953. Plant 6 began 
operations in 1952. Plant 7, where UF, was processed, and Plant 9 became operational in 1954. 

Production peaked in 1960 at approximately 12,000 memc tons of uranium (mtu) per year. A product 

decline began in 1964 and reached a low in 1975 of about 1230 mtu. During the 1970s. consideration 
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was given to closing the FEMP. Thus, capital improvements and staffing were minimized. The 
staffing level, which peaked at 2891 personnel in 1956, slowly declined to 662 personnel in 1972 and 
then to 538 personnel in 1979. In 1981, the FEW began planning to accommodate increased 
production requirements. Production levels sigm.fkantly increased and there was a rapid staff buildup 
for several years. The renewed need for uranium metal resulted in the implementation of a major 
facilities restoration program. Then, production ceased in the s m e r  of 1989 and plant resources 
were focused on environmental cleanup activities. In June 1991, the site was officially closed as a 
federal production facility. To indicate its evolution to a new mission, the site was renamed from the 
Feed Materials Production Center (FMPC) to the Fernald Environmental Management Project (FEMP). 

1.2 DESCRIPTION AND HISTORY OF OPERABLE UNlT 4 
This section provides a brief physical description of each of the facilities comprising Operable Unit 4, 
and a summary of the operational history pertinent to these facilities. The operational history 
primarily focuses on the operational activities conducted prior to the initiation of the RWS in 1986. 

1.2.1 Description of ODerable Unit 4 
Operable Unit 4 is a geographic area located on the western side of the FEW site south of the 
Operable Unit 1 Study Area (Figure 1-6) .  The geographic area constituting Operable Unit 4 is 
bounded by the following Ohio State Plane C o o r h t e s :  North 481033, East 1378642, and North 
480222, East 1378329. Operable Unit 4 comprises 2.3 hectares (5.8 acres). Within the boundary of 
the operable unit is a series of FEW facilities previously defined in the introduction. The following 
is a summary description of each of these facilities. 

1.2.1.1 Silos 1 .  2, 3. 4. and the Decant Sump 
The waste storage silos were constructed to provide storage for the residues resulting from the 
processing of pitchblende ores and uranium concenuates to extract their uranium content. The silos 
are large concrete storage structures that were built in 1951 and 1952. Each of the four domed silos is 
24.38 meters (m) (80 foot [ft]) in diameter, 10.97 m (36 ft) high to the center of the silo dome. and 
8.15 m (26.75 ft) tall to the top of the vertical side walls. 

The side walls are 20.3-centimeters (cm) (8-inch) h c k  concrete wrapped with steel post-tensioning 
wires. The silo sides are covered with a 1.9cm (0.75-inch) thick layer of gunite. The domed roofs 
are made of reinforced concrete and taper from 20 cm (8 inches) thick at the silo walls to 10 cm 
(4 inches) duck at the dome's center. The floors of Silos 1, 2, 3, and 4 consist of 10 cm (4 inches) of 
reinforced concrete. Waste materials were onginally transferred to Silos 1 and 2 by pumping the 
wastes in the form of a slurry. The waste materials eventually settled and formed IWO layers 
consisting of settled solids covered by the slurry liquid. To remove the layer of clear liquid following 
settling, Silos 1 and 2 were equipped with a series of decant porn. Silos 3 and 4 were also equipped 
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with decant ports; however, the structures were not designed to accommodate slurried wastes. These 
ports were arranged in two vertical lines located on diamemcally opposed sides of each silo. There 
were 25 ports in each line, making a total of 50 ports per silo. The bottom port on each silo is 30 cm 
(1 ft) from the silo bottom. The remaining 49 ports are located at 15cm (6-inch) intervals. 
The decant ports for Silos 1 and 2 were, at the time of filling, each valved into a single pipe that led 
to a 9000-gallon carbon steel decant sump tank. The decant sump tank was located between Silos 1 
and 2 (Figure 1-7) at a level below the base of the silos to allow for gravity drainage. At the base of 

- Silos 1 and 2, at the original ground surface, were skirt drains used to contain any seepage through the 
walls of the silos or leakage from the decant ports. These skirt drains directed any collected water 
through a concrete pipe trench (Section 1.2.1.3) to an in-ground concrete-lined sump located on the 
Drum Handling Building, formerly located between Silos 2 and 3. 

Beneath the floor of Silos 1 and 2 is an underdrain system. The underdrain system consists of a 5 c m  
(2-inch) slotted pipe in a 20cm (8-inch) gravel layer. The gravel layer is underlain by a 5cm 
(Zinch)-thick layer of asphaltic concrete followed by a 43cm (17-inch)-thick layer of compacted clay. 
A detailed drawing showing the interconnection of the underdrain system and the silo foundation is 
provided in Figure 1-8. The underdrain system is connected to the decant sump tank to collect any 
potential leakage through the base of the silos. 

Large areas of spalling occurred on the exterior surface coating of Silos 1 and 2, particularly Silo 2, 
leaving post-tensioning wires corroded and exposed to weather. The exterior surfaces were patched 
with a 1.9cm (0.75-inch) thick coat of cement mortar and a waterproofing membrane that was applied 
in 1964. 

In January 1986, two load-spreading dome covers 11.9 m (30 ft) in diameter were installed to span a 
deteriorated portion of the concrete domes of Silos 1 and 2 (Figure 1-9). The events leading to the 
placement of these dome covers are provided in Section 1.3. The covers are self-supporting and sit on 
a rolled plate-steel skirt. The covers are composed of structural steel members that support 1.9cm 
(O.75-inch)-thick plywood sheeting, which is covered with a weatherproof membrane. The dome cover 
increases the stresses in the existing concrete, but all stresses are outside the deteriorated area and 
within acceptable limits. The dome covers were installed so that containment of the silos' contents 
would be maintained in the event of a center-silo dome collapse (Shanks and Vogel 1988). The dome 
covers were not designed to be airtight, and therefore do not contain the movement of gases, such as 
radon. 

Silo 1 contains 3280 cubic meters (m3) (115,900 cubic ft [fe]) of waste residues and 360 m3 (12,600 
fe )  of bentonite clay. The addition of the bentonite clay will be discussed further in Section 1.5.3. 
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Silo 2 contains 2840 m3 (100,400 fe) of waste residues and 310 m3 (11,100 ft3) of bentonite clay. 
Silo 3 contains 3890 m3 (137,500 f$) of waste materials. Silo 4 is empty. 

1.2.1.2 Radon Treatment System 
An RTS was constructed in 1987 within Operable Unit 4 to support planned interim remedial measures 
(IRM), including placement of the dome covers and waterproofing of the domes, for the K-65 silos. 
Additional information on these IRMs is presented in Section 1.5.3. The RTS is an approximately 65 
square meters (70 square ft) pre-engineered aluminum clad building that contains two calcium drier 
canisters, eight charcoal adsorption canisters, and two fan units, with a 0.8-m (32-inch) thick concrete 
block wall surrounding the frame of the structure. Also associated with the RTS are multiple lengths 
of 0.3-m (12-inch)-diameter polyvinyl chloride (PVC) pipe, a 0.15-m (6-inch)-diameter flexible hose, 
and miscellaneous fittings and valves. 

1.2.1.3 Concrete Pipe Trench and Other Miscellaneous Concrete Structures 
A concrete trench that contained the piping used to transfer waste to Silos 1, 2, and 3 runs 530 m 
(1750 ft) from the FEMP refinery (Plant 2/3) to the silo storage area. A portion of the concrete 
trench, as shown in Figure 1-6, resides within the geographical boundaries of Operable Unit 4. The 
trench is 0.75 m (2.5 ft) by 0.9 m (3 ft) deep with a 0.5-cm (3/16-inch)-thick steel plate cover. The 
piping within the pipe trench was removed prior to placement of the earthen embankment. Interviews 
with long-term FEMP employees have not identified any known releases from the concrete pipe trench 
over the length of its operational life. While no releases are documented, it is reasonably expected 
that isolated areas of elevated contamination will exist adjacent to any cracks or construction joints in 
the concrete trench. 

Additionally, within the Operable Unit 4 boundary are two concrete structures associated with former 
K-65 silo operational facilities. A structure called the Drum Handling Building was located between 
Silos 2 and 3 until it was demolished in 1983. While the above-grade structure was demolished and 
removed, the concrete slab on grade remains within the boundary of Operable Unit 4. Further 
discussion of the operational function of the Drum Handling Building are provided in Section 1.2.2.1. 

Also associated with the operation of the K-65 silos was a concrete lift station used to house the pump 
for the transfer of decant liquids from the decant sump to a hold tank in the Drum Handling Building 
(Figure 1-6). The concrete foundation associated with the structure remains within the Operable Unit 
4 boundary. 

1.2.1.4 K-65 Silo Berms 
In 1964, an earthen embankment was built surrounding the top of the walls of Silos 1 and 2 to provide 
relief from tensile stress that had developed within the walls. The embankment was also constructed 
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to provide weather protection, reduce radon emissions, and increase shielding from penetrating 
radiation. The embankment was originally constructed on a slope of 1 2 1 .  The slope was 
subsequently modified to 3:l in 1983 to reduce soil erosion and facilitate grass cutting. 

Prior to berming the silos in 1964, the decant system was disconnected from the sump tank, but the 
underdrain system remained intact. The decant system collected any leakage into the underdrain 
system. Access was provided to this sump tank by placing an 0.8-m (30-inch)-diameter corrugated 
metal pipe from the tank to above the surface of the soil embankment. This pipe extended upward 
10 m (33 ft). The earthen berm was placed around this pipe as the berm was built around the silos. 

The soils comprising the earthen berm constructed in 1964 were surface soils and underlying clays 
removed from an area directly south of the concrete trench and north of a small drainage ditch running 
parallel to the trench. The soils comprising the earthen berm constructed in 1983 originated from two 
on-site areas: from the location of the Biodenitrifkation Surge Lagoon, and from a borrow area west 
of Pit 5. No surveys were performed by site personnel to determine the potential presence of 
radiological contamination of these soils before excavation and placement in the berms. 

1.2.2 History of Operable Unit 4 

The storage silos were constructed for the transfer and storage of two basic forms of waste materials 
known as "hot" raffinates and "cold" metal oxides. The following sections explain the origins and 
differences between hot raffmtes and cold metal oxides and describe the processes employed at MCW 
and the FEMP refinery to generate the stored residues. Also discussed are the pertinent aspects of 
waste handling and the function of the K-65 Drum Handling Building to show how waste materials 
were generated and transferred to Silos 1, 2, and 3. 

The FEMP refinery processed two basic classes of materials: (1) pitchblende ores as they were mined 
and shipped to the FEMP and (2) other uranium concentrates that had already been refined to some 
degree. This second class of materials included uranium concentrates that had already undergone a 
preliminary refining process at an off-site mill and residues recovered at various stages of FEMP 
operations. 

Uranium-bearing ores, as they are mined, contain not only uranium, but also equilibrium 
concentrations of uranium progeny (Le., the isotopes of other elements formed through the sequential 
radioactive decay chains that begin with uranium [U]-235 and U-238). The concepts of radioactive 
decay chains and progeny products are discussed in detail in Highlight 1. These progeny, which 
include radium, are removed in either a preliminary milling process or in the refining process (if the 
ores are not preprocessed through a mill). Thus, when the FEMP refinery processed pitchblende ores, 
the refinery wastes contained a high concentration of the radioactive uranium progeny products. These 

. 
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Highlight 1 
Radioactive Decay Overview 

The radioactive materials present at FEW originated from natural 
sources -- pitchblende ore or concentrates. All elements found in natural 
sources with an atomic number greater than 84 (bismuth) are radioactive 
(Friedlander et. al. 1981). These elements belong to chains of successive 
decays, and all the species in one such chain constitute a radioactive 
family or series. Three of these families include all the natural activities 
in this region of the periodic chart. One family has U-238 as the parent 
substance, and after 14 transformations (8 of them by u-particle emission 
and 6 by B-particle emission) reaches a stable end product, lead (Pb)-206. 
This is known as the uranium series, which includes radium and its 
decay products. Figure H-1 shows the members and transformations of 
the uranium series. The actinium series has U-235 (formerly known as 
actino-uranium) as the parent and Pb-207 as the stable end product. This 
series is shown in Figure H-2. Th-232 is the parent substance of the 
thorium series with Pb-208 as the stable end product. This series is 
shown in Figure H-3. 

If the elements are not subject to chemical or physical separation, the 
members of a series attain a state of radioactive equilibrium, wherein the 
rate of decay of each nuclide is essentially equal to that of the nuclide 
that heads the series. This is always the case on a global basis for each 
series, but local concentrations can vary widely when natural chemical 
forces separate the series members. 

Throughout the course of the radionuclide data review for Operable Unit 
4, one important assumption was made: Ra-226 and Pb-210 were 
considered to be the indicators for radioactive contamination present in 
soil and groundwater that had originated from the K-65 silos. Ra-226 is 
a decay product of U-238. The half-life of U-238 is 4.468 x lo9 years; 
therefore, the production rate of Ra-226 from the refined uranium 
product would be relatively low. The uranium refining process at the 
FEMP removed most impurities from the uranium ore, including Ra-226. 
These impurities were contained in the hot raffmate solutions sent the K- 
65 waste storage silos. The presence of Ra-226, which has a half-life of 
approximately 1600 years, is expected to be limited to the K-65 silos. 
The highest concentrations of Ra-226 would be expected to appear in the 
silo contents or in material originating from the silos. 
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refinery wastes were known as "hot" raffiites. The term "hot" was used to indicate that the materials 
contained a high concentration of the gamma-emitting radionuclide radium (Ra)-226 and progeny that 
result in a si@icant direct penetrating radiation exposure rate. When the FEMP processed uranium 
concentrates that had been preprocessed through a uranium mill, a si@icant portion of the Ra-226 
and the gammaemitting progeny had already been removed. The thorium progeny of uranium (Le., 
thorium [Thl-230, etc.) remained within the uranium concentrates due to the inefficiency of the mill in 
removing this metal and were thus termed "cold" metal oxides. 

1.2.2.1 Historv of Silo 1 
Silo 1 was constructed in 1952, as one of the first facilities at the FEMP site, with the intent to store 
dnunmed residues in inventory at other United States facilities. The residues stored in Silo 1 were 
generated at MCW in St. Louis, Missouri as a result of the processing to extract uranium from 
pitchblende ores. The pitchblende ores processed at MCW and the great majority of the pitchblende 
ores processed at the FEMP site came from one mine, the Shinkolobwe Mine in the Belgian Congo. 
These ores contained relatively high concentrations of uranium oxides (U,O,) in the range of 40 to 50 
percent (Litz 1974). The Shinkolobwe Mine, owned by African Metals Corporation, began operation 
in 1921 for the purpose of obtaining radium. The mine was re-opened in 1943 for its uranium. Based 
on the high value of radium at the time, the agreement reached between the AEC and the African 
Metals Corporation stipulated that the African Metals Corporation would retain ownership of the 
radium within any processing residues; after the United States had processed the pitchblende to extract 
uranium, the residue would be returned to the African Metals Corporation. In 1984, ownership of the 
K-65 residue was transferred to DOE. 

Initially, the residues from the MCW refining operations were sent back to the African Metals 
Corporation. Beginning in April 1949, the residues were no longer returned to the African Metals 
Corporation following processing, but were stored at MCW for future disposition. As production 
continued, storage became a problem. As a result, the drummed K-65 residues were sent from MCW 
to Lake Ontario Ordnance Works (LOOW) near Niagara Falls, New York, for storage. Some of the 
drums that were sent to LOOW were emptied into a concrete water tower at that site. Approximately 
6000 drums were shipped from LOOW to the FEMP site for storage. Beginning in 1951, continuing 
production at the MCW resulted in approximately 25,000 drums being sent directly from St. Louis to 
the FEMP site. 

7 

MCW operated a uranium refinery for production of uranium prior to consrmction of the FEMP 
refinery. The MCW refinery used a dualcycle ether process that was somewhat different than the 
tributyl phosphate (TBP)-kerosene extraction system used at the FEMP site. Another difference 
between the FEMP process and the MCW refinery operation was in the method used to exu$ct radium 
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and other impurities from the uranium. Unlike the FEMP process, the K-65 materials at MCW were 
removed in the ore digestion process before the uranium extraction system. 

The process to remove uranium from pitchblende at MCW consisted first of milling the ores to pass a 
100-mesh sieve followed by a 3-hour leach in concentrated nitric acid, which resulted in the radium 
precipitating as radium sulfate (RaSO,). Barium sulfate (BaSO,) was added during digestion to ensure 
coprecipitation. If insufficient sulfide was present in the ore, sulfuric acid &SO4) was added to 
ensure the precipitation of radium and lead. The precipitated materials were vacuum-filtered, then 
reslurried and digested with sodium carbonate (N%CO,) and sodium formate (NaHCO,). This second 
digestion process was to recover approximately 2 percent of the original uranium, which remained in 
this waste fraction. The second digestion also led to the precipitation of impurities including femc, 
aluminum, and manganese hydroxides. Following the carbonate leach, the slurry was again vacuum- 
filtered and packaged in drums as K-65 materials. Much of the thorium (most importantly Th-230), as 
a nitrate, remained soluble and traveled in solution with the uranyl nitrate to the extraction process 
area. Therefore, Th-230 is not present in secular equilibrium with Ra-226 in the K-65 materials. 

Approximately 24,000 of the 31,000 drums of pitchblende ore processing residues received at the 
FEW site from MCW and LOOW were transferred to Silo 1 for storage. The remaining 7000 drums 
of K-65 residues received from MCW and LOOW were transferred to Silo 2. (The history of Silo 2 
will be discussed in the next section.) As the drums were received by railroad car at the FEMP site, 
the drums were temporarily staged in an area to the east of Silos 3 and 4 (Figure 1-6). The drummed 
material was transferred to Silo 1 from July 1952 until November 1953 through the use of a specially 
constructed Drum Handling Building. 

The K-65 Drum Handling Building was used for receipt of drummed waste from MCW and LOOW 
locations and the transfer of that waste into Silos 1 and 2. A block diagram of this process is 
presented in Figure 1-10. 

Wet solids were delivered to the K-65 Drum Handling Building in 55-gallon drums, each containing 
approximately 230 kg (500 lb) of material. The material had a bulk density of approximately 1.44 
grams/cubic centimeter (g/cm3) (90 lb/f?) and contained approximately 40 percent moisture by weight. 
One drum of waste was handled at a time. 

Each drum was placed on a slat conveyor and moved inside the building. There it was placed on a 
skip hoist and raised to a point above the slurry tank, where it was inverted. The contents of the drum 
were dumped into the slurry tank by vibration, aided by a high-velocity water jet. The water jet also 
washed the drum, which was eventually returned to the conveyor and removed from the building. 
Approximately 280 liters (L) (75 gallons) of slurrying liquor, which was fresh water during initial 
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operations, was consumed in removing the solids from one drum. The resulting slurry, which had a 
consistency of approximately 4 lb of wet solids per gallon of slurry, was continuously agitated in the 
slurry tank. 

When approximately 7570 L (2000 gallons) of slurry had been produced, the contents of the slurry 
tank were pumped to storage in Silo 1. This slurry pumping was followed by a 6250-L (1650-gallon) 
clear liquor wash, which was passed through the slurry tank, slurry pump, transfer line, and into the 
storage silo. 

The slurries pumped into storage Silo 1 were allowed to settle into two layers. The slurry liquor, 
which consisted of either water or a metal nitrate solution, formed the top layer over a bed of the 
settled, wet solids. This layer of clear liquid was decanted from the silos through the decant ports 
discussed in Section 1.2.1.1 and collected in the decant sump tank. From here, the decanted liquid 
was periodically pumped back to the D m  Handling Building where it passed through a pressure 
filter, and was stored in a filtrate storage tank. The filtrate storage tank was located within the D m  
Handling Building on the concrete pad, forming the floor of the structure. The filtered liquid was then 
used for sluny preparation in the K-65 Drum Handling Building. Excess liquids were transported 
back to FEMP Plant 8 for treatment, then to the General Sump for final treatment before discharge to 
the Great Miami River. The K-65 D m  Handling Building was demolished in 1983 to allow for the 
installation of the earthen berm. 

Although MCW processed the pitchblende ores by batch runs on the incoming ores from the 
Shinkolobwe Mine, no conscious attempt was made at the FEW site to transfer the materials to the 
silos by the original MCW batch or lot number. Therefore, the materials within Silo 1 represent a 
range of processing runs at MCW, displaying the variations present in the natural ores and the 
generating production process. 

1.2.2.2 History of Silo 2 
While Silo 1 was completely filled by the transfer of drummed residues from MCW and LOOW, Silo 
2 is a mixture of MCW K-65 material and FEMP-generated K-65 material. As previously stated, 7000 
drums of K-65 residues transferred from MCW and LOOW to the FEW site were emptied into Silo 
2. The transfer of the drummed residues received from off site into Silo 2 occurred between late 1953 
and January 1956. The generating process and the methodology to transfer the MCW/LOOW 
materials to Silo 2 is similar to those used in Silo 1 as discussed in the previous section. 

Additionally, Silo 2 received residues generated at the FEMI' site resulting from the processing of 
pitchblende ores shipped directly from the Shinkolobwe Mine and a small quantity of Australian ores 
from two mines, the Rum Jungle Mine and the Radium Hill Mine. The processing completed at the 
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FEW site was performed to extract the uranium values from these very rich pitchblende ores. 
Processing of these ores was conducted at the FEMP site from May 1954 until February 1959. 
Belgian Congo ores were processed at the FEMP site from May 1954 until August 1958. Australian 
ores were processed at the FEMP site following the Belgian ores from May 1957 until March 1958. 
The last K-65 slurry was added to Silo 2 in January 1959. The Australian ore residues constitute less 
than 180,000 kg (200 tons) of the estimated 4.4 million kg (4900 tons) in Silo 2. The term K-65 was 
used at the FEMP site to describe the processing of both the Belgian Congo and the Australian ores. 

The FEW-generated residues in Silo 2 are a by-product of refinery operations conducted in Plant 2/3 
and supporting structures at the facility. Pitchblende ores were received at Plant 1 of the FEMP site 
where the ores were thawed (if necessary), milled, and assayed for their uranium content. Milling 
took place in a Williams mill where the ores were ground until they would pass a 100-mesh sieve. 
Milling was performed to facilitate the digestion process. The milled ores, following assay, were 
conveyed to the Plant 1 ore silos for storage until processing in the FEMP refinery (Plant 2/3). At the 
refinery, the milled ores were transferred to digester tanks by batch. Each batch varied from 1820 kg 
(4000 lb) to 2270 kg (5000 lb) of uranium and 2270 kg (5000 lb) to 4550 kg (10,000 lb) of net feed. 
Nitric acid and water were added to the ores in the digesters to yield a fmal slurry concentration of 
200 grams of uranium per liter and 3 normal excess nitric acid. Following a typical 3-hour digestion, 
the digest slurry was transferred to a feed holding tank in the extraction area of the refinery. 

The uranium extraction system at FEMP site at the time of K-65 processing employed a series of three 
perforated plate, pulse columns composed of an extraction column and a scrub column, followed by a 
re-extraction column. The aqueous feed slurry from the hold tank was introduced into the top of the 
extraction column. An organic extractant, 33.5 percent by volume TBP in an inert purified kerosene 
diluent, was introduced into the bottom of the same extraction column. The combined liquid phases 
were pulsed through the stationary perforated plates, with the aqueous feed solution passing down and 
the organic phase moving up through the column. The organic extractant flow rate and the feed 
stream flow rate were controlled to maintain a constant uranium saturation level in the organic product 
stream. The uranyl nitrate solution was preferentially attracted to the organic extractant. Extraction of 
the uranium values from the ores was essentially completed when the organic product sueam left the 
top of the extraction column. 

The remaining metals and other impurities in the pitchblende ores left the bottom of the extraction 
column. This by-product stream was known as K-65 raffmtes. The K-65 raffmtes were freed of the 
organic phase in a disengagement chamber at the base of the extraction column. Despite this 
disengagement process, considerable quantities of entrained TBP remained in the raffiiate leaving the 
column. To recover these reusable concentrations of TBP, the &mates were transferred to a single 
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stage mixer settler where the raffinates were contacted with continuously recycled kerosene to recover 
the remaining TBP. 

While the TBP extraction system was relatively specific toward uranyl nitrate, other nitrate 
compounds, such as thorium nitrate, present in the feed slurry were physically entrained in the organic 
product phase leaving the extraction column. To remove these impurities from the feed stream, a 
second purification step was performed in the scrub column to achieve product quality standards. In 
the scrub column, the organic product stream from the extraction column entered the bottom of the 
scrub column, with deionized water entering the top of the column. During the continuous flow 
through the scrub column, essentially all of the remaining metallic impurities were transferred to the 
aqueous phase, together with a small quantity of uranium. The aqueous phase was directed back to 
the extraction column to recover the remaining uranyl nitrate. The pure organic phase continued 
through the final re-extraction column where the TBP-kerosene was separated from the uranyl nitrate. 
The operation of the re-extxiction column is not relevant to the generation of the K-65 residues and is, 
therefore, not presented. The impurities residing in the aqueous phase from the scrub column were 
transferred to the K-65 raffinates leaving the extraction column. 

The kerosene-washed K-65 raffinates were fdtered through a precoated rotary vacuum filter to remove 
suspended solids (Figure 1-11). Most of the gamma-emitting uranium progeny, including radium, 
were filtered out in this step. Filtrate was passed on to the cold metal oxide process, which will be 
described in the following section on Silo 3. The filter cake from the rotary filter contained the 
gamma-emitting uranium progeny, and thus were termed hot raffiiates. This filter cake was re-slurried 
and then neutralized with lime (Ca[OH],). The resulting sluny had a consistency of about 0.5 kg of 
wet solids per liter of slurry (4 lb of wet solids per gallon of slurry). Once each day during refinery 
operation, the hot raffinate slurry was pumped into Silo 2 through a 7.6cm (3-inch), Schedule 80 
transfer line located in the previously described concrete trench that extended from the refinery to the 
silos. This slurry transfer was followed by a 4500- to 5500-L (1200- to 1500-gallon) process water 
wash to clean the transfer line. 

Following completion of K-65 processing operations at the FEMP site, approximately 150 drums of 
radiumconraminated material, consisting of soils from the MCW/LOOW drum staging area, cleanup 
materials, and excess K-65 samples, were placed into Silo 2 in June 1960. In 1979, in response to 
concerns on the part of the FEMP Operating Contractor, NLO, Inc. relative to the chronic radon 
emissions from the silos, all vents, manways, and other penetrations through the domes of Silos 1 and 
2 were sealed. No materials (with the exception of decant liquid and samples) have been removed 
from Silos 1 or 2 since final filling, as indicated in the preceding text. 

. 
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Silos 3 and 4 were constructed in 1952 for storing by-product metal oxides generated through the 
operation of the FEMP refinery. Unlike Silos 1 and 2, which received by-products from the 
processing of ores from one mine, Silo 3 received metal oxides generated consequential to a l l  FEMP 
refinery operations from May 1954 until late 1957. During this time period, the FEMP refinery 
processed the previously mentioned pitchblende ores and Uranium ore concentrates received from a 
number of foreign and domestic uranium mills. In the previous section, the FEMP refinery operations 
that generated the K-65 residues and the metal oxide stream were discussed. As previously stated, 
following a kerosene wash, raffinates from the refinery extraction column were passed through a 
precoated rotary vacuum filter to separate the solid phase from the aqueous phase. In the case of 
pitchblende ore processing, the filter cake was transferred to Silo 2 to hold the radium and other 
precious metals present in this by-product fraction for eventual return to the Belgian Congo. The 
filtrate from the vacuum filter was subjected to further waste processing and eventually was transferred 
to Silo 3. In the FEMP processing of uranium concentrates, the major fraction of metal impurities, 
including radium, had been previously removed from the concentrates by the uranium mills prior to 
transfer to the FEMP site. Significant activity concentrations of other radionuclides in the uranium 
decay series, including thorium, remained in the concentrates due to the variations in the efficiency of 
the removal at the mill. 

The entire kerosene-washed raffmate stream from the extraction column during ore concentrate 
processing and the filtrate from the rotary vacuum filter during operation involving pitchblende ores 
were processed in a similar fashion to produce the cold metal oxides present in Silo 3 (Figure 1-12). 
These waste streams were transferred to a series of agitating holding tanks in the refinery area. These 
surge tanks fed a set of evaporators where approximately 90 percent of the liquids were evaporated 
and the remaining 10 percent concentrates were withdrawn for further processing. Evaporator 
temperatures ranged from 90°C (200OF) to 120°C (250°F). The concentrates from the evaporator were 
transferred to one of two processing operations depending on when they were transferred. From plant 
start-up through the mid-1950s, the concentrates were transferred to a spray calciner. The spray 
calciner operated at a temperature of 510°C (950°F) to remove the remaining liquids and convert the 
metal nitrates present in the concentrates into oxides. 

Due to operational difficulties experienced with the spray calciners, a second process was installed to 
complete the drying of the concentrates. In this process, the concentrates from the evaporators were 
transferred to a drum dryer where the materials were spread in a rotating dryer. In the dryer, liquids 
were removed from the concentrates by centrifugal force. The drum-dried concentrates were then 
transferred to a rotary calciner to remove the remaining liquids and to complete conversion of the 
metal nitrates into oxides. The concentrates were retained in the furnace zone at 65OOC (1200OF) to 
820°C (1500T) for approximately 10 minutes. 
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The finely-powdered, dried metal oxides were transferred to a surge hoppeG from this hopper, the 
materials were pneumatically conveyed to Silo 3 through a pipeline in the concrete trench to Silo 3. 
At the Drum Handling Building, the Silo.3 transfer line ran above grade on a pipe rack to the top of 
Silo 3. A dust collector, which was used to control discharges to the atmosphere resulting from the 
discharge of the powdered material into Silo 3, was located at the top of the silo. Silo 3 was filled to 
its present level using this rotary calcining system. No materials, except samples, have been removed 
from Silo 3 since filing in 1957. 

Following a programmatic decision in early 1957 to utilize raffinate surface impoundments, the spray 
calcining and rotary calcining systems were eventually abandoned. As a result of this decision, Silo 4 
was never employed for the storage of cold metal oxides and remains empty. Inspections completed 
on Silo 4 during the RI-related site investigations confirmed that no waste materials were present 
within the silo. 

1.2.2.4 History of the Radon Treatment System 
The RTS was installed in November 1987 to reduce the radon inventory within the headspace of each 
silo prior to the application of a polyurethane foam to the exposed surfaces of the domes of Silos 1 

and 2. This action is further discussed in Section 1.5.3. The RTS was originally designed to 
withdraw the radon gas from the headspace of each silo separately. The RTS operated as a closed, 
recirculating system so that the radon component of the gas flow from the silo was directed 
continuously across charcoal beds. The basic operation of the RTS involved the removal of the radon- 
laden air from the silo headspace, transport to the treatment building, removal of moisture on two 
calcium sulfate canisters, adsorption of the radon on the charcoal beds, and return of the dry air to the 
silo. The RTS was utilized on numerous occasions following the initial run to suppon the foam 
installation. The RTS was used extensively during RI sampling efforts, which are described in Section 
2.0. 

In March 1990, a cracked PVC pipe tee in the RTS piping system was discovered and attributed to 
degradation brought on by ultraviolet (W) radiation and thermal stresses. In response to this finding, 
the RTS was upgraded in July 1991. The upgrades included new piping, a new fan, and the 
installation of remote controlled butterfly valves. The RTS was last used in November 1991 to 
support the K-65 removal actions, as discussed in Section 1.5.3. The RTS remains intact in the 
Operable Unit 4 Study Area. 

1.2.2.5 ODe rational SDills 
Correspondence has been found indicating that the K-65 silos experienced leaks in the past. The 
details of these events are not recorded because they occurred between 30 and 40 years ago. One leak 
was reported to have occurred in 1953 when Silo 1 was in the process of being filled. On 
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November 6, 1953, a liquid was noticed emanating from the ground adjacent to Silo 1 (NLO 1953). 
Further investigation indicated that the leak originated at the silo and not the decant line. Soil tests 
confirmed that some contamination of the surrounding soils had occurred. The memorandum reporting 
the leak also speculated that "seepage may cause contamination of Paddy's (sic) Run." It was not 
clear from the communications related to this incident how the problem was ultimately corrected, 
although reference was made to the excavation of a trench and repiping of the decant line. One 
correspondence also suggested that one or more events resulting in an overflow of the decant sump 
tank had occurred (Karl 1953). 

There is also correspondence that indicates that Silo 2 was experiencing some leaking of decant liquid 
in 1958 through cracks in the exterior concrete walls. Several attempts had been made to repair the 
silos from the outside, but all had failed (Noyes 1958). Action was taken to remove the liquids within 
the silo via the decant ports. Seepage continued until the liquid level within the tank dropped below 
the level of the crack. Seepage was collected by the skirt drains at the bottom perimeter of the silo, 
and directed to the concrete sump at the Drum Handling Building. Repairs were made to the walls 
following the lowering of the liquid level in the tanks. 

1.3 PREVIOUS STUDIES ON SILOS 
In addition to information collected from the processing of the material, several previous studies have 
been conducted that provide data on the waste material and radon concentrations contained in the K-65 
and metal oxide silos. Additionally, studies were performed prior to or separately from the RI on the 
structural stability of the silos and the radon emanation rate from the silos. The results of several of 
the studies focusing specifically on the waste materials are summarized in Tables 1-1 and 1-2. In 
1980, the site operator estimated that the silos contained 5522 m3 of waste materials. A report (NLO 
1980) further states that these wastes were thought to contain 0.2 milligrams per kilogram (mgkg) or 
approximately 1750 curies of radium and 600 mgkg of uranium, based on analyses of the K-65 
residues completed in 1970. 

The earliest recorded study providing data on the K-65 residue composition was conducted by Vitro 
Corporation between March 1950 and November 1951 (Vitro 1952) concerning the residues stored at 
MCW. The objective of the Vitro study was to evaluate the ability to recover radium from the K-65 
residues. The K-65 residues were analyzed for percent moisture, metal salts, and metal oxides. The 
data from the Vitro study are summarized in Tables 1-1 and 1-2. 

A study entitled ''Treatment of Pitchblende Residues for Recovery of Metal Values" was conducted by 
Hazen Research, Inc. Dettome et al. prepared a report (1981) based on J. E. Litz's study (1974). The 
Hazen report concluded that, "...the FMPC K-65 residues are composed of two fractions: (1) a 
'slimes' fraction (<400 mesh) comprising 73.1 percent of the residue, containing solubilized 
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TABLE 1-1 

PRIOR SILO STUDIES OF 
RESIDUE CHARACTERISTICS 

Silos 1 and 2 

Vitro Lit2 NLO' 
(1952) ( 1974) (1980) Characteristic 

Phvsical 

Dry weight org) 

Volume (m3) 

Density @g/m3) 

Water content (%) 

Radiological (units) 

Radium 

Uranium 

Total thorium 

Chemical 

Sulfates (%) 

Qm (%) 

Muscovite clay (%) 

NA 

NA 

1179 

NA 

( m a )  
0.3 

21 10 

-- 

(mg/L) 
0.28-0.36 

1800-3200 

8.79 x lo6 

5522 

-- 

( m a )  
0.2 

600 

20 

25 

60 

'As reported by Dettorre et al. 1981. 
bAssumes all radium in K-65 residues is Ra-226 with specfic activity of 0.988 Ci/g. 
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TABLE 1-2 

PRIOR SILO STUDIES 
NONRADIOLOGICAL CONSTITUENTS OF RESIDUES 

Silos 1 and 2 
~ 

silos 1 & 2 silos 1 & 2 silos 1 & 2 silo 3 
Vitro (1952) Litz (1974) NLO (1980) NLO (1980) 

Constituents (mg/kg)' (mg/kg) (mg/kg) (mg/kg) 

Aluminwn 
Antimony 
Arsenic 
Barium 
Boron 
Cadmium 
Calcium 
Chromium 
Cobalt 

Gold 
Iron 
Lanthanum 
Lead 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Palladium 
Platinum 
Potassium 
Silver 
Sodium 
Tin 
Titanium 
VaMdiUm 
zinc 
ZirCOniUm 
Phosphate 
Silicate 

Copper 

N A ~  
NA 
NA 

45,300 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

94,900 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

50,000 
NA 
NA 
NA 
NA 

1600-2000 
500-800 
65-70 

13-18,ooO 
NA 

60-70,ooO 
NA 
NA 
NA 
NA 
NA 

3500-3700 
13-18 
0.9-1.4 

NA 
18 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

8750 
ND 
<300 
700 
150 
ND 
38900 
120 
1750 
500 
4 0  
12,000 
890 
5100 
12500 
200 
ND 
200 
2250 
NA 
NA 
NA 
QO 
700 
80 
700 
210 
ND 
200 
ND 

407600 

28000 
4 5 0  
ND 
200 
200 
<80 
4 1 000 
500 
2500 
2500 
<40 
64OOo 
ND 

2500 
85000 
4900 
ND 
600 
6500 
NA 
NA 
NA 
a 0  
38000 
400 
600 
lo00 
<600 
300 
19,400 
13,100 

Values expressed in milligrams per kilograin (mg/kg) 
%A - Not analyzed 

- Not detected 
*< - Not detected. Number represents detection limit. 
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barium sulfate; and (2) a 'sand' fraction (SO0 
mesh) comprising 26.9 percent of the residue, containing undissolved ore particles and primarily less 
soluble silicate secondary minerals." According to Litz (1974), only about 5.6 percent of the radium 
content of the residue is found in the 26.9 percent sand fraction (24 micrograms/kilogram [pg/kg] in 
65 by 100 mesh, 105 pg/kg in >65 mesh). The average residue radium concentration was reported by 
Litz to be approximately 300 pg/kg pettorre et al. 1981). 

In 1985, a nondestructive testing and structural analysis program on Silos 1, 2, 3, and 4 was performed 
by Camargo Associates, Ltd. (Camargo). The investigation consisted of three phases. Phase I 
involved computer analysis of the original silo design based on the original drawings. Phase II 
consisted of field work that was divided into three areas: soil exploration study; a survey using the 
Echo Pulse system to test the silo domes, walls, and base slabs; and the ground penetrating radar study 
of the earthen embankment around Silos 1 and 2. Phase III consisted of a computer analysis based on 
the field data collected in Phase II. The conclusions of the Camargo investigation pertaining to Silos 1 

and 2 are summarized as follows: 

\ 

The base slab and walls of the K-65 silos at the time of investigation were structurally 
stable under the existing static loads being applied to them and should continue to 
remain stable for approximately 5 to 10 years. 

The center 20-ft-diameter portion of the dome tops on the K-65 silos were structurally 
unsound for a load greater than the existing static dead load, and no life expectancy was 
assigned to it. 

The conclusions of the Camargo investigation pertaining to Silos 3 and 4 are summarized as follows: 

The domes and walls for both silos were determined to be in good condition with a few 
areas of deterioration at the time of the study. 

Some cracking and deterioration, caused by freezing and thawing, could be seen in the 
base slabs at the time of the study.' 

Relative to the earthen embankment, Camargo identified minor voiding, moisture concentrations, and 
layering. The study concluded, on the basis of the testing results, that excellent compaction quality 
control was employed at the time of placement of the berms. More information is contained in a 
report prepared by Camargo (1986). Corrective measures taken by DOE as a result of the Camargo 
analysis are discussed in Section 1.2.1.1. 
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In 1989, Bechtel National, Inc. (BNI) was contracted to perform additional structural testing and 
analysis of the silos. The objectives of the testing and analysis conducted by BNI were to: 

Determine the structural integrity of the K-65 silos and perform an independent 
verification of the previous structural analyses performed by Camargo. 

Venfy the compressive strength of the tank concrete. 

Provide a qualitative risk assessment of structural failure of the tanks. 

The conclusions of the BNI study generally supported the Camargo study results (BM 1990a). 

From September 20, 1984 to February 5 ,  1985, Monsanto, contract operator of the DOE Mound 
Facility in Miamisburg, Ohio, conducted special radon monitoring on and around Silos 1 and 2. This 
study assessed both the extent to which radon concentrations in the surrounding area were due to the 
residues stored in the silos and the radon flux from the concrete surfaces of the silos. Maximum 
concentrations were observed at monitoring locations within 36 m (120 ft) of the silos, while the 
minimum concentrations were observed along the eastern site perimeter at 1460 m (4800 ft)'from the 
silos. Radon flux (presealant, prebentonite) on the silo domes ranged from 13 picoCuries per square 
meter per second (pCi/m2/s) to 3 x lo7 pCi/m2/s. The study concluded that radon monitoring should 
be continued and that a sealant should be applied to the surface of the silos to inhibit the transport of 
radon (Monsanto 1985). A discussion on the application of this sealant is presented in Section 1.5.3. 

In December 1990, the FEMP reported on radon flux calculations for Silo 3. These calculations were 
completed to support compliance initiatives pertaining to the federal National Emission Standards for 
Hazardous Air Pollutants (NESHAP). The radon flux rate from Silo 3 was calculated to be 
19 pCi/m2/s. 

Grab samples were collected by FEMP personnel from the headspace in Silos 1 and 2 in November 
1987 and in Silo 3 in September 1990 (prebentonite) to measure the radon concentration. The 
concentrations of radon in the headspace of Silos 1, 2, and 3 were determined to be 26 x lo6, 30 x 
lo6, and 2 x Id picoCuries/liter (pCi/L), respectively. 

Before the expanded soil embankments were placed around Silos 1 and 2 in 1983, two slant borings 
were completed by NLO, Inc., to recover samples of the subsoils beneath the silos. These samples 
were analyzed for the presence of uranium and radium in the FEMP analytical laboratory. The results 
of these samples are discussed in Section 4.0. 
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1.4 PRIOR ENVIRONMENTAL INVESTIGATIONS AT THE FEW SITE 
Numerous environmental investigations have been conducted in and around the FEklP site by DOE 
and other organizations. The following paragraphs describe the most pertinent of these studies that 
were used in scoping the RI/FS and in the preparation of the RIPS Work Plan. 

1.4.1 Geologic Investigations 
Geologic investigations of the area that surrounds and includes the FEMP site have contributed 
substantial information to the RWS investigation. Fenneman (1916) performed an extensive survey of 
the geology in the Cincinnati area. This report is among the first that describes in detail the 
interbedded limestone and shale bedrock and its mantle of glaciofluvial and alluvial sediments that 
constitute the buriedchannel aquifers in southwestern Ohio. Later investigators such as Dwell (1961) 
supported Fenneman’s observations. The shape of the buriedchannel aquifer was further refined by 
Watkins and Spieker (1971) via geophysical surveys of the area around Femald. More recent 
information includes various maps of the geology of Hamilton and Butler counties, Ohio, as well as 
individual quadrangle maps of areas located in those counties (Leow 1985; Vormelker 1985; 
Ford 1974; Swinford in preparation). Maps showing the extent and age of glacial till in the Operable 
Unit 4 Study Area have also been produced (Brockman 1988). The Soil Conservation Service (USDA 
1980, 1982) has performed detailed soil surveys of Butler and Hamilton counties, Ohio, including the 
environs of the site. 

1.4.2 Surface Water and Sediment Investigations 
The Miami Conservancy District has kept precipitation and runoff records for the Miami River Valley 
since the early 1900s (Houck 1921). Precipitation records have also been kept at the Cincinnati/ 
Northern Kentucky International Purport. Flood information for the Great Miami River and Paddys 
Run is available from the Federal Emergency Management Agency (FEMA 1982). Additional 
information on most Ohio streams, including the Great Miami River and Paddys Run, bas been well 
documented with respect to flow duration and water quality (Cross and Hedges 1959; OEPA 1982). 

Flow from the drainage basin is monitored by the U.S. Geological Survey (USGS) using a gaging 
station on the Great Miami River at Hamilton, Ohio. Flow regulation on the Great Miami River has 
been studied by Spieker (1968a); Paddys Run data have been compiled by Dames and Moore (1985a). 
Realignments and other modifications of Paddys Run and its tributaries on the FEMP site have been 
documented by Dove (1961) and WMCO (1987). Surface water quality data have been collected for 
the FEMP area for the period 1979 through the present as part of the site environmental monitoring 
prog-ram. The OEPA collected water quality data during the period of 1977 through 1983. 

In 1986, the FEMP performed a comprehensive radiological survey of the sediment in Paddys Run. 
The survey included a walkover scan, with hand-held radiation detection instrumentation, of the bed of 



FEMP-04RI-6 FINAL 
November 3.1993 

the creek from above the facility to the confluence of the creek with the Great Miami River. Sediment 
samples were collected and analyzed at points in the creek bed displaying elevated radiological . 

readings and at locations in the bed adjacent to the K-65 silos. The results of the study were used to 
support the description of the nature and extent of contamination presented in Section 4.0. 

In 1988, under the terms of a Director's Findings and Orders issued by the State of Ohio, sampling 
was performed by FEMP personnel from a series of drainage ditches and storm water manholes on the 
FEMP property. Three of these ditches were in the vicinity of Operable Unit 4. Data were used from 
this study to support the description of the nature and extent of contamination described in Chapter 
4.0. 

1.4.3 Surface Soil Investigations 
During 1986 and 1987, a comprehensive environmental investigation, the CIS, was performed at the 
FEW site. The CIS involved the investigation of the FEMP waste storage areas including the 
Operable Unit 1 Study Area and the area surrounding the flyash piles. During the CIS, samples were 
collected from the waste units themselves and the surrounding surface soils and drainages leadirig to 
Paddys Run. These surface soil sample results from the samples collected during the CIS (in and 
around the Operable Unit 4 Study Area) have been used to support the description of the nature and 
extent of contamination associated with Operable Unit 4, which is presented in Section 4.0. 

1.4.4 Hvdroneologic Investigations 
Dove (1 96 1 ) and Spieker (1 968a) have extensively described the hydrology and hydrogeology of the 
Great Miami Aquifer in the lower Great Miami River Valley. These studies document recharge rates, 
permeabilities of various lithologies, and other aquifer characteristics. Both studies also discussed 
groundwater/surface water interactions, specifically for the Great Miami River and Paddys Run. Other 
studies of the regional valley-fill aquifer in the vicinity of the FEMP site include a study by the Miami 
Conservancy District (1985), several studies by the Ohio Department of Natural Resources 
(Walker 1986; Walton and Schaefer 1956). and various contracted studies (GeoTrans 1985; Dames and 
Moore 1985a; ATEC Associates, Inc. 1982). Two other studies by Spieker (1968b, c) deal with the 
potential effects of increased pumping of the groundwater and future development of the groundwater 
resources, respectively. 

1.4.5 Environmental Surveys 
An environmental monitoring program has been conducted at the FEW site since the late 1950s as 
part of ongoing efforts at the facility to protect the health and safety of nearby residents. The program 
has undergone sigmfkant change and expansions over the years in response to the changing needs of 
the facility and evolving federal regulation and DOE administrative orders. The program entails a 
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broad range of activities related to environmental monitoring and sampling, waste management, and 
overall site remediation. 

The primary objectives of the ongoing environmental monitoring program are: 

To ensure that the FEMP can detect any release of materials as quickly as possible so 
that corrective actions can be implemented as appropriate 

To estimate the radiation dose that area residents may be exposed to as a result of any 
release of materials 

To measure progress of correcting problems from past operations and in implementing 
improved environmental management practices 

The results of the environmental monitoring program are reported in the Annual Environmental Report 
(e). Data from reports that are relevant to the Operable Unit 4 evaluations were utilized to 
supplement data from the RI. Discussions of the environmental monitoring program data sets utilized 
in the description of the nature and extent of contamination associated with Operable Unit 4 are 
presented in Section 2.0. The environmental monitoring program conducts and reports on direct 
radiation and airborne radon concentrations collected near the silos, at the boundary of the FEMP 
property, and off the facility property. Additionally, the environmental monitoring program collects 
and analyzes samples of surface water and sediment from Paddys Run, along the western boundary of 
Operable Unit 4. 

For more than 10 years, the environment in and around the FEMP site has been closely monitored by 
DOE (Battelle et al. 1977; DOE 1985a, 1987), Oak Ridge Associated Universities (ORAU 1985). 
various FEW-related committees (WMCO 1986, 1987; Fleming and Ross 1984), and various 
contracted agencies (IT Corporation [IT] 1986; Weston 1986a; Battelle 1981). The DOE and ORAU 
documents include environmental impact assessments, RI/FSs, and environmental surveys. Internal 
reports of studies by NLO and WMCO include the annual Environmental Monitoring Reports and the 
Aquifer Contamination Control Reports (NLO 1965-1985), which are available through DOE. A 
continuous sampling and analysis program to comply with the requirements of the Resource 
Conservation and Recovery Act (RCRA) is also ongoing at the FEMP site. 

The contracted studies represent additional comprehensive environmental sampling and analysis 
programs and document the analytical results of a large number of perched water, groundwater, surface 
water, sediment, surface soil, subsurface soil, and air samples. The analytical constituents include 
radionuclides, organic compounds, metals, and general water quality parameters. 
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During the period of January 1985 through 1988, the Ohio Department of Health (ODH) (through a 
cooperative agreement with DOE) conducted a special environmental monitoring program on and 
around the FEMP site (ODH 1988). The program included the collection of more than 300 water 
samples from area wells, cisterns, and surface waters including ponds; 34 soil samples; the 
measurement of direct radiation levels at 40 locations; and measurement of environmental radon at 16 
locations on the FEMP site and 25 off-site locations. 

Of these measurements, the measurements of radon and direct radiation are most sigmfkant to 
Operable Unit 4. The study concluded that direct radiation levels (prebentonite) directly west of the 
K-65 silos were "slightly" above background levels, but were well below regulatory limits. 

The ODH established 16 outdoor radon monitoring stations around the FEMP site, including 12 
locations along the FEMP site boundary (samples) and 4 locations distant from the FEW site 
(controls). Analyses of the detectors located at the site boundary closest to the K-65 silos and at 
background locations do not reveal consistent si@icant differences in measured radon concentrations 
(ODH 1988). The ODH study also concluded that environmental measurements of radon and radon 
progeny concentrations at the FEMP boundary were low at the time of the survey (prebentonite) and 
often could not be distinguished from variations in natural background concentrations (ODH 1988). 

1.4.6 Vegetation and Wildlife Studies 
Vegetation and wildlife in the FEMP Study Area have been studied and characterized by WEMCO, 
NLO, and OEPA. WEMCO performed two studies of the fish that are indigenous to Paddys Run and 
the Great Miami River in the vicinity of the FEMP (WMCO 1986, 1987). The OEPA study (1982) 
was a more comprehensive study of the aquatic environment in the Great Miami River. A recent 
study by Facemire et al. (1990), under contract to the site operator, described the general terrestrial 
and aquatic environments of the FEMP site and surrounding areas. The database compiled in this 

study is the most complete characterization of the environmental resources available. 

1.5 PROJEm BACKGROUND 
This section of the report describes the regulatory history of the site and describes numerous prior 
investigations of the FEMP environment and operations. This description sets the stage for the 
presentation of a conceptual model of contaminant transport for the Operable Unit 4 Study Area, 
which will also assist the reader 
drove the RI site investigation. 

understanding the logic used to identify overall data needs that 

1.5.1 Regulatory Agency Ameements and the National Environmental Policy Act 
On March 9, 1985, the EPA issued a Notice of Noncompliance to DOE idenhfying EPA's concerns 
over potential environmental impacts associated with the FEMP's past and present operations. 

1 4 3  

worn 



FEW-WN-6 FINAL 
November 3.1993 

Between April 1985 and July 1986, conferences were held between DOE and EPA representatives to 
discuss the issues and to identlfy the steps DOE proposed to take to achieve and maintain 
environmental compliance. 

On July 18, 1986, a Federal Facility Compliance Agreement (FFCA) detailing actions to be taken by 
DOE to assess environmental impacts associated with the FEMP was signed by DOE and EPA. The 
FFCA was entered into pursuant to Executive Order 12088 (43 FR 47707) to ensure compliance with 
existing environmental statutes and implementing regulations such as the Clean Air Act, RCRA, and 
CERCLA. In particular, the FFCA was intended to ensure that environmental impacts associated with 
past and present activities at the FEMP site be thoroughly and adequately investigated so that 
appropriate remedial response actions can be formulated, evaluated, and implemented. As required by 
the FFCA, an RI/FS was initiated in July 1986 pursuant to CERCLA. 

In addition to the requirement to perform an RYFS, the FFCA also provided for the initiation of 
several IRMs at the site. One such measure provided for the control of radon emissions from the K- 
65 silos. This action is similar to a removal action and is discussed in Section 1.5.3 of this report. 

In November 1989, the FMPC was placed on the National Priorities List (NPL) for investigation and 
remediation under CERCLA. This placement, in addition to progressive findings in the RI/FS 
program, necessitated the amendment of the existing agreement between DOE and EPA. The 1986 
FFCA was amended by a Consent Agreement under Sections 120 and 106(a) of CERCLA (Consent 
Agreement) providing for the implementation of the operable unit concept for the FEMP RIPS and 
revising the milestone commitments for the RIPS program without m o w i n g  the underlying 
objectives in the FFCA. The Consent Agreement was signed on April 9, 1990, and became effective 
on June 29, 1990, following a period of public comment. The Consent Agreement also provided for 
the implementation of removal actions, including the K-65 Silos Removal Action. 

In October 1990, a first version of this RI Report was submitted to EPA for review and approval. As a 
result of the inability of the FEMP to successfully sample and analyze the material within the K-65 
silos to support the RI, the report was subsequently disapproved and a Notice of Violation (NOV) was 
issued by EPA. Two other NOVs were issued at approximately the same time regarding other 
components of the ongoing RI/FS. Following negotiations between the EPA and DOE, a resolution 
agreement was jointly signed by the EPA and DOE to resolve the dispute and the NOVs. Pursuant to 
the terms of this resolution agreement, DOE paid a penalty to EPA, agreed to perform a supplemental 
project beneficial to the environment surrounding the site, and agreed to enter into negotiations with 
EPA to define new schedules for resubmittal of the RIFS documents. The Consent Agreement was 
amended in 1991 to revise the schedules for completing the RI/FS for the five identifed operable 
units. This Amended Consent Agreement was signed on September 20, 1991 and became effective on 
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December 19, 1991, following a period of public review. The State of Ohio is not a party to the 
Consent Agreement, although state representatives were present during the discussions that led to the 
agreements and are active participants in the RIPS process. 

For the remedial action sites, it is DOE policy to integrate values of NEPA into the procedural and 
documentational requirements of CERCLA, wherever practicable. In accordance with this policy, the 
RI/FS documents prepared under CERCLA to support cleanup decisions for each operable unit at the 
FEMP will be written to incorporate elements of an environmental impact statement (EIS) prepared 
under NEPA. The NEPNCERCLA integration approach was ourlined in a Notice of Intent (NOI) that 
was published in the Federal RePister on May 15, 1990. 

The FU Reports for each operable unit will contain characterization data for the specific operable unit 
and surrounding site and will function as the NEPA Description of the Affected Environment 
discussion. The Site-Wide Characterization Report (SWCR) includes detailed technical appendices 
reporting site-specific studies of wetlands, threatened and endangered species, cultural resources, etc. 
as well as a Baseline Risk Assessment. The SWCR will also support the Description of the Affected 
Environment discussion and will function as the NEPA Impact Analysis of the no-action alternative. 
The FS documents prepared for each operable unit will also incorporate NEPA values in that each will 
contain the operable unit-specific impact analysis discussion. The proposed plan (PP) for each 
operable unit also will present the preferred alternative component. 

The resultant integrated process and document package will be termed a PP/FS-EIS for each operable 
unit. The SWCR and operable unit-specific RI documents will be incorporated into the PP/FS-EISs by 
reference. The Operable Unit 4 PP/FS-EIS will function as the lead C E R C L W A  document from 
which the PPFS-EISs for the other operable units will be tiered. A Site-Wide EIS will be attached to 
the Operable Unit 4 PPFS-EIS and will address the cumulative impacts of the leading remedial 
alternatives for each operable unit. If the leading remedial alternatives for any of the operable units 
change, additional Site-Wide EISs will be prepared and attached to the forthcoming PP/FS-EIS 
documents. 

In accordance with both CERCLA and NEPA processes, these documents are also made available for 
public comment. Public involvement is an important factor in the decision-making process for site 
remediation. Public comments will be used to develop the decision for the current remedial action, 
which will be presented in a ROD. Applying the integrated approach for NEPA and CERCLA, a 
single ROD will be prepared for this action, and will be signed by both DOE and EPA. The contents 
of the documents prepared for the remedial actions at the FEMP site are not intended to represent a 
statement on the legal applicability of NEPA to remedial actions conducted under CERCLA. 
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The DOE issued a second NO1 on October 22, 1990 to prepare a Programmatic EIS on DOE's 
nationwide integrated Environmental Restoration and Waste Management Program. The purpose of 
DOE's proposed integrated Environmental Restoration and Waste Management Program is to provide a 
broad, systematic approach to addressing cleanup activities and waste management practices at DOE 
facilities nationwide. The remedial actions evaluated and selected in the FEh4P.S integrated 
NEPA/CERCLA documentation will be consistent with the approaches developed in the Programmatic 
EIS . 

1.5.2 FEMP RI/FS 
As previously discussed, the RIPS of the FEMP was initiated in July 1986 pursuant to the terms of 
the FFCA. Consistent with the terms of agreement, DOE prepared and submitted a work plan for the 
RUFS in December 1986. Following review by EPA and OEPA, a series of technical discussions were 
held between involved organizations, which led to the modification of the 0rigm.I work plan. The 
RUFS Work Plan received EPA approval in May 1988. 

The RIPS Work Plan provides the overall technical approach, identifies a number of investigative 
areas, develops objectives for each of the specified investigations, and establishes overall objectives for 
the evaluation of data collected during the RI activities. The work plan includes the following detailed 
plans that establish specific procedures for the completion of the RI/FS for the FEW: 

Sampling and Analysis Plan (SAP) 
Health and Safety Plan (HSP) 
Community Relations Plan (CRP) 
Data Management Plan (DMP) 
Quality Assurance Project Plan (QAPP) 

Th SAP contains objectives, sampling locations, and samplin procedures for the following: 

Radiation measurements 
Surface soils 
Groundwater 
Subsurface soils 
Surface water and sediment 
Biological resources 

The SAP has been amended on a number of occasions through the Document Change Request @CR) 
procedure of the QAPP. Several of these addenda are specific to Operable Unit 4 and are discussed in 
Section 2.0. 
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Sampling activities associated with the Operable Unit 4 RI have been completed. All analytical results 
have been received except for a limited number of samples collected as part of a follow-up sampling 
effort examining the perched water in the vicinity of the K-65 silos. 

The field investigation for Operable Unit 4 was conducted pursuant to the approved sampling plans. 
Although not technically a part of Operable Unit 4, information collected as part of investigations for 
other operable units will be presented in this RI Report, as appropriate, in an effort to determine the 
potential impact of Operable Unit 4 sources on the environment. The baseline risk assessment for 
Operable Unit 4 will not quantify the risk from exposure to environmental media outside the operable 
unit boundary except for future exposure scenarios; the risk associated with exposure to the current 
contaminants in environmental media outside the Operable Unit 4 boundary will b,e addressed in the 
Operable Unit 5 baseline risk assessment. 

The RI/FS Work Plan, (Advanced Sciences, Inc. [ASI]/IT 1988) identified 27 units of the FEMP to be 
investigated in the RI/FS. Several modifications to the list eventually increased this total to 39 units. 
In the c o m e  of the investigation, it became apparent that, for technical and program management 

purposes, these 39 units needed to be categorized and grouped accordingly. The concept of operable . 
units was introduced into the program to allow the remedial action process to proceed to completion 
for the most well-defined units, while data collection and analysis continued for other operable units. 
The operable unit concept was formalized in the 1990 Consent Agreement and later refined by the 
1991 Amended Consent Agreement. 

The five FEMP operable units are broadly defined as: 

Operable Unit 1 - Waste Pit Area 
Operable Unit 2 - Other Waste Units 
Operable Unit 3 - Former Production Area 
Operable Unit 4 - Silos 1 through 4 
Operable Unit 5 - Environmental Media 

In an effort to supplement available guidance and promote consistency among the operable units, the 
1991 Amended Consent Agreement added a number of work elements to the ongoing RI/FS. Those 
elements pertinent to Operable Unit 4 included the issuance of a Risk Assessment Work Plan 
Addendum, the issuance of an SWCR, and the formulation of a comprehensive site-wide operable unit. 

The Risk Assessment Work Plan Addendum (DOE 1992a) details the approach, methods, models, and 
input parameters to be employed in the completion of the operable unit RI and FS risk assessments, 
including Operable Unit 4. The Work Plan Addendum was conditionally approved by EPA on 
June 12, 1992. The Risk Assessment Work Plan Addendum (DOE 1992a) represents the vehicle by 
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which the final geographical boundaries of the individual source operable Units (Le., Operable Units 1, 
2, and 4) are defined. Consistent with the Work Plan Addendum (1992a). the quantitative baseline 
risk assessment for Operable Unit 4 will be limited to within the geographical boundaries identified in 
the addendum. Discussions or presentations of data to defme the nature and extent of contamination 
associated with the operable unit will not be limited by the pre-established geographical boundaries. 

The 1991 Amended Consent Agreement also provided for an SWCR. This report was prepared to 
compile site-wide data available as of December 1991 and to complete a preliminary site-wide baseline 
risk assessment. The preliminary baseline risk assessment quantitatively evaluates risk from the FEMP 
site as a whole for the existing, preremedial action conditions. The SWCR was prepared to satisfy the 
following specific objectives: 

Idenbfy and characterize any sources of potential radiological and chemical 
contamination. 

Summarize the current knowledge of the nature and extent of any radiological and 
chemical substances found in soils, sediment, surface water, and groundwater. 

Idenbfy the migration pathways and mechanisms for transport of radiological and 
chemical substances found in soils, sediment, surface water, and groundwater. 

Characterize the occurrence of chemical or radiological substances in aquatic and 
terrestrial organisms both on and adjacent to the FEW site. 

Support the Description of the Affected Environment and Functions as the NEPA 
Impact Analysis for the no-action alternative. 

Develop, validate, and apply various site models to augment the current understanding 
of the site environment. 

Provide the data necessary to perform the screening and detailed analysis of remedial 
alternatives during the FS. 

The SWCR also contains the NEPA impact analysis of the no-action alternative. The site-wide data 
required for analysis of potential impacts of site-wide remedial action are contained in the SWCR. 

The Amended Consent Agreement added a Comprehensive Site-Wide Operable Unit that will evaluate 
the remedies selected for the five operable units on a site-wide basis. This addition was done to 
ensure that the combined remedial actions taken for the five operable units are protective of human 
health and the environment on a site-wide basis as required by the National Oil and Hazardous 
Substance Pollution Contingency Plan (NCP). 
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The SWCR was conditionally approved by EPA in January 1993. The SWCR summarizes data 
available from the RyFS as of December 1991. A preliminary site-wide baseline risk assessment is 
presented in the SWCR based on the data available at that time. 

On October 29, 1990, the DOE received EPA approval of the Operable Unit 4 Initial Screening of 
Alternatives (ISA) Report. The ISA Report summarizes viable remedial technologies potentially 
applicable to Operable Unit 4. Viable technologies were assembled into remedial alternatives in the 
ISA Report and screened to remove inappropriate alternatives. As identified in the approved ISA 
Report, the following alternatives in addition to no action were recommended for detailed analysis in 
the FS Report. 

Silos 1 and 2 

Nonremoval of stored waste residue and isolation of silos 

Nonremoval of stored waste residues, in situ stabilization of waste, and placement of a 
cap over silos 

Removal of stored waste residues, treatment of wastes, and disposal of treated residues 
in an on-property disposal facility 

Removal of stored waste residues, treatment of waste, and disposal of treated residues 
off site 

Removal of waste residues, separation of principal contaminant from residues, and 
disposal of stabilized residues in on-site disposal facility 

Removal of waste residue, separation of principal contaminant from residues, and 
disposal of stabilized residue off site 

silo 3 

The first four bullet points listed as alternatives for Silos 1 and 2 are included as 
alternatives for Silo 3. 

On June 27, 1992, DOE received EPA approval of the RI/FS Operable Unit 4 Treatability Study Work 
Plan. The plan described proposed treatability investigation to be performed by DOE to evaluate the 
performance of stabilization and contaminant separation technologies on Operable Unit 4 waste 
materials. In April 1992, EPA approved a second Operable Unit 4 Treatability Study Work Plan. 
This second plan proposed additional treatability investigations to examhe the feasibility of applying 
ex situ vitrification technology to treat Operable Unit 4 waste materials. These studies are presently 
underway. 
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1.5.3 Operable Unit 4 Study Area Removal Actions 
Removal actions, as described in Part 40 Code of Federal Regulations (CFR) Title 300.415, are 
primarily intended to abate, minimize, stabilize, mitigate, or eliminate a release or threat of release of 
hazardous substances, pollutants, or contaminants prior to a f m l  remedial action. These actions are 
initiated to accelerate cleanup activities to address releases or potential releases of hazardous 
substances. One IRM and three removal actions were conducted within Operable Unit 4: (1) K-65 
Silo Insulation IRM; (2) K-65 Silos Removal Action (Removal No. 4); (3) K-65 Decant Sump Tank 
Removal Action (Removal No. 5);  and (4) Silo 3 Expedited Removal Action (Removal No. 21). 

1.5.3.1 K-65 Silo Insulation Interim Remedial Measure 
In 1987, an IRM was conducted at the K-65 silos in response to commitments made by DOE in the 
Compliance Plan section of the FFCA (Grumski 1987a). The Compliance Plan required that DOE 
take immediate measures to control radioactive emissions from the FEMP site. DOE developed a plan 
to control the release of radon from Silos 1 and 2 by limiting the "breathing" of the silos. Because the 
silos are not pressure vessels, leakage of radon occurs as the pressure differential between the silos' 
interior and the outside atmosphere increases. This pressure differential was found to result from 
normal heat exchange due to solar radiation. A program was developed to reduce the normal daily 
thermal cycling, and hence the pressure cycling, by insulating the silo domes. Work performed as part 
of the IRM included: 

Design, construction, and periodic operation of an RTS to lower the silo headspace 
radon and progeny concentrations 

Application of a layer of rigid polyurethane foam insulation.to the exterior of the dome 
surfaces of Silos 1 and 2. The foam was 7.6 cm (3 inches) thick at the outer dome 
surface and 3.8 cm (1.5 inches) at the dome cap. 

Direct penetrating radiation levels on the silos would not permit the installation of the polyurethane 
foam coating without unacceptable exposures to the installation personnel. This radiation was 
primarily due to the presence of short half-life progeny of radon. Removal of the radon via the RTS 
allowed the short-lived progeny to decay, thereby reducing the direct radiation to acceptable levels to 
permit the insulation to be applied. 

1.5.3.2 K-65 Silos Removal Action (Removal No. 4) 

The K-65 Silos Removal Action involved the installation of a bentonite clay layer over the K-65 
material (radium-bearing radioactive waste) in Silos 1 and 2 to reduce the potential for releases to the 
environment. The K-65 Silos Removal Action was conducted consistent with the terms of the Consent 
Agreement and authorities granted to DOE under Section 104 of CERCLA by Executive Order 12580. 
The removal action was completed in November 1991. An Engineering Evaluation/Cost Analysis 
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(EE/CA), which explored options for a removal action to address the K-65 silos, was completed by 
BNI (BNI 1990b). This study found that a tornado-induced structural failure of both silos could result 
in an initial uncontrolled release of approximately 66 Curies of radon (Rn)-222 and some K-65 
residues. 

Also;a spontaneous failure of either silo would result in a release of 33 curies of radon. In both 
cases, a continuous radon release would occur following the initial release until corrective action could 
be implemented by FEW personnel. The EE/CA document was employed to support the selection of 
the preferred removal action alternative. The objectives of this removal action, as stated in the EE/CA 
for the K-65 silos, were as follows: 

I 

To reduce routine emissions of radon from the K-65 silos to the maximum extent 
practical within the context of the removal action 

To decrease, mitigate, or otherwise control the radon gas inventory in the K-65 silos so 
that a failure of the dome(s) would not result in a release of si@icant quantities of 
radon gas, which would pose a threat to the public 

To decrease, mitigate, or.otherwise control the threat of K-65 residues released in 
sigmficant quantities as a result of dome failure 

To complete the removal action, approximately 730 metric tons of bentonite and water were mixed to 
produce the desired consistency of the bentonite slurry that was pumped into Silos 1 and 2 to cover 
the K-65 hazardous materials. The bentonite slurry consisted of approximately 25 percent dry 
bentonite and 75 percent water. The bentonite sluny was pumped into the manways of Silos 1 and 2 
utilizing a bentonite slurry supply system and a distributor spray head supported by a crane. The 
spray head assembly unit had two adjustable angle discharge spray arms with an extension of 
approximately 75 degrees that would deliver the sluny in a circular fashion. The spray head assembly 
unit, including a structural support basket, was supported by a crane equipped with spreader bars. The 
support basket was positioned on the manway and was used to support the spray head that was raised 
and lowered into the appropriate silo through one of the five manways by remote operations. 
Although the bentonite increased the total volume of waste in each silo, it sigmfkantly reduced the 
chronic radon releases to the environment. 

1.5.3.3 K-65 Decant  sum^ Tank Removal Action (Removal No. 5 )  

This removal action involves removing the water from the K-65 decant sump tank and the 
dispositioning of the removed liquid. This removal action also was conducted pursuant to the terms of 
the Consent Agreement and in accordance with authorities granted to DOE under Section 104 of 
CERCLA by Executive Order 12580. 

1-51 



FEMP-04RI-6 FmAL . 
November 3,1993 

In April 1991, an electric-powered submersible deep well pump was used to pump the water within 
the decant sump tank to a tank trailer. After filling, the tank trailer was transported to Plant 2/3 where 
the liquid was transferred to aboveground holding tanks for temporary storage until completion of 
analysis and determination of the appropriate treatment needed before final disposition of the water 
through an NPDES-permitted discharge point. 

The water level in the tank trailer was measured and recorded each time before and after filling the 
transport tanker. This information aided in determining the quantity of water removed from the silo 
decant system, which amounted to approximately 30,280 L (8000 gallons). Approximately 570 L (150 
gallons) are estimated to have originated from water in the standpipe and infiltration from the 
underdrain system. Approximately 1.2 m (4 ft) of water was measured to be present in the standpipe 
above the decant sump prior to pumping activities. Approximately, 1100 gallons of residue sludge, 
which resulted from the original decant operations, is estimated to remain in the decant sump. 

Under the terms of the approved Removal Actions Work Plan, when the liquid level in the decant 
sump reaches 80 percent of the tank’s 34,100-L (9000-gallon) capacity, the liquid is to be removed. 
The liquid in the decant sump reached such a level in January 1993. Approximately 24,826 L 
(6550 gallons) of liquid were again pumped from the sump during late January and early February 
1993 and transported to holding tanks at Plant 2/3. The liquid will be dispositioned following receipt 
of analytical data from samples collected from the stored liquid. 

1.5.3.4 Silo 3: Expedited Removal Action Removal No. 211 
The Silo 3 expedited removal action was conducted in December 1991 after an inspection showed that 
the condition of tpe dust collector system on the dome of Silo 3 had sigrdlcantly deteriorated over the 
years. The removal action involved the removal of the dust collector and hopper assembly from the 
dome of Silo 3 to eliminate the potential for release of the residual quantities of radioactive material 
within the hopper assembly to the environment. 

The task was accomplished by removing the dust collector system from the silo dome as a single unit 
and placing it directly into an ocean cargo (sea/land) container for disposal. All extraneous piping and 
equipment associated with the dust collector system on the Silo 3 dome were also removed and 
properly packaged for disposal. 

1.5.3.5 Waste Pit Area Storm Water Runoff Control Removal Action Removal No. 2) 
This removal action involved the installation of a runoff control system designed to collect storm 
water from the waste pit area, including the Operable Unit 4 Study Area, and direct it through 
treatment systems at the FEW site prior to discharge to the Great Miami River. This removal action 
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was conducted pursuant to the terms of the Consent Agreement and in accordance with authorities 
granted to DOE under Section 104 of CERCLA by Ekecutive Order 12580. 

An EE/CA, which evaluated options for controlling surface water discharge to Paddys Run from the 
waste pit area, was approved by EPA in September 1990. The EE/CA identifed the preferred 
alternative, which was ultimately implemented, to install a series of drainage control structures, sieves, 
and culverts to direct runoff to the existing clearwell, and a newly constructed in-ground sump. The 
system was completed and became operational in July 1992. 
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2.0 STUDY AREA INVESTIGATIONS 

This section establishes a detailed understanding of the nature and extent of contamination and the 
baseline risks to human health and the environment associated with Operable Unit 4 at the FEMP site 
by describing the investigative activities that have been performed. These investigations include 
activities completed under the RI/FS, the environmental monitoring program, and other site programs 
undertaken to characterize the physical, chemical, and radiological properties of the waste storage silos, 
their contents, and the surrounding environment. Also discussed are the pertinent elements and 
findings of the site quality program and their implications on data quality and useability. 

Some conditions specific to Operable Unit 4 hindered intrusive and nonintrusive investigations during 
the RI site investigations. As previously discussed in Section 1.0, Silos 1 and 2 contain residues from 
the processing of high assay uranium ores. These residues contain significant activity concentrations 
of Ra-226 and other radionuclides in the uranium decay series. Associated with these concentrations 
is a highly elevated direct radiation field in the vicinity of Silos 1 and 2. Additionally, radon 
concentrations within the silos and on the dome surfaces were a sigmfkant consideration to sampling 
activities before bentonite installation. These conditions, coup!ed with concern for the structural 
integrity of the domes of Silos 1 and 2, presented signdicant complexities to the sampling activities. 
These complexities resulted in: (1) implementing sigmficant worker health and safety restrictions due 
to the direct radiation levels and radon concentrations; and (2) the lack of viable sampling equipment 
and methodologies due to loading restrictions on the silo domes and concern for potential releases of 
radon to the atmosphere during samplihg. The high levels of radionuclides in the silo contents also 
limited both the number of laboratories that could analyze collected samples and the ability of 
laboratory instruments to measure the concentrations of certain radionuclides due to matrix interference 
between radionuclides analyzed by gamma spectroscopy. In full consideration of these extreme site 
conditions, sampling activities were carefully planned and executed to achieve program data objectives. 

2.1 DATA REOUIREMENTS FOR THE RI 
The evaluation of the data requirements to complete the Operable Unit 4 RI began by focusing on the 
contents of the K-65 silos and Silo 3 and systematically expanding outward to incorporate the berm 
soil around the K-65 silos, surface soils, subsurface soils, decant tank system, and groundwater. 
Associated structures, including the concrete pipe trench, the concrete slab of the former Drum 
Handling Building, and the concrete foundation of the former decant sump lift pump were not 
considered for characterization activities during the RI. These structures represent an insi@icant 
portion of the total volume of concrete materials (silo structures) that need to be addressed by remedial 
action. Further characterization would not substantively improve the RI database, as process 
knowledge exists regarding the level of contamination expected to be present in FEW concrete 
structures. Figure 2-1 shows the elements involved in the Operable Unit 4 investigation. 
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Outside the boundary of Operable Unit 4, local and regional impacts associated with Operable Unit 4 

source contaminants were evaluated by extending the data evaluation to: (1) the Operable Unit 4 

Study Area, and (2) the regional environment. 

The Operable Unit 4 Study Area was defined to concentrate on that area of the FEMP site that is most 
likely to be affected by any contamination originating from Operable Unit 4. This area encompasses 
Operable Unit 4 and its surrounding environs, including the Great Miami Aquifer and perched 
groundwater. 

The regional environment is defined as that region lying outside the Operable Unit 4 Study Area. The 
bounds of the regional environment extend as far as necessary to evaluate data relevant to Operable 
Unit 4 or to assess impacts from Operable Unit 4. Issues related to Operable Unit 4 that were 
addressed by employing a regional perspective included 

Radon emissions 
Risk to off-site receptors 
Long-term migration potential for materials released from the silos 
Regional environmental resources that could be impacted (e.g., ambient air, 
groundwater, or wetlands) 

The regional environment was the most general element evaluated because it is applicable to each 
of the five operable units. However, a regional perspective is necessary to assess risks related to 
Operable Unit 4 and to evaluate remedial alternatives. This RI Report for Operable Unit 4 addresses 
each of the above elements of the investigation. 

Table 2-1 summarizes the data evaluation approach applied to each of the major elements considered 
pertinent to the Operable Unit 4 RI. The referenced table summarizes: (1) the informational needs of 
the RI; (2) the data available from sources other than the R W S  to M i l l  these needs; (3) and site 
characterization activities specifically conducted as part of the RI to satisfy identified data deficiencies. 
The table also identifies the ultimate use of the individual data sets in the RI and the section of the 
report in which the data set is introduced. As noted in Table 2-1, three major sources of data are 
relied upon for characterization of Operable Unit 4 in addition to the data set collected under the 
FEMP RyFS Work Plan, as amended. These sources are CERCLA removal actions, the CIS, and the 
FEMP Environmental Monitoring Program. Data collected as part of CERCLA removal actions at 
FEMP were collected using the procedures and protocols within the entire quality program of the 
FEMP RyFS QAPP. These data were collected at ASL IV and V for chemical and radiological 
constituents; they are, therefore, used in the Same manner as other data collected under the FEMP 
RyFS Work Plan, as amended. 
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Data collected as part of the CIS and the FEMP environmental monitoring program are used as input 
parameters to fate and transport modeling and to detennine the areal extent of contaminant movement 
from Operable Unit 4 sources. In general, these data are not used in the quantification of the "source 
term concentration" used in the baseline risk assessment with the exception of headspace radon 
concentration. Silos 1 and 2 breathing rate estimates were calculated using headspace radon data 
collected as part of the FEW Environmental Monitoring Program. 

The following sections describe each of the site investigation activities conducted as part of the RI or 
other site programs that were used to support the preparation of this report. The descriptions of the 
sampling activities define the objectives, methodology, and analysis associated with each data set. 

2.2 SURFACEFEATURES 
Investigative activities conducted to support the RJ/FS process or other site programs included 
photogrammetric surveys and evaluations of the integrity of the silo structures and the earthen berms 
surrounding Silos 1 and 2. 

2.2.1 Photogrammetric Surveys 
Because there were no comprehensive topographic or planimetric maps of the FEMP site before the 
initiation of RI activities, detailed mapping of the FEMP facilities and the Fernald, Ohio area was 
completed to support facility investigations, design activities, and cleanup operations. The information 
gathered from this effort was used to support the description of the nature and extent of contamination 
and fate and transport modeling with respect to water erosion, surface water hydrology, and wind 
erosion. 

Obiec tives 
Specific objectives of the photogrammetric surveys included: 

Completion of a high resolution map of the Operable Unit 4 Study Area capable of 
supporting data management, fate and transport modeling, graphical presentations, and 
FS activities 

Provision of appropriate ground control and permanent monuments to establish vertical 
and horizontal coordinates of sampling and well locations and planimetric features 

Methodology 
Aerial photographs on a scale of approximately 1 inch equals 300 ft were completed in 1988 and 
1992. The 1992 flyover was performed to supplement the existing photographs in order to provide a 
map of the current conditions at the facility. Ground control surveys were performed to establish 
aerial targets at horizontal and vertical control locations. Employing photogrammetric methods, 
planimetric mapping with 1-ft topographic contours meeting National Map Accuracy Standards on a 
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scale of 1 inch equals 50 ft was completed for an area of approximately 4800 acres. Permanent 
s w e y  monuments were established on the FEMP site to facilitate ground surveys required for field 
sampling operations. A digital database was created of the planimetric map in both Integraph and 
AutoCad formats. The resulting map and ground control was based on the Ohio State Plane (OSP) 
Coordinate System of 1983. Horizontal control was tied to the North American Datum of the 1983 
OSP Coordinate System, with vertical control tied to the North American Vertical Datum of 1929. 

2.2.2 Structural Evaluation of the Silos 
Structural evaluations performed by Camargo and BNI in 1985 and 1990a. respectively, were 
described in Section 1.0 and will not be repeated here. This information has been used previously to 
support the K-65 Silos Removal Action and planning for sample collection of the silos. This 
information is used in the RI to support the development of the exposure scenarios for the risk 
assessment and will be used in the FS evaluation of alternatives. 

2.2.3 Soil Embankments 
A vertical boring program was conducted as part of the RI/FS to characterize the nature and extent of 
contamination in the silo berms, which may have resulted &om migration of radon through the silo 
sidewalls and leakage of leachate (decant liquids) from the silos, and to determine if operational spills 
occurred in the areas of the decant ports. Geotechnical information was collected during the vertical 
boring program to support the FS. Portions of this information were also used in the baseline risk 
assessment (Appendix D). 

Objectives 
The objective of the berm soil sampling program within the Operable Unit 4 Study Area was to collect 
sufficient data to identlfy the concentration at which the radiological and chemical constituents present 
in the berm soil was sufficient to support the baseline risk assessment and the evaluation of the viable 
remedial alternatives. The sampling examined both the potential for release of decant fluids to the 
adjoining berm and the concentration of radon progeny in the berms. Additionally, geotechnical 
information was collected to support the FS. 

Methodology 
Five vertical borings were advanced between 3 and 5 ft from the exterior of the silo walls, at locations 
adjacent to the decant ports (Figure 2-2), utilizing the Vibracorer technique. The Vibracorer consists 
of a pneumatically driven vibrator assembly coupled with a continuous steel casing extending to the 
length of the desired boring. Within the steel casing is a continuous lexan tube used to retain the 
collected samples. A continuous core of berm material was collected at 10-ft intervals from each 
boring to a maximum depth of 30 ft. After initial radiological screening of the entire core, it was 
sectioned into 12-inch sample lengths. The open ends of each 12-inch sample were screened for 
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volatile organics immediately after the completion of the sectioning of the core. The samples were 
then removed from the lexan tubes and screened for volatile organics with a photoionization detector 
(HNu meter), which has the sensitivity range of 0 to 2000 mg/kg for organic and some inorganic 
vapors. Additional beta/gamma radiological screening of the sample lengths was then accomplished in 
the field with a Pancake Geiger-Mueller detector coupled with a portable survey meter and a portable 
zinc sulfide (ZnS) alpha scintillation detector probe coupled with a survey meter. Additional 
information on the methodology employed to complete the vertical borings can be found in DCR 6% 
to the RWS Work Plan, entitled K-65 Soil Berm Vertical Boring Sampling and Analysis Plan. 

Sampling and Analysis 
Five samples from Boring 1620 and six samples each from Borings 1621, 1622, and 1623 were 
submitted for laboratory radiological analysis. A sample was selected for laboratory radiological 
analysis from every 5-ft interval in each boring. The sample selected was the one displaying the 
highest radiological screening value within each 5-ft length. If all samples within an interval displayed 
similar screening values, a sample from near the bottom of the interval was submitted for analysis. A 
number of collected subsurface soil samples were not analyzed by the radiochemical laboratory for the 
listed fission and transuranic radionuclides (Tc-99, Cs-137, Sr-90, Ru-106, Np-237, and isotopic 
plutonium). Technical review of.this deviation from the work plan lead to the conclusion that the 
available data was sufficient to evaluate the contribution of these constituents, and thus no additional 
sampling or analysis was deemed appropriate. 

Hazardous Substance List (HSL) analyses were performed on samples from each boring. A sample 
was selected from each of the 0- to 10-ft, 10- to 20-ft, and the 20- to 30-ft intervals based on the 
highest HNu reading from each interval. If no elevated HNu readings were observed, a sample from 
near the middle of each interval was analyzed. Three samples were analyzed for HSL from Borings 
1620, 1621, and 1622, along with two samples from Boring 1623 and one from 1790. Individual 
analysis for each sample (Le., volatile organic analysis, base neutral and acid extractable compounds, 
inorganics, cyanide, and mercury) were assigned unique sample numbers. Boring 1790 was completed 
to a depth of 10 ft at a position immediately adjacent to Boring 1623. Boring 1790 was conducted as 
a result of a missed cooler temperature limit on the sample recovered from the top interval of Boring 
1623. A Toxicity Characteristic Leaching Procedure (TCLP) test for organic and inorganic 
constituents was performed on one discrete sample selected from Borings 1620, 1621, 1622, and 1623. 
Appendix B contains the results of analysis on the vertical boring samples. 
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Samples were analyzed for the radiological and chemical constituents identified below. 

Full Radiological Analysis 
(per RI/FS Work Plan) 

Isotopic uranium 
Isotopic thorium 
Isotopic radium 
Isotopic plutonium 

Cesium (Cs)- 137 
Strontium (Sr)-90 
Ruthenium (Ru)- 106 
Neptunium (Np)-237 

TC-99 

Additional Radiological Parameters 

Actini~m (Ac)-227 
Lead (Pb)-210 
Polonium (P0)-210 
Protactinium (Pa)-231 

Chemical Analysis 

HSL inorganics and organics 
TCLP organics and inorganics 

The balance of unused sample sections was sealed and archived. All boring logs, sample collection 
records, and analyses were performed per the RI/FS QAPP requirements. Parameters constituting the 
HSL are defined in the RI/FS QAPP. Parameters comprising TCLP are defined in 40 CFR 261. 

Geotechnical analyses were performed on three samples selected from each 10-ft interval of each 
boring, with a total of three geotechnical samples from each vertical boring. The general geological 
and descriptive geotechnical parameters as well as the physical properties of the berm soil were 
established to determine the expected soils behavior during implementation of remedial alternatives. 
The analyses, with the referenced American Society for Testing and Materials (ASTM) standards, 
completed for collected geotechnical samples were: 

Water content (ASTM D2216-80) 
Atterberg limits (ASTM D4318-84) 
Specific gravity (ASTM D854-83) 
Grain size distribution (ASTM D422-63) 
Soils classification (ASTM D2487-85) 

All sample analytical testing was conducted as specified under the appropriate ASTM standards and 
laboratory procedures using qualified geotechnical technician(s) and properly calibrated apparatus that 
meet the requirements per ASTM D3740-80. Documentation for the testing conformed to the 
standards set forth in the RI/FS QAPP. 

2-12 
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2.3 CONTENTS OF SILOS AND RELATED FACILITIES 
A sampling program was conducted as part of the RI/FS to analyze representative samples from the 
contents of Silos 1, 2, and 3. Sampling of Silos 1, 2, and 3 was conducted in 1989. Due to . 

operational difficulties with the sampling methodology, the sampling of Silos 1 and 2 was only 
partially successful. In 1991, Silos 1 and 2 were resampled to collect additional information to 
support the RI/FS. This information provided by these sampling activities is being used to establish 
the source term for the silo materials for the fate and transport modeling to support the baseline risk 
assessment and the FS. Additionally, surface mapping was conducted as part of the K-65 Removal 
Action to provide a more accurate estimate of the volume of the K-65 silos. 

2.3.1 Silos 1 and 2 

2.3.1.1 1989 Sampling 

Obiective 
The objective of the 1989 silo sampling program was to adequately cbaracterize the radiological and 
chemical composition of the silo contents to complete the baseline risk assessment and the 
development and evaluation of alternative actions for the long-term disposition of the materials. 

The details of the operational procedures are provided in the Implementation Plan for the K-65 and 
Metal Oxide Residue Sampling Project Revision 5, December 1988 and the RIPS Work Plan for 
FMPC, Revision 3, March 1988, which is summarized in the methodology section. 

Methodology 
Sampling of each silo was conducted through four existing manways located in the dome of each silo. 
Sampling in each manway location was conducted with the objective of retrieving a continuous core 
from the top of the fill area to the bottom of the silo material within each silo. Sampling in the silos 
was completed using the Vibracorer technique as previously identified in the discussion of the vertical 
borings. This technique was selected for a number of reasons, but most importantly for the ability to 
complete the effort without applying any loading on the dome surfaces. All sampling equipment was 
suspended from a crane to minimize the potential for catastrophic dome collapse. Bag-in-bag-out 
techniques were employed during the sampling to minimize the release of radon incidental to the 
sampling effort. 

Despite countless attempts to refine the sampling technique and equipment, sample recovery from the 
silos was poor. Continuous cores could not be obtained from the manways. Each recovered sample 
core was subdivided into sections. From these sample core subsections, discrete samples were taken 
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for radiological, HSL organic and inorganic, and Extraction Procedure Toxicity (EP Tox) analysis, in 
addition to physical characterization analysis. 

Sam~linn and Analysis 

Silo 1 yielded seven discrete samples for radiological, HSL organic and inorganic, and EP Toxicity 
analyses. Silo 1 also yielded four samples for physical analysis. Silo 2 yielded six discrete samples 
for radiological, HSL organic and inorganic, and EP Toxicity. Silo 2 also yielded four samples for 
physical analysis. The analytical results from the 1989 sampling of Silos 1 and 2 can be found in 
Appendix A, Sections A.4 and AS, respectively. 

K-65 samples were analyzed for the radiological constituents listed below: 

Isotopic uranium 
Isotopic thorium 
Isotopic radium 
Pb-2 10 
Ac-227 
Pa-23 1 
Totaluranium 

Radiological analytical parameters did not include transuranics and fission products because the origin 
of the K-65 silos is from natural uranium ore. Samples were analyzed for the following chemical 
parameters: 

HSL inorganics, volatiles, semivolatiles, pesticides, and polychlorinated biphenyls (PCB) 
EP Toxicity (metals only) 

HSL analyses were conducted using EPA Contract Laboratory Program (CLP) protocols. 

Analysis of the physical properties was conducted by using the following specified ASTM methods on 
the collected samples: 

Grain size distribution (ASTM D422-63) 
Atterberg limits (ASTM D4318-84) 
Water content (ASTM D2216-80) 
Specific gravity (ASTM D854-83) 
One-dimensional consolidation (ASTM D2435-80) (Results to be provided in the FS 

Standard proctor (ASTM D698-78) (Results to be provided in FS Report) 
Modified proctor (ASTM D1557-78) (Results to be provided in FS Reportj 

Report) 
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2.3.1.2 1990/1991 Sampline; 

Obiectives 
The objectives for the silo sampling program were to: 

Confirm the maximum depth and estimate the volume of material contained in the 
silos. 

Supplement available information from the 1989 sampling program to determine the 
chemical, radiological, and physical characteristics of the silo contents. 

Provide silo materials for cement stabilization, vitrification, and chemical separation 
treatability studies on materials in Silos 1 and 2. 

The details of the operational procedures are provided in the K-65 Silos Sampling and Analysis Plan 
dated July 1991. These details are summarized in the following paragraphs. 

Methodology 
The 1991 silo sampling program was completed using a modified Vibracorer technique. In this 
program a modified vibration unit was employed that provided vibratory action in three-dimensions 
versus onedimension in the 1989 program. The sampling approach was revised from the 1989 effort 
to retrieve samples from discrete depth intervals (zones) within each silo. Sampling of each silo 
manway was conducted in zones (referred to as Zones A, B, and C) that were each approximately one- 
third the total depth of the residue to be sampled. Each sampling interval yielded one composite 
sample per zone. Discrete samples were taken for volatile organic analysis. Each zone sample was a 
composite of equal masses of silo material from subsections of the core within each zone. A grab 
sample was taken and analyzed for each manway from the position on the cores, which exhibited the 
highest direct radiation reading (as measured on a handheld radiation detection instrument). This grab 
sample provided a "worstcase" condition from a radiological standpoint, in addition to the three 

composite samples from each manway as required by the July 1991 Work Plan. Three manways per 
silo were sampled for analytical purposes, with the samples from the fourth manway (southwest) being 
archived for future treatability studies. 

The collected composite samples were formed from individual samples taken from the same horizontal 
zone in each of the three sampled cores from each silo. The samples were composited within each 
horizontal zone. The layers sampled were those exhibiting the best combination of the following three 
properties: (1) present in all three cores at approximately the same depth; (2) relatively homogeneous 
within the layer but different from adjacent layers; and (3) of sufficient thickness to be of concern to 
the eventual evaluation of vertical heterogeneity. If no such layers were present, composite samples 

4 , 
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were formed from comparable depths from the top, middle, and bottom of each core as determined by 
the visual characterization of the cores. 

Silo 1 yielded 12 samples for chemical, 13 samples for radiological, and 7 samples for engineering 
properties analyses. TCLP analysis was performed on 12 Silo 1 samples for metals and 11 samples 
for the parameters on the HSL. No sample cores were recovered from Zones A and B of the 
Northwest Manway of Silo 2 because of interference of old boring holes from prior sampling attempts; 
therefore, Silo 2 yielded 8 samples for radiological analysis, 8 for chemical analysis, 8 samples for 
TCLP analysis, and 7 samples for geotechnical analysis. Sections A.l and A.2 of Appendix A contain 
the results of the analysis on samples from Silos 1 and 2, respectively. HSL and TCLP for the 
radiological (to a lesser degree) analysis for individual constituents were at times reported under 
different sample numbers. As a result, Appendix A displays a different number of individual samples 
than stated here. 

The K-65 silo samples were analyzed for physical, chemical, and radiological parameters. The 
required radiological analyses for the 1991 sampling efforts were: 

Isotopic uranium 
Isotopic thorium 
Isotopic radium 
Total uranium 
Total thorium 
Pb-2 10 
Po-2 10 
Pa-231 
AC-227 

Selected samples were analyzed for the following chemical parameters: 

HSL inorganics, volatile organics, semivolatile organics, pesticides, and PCBs 
TCLP for HSL metals, volatile organics, semivolatile organics, pesticides, and PCBs 
TCLP for radiological parameters 

Select samples were analyzed for one or more of the following general chemical analyses to meet the 
needs of treatability and geochemical modeling: 

Ammonia 
8 Bromide 
8 Chloride 
8 Fluoride 
8 Nitrate 

Oil and grease 
PH 

Phosphate 
Phosphorus 

8 Sulfate 
8 Total Kjeldahl nitrogen 
8 Total organic carbon 

Total organic nitrogen 
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Physical properties of the K-65 residues were determined to support the evaluation of remedial 
alternatives in the FS. Analysis of the physical properties were conducted by completing analysis on 
the collected samples using the following specified ASTM methods: 

Grain size distribution (ASTM D422-63) 
Atterberg limits (ASTM D4318-84) 
Water content (ASTM D2216-80) 
Specific gravity (ASTM D854-83) 
Onedimensional consolidation (ASTM D2435-80) (Results to be provided in FS Report) 
Standard proctor (ASTM D698-78) (Results to be provided in FS Report) 
Modified proctor (ASTM D1557-78) (Results to be provided in FS Report) 

2.3.1.3 Measurement of Silo Headmace Radon Concentrations 
During the November 1991 K-65 Silo Removal Action, a layer of bentonite was installed in Silos 1 

and 2, reducing radon emissions from the silos. K-65 silo headspace radon measurements were 
conducted both before and after the installation of the bentonite layer. Grab sampling and continuous 
sampling techniques were used to obtain silo headspace radon data used in this report: grab sampling 
data for prebentonite measurements and continuous monitoring data from postbentonite measurements. 
Silo 1 and 2 headspace radon data collected after the installation of bentonite were used for estimating 
radon emission rates utilized in the Operable Unit 4 air dispersion modeling completed to support the 
baseline risk assessment. Silos 1 and 2 headspace radon data collected during November 1987, prior 
to bentonite installation, were used in Section 4.0 to provide an indication of the effectiveness of the 
bentonite layer in reducing radon emissions. Silo 3 headspace radon grab sampling data, collected 
during September 1990 and October 1990, were used for estimating emission rates used in air 
dispersion modeling completed to support the baseline risk assessment. 

Obiective 
Measurements of the headspace radon concentrations were made to support: (1) worker health and 
safety programs, (2) regulatory compliance requirements, (3) engineering needs, (4) the K-65 Silo 
Removal Action, and (5)  the Operable Unit 4 RI/FS. 

Methodolom 
During November 1987, before installing bentonite in the K-65 silos, a grab sampling effort was 
conducted for Silos 1 and 2. Replicate samples were collected for each of the K-65 silos. These 
headspace radon samples were taken in multilayer gas bags and glass flasks and were then analyzed 
using a scintillation cell (described below). A similar sampling method was used for collecting 
headspace radon samples from Silo 3 during September and October 1990. 

2-17 
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Postbentonite K-65 silo headspace radon sampling is conducted using a continuous monitoring system. 
Headspace gas from Silos 1 and 2 is continuously drawn through specially designed tubing and 
allowed to diffuse passively into a scintillation cell and is measured as describ& below. 

The scintillation cells are coupled with a radiation monitoring instrument designed specially for use 
with the scintillation cell. This system is passive in nature. Silo headspace gas is allowed to diffuse 
into the monitor through a foam barrier. Any radon gas present in the headspace gas decays into its 
progeny products. Alpha particles emitted by radon progeny products strike the alpha-particle- 
sensitive scintillator producing light pulses. The light pulses are amplified by photomultiplier tube and 
counted. System sensitivity, as defined by the manufacturer, is used to compensate for uncounted 
alpha particles. The FEMP uses a system with a sensitivity of 1.0 pCi/L. The lower limit of detection 
and minimum detectable activity for this system are 0.36 pCi/L and 0.24 pCi/L, respectively. System 
calibration is performed approximately every 6 months. Calibration is conducted with a source 
strength of 100 pCi/L. 

2.3.1.4 Surface Mapping of Silo Contents 
The surface mapping of the silo contents was used to support the installation of bentonite in Silos 1 

and 2. Postinstallation mapping was used to support the description of the physical characteristics of 
the silo contents and will be used to support the evaluation of remedial alternatives in the FS. 

Objective 
The objective of mapping the contours of the contents was to assist in installation of the bentonite in a 

uniform thickness over the silo contents. The surface mapping provided a mechanism to estimate the 
volume of the residues in the silos. 

Methodolorn 
During Fiscal Year (FY) 1991, a remotely operated surface-mapping measurement system was 
developed by the Robotics & Process Systems Division at Oak Ridge National Laboratory ( O W )  for 
use in the K-65 waste storage silos at the Femp site. The mapping system used three infrared line- 
generating laser diodes as illumination sources and three high-resolution, low-lux, calibrated, black- 
and-white, charge-coupleddevice video cameras as receivers. These components were combined to 
form structural light source range and direction sensors with six different possible emitter-receiver 
pairs. 

Using the empty Silo 4, a technology demonstration and predeployment tests were performed at the 
FEW site during July and August 1991. Rectangular objects of known dimensions were placed into 
the silo. These objects were scanned by @e structured light sources to demonstrate functionality and 
verify that the system was giving sufficiently accurate range data in three dimensions. The tests 
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checked installation and operational logistics, prior to field deployment, and verified accuracy and 
repeatability. 

In September and October 1991, the structured light sources were deployed in Silos 1 and 2 to scan 
the waste surfaces. The resulting data were merged to create three-dimensional maps of those 
surfaces. A bentonite clay cap was placed over the waste surfaces in November 1991. In December 
1991, surface maps of the surfaces of Silos 1 and 2 were obtained after placement of the bentonite 
clay caps. The change in surface height before and after bentonite addition was used as a measure of 
clay cap thickness. 

2.3.2 K-65 Decant Sump Tank Water Sampling 

Objectives 
To support the evaluation of the nature and extent of contamination associated with the K-65 silos, 
data were obtained during the K-65 Decant Sump Tank Removal Action. The objective of the 
sampling and analysis performed during the K-65 Decant Sump Tank Removal Action was to provide 
the information required to characterize the contents of the sump sufficient to determine the 
appropriate treatment before final disposition of the water through the National Pollutant Discharge 
Elimination System (NPDES)-permitted discharge point. 

Methodology 
After the water from the K-65 decant sump had been pumped into the transport tanker in April 1991. 
grab samples were taken from the tanker and sent for analysis to a laboratory identified in the RI/FS 
QAPP. The transport tanker was not decontaminated prior to transfer of the decant liquids. While this 
did not affect the ability to determine appropriate wastewater treatment requirements for the decant 
liquid, this sampling methodology limits the usefulness of the analytical results in supporting 
quantitative risk assessment. Sampling methods were consistent with those defined in the RI/FS SAP. 

Analysis 
Four liquid samples and one sludge sample were collected in April 1991 as part of the removal action 
and submitted for radiological analysis. For the water samples, one sample was analyzed for HSL 
metals and radiological parameters and three samples were analyzed for general chemistry, full HSL, 
and radiological parameters. The sludge sample was analyzed for radiological and HSL volatile 
organics. Samples submitted for radiochemical analyses were analyzed for full radiological 
parameters, plus the following: 

AC-227 
Pb-210 
Po-210 
Pa-231 000101 
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A number of the collected samples were inadvertently not analyzed for several of the radiological 
parameters identified in the removal action work plan, including Ac-227, Pb-210, and isotopic 
plutonium. Additionally, the laboratory could not report results for U-234 in a number of samples due 
to interference related to high overall uranium concentrations in the samples. Results of the Decant 
Sump Tank Sampling can be found in Appendix A.7. 

2.3.3 Radon Treatment System 
Sampling was performed on the RTS by FEMP radiation technicians to support preparation of a 
Removal Site Evaluation (RSE). This information was used to support the description of the nature 
and extent of contamination associated with Operable Unit 4. 

Obiectives 
The objective of the radiological evaluation of the RTS was to support the RSE. The purpose of the 
RSE was to: 

Methodolorn 

Establish the extent of fixed and removable contamination. 
Support worker health and safety programs. 
Address the RTS as a potential source of exposure. 
Evaluate the need for decommissioning and decontamination. 
Aid in determining the appropriateness of a removal action. 

Surface activity levels and direct radiation measurements were the parameters used to define the extent 
of contamination within the approximate 65 square meters (700 square ft) RTS. Direct radiation dose 
rate measurements were made with a portable (RO-3C) ion chamber, having a lower limit of detection 
of 0.5 millirems per hour (mrem/hr). This device measures combined beWgamma radiation, or can 
separately measure the two radiation types through the use of a beta-blocking window. Surface 
sampling methods were aimed at evaluating the activity levels of contamination that is fixed and 
removable. At a given sampling location, total activity (fmed and removable) is first measured over a 
100-square centimeters (cm2) area with a portable survey meter, which is equipped with an alpha or a 
beta/gamma detector. Removable surface contamination is measured at a location using a smear- 
sampling technique, where a smear is swabbed over the 100cm2 area and then counted using a low- 
background, smearcounting system located in an on-site laboratory. The smear counting system can 
be operated to measure alpha or combined bewgamma radiation. Surface contamination activity was 
measured in disintegrations per minute (dpm)/l00 cm2. 

Sampling and Analysis 
Sampling was conducted at 73 locations within the RTS building. Locations included walls, floors, 
wood rafters, blowers, and the charcoal filter canisters. Direct radiation dose measurements for 
combined beta/gamma and gamma only were taken in contact with and 1 ft away from the sampling 
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locations. "Fixed plus removable" surface activity levels were measured for alpha and beta/gamma at 
each sample location with a hand-held s w e y  instrument. The smear sample at each location 
determined the removable contamination activity level. Smears were counted using an on-site 
counting instrument. 

2.3.4 1989 Sampling of Silo 3 

Objective 
The objective of the 1989 sampling of Silo 3 was to adequately characterize the radiological, chemical, 
and physical composition of the silo contents to: (1) establish the s o m e  term to support the baseline 
risk assessment; (2) conftrm process knowledge on radiological and physical properties of the wastes; 
and (3) support the evaluation of remedial alternatives in the FS. 

The details of the operational procedures are provided in the Implementation Plan for the K-65 and 
Metal Oxide Residue Sampling Project, Revision 5 ,  December 1988 and the RWS Work Plan for 
FMPC, Revision 3, March 1988. 

Methodolorn 
The Vibracorer technique was employed to collect samples from Silo 3 as previously discussed in 
Section 2.3.1.1. Sampling of the silo was conducted through the four manways located in the dome of 
the silo. Sampling in each manway was conducted with the objective of retrieving a continuous core 
from the top to the bottom of the silo material. Each sample core retrieved was subdivided into 
sections. From these sample core subsections, discrete samples were taken for radiological, HSL 
organic and inorganic, and EP Tox analysis, in addition to physical characterization analysis. 

Samplin~ and Analysis 
Silo 3 yielded 11 samples each for radiological and HSL inorganic analyses, four samples for HSL 
organic and pesticidePCB analyses, and 11 samples for EP Tox analyses. Silo 3 also yielded five 
samples for physical analysis. The radiological analysis performed on the collected samples are listed 
below: 

Isotopic uranium 
Isotopic thorium 
Isotopic radium 
Total uranium (gamma spectroscopy) 
Pbz210 

Pa-23 1 

- 

Ac-227 
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Selected samples were also analyzed for the following chemical parameters: 

HSL inorganic, volatile organics, semivolatile organics, pesticides, and PCBs 
EP Tox (metals only) 

HSL analysis were conducted using EPA CLP protocols. 

Physical properties of the metal oxide residues were determined to support the evaluation of remedial 
alternatives in the FS. Analysis of the physical properties was conducted by completing analysis on 
the collected samples using the following ASTM methods: 

Grain size distribution (ASTM D422-63) 
Atterberg limits (ASTM D4318-84) 
Water content (ASTM D2216-80) 
Specific gravity (ASTM D854-83) 
Onedimensional consolidation (ASTM D2435-80) (Results to be provided in FS Report) 
Standard proctor (ASTM D698-78) (Results to be provided in FS Report) 
Modified proctor (ASTM D1557-78) (Results to be provided in FS Report) 

Section A.6 in Appendix A contains the results of the analyses performed on the Silo 3 samples. 

2.4 METEOROLOGICAL CONDITIONS 

2.4.1 Wind Measurements 

Obiective 
Site-specific wind speed and wind direction data were collected at the FEW site to support the FEMP 
Environmental Monitoring Program and the FEMP Emergency Preparedness Program. These data 

were collected at the site meteorological tower. Measurements were made at both the 10-m (33-ft) 
height and the 60-m (200-ft) height. The data were used as input into the atmospheric dispersion 
models used for the fate and transport modeling of airborne contaminants from Operable Unit 4. 

Methodolorn 
Wind speeds were measured using wind speed sensors designed to provide low starting thresholds, 
wide dynamic responses, and high accuracy over a wide range of wind speeds and a variety of 
environmental conditions. A typical wind speed sensor has a vinyl anemometer cup set attached to a 

shaft and 30-hole photochopper assembly. The photochopper interrupts a solid state source to a 
phototramistor, thereby producing a frequency output proportional to the ambient wind speed. 

Wind directions were measured using wind direction sensors designed to provide low starting 
thresholds, fast dynamic response, and high accuracy under adverse environmental conditions. A 

000104' 



FEMP-04FU6 FINAL 
November 3. 1993 

typical wind direction sensor has a counterbalanced, lightweight vane attached to a shaft that is 
coupled to a precision low torque potentiometer. Wind direction via vane position is converted to a 
proportional direct current voltage by the potentiometer. 

Wind speed and wind direction data were automatically recorded by a computer-based data collection 
system consisting of a remote (located at the meteorological tower) data logging computer connected 
to a central microcomputer. The data logging computer scans the analog inputs from wind speed and 
wind direction sensors for instantanems values, and then scales, averages, and stores these values. 
The central computer polls the remote data logging computer for the stored data values and reports the 
wind speed and wind direction data as hourly averages. 

Routine calibrations are conducted semiannually on the entire meteorological data collection system. 
Routine preventive maintenance is conducted quarterly. Other required maintenance is conducted as 
needed. 

2.4.2 Silo Headspace Differential Pressure Measurements 

Obiec tives 
Pressure differential monitoring equipment was installed in all three silos to measure differences 
between internal silo pressure and atmospheric pressure. Differential pressure data were collected for 
use in estimating radon emission rates and studying pressure variance characteristics within the silos. 
In this report, differential pressure data were used to calculate breathing rates for the silos. Breathing 
rates were combined with radon concentrations to estimate radon emission rates. 

Methodology 
Differential pressure sensors are located in sounding pipes on the silo domes. Differential pressure 
measurements are read by a pressure transmitter and converted to a 4 to 20 milliampere (mA) 
electrical signal. Differential pressure data are continually recorded at 15-minute intervals by a data 
logging system. The data logging system reports daily averages of the recorded differential pressure 
data. The differential pressure measurement system is calibrated every 6 months. 
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2.4.3 Silo Headspace Temperature Measurements 

Silos 1 and 2 Temperature Monitoring 

Obiec tive 
Internal silo temperature data were collected to monitor changes in internal temperature in the silos. 
In this report, silo headspace temperature measurements were used to support the calculation of the 
chronic radon release rate from the silos. 

Methodology 
Temperature measurements were made using Resistance Temperature Detectors (RTD) connected via a 
cable to a temperature transmitter. The temperature transmitter converts RTD measurements into a 4 

to 20 mA signal output that is recorded by a data logging system. Temperature data are continually 
recorded at 15-minute intervals by the data logging system. The data logging system reports daily 
averages of the recorded temperature data. 

2.4.4 Meteorological Tower Temperature Measurements 

Objective 
Ambient air temperature data were collected at the FEMP to support the FEMP Environmental 
Monitoring Program. These data were collected at the FEMP meteorological tower. Measurements 
were made at both the 10-m (33-ft) height and the 60-m (200-ft) height. The collected data were used 
as input into the stability class calculations utilized in the atmospheric dispersion models for fate and 
transport modeling of airborne contaminants from Operable Unit 4. 

Methodolorn 
Ambient air temperature measurements were made using temperature sensors located at both the 10-m 
and 60-m heights of the meteorological tower. A typical temperature sensor is made up of composited 
epoxy-coated thermistors protected by a probe casing. 

Ambient air temperature data were automatically recorded by a computer-based data collection system 
consisting of a remote (located at the meteorological tower) data logging computer connected to a 
central microcomputer. The data logging computer scans the analog inputs from the temperature 
sensors for instantaneous values, and then scales, averages, and stores these values. The central 
computer polls the remote data logging computer for the stored data values and reports the temperature 
data as hourly averages. Delta temperature measurements (the difference in temperature between the 
60-m height and the 10-m height) were calculated automatically by the computer system. 
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Routine calibrations are conducted semiannually on the entire meteorological data collection system. 
Routine preventive maintenance is conducted quarterly. Other required maintenance is conducted as 
needed. 

2.5 SURFACE WATER AND SEDIMENT 

2.5.1 Surface Water 
A number of sampling programs have been completed at the FEMP site that have involved the 
collection of surface water samples relevant to Operable Unit 4. These programs included the FEMP 
Environmental Monitoring Program, the Best Management Practices Program, and the RI/FS. This 
information was used in the RI to describe the nature and extent of potential contamination associated 
with the Operable Unit 4 Study Area. Figure 2-3 shows the surface water sampling locations for the 
various studies. 

2.5.1.1 FEMP Environmental Monitoring Program Surface Water SamulinP in Paddvs Run 
As part of the FEMP Environmental Monitoring Program, surface water samples are routinely 
collected from Paddys Run to determine the radiological constituents in the surface water in Paddys 
Run. The data from these samples are used to monitor the potential impacts of FEMP operations on 
the regional environment. 

Methodology 
Grab samples are collected weekly from six locations along Paddys Run (Figure 2-3). These locations 
include points upstream of the FEMP site (W-5), upstream of the Waste Storage Area (W-9), and 
downstream of the Operable Unit 4 Study Area (W-10, W-11, W-7, and W-8). At each sampling 
location a precleaned bucket is used to fill prelabeled sample bottles. Appropriate chain-of-custody, 
quality control (QC) sampling, and field documentation procedures are employed to ensure the quality 
of the collected results. Occasionally, Locations W-10, W-1 1. and W-7 are dry, thus preventing 
sampling. 

Samuling and Analysis 
Samples are collected weekly from each location and submitted to the FEMP analytical laboratory for 
total uranium analysis. Additionally, 2-month composite samples from location W-5 and monthly 
composite samples from location W-7 are submitted for isotopic radium analysis. If an insufficient 
sample is available from W-7, a monthly composite from W-8 is substituted. Yearly results are 
included in the AER. 
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2.5.1.2 RI/FS Sampling of Operable Unit 4 Surface Water 

Obiectives 
The objectives of the RI/FS surface water sampling plan included the characterization of the 
radiological and other hazardous substances and their spatial distributions in surface water somewhere 
along drainage pathways from the site toward Paddys Run, as well as in Paddys Run. The intent of 
the sampling was to supplement the data set available through the Environmental Monitoring Program. 

Methodolorn 
RI/FS surface water sampling pertinent to the Operable Unit 4 RI involved the collection of samples 
from the six established FEMP Environmental Monitoring Program sampling locations (W-5, W-9, W- 
10, W-11, W-7, and W-8) in Paddys Run and four locations in drainage swales adjacent to the silo 
area (Figure 2-3). Samples were collected quarterly for 1 year, while the particular stream or drainage 
swale was flowing. One grab sample was also collected from location W-10 and submitted for HSL 
analysis. Samples were collected by hand using a pond or dip sampler or directly into the sample 
containers if the water was deep enough at the time of sampling. 

Sampling and Analysis 
Collected surface water samples were subjected to the following field analyses: 

P* 
Temperature 
Conductivity 
Dissolved oxygen 

Collected water samples were analyzed at an off-site laboratory for the following water quality 
parameters: 

Chloride 
Iron 
Manganese 
Phenols (total) 
Sodium 
Sulfate 
Gross alpha 
Gross beta 

Copper 
Carbonate/Bicarbonate 

Nickel 
Total organic nitrogen 
Ammonia 
Potassium 
Phosphate 
Arsenic 
Barium 
Cadmium 
Chromium (hexavalent, total) 
c&OMk/BiC%boMk 
Fluoride 
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Lead 
Mercury 
Nitrate 
Selenium 
Silver 
Molybdenum 

Calcium 
Magnesium 
Sodium 

Alkalinity 
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Collected samples were submitted to an off-site laboratory for full radiological analysis, plus gross 
alpha and gross beta analyses. The sample submitted for HSL was analyzed for HSL inorganics and 
organics, and pesticides/PCBs consistent with EPA CLP protocols. Section C.2 of Appendix C 
provides the results of the RI/FS sampling of surface water pertinent to Operable Unit 4. 

2.5.2 Sediment 
Sediment samples are routinely collected as part of the FEMP Environmental Monitoring Program. 
Additionally, samples were collected as part of the RYFS in Paddys Run and from site drainage 
channels. This information was used to support characterization of the nature and extent of potential 
releases from the Operable Unit 4 Study Area. 

252.1 1986 Radiological Survey and Analysis of Sediment Samdes from Paddvs Run 
A comprehensive radiological survey was performed of Paddys Run in 1986 in support of the FEMP 
Environmental Monitoring Program. 

Obiec tives 
The objectives of the survey included: 

Identification of sediment in Paddys Run exhibiting elevated concentrations of 
radiological constituents to define the extent of contamination resulting from FEMP 
operations 

Identification of sediment that may be acting as an intermediate or secondary source of 
con taminants for transport to the regional groundwater aquifer 

Methodolorn 
The 1986 Radiological Survey of Paddys Run included both a comprehensive radiological walkover 
survey of the creek bottom and banks, and the collection of systematic and biased sediment samples. 
The survey was conducted on Paddys Run from the confluence of Paddys Run and the Great Miami 
River to the railroad bridge located north of the FEMP Waste Storage Area. Measurement stations 
were established at 5-ft intervals (employing the use of a surveyors’ tape) along the length of the 
Operable Unit 4 Study Area. At each 5-ft interval along the center line, four direct radiation 
measurements were taken with an unshielded large volume sodium iodide (NaI) scintillation detector at 
approximately 5 ft and 10 ft to the left and right of the center line. At each measurement point, 
gamma measurements were obtained at contact with the sediment and recorded. Field measurement 
data were compiled and plotted in the form of an isopleth map. 

Due to the elevated radiation fields associated with the K-65 silos, a shielded detector was employed 
along approximately 2400 ft of Paddys Run adjacent to the silos. Shielding consisted of lead blankets 
and a 3/8-inch thick plywood-sheeted lead plate. 
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Sam~linn and Analysis 

As a result of concern for shielding efficiency, systematic sediment sampling was conducted along a 
1200-ft stretch of Paddys Run directly adjacent to the K-65 silos (Figure 2-4). Soil samples were 
collected in such a way that analysis was performed on one sample representing each bank for each 
100-ft section within the 1200-ft stretch of the creek. To complete the sampling, discrete samples 
were collected at 25 ft intervals on both the east and west banks of the creek along the 1200 foot 
stretch of the creek. These discrete samples were composited so as to yield one sample representing 
each 100-ft section of both the east and west banks of the creek. Discrete sample locations were not 
surveyed as part of this study. Approximately 2 kg of soil were collected by a preclean4 trowel from 
a 4-inch-diameter area down to a depth of 4 inches. The samples were sent to an off-site laboratory 
for analysis. Twenty-four systematic soil samples were collected from this 1200-ft section. 

Additionally, biased soil samples were collected at locations that exhibited gamma activities in excess 
of 25 microRoentgens per hour (pR/hr) from the radiological walkover survey. Two locations 
identified during the survey exhibited these gamma activity levels. Also, two samples collected during 
the study from locations on Paddys Run indicated gamma activity rates similar to background. 

All samples collected during the study were analyzed for the following parameters: 

Gross alpha 
Isotopic uranium 
Isotopic thorium 
Ra-226 

A summary of the analytical results of the sediment sampling conducted as part of this study are 
presented in Section 4.4.1 under Radiolonical Constituents in Sediments. 

2.5.2.2 FEW Environmental Monitoring P r o m  Sediment Sampling in Paddys Run 

Obiective 
As part of the ongoing FEMP Environmental Monitoring Program, sediment samples are routinely 
collected from Paddys Run to provide a systematic characterization of possible impacts of storm water 
discharges from the FEMP site. Sediment has been routinely monitored by the FEMP for many years 
to assist in estimating potential radiation doses due to FEMP operations and provide a mechanism to 
alert site personnel to changing site environmental conditions. 

Methodology 
The frequency and location of sediment sampling has varied to some degree over the 30-year 
Environmental Monitoring Program. From 1986 through 1990, sediment samples were collected 
annually from 25 locations in Paddys Run upstream of the confluence of Paddys Run with the Storm 
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Sewer Outfall Ditch (100-m intervals north of the outfall) and 18 locations in Paddys Run south of the 
same confluence (200-m intervals south of the outfall). During this time frame, three 500-gram 
sediment samples were collected at each sampling location with a trowel. Samples were colleeted 
across the cross section of the creek at each location (one on each bank and one at midstream). 

In 1991 and 1992, sediment samples were collected annually from 12 locations in Paddys Run both 
above and below the confluence (24 locations total) of the creek with the Outfall Ditch. Additionally, 
a sample was collected at the northwestern FEW property line at a location in Paddys Run where it 
intersects State Route 126. During these years, one sample was collected at each location in Paddys 
Run. Locations are selected for sampling based on visual observation by the sampling technician of 
the points in the creek with recent deposition of sediment. 

All samples are placed in prelabeled sample bags that are sealed with custody tape. Standard 
Operating Procedures guide sampling activities including field methods, documentation, labeling, 
packaging, chain of custody, and decontamination. 

Sam~linn and Analysis 
Sediment samples collected from 1986 through 1990 were submitted to either the FEMP laboratory or 
an off-site laboratory (depending on availability of the FEW laboratory) for analysis. Collected 
samples were analyzed for: 

Isotopic uranium 
Isotopic thorium 
Isotopic radium 
Isotopic plutonium 
Tc-99 

Samples collected after 1990 were analyzed either in the FEMP laboratory or at an off-site laboratory 
for total uranium, isotopic radium, and isotopic thorium. 

2.5.2.3 RIPS Sampling of Paddys Run Sediment 

Obiectives 
The objective of the RI/FS sediment sampling program pertinent to the Operable Unit 4 RI was to 
supplement existing data from Paddys Run, under the Environmental Monitoring Program and other 
programs, so as to idenuQ the distribution and extent of radiological constituents in sediment from 
Paddys Run and site drainage systems leading into Paddys Run. 
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Methodolorn 
Sediment samples were collected quarterly for three quarters from three locations on Paddys Run. The 
quarterly samples were from Stations W-10 and W-11 (Figure 2-3). Station W-5 was included in the 
sediment sampling program to provide a background comparison. Additionally, quarterly samples 
were collected from location ASI/IT-10 in a drainage south of the Operable Unit 4 Study Area. 
Samples were collected by compositing scoop samples from the quarter points in the channel at the 
designated sample location. Additional information on the sampling methodologies can be found in 
the RI/FS Work Plan. 

Samoling and Analysis 
Samples from Stations W-5, W-11, and W-10 were analyzed for total uranium, Ra-226, Ra-228, and 
gross alpha and beta, whereas full radiological parameters were tested along with grain size for 
sediment samples from location ASW-10. In addition, sediment samples from ASI/lT-10, W-10, W- 
11, and W-5 locations were analyzed on one occasion for HSL inorganics and organics, 
pesticidesPCBs, and inorganics. The analytical results of RI/FS sediment sampling in Paddy’s Run 
can be found in Section B.6 of Appendix B. 

2.6 SURFACESOIL 
Surface soil sampling was conducted as part of the RI/FS and other site studies in the vicinity of 
Operable Unit 4. This information was used to support the description of the nature and extent of 
potential releases within and near the Operable Unit 4 Study Area. Portions were also used to support 
risk evaluation and selection of constituents of potential concern (CPC). 

2.6.1 1987 Samplinn of Surface Soil (CIS) 

Obiectives 
The objective of the CIS surface soil sampling program was to establish the type and distribution of 
radionuclides present in the surface soils in the FEMP Waste Storage Area and in the vicinity of the 
flyash piles and South Field. The results of the CIS in the vicinity of the Operable Unit 4 Study Area 
were used to support the description of the nature and extent of contamination associated with the 
operable unit. 

Methodology 
The surface soil sampling procedures used for the CIS followed the techniques outlined in the DOE 
report “Procedures for Sampling Radium-Contaminated Soils” (1985b). These techniques included the 
use of ring samplers and stainless steel trowels to obtain surface samples down to 6 inches. Below 
this depth the technicians used trowels and post-hole samplers to sample down to a depth of 18 inches. 
Before surface samples were collected, a gamma-ray measurement was made on the surface using a 
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Field Instrument for Detection of Low-Energy Radiation (FIDLER). If elevated radioactivity was 
detected, then a 0- to 2-inch sample was taken, followed by a 2- to 6-inch sample. The 0- to 2-inch 
sample was taken to develop the field correlations of U-238 activity concentrations to FIDLER count 
rates. The 0- to 2-inch interval was used because the Th-234 63 kilo electronvolt (keV) photon is 
attenuated below 2 inches. The 0- to 2-inch and 2- to 6-inch activity concentration results were 
mathematically composited to give a 0- to 6-inch sample interval for reporting. After the samples 
were collected to 6 inches, a probe was placed in the cavity and another measurement was made. If 
the resulting radiation level was higher than normally expected due to the change in detector-soil 
geometry, an intermediate depth sample (6 to 12 inches) was collected. This process was repeated, as 
needed, to a depth of 18 inches. In a few cases an 18- to Winch layer was sampled. Care was taken 
to prevent cross contamination between layers. After each sample was taken, the hole was enlarged 
before continuing downward. Initially the FIDLER probe was used to monitor intermediate soil 
layers. Because of the diameter (9 inches) of the FIDLER housing, too much time was required to 
enlarge the hole for successive depth readings, and a smaller (2.5-inch) NaI large volume (2 inches by 
2 inches) detector was used. 

When the sample was taken, it was placed in a plastic bag and homogenized. An aliquot from the bag 
was then sealed into a 477-milliliter (mL) plastic jar. The sample container was then labeled, and the 
sample number, location, date, time, technician, depth, chain-ofcustody laboratory location, and 
significant comments were recorded in the surface soil sample logbook. 

Analysis 
Collected samples from the Operable Unit 4 Study Area (Figure 2-5) were analyzed in an on-site 
gamma spectrometry laboratory. The analysis was conducted to provide a relative measure of the 
concentration of radionuclides present in the surface soil. The detector for the on-site system consisted 
of a high-purity germanium crystal equipped with a 0.02-inch beryllium window. Each sample was 
subject to a 10-minute $ o u t  in the gamma spectrometry system. Results were reported for U-238, Cs- 
137, Ra-226, Ru-106, and Th-232. Additional detail on the gamma spectrometry system can be found 
in the CIS final report (Weston 1987). 

Additionally, approximately 10 percent of the soil samples collected under the CIS were submitted to 
an off-site laboratory for radiochemical analysis. Radiochemical analytes were consistent with lU/FS 
full radiological analyses. 

2.6.2 1988 Sampling of Surface Soil 
Surface soil investigations conducted under the RI were completed to determine the nature of 
radionuclides and hazardous substances present in surface soil in the Operable Unit 4 area and to 
supplement the information reported in previous investigations. The RIFS surface soil sampling 
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program was completed in 1988 with the collection of more than 1000 samples site-wide. Eleven of 
these samples were collected in or adjacent to the Operable Unit 4 Study Area. This information was 
used to support the nature and extent of contamination discussion and to establish the source term for 
wind and surface water erosion in the baseline risk assessment. 

Objectives 

Specific objectives of the surface soil sampling program within the Operable Unit 4 Study Area were 
to: 

Supplement data collected under the CIS. 

Collect sufficient data to determine the extent of contamination by radioactive sub- 
stances sufficient to support the evolution of remedial action alternatives. 

Methodology 
The surface soil in the vicinity of Operable Unit 4 was sampled using a coring tool. This coring tool 
made it possible to obtain 2-inch core soil samples to a depth of 6 inches. Figure 2-6 shows the 
location of surface soil sampling within the vicinity of Operable Unit 4. 

Consistent with the terms of the RIPS Work Plan, areas indicating radioactive contamination 
exceeding 35 picoCuries per gram (pCi/g) during a radiological walkover survey conducted as part of 
the Rl were selected as biased areas of surface soil sampling. Uranium in surface soil can be 
quantified based on the survey instrument data if uranium concentrations are high (relative to 35 
pCi/g) and if local background gamma radiation fields are low. As the uranium concentration 
decreases and approaches 35 pCi/g, the uncertainty associated with detection increases. As local 
gamma radiation fields increase, it many times becomes impossible to distinguish from background the 
radiation emitted by radionuclides in the soil. The area in the vicinity of Silos 1 and 2 is characterized 
by elevated gamma radiation fields fiom the contents of the silos. Within the defined area, two 
methods were employed to determine the specific locations for taking the soil sample. The area 
corresponding to the highest reading within a grid was sampled if singular elevated readings occurred; 
this is termed biased sampling. If there were relatively uniform readings across an entire grid, a 
random sample was taken. 

The sampling technique consisted of: 

Trimming existing vegetation fiom the sample location 
Attaching a clean coring bit to the sampler handle 
Driving the bit into the soil to a specified depth 
Removing the soil fiom the bit and placing the soil sample into a plastic bag 
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Placing the plastic bag containing the soil sample into a cardboard container 
Placing custody tape over the lid of the container 

Between each sample, the bit was removed from the handle, the handle was wiped with disposable 
alcohol wipes, then a clean bit was attached. Au contaminated bits and other sampling equipment 
were decontaminated according to procedures specified in the RI/FS SAP ( A S W  1988). 
Analvsis 
Soil samples collected in the vicinity of Operable Unit 4 were analyzed for full radiological 
parameters. 

Appendix B, Section B.4 contains the results of 12 radiological analyses (10 full radiological and 3 
isotopic uranium analyses). One sample (008188) collected from the 0- to 6-inch interval during the 
installation of Well 1072 (Section 2.7.1) was also submitted for the above analysis. 

2.6.3 Waste Pit Runoff Control - Nature and Extent 
Surface soil was sampled in support of the implementation of the Waste Pit Area Storm Water Run-off 
Control Removal Action. Surface soil samples were collected from areas within the FEMP Waste 
Storage Area potentially affected by proposed regrading activities to be performed under the removal 
action. A number of these samples were collected in the vicinity of the Operable Unit 4 Study Area. 

Objectives 
The objectives of the surface soil sampling conducted as part of the removal action included: 

Determining the radiological and chemical constituents present in the surface soil in 
areas potentially affected by the removal action 

Assessing the potential impacts to worker health and safety due to the disturbance of 
surface soil by the removal action 

Assessing viable storage options for excess soils removed during the removal action 

Methodology 
Samples were collected prior to removal action activities under two separate sampling efforts. The 
frrst sampling activity involved the collection of surface soil samples to a depth of 6 inches using a 
stainless steel hand auger in areas potentially impacted by removal actions activities. These samples 
were used to assist in establishing health and safety requirements for the removal action and to aid in 
determining the need and location of additional samples. Thirteen of these samples were collected in 
or adjacent to the Operable Unit 4 Study Area (Figure 2-7). 
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The second sampling activity involved the collection of surface soil samples to a depth of 24 inches 
using a stainless steel hand auger. Sampling locations were randomly selected within areas potentially 
affected by the removal action. Sampling locations and collection methodology were consistent with 
the EPA-approved Waste Pit Area Storm Water Runoff Control Removal Action Work Plan. The 
samples collected from the 24-inch hand augers were submitted for HSL analysis. Nine of these hand 
augers were located in or adjacent to the Operable Unit 4 Study Area (Figure 2-8). 

Sampling and Analysis 
Discrete samples were collected from each of the thirteen 6-inch surface soil sampling locations and 
submitted to the FEMP laboratory for screening level analysis for isotopic uranium, thorium, and 

radium analysis. 

Discrete samples (9 samples) from the 0- to 6-inch interval from the 24-inch hand auger location were 
submitted to the off-site RWS laboratory for HSL inorganic and pesticidePCB analysis. Samples 
(eight total samples) from the 18- to 24-inch depth interval from these hand augers were submitted to 
the RI/F% laboratory for HSL volatile and semivolatile organics analysis. . 

/ 

Analytical results for the HSL parameters for the collected samples are presented in Section B.4 of 
Appendix B. The results of the screening level radiological analysis on the collected samples are 
presented in Chapter 4. 

2.6.4 CERCLA/RCRA Background Soil Study 

Objectives 
The objectives for the background soil study were to: 

Collect surface and subsurface soil samples from an area with geology representative of 
the FEMP site, and analyze samples for inorganic and radionuclide CPC. 

Perform statistical tests to establish the nature of variability of background 
concentrations with respect to depth and soil type. 

Prepare a report to act as a reference for future investigations requiring background 
values of surface and subsurface soil. 

The proposed procedures for sampling, analyses, and statistical calculations are provided in the 
R W C E R C L A  Background Soil Study Sampling and Analyses Plan (DOE 1992d). The results of 
the study are presented in the CF.RCLA/RCRA Background Soil Study (lT 1992). 
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Methodology 
The conceptual basis of the background study was to sample and analyze soils with similar provenance 
to FEW soils. To minimize the possibility that samples were collected from areas where air 
emissions from the FEMP si& would bias the study, al l  samples were collected from an area near 
Shandon. Ohio, more than 3 miles northwest of the site. 

Thirty hand-auger borings were drilled to collect samples. Samples were collected from three depths, 
0 to 6 inches, r36 to 42 inches, and 48 to 54 inches at 30 locations. The set of surface soil samples 
represents loess and the most severely weathered soil horizon. The 36- to 42-inch sample set 
represents till and glaciofluvial sediment, which are at the approximate maximum depth of significant 
weathering. The deepest sample set represents till and glaciofluvial sediment and was collected from 
below the maximum depth of significant weathering. 

SamDling and Analyses 
Samples were collected from 30 locations approximately 3 to 7 miles northwest of the FEMP site. 
Samples were collected from 0 to 6 inches and 36 to 42 inches at 30 locations and from 48 to 54 
inches at 21 locations. QC samples included blind duplicates, equipment rinsates, bottle blanks, and 
preservation reagent blanks. 

Samples were analyzed per EPA CLP and FEW RI/FS radiological analytical methods as defined in 
the RI/FS QAPP. All analyses were conducted by routine analytical procedures; however, counting 
times for radiological analyses were to achieve lower-than-usual instrument detection limits. 

All soil samples and QC blanks were analyzed for the following parameters: 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
MolyMenum 

0 

0 

0 

0 

0 . 
0 . . . . 
0 . 
0 

0 

Ac-227 
CS- 137 
Pb-2 10 
Potassium40 
Pa-23 1 

Sr-90 

Isotopic radium 
Isotopic thorium 
Isotopic uranium 
Selenium 
Silicon 
Silver 
Sodium 
Thallium 
Vanadium 

Ru- 106 

Tc-99 
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Zinc 

For each constituent, descriptive statistics and histograms were completed on five sample sets: 0 to 6 
inches, 36 to 42 inches, 48 to 54 inches, subsurface glaciofluvial, and subsurface till. A test was used 
to identify statistical outliers within the sample sets. Each outlier was evaluated to determine if 
laboratory error or sampling e m r  was responsible for the anomalous analytical result. The descriptive 
statistics include: 

. Distribution type - normal, log normal, or undefined 

Arithmetic means and standard deviations for normally distributed sample sets 

Geometric means and standard deviations for undefined and log normally distributed 
sample sets 

95 percent confidence intervals on the means 

Upper 95 percent one-sided confidence limits on the means 

Samplemedians 

95 percent confidence intervals on the medians 

Upper 95 percent tolerance limits 

Analyses of variance (ANOVA) techniques were used on each constituent to determine if the means of 
the three sampling depths are statistically different. 

2.7 SUBSURFACE SOILS 
Subsurface sampling was performed aS part of the Operable Unit 4 RI. Subsurface soils within the 
Operable Unit 4 Study Area were examined by two RIPS sampling programs, the slant boring 
program and well drilling program. Information from the programs were used to support fate and 
transport modeling and the description of the nature and extent of contamination. 

2.7.1 Subsurface Samuling Associated with Well Drilling 

Objectives 
The main objective for the subsurface soil investigations completed as part of RI/FS well drilling was 
to provide additional data on subsurface conditions within the FEMP facility that may define or 
influence contaminant migration pathways. To accomplish this objective, an evaluation of the physical 
chemical properties of the subsurface soils was performed. Additionally, samples were collected to 
characterize the nature and extent of subsurface contamination associated with Operable Unit 4. 



FEMP-04RI-6 FINAL 
November 3.1993 

Methodolorn 
The subsurface soil sampling program was an integral part of the groundwater monitoring well 
installation program (Figure 2-9). It was addressed separately from the surface soil program because 
of the difference in objectives, sample methods, and equipment. Borehole installation and sampling 
for subsurface soil coincided with locations and the installation of monitoring wells. Subsurface 
sampling was performed consistent with the protocols and procedures defined in the RI/FS Work Plan. 

Two borings within the Operable Unit 4 Study Area and eight borings immediately surrounding the 
Operable Unit 4 boundaries were completed during the monitoring well drilling program. Standard 
penetration tests were conducted and subsurface soil samples were collected using an 18-inchdrive 
split-spoon sampler in accordance with ASTM Method D1586-84. Split-spoon samples were collected 
continuously in the glacial overburden; thereafter, samples were taken at 5-ft intervals to the total 
depth of the borehole. The Unified Soils Classification (USC) system was used in logging the soils. 
Soil boring logs are included in Appendix B for those borings within the Operable Unit 4 Study Area. 
Immediately upon opening each split-spoon, the samples were screened for volatile organics using an 
organic vapor analyzer (OVA) or an HNu. If volatiles were detected, a sample of the soil core was 
submitted for full HSL analysis. This same approach was applied for soils exhibiting unusual odors or 
evidence of visual contamination. The field screening procedure for radionuclides utilized a large 
volume scintillation detector (SPA-3). For each boring location, the sample with the highest reading 
within each geologic horizon was selected for full radiological anaiysis. The subsurface soil sampling 
logs are included in Appendix B. 

Sampling and Analysis 
Subsurface soils were collected from the Operable Unit 4 Study Area and submitted for radiochemical 
analysis. All samples sent to the laboratory were tested for full radiological analysis parameters. 

Geochemical analyses were perfonned on selected samples based on differences in visual properties 
(i.e., color, texture) with spatial distribution being a second criterion. The soil properties selected to 
support geochemical analyses were: 

Total cation exchange capacity 
Total organic carbon (TOC) 
Grainsize 
Leachable iron 
Manganese 

Most of the samples for geochemical analysis were taken from the glacial overburden, with the 
remainder being collected from material constituting the Great Miami Aquifer. For the Operable Unit 
4 Study Area, no full HSL analyses were performed because no volatile organics were detected during 
the field screening of samples. 
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2.7.2 Subsurface Sampling Associated with RI/FS Trenching Activities 

Objectives 
Trench excavations were conducted under the N/FS Production Area and Additional Suspect Areas 
Program to define the nature of hazardous and radiological constituents present in a suspected 
construction rubble disposal area west of the silo. Test pits or trenches were chosen as an appropriate 
method to characterize the till because of the likelihood of encountering conspuction debris. Standard 
geotechnical sampling equipment such as hollow-stem augers and split-spoon samples are not suitable 
for such media. The proposed procedures can be found in the Production and Additional Suspect Area 
Work Plan. 

Methodoloqll 
The two trenches completed as part of the study which are associated with the Operable Unit 4 Study 
Area are located west of the silos and are shown in Figure 2-8. The trenches were dug approximately 
50 ft long, penetrated to the base of the till at about 15 ft deep, and were oriented north/south. The 
trenches were excavated using a track-mounted backhoe with an 18- to 24-inch bucket. Grab samples 
were collected at depth intervals of 5 feet at three equally spaced locations along the length of the 
trench. Samples were scanned and a portion of each sample was submitted for full radiological 
analysis. Material retrieved with the backhoe was screened with an HNu, SPA3 probe, an Alpha 
scanner, and a beta/gamma detector. If a reading was detected with the HNu, a sample was to be 
collected for full HSL analysis. If there was no indication of organic chemical contamination, a single 
sample was to be collected from the deepest part of the till. The pits were mapped and described by a 
field geologist, showing locations of all sampling. 

Sampling and Analysis 
The three equally spaced sampling locations along the length of the trench are designated as Trench 
Sampling Locations 1476, 1477; 1478 for the trench located west of Silo 1; and 1479, 1480, and 1481 
for the trench west of Silo 3. Soil boring logs for each trench sampling location describing the 
lithology of the till, soil classification, sample information, and instrument survey results can be found 
in Appendix B. Samples were collected at depth intervals of 5 ft at each location and were analyzed 
for full radiological analyses parameters. 

No HNu survey indicated a need to collect a sample for HSL analysis per the requirements of the 
Work Plan. However, a single sample was collected from the deepest part of the trench west of Silos 
3 and 4 at Location 1481. This sample was analyzed for full HSL parameters. 
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2.7.3 Slant Borinns 

Obiectives 
Information from the slant boring program was used to support the nature and extent of contamination 
evaluation. The objective of the slant boring program was to collect sufficient data to determine the 
nature of radiological and chemical contamination in the soils and perched groundwater beneath the 
silos and decant sump tank. Sampling and analyses were performed consistent with the K-65 
subsurface soil and perched groundwater SAP, which was issued as DCR Number 51B to the RI,/FS 
Work Plan. 

/ 

Methodolorn 
The hollow-stem auger technique coupled with a horizontal boring machine was used to drill five low- 
angle borings (Figure 2-10). Due to the unconventional nature of low-angle borings and sensitivities 
concemhg tracking of the boreholes, a practice boring was completed in an area away from the K-65 
silos prior to drilling under the silos. This practice boring allowed crews to become more familiar 
with drilling and the borehole tracking and sampling phases of the project. 

After the boring machine was set up and the exact initial boring point was established at each boring 
site, a licensed surveyor calculated the required drilling angles needed to clear critical structures by at 
least 3 ft and have a minimum of 3 ft of till below the final sampling point. The specified drilling 
angle was set by constructing a pad at the required angle. The boring machine was then anchored to 
the pad. The drilling angle was checked at the surface by using an adjustable slope indicator, and the 
angle of the boring was measured at various depths with an inclinometer. Borings were advanced 
based on the initial angle for one-half the distance from the ground surface to the critical structure 
before collecting downhole inclination measurements. When a boring reached the point that was half 
way to the critical structure, an inclinometer survey was performed, which involved collecting angle 
data every 2 ft along the boring. Data from the inclinometer survey were used to construct a graph of 
the boring. The survey and graph provided the justification for continuing or abandoning the boring. 
The initial angle and distances to critical structures were calculated in the field by a licensed surveyor. 

Borings 1615, 1617, 1618, and 1619 were not advanced farther than the perched water zone 
encountered during drilling. Boring 1616 was temporarily cased and advanced through the perched 
water zone@) to collect data from soils underlying the decant tank. 

Continuous core samples were collected along the entire length of each of the five low-angle borings 
with a nonrotating bearing head sampler assembly. This sampler allowed for the collection of up to 5 

ft of relatively undisturbed sample per sampling run. 
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Core sections weR screened for radioactivity and volatiles. Radiological screening of samples was 
accomplished in the field with a Geiger-Mueller detector meter and an alpha detector. Alpha emission 
was screened at the open ends of each coring. Beta and gamma emissions were screened for at the 
ends as well as along the lengths of the cores. Opened cores were screened for volatiles with an HNu. 

Samples that displayed an elevated reading were analyzed for the corresponding parameters. For 
example, if a sample displayed elevated radiation levels, it was submitted for full radiological analyses; 
if a sample displayed an elevated HNu reading, it was analyzed for full HSL parameters. The 
scheduled samples were taken in 5-ft lengths that were centered on each of the designated sample 
point locations shown in Figure 2-9. The final sample interval for analysis in each boring was the last 
5 ft of the boring. Results of field screening were used to determine which section of the 5-ft sample 
was to be submitted for the specified analyses. If field monitoring did not indicate a preference, then 
the first 2.5 !I of the 5-ft sample was analyzed for chemical constituents, while the second 2.5 ft was 
analyzed for radiological constituents and geotechnical parameters. The balance of unused sample 
material was sealed and archived. 

After drilling and sampling were completed, the boring was plugged with cement-bentonite grojt, 
utilizing the tremie line method. All boring logs, sample collection records, and analyses 
were performed per the RIPS QAPP requirements as amended June 27, 1991. 

Sampling and Analvsis 
A total of 16 samples were submitted for radiological analysis, 13 for HSL analysis, 10 for TCLP 
analysis. and 11 samples for geotechnical analysis from the low-angle brings. TCLP analyses were 
completed for organic and inorganic parameters. 

Soil samples submitted for radiological analysis were analyzed for the following consti~ents: 

Isotopic radium 
Isotopic thorium 
Isotopic uranium 
AC-227 
Pb-210 
Pa-23 1 
Po-2 10 
Total thorium 
Total uranium 

Select samples (4 of 16) were also analyzed for transuranic radionuclides and fission products . These 
additional parameters are: 

..* . 
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Isotopic plutonium 

Np237 

Sr-90 

CS-137 

Ru-106 

TC-99 

Due to an oversight, 4 of 16 samples were not analyzed for Po-210, Ac-227, and Pa-231. Available 
results were deemed sufficient to support RI and FS requirements, eliminating the need to reanalyze 
archived samples for these parameters. 

. Geotechnical analyses included: 

Grain size distribution (ASTM D422-63) 
Atterburg limits (ASTM D43 18-84) 
Water content (ASTM D2216-80) 
Specific gravity (ASTM D854-83) 

All sample geotechnical analytical testing was conducted as specified under the appropriate ASTM 
standards and laboratory procedures using qualified geotechnical technician(s) and properly calibrated 
apparatus that meet the requirements per ASTM D3740-80. 

2.8 DIRECT RADIATION AND AIRBORNE RADON 

2.8.1 Direct Radiation Measurements 
Direct radiation and radon measurements are collected as part of the FEMP environmental monitoring 
and worker health and safety programs. 

2.8.1.1 Thermoluminescent Dosimeter Measurements 
Direct radiation measurements are collected with the use of thermoluminescent dosimeters (TLD) 
placed at preselected locations both on and off FEW property. Figures depicting the TLD monitoring 
locations are present in Section 4.0. This information is used to support the description of the direct 
radiation field associated with the silos for use in the description of the nature and extent of 
contamination and in the baseline risk assessment penetrating radiation pathway. 

_. 

\ 

Obiective 
The objectives of the TLD measurement program in relation to Operable Unit 4 include: 

Establishment of the direct radiation fields associated with the FEMP site sources, 
including the K-65 silos 

2-49 
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Support of the determination of the potential radiation doses to on-site and off-site 
human receptors 

Methodolo- 
Integrated direct radiation measurements are taken quarterly at 29 on- and off-property locations 
utilizing TLDs. The TLDs are placed and collected by FEMP personnel. The TLD badges employed 
in the program contain two calcium sulfate (CaSOd elements with lead and plastic filters, one CaSO, 
element with a plastic filter, and one lithium borate &B407) element. The array of elements and 
filters are employed to indicate the relative energies associated with the measured gamma radiation and 
to provide a basis for converting the radiation to a measure of whole body dose. 

SamDling and Analysis 
TLDs are collected and counted in the FEMP dosimetry laboratory with data compiled and issued in 
the Site Annual Environmental Report. 

To enable the TLDs to measure doses of less than 10 milliroentgen (mR) on the %B,O, elements and 
5 mR on the calcium sulfate elements, all TLDs are annealed prior to use. Annealing is a process 
where the TLD undergoes a controlled heating process to remove any residual dose from the elements 
before use. 

Following recovery, the exposed TLD are read on a Panasonic automatic TLD reader in the FEMP 
dosimetry laboratory in accordance with established site procedures. The automatic reader is calibrated 
every 6 months or immediately following replacement or maintenance on any critical instrument part. 
Daily QC checks are performed on the reader using previously irradiated TLD badges. The reader 
displays measurements in units of mR. An algorithm is employed to convert from mR to mrem at a 
specified depth in tissue. 

Collection control TLDs are employed to measure any exposures to the TLDs incidental to the TLD 
collection process. Control TLDs are also employed during the counting process to monitor the 
reader's performance. These control TLDs include Reader Background Controls and Reader 
Calibration Controls. 

2.8.1.2 Direct Radiation Measurements on the Silo Dome 
Direct radiation measurements are collected routinely on the domes of Silos 1 and 2 as part of the 
FEW health and safety program. This information has been used in Section 4.0 to support the 
description of the direct radiation fields associated with Silos 1 and 2. 
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Obiective 
The objective of the direct radiation measurements collected on the domes of Silos 1 and 2 is to 
monitor the penetrating radiation field in support of FEW worker health and safety programs. 

Methodology 
Direct radiation measurements are collected on contact (approximately 1 inch from the source) with 
the dome surface, at a minimum quarterly, through the use of a calibrated ion chamber. Survey 
locations are randomly selected by the radiological technician. Survey measurements are collected by 
the radiological technician. Survey measurements are collected in mrem/hr and reported through the 
use of a radiological survey report. The ion chamber is calibrated on a frequency as recommended by 
the manufacturer. Daily source checks are performed to ensure the proper operations of the 
instrument. 

2.8.2 Airborne Radon Measurements 
Airborne radon measurements are collected both on and off the FEMP property in support of the 
FEMP Environmental Monitoring Program. This information has been used to support the description 
of the concentrations of radon in the atmosphere in the Operable Unit 4 Study Area resulting from 
residue storage. 

Obiective 
Airborne radon measurements are collected in support of the FEW Environmental Monitoring 
Program for purposes of assessing radon exposure to workers and populations bordering the FEW 

The collected data are used to support the determination of the nature and extent of contamination 
associated with Operable Unit 4. 

Methodology 
Airborne radon measurements are collected at 49 preestablished locations both on and off FEMP 
property. Figures depicting the radon sampling locations are provided in Section 4.0. Measurements 
are taken using laboratory-supplied track etch radon cups. Four of these locations are at monitoring 
sites representing background locations unaffected by FEh4P operations. Typically, two types of cups, 
type " F  and "M," are placed at each measurement location. Type "F' cups employ a filter that is 
permeable to radon gas, but not to progeny or particulates. Type "M" cups employ filters that are 
permeable to radon and thoron gas, but not to progeny or particulates. Type "F  cups are singularly 
employed at locations surrounding Silos 1 and 2 on the railing around the base of the silo domes. 
Radon cups are changed quarterly and returned to the manufacturer's laboratory for analysis. Field 
blank radon cups are utilized to establish radon measurements incidental to the cup collection process. 
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2.9 GROUNDWATER 

2.9.1 RVFS Well Samuling 
During the WS, the FEMP installed and sampled more than 110 wells, both on and off site, as part 
of the groundwater monitoring program. Ten of these wells were installed in the vicinity of the 
Operable Unit 4 Study Area. This information was used to support the description of the nature and 
extent of contamination in groundwater associated with Operable Unit 4. 

Obiectives 
The objectives in conducting groundwater investigations relevant to the Operable Unit 4 RI include: 

Determining whether groundwater in the Great Miami Aquifer beneath the Operable 
Unit 4 Study Area contained above background concentrations of radionuclides or other 
hazardous substances 

. Determining the concentrations of hazardous substances in the groundwater beneath the 
silo storage area and supporting the modeling of the potential migration of these 
constituents 

Determining the rate and direction of groundwater flow within the Great Miami Aquifer 
sufficient to support the baseline risk assessment and FS evaluation of alternatives 

Methodology 
Ten wells were installed within the Operable Unit 4 Study Area during the RI (Figure 2-1 1): five 
1000-series wells (MW-1029, h4W-1032, MW-1033, MW-1034, and MW-1072) to depths ranging 
between 11 and 36 ft; three 2000-series wells (MW-2032, MW-2033, and MW-2034) to a depth of 65 
feet; and two 3000-series wells (MW-3032 and MW-3034) to a depth of 140 ft. These wells were 
installed utilizing the cable tool drilling technique. These three series of wells monitor three water- 
bearing zones at the site: the perched water table aquifer in the glacial overburden, the top of the 
Great Miami Aquifer, and a deeper zone of the Great Miami Aquifer, respectively. Well installation 
and sampling was performed consistent with the protocols and procedures established in the approved 
RI/FS Work Plan. Monitoring well construction logs are provided in Appendix C, Section C.6. 

Samuling and Analvsis 
Groundwater samples for each well have been taken quarterly for 1 year beginning in May 1988 for 
those wells installed as of that date. All samples were collected using the FEMP RVFS sampling pro- 
cedures. AU groundwater samples were analyzed for full radiological analysis parameters and drinking 
water quality parameters. 

Isotopic thorium 
Isotopic plutonium 
Isotopicuranium 
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Isotopic radium 
Total uranium 
Total thorium 
CS- 137 
Ru- 106 
Sr-90 

Np237 
Tc-99 

General groundwater quality was established by analyzing groundwater samples for the following 
parametem: 

Alkalinity as CaC03 
Manganese 
Ammonia 
Mercury 
Arsenic 
Molybdenum 
Barium 
Nickel 
Cadmium 
Nitrate , 

Calcium 
PH 
Carbonatebicarbonate 
Phenols (total) 
Chloride 
Phosphate 

Chromium (Hexavalent, Total) 
Potassium 
Copper 
Selenium 
Fluoride 
Silver 
Gross Alpha 
Sodium 
Gross Beta 
Specific Conductance 

*Iron . 

Sulfate 
Lead 
Total Organic Nitrogen 
Magnesium 

Groundwater from specified wells (1029 and 2034) were analyzed for HSL volatile and semivolatile 
organics, HSL inorganics (including cyanide), HSL pesticidesPCBs, primary drinking water organics, 
and organophosphorus pesticides. 

Section C.3 of Appendix C contains the analytical results from 28 radiological analyses, 26 general 
water quality analyses, and 3 BSL analyses. 

Subsequent to the RI/FS, sampling was performed as part of the FEMP Environmental Monitoring or 
RCRA Groundwater Compliance Program from eight of the wells installed under the RI/FS. 
Analytical results from these samples are presented in Appendix C, Section C.4. 
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2.9.2 Groundwater Sam~ling from Slant Borinm 

Obiectives 
Groundwater quality samples were collected from the low-angle slant boring drilled beneath the K-65 
silos. These samples were collected to establish the nature and extent of any contamination residing 
within the perched water located beneath the K-65 silos. Sampling and analysis was performed 
consistent with the K-65 Subsoils and Perched Groundwater Sampling and Analysis Plans, which were 
issued as DCR 51B to the RIFS Work Plan. 

Methodolorn 
A 2-inch GRUNDFOS variable flow stainless steel submersible pump with a flow rate of 100 
milliliters per minute (mumin) to 9 gallons per minute (gpm) capacity was used to purge and collect 
samples from the borings. Samples were collected from a stainless steel sampling tee in the purge 
water line. Because the inclination of the boring was less than 10 degrees from the horizontal, the 
submersible pump was the best tool for removing ,water from the borings. Water samples were 
collected from Borings 1615, 1616, 1617, 1618, and 1619. 

Samuling and Analysis 
Six groundwater samples were analyzed for full radiological analysis parameters (plus Ac-227, Pb-210, 
Po-210, and Pa-213), HSL, and general water quality parameters previously identified for the RVFS 
Well Drilling Program. Five of the six samples were not analyzed for transuranic radionuclides and. 
fission products. 

. 

2.10 ECOLOGICAL SAMPLING 
In 1986-1987, the Miami University in Oxford, Ohio performed an Ecological Characterization Study 
of the FEMP site. The results of the study were used in the RI to support the description of the site 
setting presented in Section 3.0. 

Obiectives 
The objectives of the study were as follows: 

Plan and lay out transects to be used in gathering biological and ecological data. 

Identify aquatic and terrestrial life forms within the environs of the FEMP site. 

Prepare a catalog documenting the location and associated habitat of all species found. 

Determine species’ distributions and abundance. 
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Determine the possibility of suess-induced differences between on-property and off- 
properry plant and animal populations using electrophoretic techniques. 

Interpret the results of the study. 

This study is the primary source of habitat descriptions and data on potential ecological receptors at 
the FEMP site and will be referenced extensively in the ecological risk assessment being conducted 
under Operable Unit 5. 

Methodolow 
Permanent transects were established in six major terrestrial habitats within FEW boundaries, 
excluding the former Production Area: riparian; deciduous woodlots; pine plantations; the "reclaimed 
flyash pile," which overlaps South Field and part of the inactive flyash pile; and grazed and ungrazed 
pastures. They also established eight on-property sampling stations along Paddys Run for examination 
of fish and benthic communities. These transects and stations were sampled in 1986 and 1987 to 
provide species lists and estimates of species' abundances and diversity. Details of sampling 
techniques are provided in the report (Facemire et al. 1990). 

In addition, Facemire et al. (1990) sampled a number of flora and fauna species for genetic analysis 
using starch gel electrophoresis of protein extracts. Facemire et al. (1990) also examined reproductive 
success in American robins (Turdus rnigrutorious) and mouming doves (Zenuidu macroura), recorded 
as clutch size, several morphological measurements of fledglings, and fledgling survival. Details of 
methods and loci examined in genetic studies are provided in the report. 

2.11 OUALITY ASSURANCE PROGRAM ELEMENTS USED FOR CONTROL AND 
VERIFICATION OF RVFS SITE INVESTIGATIONS 

The project needs for Quality Assurance (QA) programs and QAPPs are identified in the EPA's 
Quality Program Guidance document Quality Assurance Management Staff ( Q A M S )  05/80 and DOE 
Orders 5400.1 and 5700.6~ for Project Management. QAPP requirements are developed to provide for 
internal control and independent review by management to assess the extent of implementation and 
effectiveness of project work plans. These guidance documents were used to identify quality work 
elements for incorporation into the RI/FS Work Plan. Quality program elements were specifically 
identified in Volume V (QAPP) of the RVFS Work Plan. The quality elements provided the 
requirements for field and sampling activities and laboratory analysis for the RUFS programs. 

The quality program elements identified in the RVFS QAPP included: 

Quality Program Description 
Field Procedures 
Sample Collection Procedures 
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Laboratory Analytical Procedures 
Data ReductionData ValidationData Reporting 

Nonconformance/Corrective Action Reponing 
' Quality Assurance Audits 

These quality program elements established working procedures for performing, documenting, and 
determining the quality of work on the site investigations. Additional program quality or task-specific 
quality requirements were identified in DCRs as necessary to ensure quality objectives are attained. 
Contractor quality programs were specified in the QAPP and DCRs, as appropriate, to cover field, 
laboratory, management, and operation activities. Additional independent quality oversight of these 
programs was provided by DOE. The verification and assessment of the effectiveness of programs 
and procedures required by the RVFS Work Plan included quality surveillance and quality audits. 
Quality surveillance is defined as spot checks of program implementation to determine conformance to 
specified requirements. These checks could be compared to EPA performance audits. Quality audit is 
defined as an in-depth review of an entire program, including an evaluation of the associated quality 
program and procedures, effectiveness of their implementation, and review of associated 
documentation. These evaluations could be compared to EPA system audits. 

Nonconformance and corrective action reporting programs and procedures were included in the RIPS 
QAPP to format the document and report identified deviations. Nonconformance reports are used by 
management to review the nonconforming activities to determine technical program impacts to samples 
and laboratory analyses. The reports also allow senior staff and QA personnel to independently review 
the response. The Corrective Action Report requires an investigation of the root cause for significant 
and/or reoccumng nonconformances. The Corrective Action Report identifies the steps taken to (1) 
identify the nonconformance and root cause, (2) prevent recurrence, and (3) assign resources to correct 
the nonconformance and provide for corrective action. These reports are reviewed by project 
management and final actions are approved by senior staff and QA personnel. 

A field variance program was also part of the RIPS work, recognizing that field programs could not 
always perform the required work as specified due to obstacles or other changed site conditions. This 
program provided for a one-time change to a field task or project management requirement with 
management approval. The approval by management was provided after technical impacts and 
justifications were reviewed by senior staff and QA personnel who determined that no significant 
impacts were identified. 

There was a total of 340 project surveillances performed on the FEMP RVFS. The surveillances 
covered field and sampling phases of work performed. The surveillance program required that a check 
list be developed using task or project criteria. QA personnel reviewed the in-progress work during 
the surveillance against the respective check list. Identified program or procedural deficiencies were 
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reported through nonconformance reports. Differences with the work requirements were identified and 
reported to project management for review and assessment. A &view of all WS QA surveillance 
reports written between 1986 and 1992 was performed to categorize observations and 
nonconformances against applicable quality progm'  elements. There were two nonconformance 
reports issued specifically for Operable Unit 4. These were identified missed analytical parameters; 
however, resampling for the missed analytes was not required. Data from additional samples in the 
same zone were found to be sufficient. Management responses for these reports were provided and 
determined to be adequate after review by independent quality reviewers. No open quality 
surveillance or nonconformance reports were issued for the Operable Unit 4 tasks. 

Eleven program audits were performed from 1985 through 1992 for the CIS and RYFS programs. 
Audits were required to be performed annually for the RUFS by an independent organization. The 
audits were performed against the 18 quality program elements identified in the work plans for all 
FEW program management, field, and laboratory activities. The audits identified program strengths, 
deficiencies, activities the quality program element deficiencies impacted, and the effects of the 
impacts on the operable units. There were no Operable Unit 4 program-specific audit findings or 
nonconformances for the RWS. A review of FEMP audit impacts noted that there were no findings 
that impacted the samples or data collected for Operable Unit 4. 

Project field variances generated during the FU/FS programs were issued for changes requested during 
the performance of field activities for work that could not be performed as specified. These variances 
were for one-time occumnces and provided a mechanism for review of field program variance 
requests. 

Ninety-two DCRs had been initiated and approved through August 1992 for a permanent change to 
controlled distribution of project-specific procedures included in the Work Plan (SAP and QAPP). 
The changes involved such actions as analysis of geotechnical, chemical, and radiological parameters; 
modifying sampling strategy and analytical parameters; addition of treatability studies; and modifying 
Data Quality Objective (DQO) levels on specified analyses. 

A review was performed by QA personnel of all the FEMP quality reports including surveillance 
reports, audits and audit findings, field variance reports, and nonconformances. This review was 
performed to determine the total number of reports and quality impacts of nonconformances and 
findings reported on the field-related sampling and analysis performed for the FEW operable units. 
This review also was to assess quality trends and quality performance. The primary deviations 
reported in the quality program (i.e., nonconformance reports and audit findings) were for RYFS 
programmatic issues that did not impact specific samples collected for the Operable Unit 4 program. 
Reported field and sampling quality nonconformances were issued specifically for Operable Unit 4- 
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related activities, but none was significant enough to cause the rejection or qualification of sample data 
for use in the RI Report. Specific sample quality issues related to the Operable Unit 4 Task for field 
work were conected by project management. 

2.12 DATA QUALITY ASSESSMENT AND DATA VALIDATION 

2.12.1 Oualitv Assessment of Data Collected Under Programs Other than RVFS 
An assessment was completed on the quality of data sets not generated pursuant to the R W S  Work 
Plan and QAPP. These data sets included the FEMP Environmental Monitoring Program data, CIS 
data, and data from the Waste Pit Runoff Control Removal Action. A number of factors were 
examined to assess the quality of the information and the adequacy of the data sets for use in the 
RI/FS process. These factors included consideration of the age of the data, analytical methods used, 
detection limits of methods, and available documentation regarding QA/QC procedures if available. 
Also reviewed was available information on the methods used for data collection for each data set. 
This information, including work plans and standard operating procedures (SOP), were reviewed to 
indicate sample integrity and data comparability. On the basis of this review, the data sets previously 
identified in Section 1.0 were selected for use in the RI for Operable Unit 4. 

2.12.2 Data Validation of Data Collected Under the RI/FS Promam 
The data validation process is an after-the-fact, independent, systematic assessment of the quality of a 
data set. The process evaluates data, the manner in which it was collected, and the QC process used, 
and compares it to preestablished criteria. Validation reviews specific parameters associated with the 
data to determine whether it meets the principal DQOs of precision, accuracy, completeness, 
comparability, and representativeness. To verify that these objectives are met, a data validation 
program was established in accordance with EPA’s Guidance for Conducting Remedial Investigations 
and Feasibilitv Studies Under CERCLA and EPA’s National Functional Guidelines for Data Review. 
The validation process examines field measurements, sampling and handling procedures, laboratory 
analysis and reporting, and evaluation of audit findings to determine compliance with appropriate and 
applicable procedures. Data qualifiers are assigned to the analytical results to alert the user of any 
deviations to the established norms used to evaluate QNQC requirements for the requested analytical 
support level and to flag data that require hrther evaluation by the data user. All laboratory data used 
in the development of source terms estimates for the Operable Unit 4 Baseline Risk Assessment were 
subject to data validation including: RI silo contents data, RI surface soil sampling results (including 
the background data set), and samples in the study collected under the Waste Pit Area Storm Water 
Runoff Control Removal Action. Additionally, validation results from other data sets used in the RI to 
describe the nature and extent of contamination are reported where available. Validation results are 
provided for RI groundwater data, RI surface water and sediment data, RI decant sump data, and RI 
vertical slant boring data and subsurface soils sampling data. Appendices A, B, and C present the data 
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collected in the RI site characterization program for Operable Unit 4 and the Waste Pit Area Storm 
Water Runoff Control Removal Action along with the laboratory and data validation qualifiers 
assigned to the analytical results. 

The validation program is divided into two phases and has been completed for all data collected under 
the WS used in the quantitative evaluation of risk in this RI Report. 

Phase I: Field Validation 
This evaluation includes a review of the documentation associated with the sampling event. 
Infonation reviewed includes the personnel training records, sample collection logs, boring logs, 
chain-of-custody, request-for-analysis, and field activity daily logs. This information is reviewed to 
determine if the requirements of the FEW RI/FS QAPP were implemented and documented. The 
data associated with Operable Unit 4 was found to be in compliance with the National Functional 
Guidelines for Data Review, the IU/FS QAPP. and the RIPS Data Validation Plan. 

Phase 11: Analytical Validation 
The second phase is a review of the analytical data. The validation of these data is correlated to the 
Analytical Support Level (ASL). The data used to support nature and extent and risk assessment fall 
into the ASLs I through V. 

I 

ASLs I and I1 are assigned to screening analyses and field analyses. The level of quality conml is 
less stringent for these ASLs than for others. These ASLs were used only to focus RI sampling efforts 
for higher ASL analyses, and to a lesser degree, support evaluation of the nature and extent of 
contaminants present in Operable Unit 4. 

ASL 111 includes al l  analyses performed in a qualified laboratory. The laboratory may or may not 
participate in the EPA CLP. The analyses are reported under a Certificate of Analysis from the 
laboratory, but the associated QC raw data are not included in the data package. These data are 
evaluated based on the QC summary information presented in the Certificate. ASL I11 data typically 
axt used to support the evaluation of the nature and extent of contamination and to support preparation 
of the baseline risk assessment. 

ASL IV includes all data analyzed and reported by the EPA CLP routine analytical services. All ASL 
IV analyses for Operable Unit 4 were performed at an off-site EPA CLP laboratory using the 
analytical protocols established by EPA. This level is characterized by rigorous QA/QC procedures 
and documentation and q u i r e s  a presentation of QC information with the analytical results to allow 
the data validator to recreate the analytical process. These data are validated by an extensive 
evaluation of the data and the data package for completeness. The review criteria are based on EPA's 

2-60 



FEMP-04RI-6 FINAL 
November 3, 1993 

National Functional Guidelines for Data Review, the RWS QAPP, and the RWS Data Validation 
Plan. 

ASL V includes analysis by nonstandard methods. All analysis are performed at an off-site laboratory. 
Nonstandard methods are those that have not been evaluated for suitability and published by the EPA 
as acceptable for the intended purpose. Radiological data fall into this category, although other 
organizations do publish reference methods for many radiological analyses. These data are subject to 
the same rigorous QNQC requirements as ASL IV and require additional internal validation of the 
method established by the laboratory to ensure its suitability and development of validation criteria. 

The brief overview of the validation process is provided for the chemical and radiological data. 

2.12.2.1 Chemical Data Validation 
The RI/FS chemical data were reviewed based on criteria established by National Functional 
Guidelines for Data Review and in accordance with procedures identified in the RIPS QAPP and Data 
Validation Plan. Separate reviews were performed for organic and inorganic analysis reported under a 
Certificate of Analysis (e.g., general chemistry, TCLP, and groundwater quality data). Samples were 
reviewed based on QC results reported with the data. The review consisted of documenting 
compliance with the applicable criteria. Some of the criteria reviewed included: 

Sample Holding Times Instrument Tuning 
Initial Instrument Calibrations Continuing Instrument Calibrations 
Sumgate Recoveries Matrix Spikes 
Blank Contamination Internal Standards 
Linearity Retention Times 
Detection Limits 

Each sample was reviewed for compliance with pre-established criteria and qualifiers assigned as 
appropriate to the reported analytical results. The evaluation process and findings are summarized in 
the Data Validation Deficiency Report. The criteria and validation process was verified by an 
independent peer review. 

2.12.2.2 Radiological Data Validation 
All sample analyses completed during the Operable Unit 4 RI site characterization program were 
assessed for data quality. Specific EPA-approved methodologies do not presently exist for radiological 
analyses, nor does EPA have in place guidelines for radiological data validation. The radiological 
analyses are performed according to the SOPS and QA plan of the laboratory. As a result, an 
evaluation and verification of the laboratory procedures and QA program by DOE was necessary; the 
procedures were found to be compliant with established protocols and general industry standards. 
Data validation criteria developed for the FEW were reviewed by EPA. Two audits of the laboratory 
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were also completed by EPA. A radiological data validation program was developed by DOE to 
evaluate these data. All samples used to support the RI baseline risk assessment were then validated. 
Validation results were verified by an independent peer review. The review consisted of documenting 
compliance with the applicable criteria. Some of the criteria reviewed included: 

Sample Holding Times Sample Detection Limits 
9 Instrument Calibrations Insuument Efficiency 

Duplicate results Matrix Spikes 
Blank Evaluation Chemical Yields 

Each sample was reviewed for compliance with the pre-established criteria and qualifiers assigned as 
appropriate to the data. The evaluation findings are summarized in the Data Validation Deficiency 
Report. The criteria and validation process was verified by an independent peer review. 

Data Oualifiers 
All of the laboratory analytical data' for use in the Operable Unit 4 baseline risk assessment has been 
validated and assigned qualifiers where applicable. Figure 2-12 presents a visual depiction of 
reporting results fmm the laboratory with an explanation of the laboratory qualifiers and the meaning 
of each value. 

Upon completion of the validation process, the data were assigned a validation qualifier providing a 

confidence level in the data. The following is a brief summary for the validation qualifiers. 

Chemical Data Qualifiers 

J These data may be biased, and the associated numerical value is considered an estimated 
quantity. 

R These data are considered unusable (analyte may or may not be present). 

N This analyte was tentatively identified from interpretation of mass spectral or chromatographic 
data. 

U This analyte was analyzed for, but not found present at, levels greater than the corresponding 
limit of detection. This qualifier was also used to denote a value that was adjusted by the use 
of the 5W1OX rule for evaluation of blank data. 

UJ In instances where the limit of quantitation is uncertain, data flagged by the laboratory as "U" 
(nondetected) are qualified as "UJ" by validation. These data may also denote values adjusted 
as a result of blank contamination. 
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NV These data were not validated. 

Validation Flags 
Validation flags are informational in nature and are not validation qualifiers. These flags provide the 
user of the data with additional information, which may be helpful in the overall evaluation of the data 
set. 

2 This flag notified the user that the value is not to be used. This flag identified that a more 
technically useable and representative result from either reanalysis or dilution of this same 
sample exists for the analyte. 

D The radionuclide was analyzed for, but not detected. The reported Sample Quantitation Limit 
(SQL) exceeds the Contract Required Quhtitation Limit (CRQL) and professional judgment 
must be exercised in the use of these data, depending on the media that was sampled and the 
end use of the data (Le., risk assessment, nature and extent, etc.). The D flag was established 
for evaluation of FEW data to alert the end user of unavoidable matrix interference in sample 
analysis. The FEMP RUFS Work Plan established a single set of required detection limits for 
all radio analysis, whether for environmental media or waste materials. 

The D flag is most frequently encountered on analytical results of waste materials undergoing 
gamma spectroscopy. Here Ra-226 is present in relatively high gamma photon source 
intensity, resulting in a high background (from secondary gamma photons) for lower photon 
energies. D flagged data are also observed for alpha spectroscopy data when one isotope of an 
element is so abundant in a sample as to mandate the reduction of the size of the sample 
aliquot. This reduced sample aliquot results in a lowering of the sample quantitation limit, 
which is not a problem for the abundant isotope, but is sometimes problematic for other less 
isotopes in the same analysis. An example of this is the high abundance of Th-230 (a member 
of the U-238 decay chain) in the cold M i a t e  with little or no Th-232 or Th-228 (members of 
Th-232 decay chain) present. 

Ideally, the sample analysis would be repeated with a different methodology, but no generally 
accepted method exists for overcoming the matrix interferences noted. No commercial 
laboratory could be found with validated methods to improve the sensitivity of these analyses. 

C The total uranium analytical result (mass) does not agree within plus/minus 20 percent of the 
calculated uranium mass as determined by calculation of uranium mass from isotope specific 
analyses (U-238 is generally greater than 99 percent of the mass present). This flag is not 
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applied to analytical results, which are less than 10 times the CRQL. The end data user must 
chose between using the calculated value or the reported total uranium analytical result. 

E The calculated U-235/U-238 mass ratio is outside the range of 0.2 to 1.3 percent enrichment 
and may indicate human involvement in isotope depletion or enrichment. Professional 
judgment should be exercised in evaluating the likelihood of this occurrence at the FEMP site. 
The U-235/U-238 ratio for soil in nature is 0.0072. This flag is not applied to analytical 
results, which are less than 10 times the h Q L .  

F The calculated U-234/U-238 activity ratio is less than 0.4 or greater than 1.3 and may indicate 
human involvement in isotope separation. Professional judgment should be exercised in 
evaluating the likelihood of this occurrence at the FEMP site. The U-234 and U-238 isotopes 
are generally in equilibrium (or slightly depleted in U-234) in soil matrices. Varying 
enrichment in the U-234 isotope has been observed in nonimpacted groundwater. This flag is 
not applied to analytical results, which are less than 10 times the CRQL. 

M The matrix spike recovery associated with this sample was outside control limits (70 to 130 
percent), which may be an indication of matrix interference problems. 

The criteria for "E" and "F" flags are FEMP-specific because depleted uranium was handled on the 
site, and such results are expected for some samples. The evaluation criteria used for evaluation were 
based on the knowledge of the range of isotope ratios in materials processed at the site. These flags 
are less of an assessment of the quality of the data than an alert to the end user to assist in later data 
evaluation. It is possible to assign a number of flags to a single analyte. 

2.12.2.3 Data Useability 
The validation process is intended to provide the data user with an assessment of the rigor used in 
complying with established procedures and criteria in the sampling, packaging, shipping, analysis, and 
reporting of a requested sample analysis. The si@icance of the validation finding is dependent upon 
the intended use of the data. The data used in this RI support quantitative risk assessment and the 
characterization of nature and extent of contamination associated with Operable Unit 4. The following 
is a summary of the usability of the data with the associated flags. 

J These data may be biased and are considered an estimated value. This qualifer may be 
assigned for primarily three reasons: 

1. QC information based on the ASL validation review criteria is insufficient or missing. 
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2. Matrix spike or duplicate analysis or chemical yield (radiological) is outside the acceptable 

3. The analyte is detected at levels outside the instrument calibration range. By definition 
range. 

these are e s t h t e d  values. 

The J qualifer, with no other laboratory qualifier, indicates that the compound or analyte is 
present, and the reported value may be inaccurate or imprecise (estimate@. The UJ qualifier 
identifies instances where the limit of quantitation is uncertain. The EPA Risk Assessment 
Guidance for Superi=und and the Data Qualitv Objectives for Remedial Response Activities 
allow for estimated data as reported from the analytical laboratory to be used in risk 
assessments. Estimated data are also used to support definition of the nature and extent of 
contamination. 

U Data that were observed at levels less than the corresponding limit of detection were qualified 
as U, meaning not detected above the associated value. This qualifier is assigned by the 
laboratory, but it was also used as a validation qualifer when common contaminants were 
detected in a sample less than action level as defined by the 5WlOX rule. For risk 
assessment, the decision tree for use of U qualified data is presented in Figure 2-13. For 
nature and extent, the U qualifier establishes the lowest concentration of an analyte that can 
confidently be defined as nondetect. 

Like the laboratory qualifier U, one-half of the sample quantitation limits has been used as a 
surrogate in calculating the concentration term in risk calculations. 

R Data qualifkd as rejected (R) are considered unusable for risk assessment. These data are 
flagged whenever the analyses were performed grossly outside acceptance windows for the 
criteria established in the validation process. Data of this nature may have limited usability 
to support characterization of the nature and extent of contamination, but is not suitable for 
the requested analytical support level. 

N Analyte qualified with an N are not used in quantitative risk assessment, however, have 
limited usefulness in the description of the nature and extent of contamination. 

NV Nonvalidated data is not used in determination of risk. These data are considered for use in 
the description of nature and extent of contamination. 

2 Data flagged.with 2 are not utilized in the risk assessment. A more technically useable value 
exists for the analyte which should be used to replace the flagged value, 
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D This flag is used for radiological data only and alerts the user that the result reported is a 
nondetected value greater than the contract required detection limit for that radionuclide, but 
no judgment is made as to whether this detection limit can support the DQOs of the end user. 
The useability of these data is defined in the decision tree in Figure 2-7 and is highly 
dependent on the intended use of the data. 

D flagged data can generally be used in defining a waste source term for fate and transport 
modeling. However, the direct use of D flagged data in calculating the concentration term 
for environmental media is generally undesirable, especially if use of one-half the SQL would 
lead to sigmfkant risk to a receptor. Alternate methods for obtaining a surrogate may 
include evaluation of the decay chain (parent or progeny) and application of process 
knowledge to determine if another nuclide is in secular equilibrium with the analyte. 

This issue is not as problematic as it might first appear. Generally, the interfering nuclide is 
at such high concentrations that the risk to the receptor is constituted almost entirely by the 
nuclide. 

C This flag is assigned to U-238 values, indicating that the calculated total uranium mass from 
the measured isotopic results does not agree within 20 percent of the measured total uranium 
result. The end user should consider which of the two inasses is most likely correct. 
Generally, the calculated mass is preferred (barring other qualifiers), especially if the U- 
238/U-234 ratio is near unity, indicating good isotopic agreement. 

E This is assigned to U-235, indicating that the calculated percent enrichment of U-235 is 
outside of the acceptance limits of 0.2 and 1.3 percent. This flag alerts the user that an 
unusual ratio exists and best professional judgment should be employed in determining the 
impact of the use of the data (bias high or low) and in idenhfying if either or both of the 
values should be excluded from the data set. 

F This is assigned to U-234, indicating that the U-234/U-238 ratio is outside the acceptance 
limits of 0.4 to 1.3 percent. The same considerations listed for the E flag apply to this 
situation. 

M The matrix spike recovery associated with this sample was outside control limits. This may 
be an indication of matrix interference problems. User discretion is advised in the use of this 
data. 
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3.0 PHYSICAL CHARACTERISTICS OF THE STUDY AREA 

The Operable Unit 4 Study Area comprises the silos facility and the surrounding environment. The 
material presented in Section 3 defines the physical Characteristics of the silos and their contents, and 
the important physical characteristics of the FEMP area that must be understood to evaluate potential 
transport paths, receptor populations, and exposure scenarios in transport models, risk assessment, and 
evaluation of remedial alternatives. 

Section 3.1 describes the physical characteristics of the silo contents based on data collected during the 
1989 through 1991 RIPS sampling efforts. The description of the physical characteristics of the silos 
and associated structures was provided as an integral part of the description and history of Operable 
Unit 4 (Section 1.2). It will not be repeated in the following discussion of other Operable Unit 4 

physical characteristics. 

Sections 3.2 through 3.7 describe environmental characteristics and include details for areas outside the 
physical boundaries of the FEMP site and Operable Unit 4, because there are some characteristics that 
cannot be addressed in operable unit-specific terms. The discussion of air, groundwater, and surface 
water, for example, cannot be limited according to operable unit boundaries. The site-wide data 
required for analysis of potential impacts of site-wide remedial activities are contained in the SWCR 
(DOE 1992b), which also includes detailed technical appendices reporting site-specific studies of 
wetlands, threatened and endangered species, and population estimates. The SWCR, which also 
supports the description of the affected environment and functions as the NEPA impact analysis for the 
no-action alternative, is incorporated in this RI by reference. 

3.1 PHYSICAL, CHARACTERISTICS OF THE SILO CONTENTS 
The following discussion provides a summary of the physical characteristics of the waste residues 
within Silos 1, 2, and 3. Also presented is a summary of the properties of the bentonite clay added to 
Silos 1 and 2 during the K-65 Silos Removal Action. 

3.1.1 Contents of Silos 1, 2, 3, and 4 

As previously described in Section 1.0, the four silos were constructed in 1951 and 1952 for 
dewatering and storing radioactive waste effluent from the processing lines. Over the years, the waste 
slurries in Silos 1 and 2 have settled to form a wet mud-like material that is a mixture of clay, silt, and 
sand size particles. During the 1989 and 1991 sampling efforts, this material was easily penetrated by 
the cutting shoe of the sampling tube, which reached to the bottom of the silos, indicating that the 
material might be in a sludge-like condition. On one occasion during the course of sampling, the 
retrieved samples from Silos 1 and 2 were saturated. Silo 3 contains the dry calcined metal oxides of 
impurities originally present in the uranium ore concentrates; Silo 4 remains empty of waste residues 
with the exception of infiltrating rainwater. (NOTE: All silos are subject to some degree of rainwater 
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infiltration via the silo dome. Silos 1 and 2 are also subject to infiltration of rainwatei entering the 
void between the berm soils and the silo sidewalls.) 

A generalized summary of the visual descriptions for the Silo 1 contents based on 1989 and 1991 
sampling efforts is provided in Figure 3-1. The upper zone (Zone A) of the silo contains a light 

brown material that is primarily silty sand with some silty clay and clay size particles. The color of 
material in the middle zone (Zone B) varies from light brown to dark brown. The major portion of 
the material is silty clay with some minor occurrences of sand. The material in Zone C or the lower 
part of the silo is light brown. Like Zone B, Zone C has a higher clay size content and is classified as 
silty clay. Complete visual classification logs for the silo materials are included in Appendix A. 

The characteristics of the K-65 residues as reported by investigations prior to the RYFS are 
summarized in Table 1-1. Geotechnical results from RI/FS sampling activities during 1990/1991 
provide the best representation of physical characteristics and are shown in Table 3-1. More than 50 
percent of Silo 1 residues passed the 200-mesh sieve indicating a grain size of less than 0.074 
millimeter (mm). This measurement is consistent with the process described in Section 1.2, which 
states that the ores were milled to less than 100-mesh size at the FEMP site and MCW to facilitate the 
digestion process. Water content tended to be higher in the deeper residues and specific gravity 
ranged from 2.98 to 3.25. Two of the four samples tested for Atterburg limits showed characteristics 
of plastic material. Plasticity provides an indication of the clay content and relative cohesiveness of 
soils, which are important considerations in the design and implementation of any waste removal 
and/or treatment system. 

The visual descriptions for Silo 2 material collected during the RI/FS sampling program are 
summarized in Figure 3-2. Zone A is primarily a brown clayey, coarse sand. This zone is 
characterized by a 30-inch upper hard crustal layer. The middle B zone is light to dark brown silty 
clay. The lower C zone is a medium brown silty clay. Complete visual classification logs for the silo 
materials are included in Appendix A. 

The results of geotechnical testing for Silo 2 contents (Table 3-1) indicate that the water content 
ranged from 30.5 to 74.7 percent with specific gravity ranging from 2.79 to 3.08. The percent of 
material finer than 0.074 mm (200-mesh sieve) ranged between 35.2 percent and 55.0 percent. Of the 
three samples tested for Atterburg limits, two samples exhibited plastic properties. 

Materials in' Silo 3 are dried metal oxides that were airconveyed into the silo. This material conveyed 
was cold raffinate from the extraction columns. The material was washed and dried, then fed into a 
spray calciner or a gas fired rotary kiln where the nitrates were completely decomposed, yielding a 
.solid oxide product of the metal impurities originally present in the ore concentrate. The dried metal 

oxide product was removed by a set of cyclones discharging into a storage hopper and periodically the , 
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TABLE 3-1 

GEOTECHNICAL RESULTS FOR THE K-65 RESIDUES 
(1990/1991 SAMPLING PROGRAM) 

200 Sieve 
Water Percent 

Silo Content Specific Liquid Plastic Plasticity Finer 
SampleID SiloNo. Zone (9%) Gravity Limit Limit Index (“/.I 
100053 

lo0090 

100054 

lo0055 

lo0095 

100096 

100097 

lo0068 

100091 

100093 

1 OOO69 

100092 

100094 

1 OO070 

1 

1 

1 

1 

1 

1 

1 

2 

2 

2 

2 

2 

2 

2 

A 37.1 

A 56.6 

B 52.4 

C 59.8 

C 82.2 

C 64.6 

A, B,C 48.9 

A 30.5 

A 74.7 

A, B 65.2 

B 55.5 

B 59.8 

B 57.0 

C 38.5 

3.0300 

3.0688 

3.0752 

2.9786 

3.2556 

3.1562 

3.0351 

3.0301 

2.7864 

2.9027 

2.9890 

3.0206 

3.0837 

2.9894 

37.0 

N/A 

49.0 

51 .O 

N/A 

N/A 

46.0 

NP 

N/A 

N/A 

58.0 

N/A 

N/A 

34.0 

N/A - Analysis not requested of sample 
NP - Nonplastic 
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collected solids were transferred by air pressure into the silo. Thus, the material in Silo 3 is a dry 
powder-like waste. During the 1989 Silo 3 sampling operation, field investigation personnel visually 
observed the material in the silo to be relatively evenly distributed within the tank with only minor 
peaks beneath the inlet ports. 

The material in Silo 3 is brown with a tone that varies from dark to reddish brown. As a result of the 
evaporation and calcination of this waste, the water content is very low, ranging between 3.7 and 10.2 
percent. The specific gravity varies between 2.08 and 2.75. Approximately 90 percent of the Silo 3 
residues pass through a 200-mesh sieve (0.074 mm) indicating that the majority of the contents are silt 
size or less. All the samples collected from Silo 3 were nonplastic. 

3.1.2 Contents Subsequent to 1991 K-65 Silos Removal Action 
The K-65 Silos Removal Action was conducted during the fall of 1991 and consisted of the 
installation of a bentonite sluny cover over the K-65 residues. The installation process is described in 
Section 1.5.3.2. Approximately 13,000 f? of bentonite slurry was added to Silo 1 and 11,OOO ft3 to 
Silo 2. The sluny was approximately 25 percent solids and had a density of 75 pounds per cubic ft 
(specific gravity of 1.20). 

Surface mapping was utilized to ensure that a minimum of 1 ft of bentonite had been installed over 
the entire surface. A summary of the results of the surface mapping is presented in Table 3-2. 
Figures 3-3 and 3 4  show the results of the surface mapping performed prior to bentonite slurry 
emplacement and after bentonite emplacement in Silos 1 and 2, respectively (ORNL 1992). The 
mounds that are observed most distinctly in the baseline waste maps are due to large mounds of 
material near each of the access portals in Silo 2 and the southeast access portal in Silo 1. The waste 
surfaces were covered with deep cracks and crevices with hundreds of small puffy areas surrounded by 
cracks, which were described as resembling dried mud flats. Bentonite thickness in Silo 1 ranged 
from 48 inches at the silo walls to 2 inches at the top of the highest mound with an average thickness 
of 30 inches. The thickness in Silo 2 ranged from 30 inches at the silo walls to 0.4 inch at the top of 
the highest mound with an average thickness of 26.5 inches. The effects of bentonite emplacement on 
radon emissions is described in Section 4.0. 

In April 1991, standing water was observed inside the decant sump standpipe, approximately 4 ft 
above the tank. This fact, in combination with the apparent shifting of the standpipe off vertical, lead 
to the declaration of a time-critical removal action. Approximately 8000 gallons of liquid was 
removed from the decant sump tank and access piping in April 1991. 

Liquids continued to collect in- the decant sump tank following the removal action. Thus, the liquids, 
totaling approximately 6550 gallons, were removed a second time in February 1993. 
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TABLE 3-2 

K-65 SILOS: SURFACE MAPPING RESULTS 

silo 1 silo 2 . Volume 

Waste 3280+_35 m3 
115,9W-1250 f? 

Headspace before bentonite 115q435 m3 
40,5W-1250 ft3 

Be&onite 3m-14 m3 
12.m-500 f? 

Headspace after bentonite 790+_35 m3 
27,900+_1250 ft3 

Total waste and bentonite 3640+_35 m3 
128,400+_1250 f? 

2840+_35 m3 
100,400+_1250 f? 

1580+_35 m3 
55,900+_1250 ft3 

31&14 m3 
11,1W-500 ft3 

1270+_35 m3 
44,800+1250 ft3 

3160+_35 m3 
1 1 1,5oO+_1250 f? 

Source: O R N L m  - 12185, October 1992 

3-7 



N 
m z! 
e 
m 

x 
z 
cy 

0 c 

In- 

I 
I z z 
0 
a 

W 0 

2 a 

w 



0 a 

0 0 

0 .. 

R 

a 

w 
V 

LL 
3 
v) 

i5 

I 

:: I 

3-9 



FEMP-wRI-6 FINAL 
November 3. 1993 

The fact that the tank maintained a historic liquid level in the standpipe, which was roughly at the 
same elevation (574 ft compared to 575 ft) as the underdrain piping, combined with the fact that the 
tank continues to regenerate after pumping, indicates that the system is performing as it was designed, 
and has maintained its integrity. 

The decant sump tank and the associated underdrain piping were designed and continue to perform as 
a silo leachate collection system. In the system’s current configuration, any leachate passing through 
the silo floor would be collected by the perforated pipe and routed to the decant sump tank. 

M o r  to the April 1991 Decant Sump Tank Removal Action, there is no written record that would 
indicate that the tank had been pumped since cessation of the silo operations in 1959. Failure to 
remove the contents of the tank would have rendered the leachate collection system inoperative when 
the water level in the tank standpipe reached hydraulic equilibrium with the perforated pipe below the 
silo. During the period of 1950 through April 1991, any leachate escaping from the silo would have 
continued to migrate through the clay fill, thus becoming a source of contamination to the subsurface 
soil and groundwater. 

3.2 METEOROLOGY AND AIR OUALlTY 

Information on the local climate was gathered from two primary sources: an on-property meteorolog- 
ical system installed at the FEMP in 1986 and the National Weather Service Office at the 
Cincinnati/Northern Kentucky International Purport. Information on air quality was gathered from on- 
site monitoring conducted as part of the FEMP Environmental Monitoring Program and from 
information from the Southwestern Ohio Air Pollution Control Agency. 

3.2.1 Winds 
The FEMP meteorological system, installed to collect site-specific data for wind speed and direction, 
ambient air temperature, lapse rate, dew point, temperature, relative humidity, barometric pressure, and 
precipitation, was used by the National Oceanic and Atmospheric Administration (NOAA) to examine 
the complexity of the local wind field at the FEMP site. The study showed that two major features, 
the Great Miami River Valley and the ridges surrounding $e site, affect the wind patterns. A study 
by IT (1986) showed that the wind flow data from the Cincinnati airport were sufficiently 
representative of local conditions to serve as a database for the years prior to the installation of the on- 
property meteorological system. 

Figure 3-5 shows the yearly wind patterns at the site recorded from a 10-m tower for the year 1992. 
Data reviewed for the years 1987 through 1991 are comparable. Prevailing winds are generally from 
the southwest and west-southwest. The annual frequency distribution is noted on the scale of the 
figure as is the stability class distribution, a parameter that is used in air dispersion modeling. 
Atmospheric stability is a measure of the potential for vertical mixing, both mechanical and thermal, 
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It is classified from A through F based on the wind speed, net solar radiation, and atmospheric 
turbulence. A classifcation of A is the most stable and F the most unstable. 

As part of the probabilistic risk assessment performed for the FEMP (DOE 1990), an annual 
probability was assessed for a tornado occurring per square mile within Ohio. Based on data 
accumulated from Ohio during the years 1978 through 1990 the probability was calculated to be 1.248 
x lo4. 

3.2.2 Precipiiation 
The average annual precipitation for the Cincinnati area for the period of 1960 through 1989 was 
40.56 inches and ranged from 27.99 inches in 1963 to 52.76 inches in 1979. The highest precipitation 
occurs during the spring and early summer. The maximum 24-hour rainfall event of record occurred 
in March 1964 when 5.21 inches fell. Precipitation is typically lowest in late summer and fall. 

The average annual snowfall for the 1960 to 1989 period was 23.5 inches, with the heaviest snowfall 
usually occurring in January. The maximum monthly snowfall of 3 1.5 inches occurred in January 
1978. The maximum recorded rainfall over a 24-hour period occurred in March 1968 when 9.8 inches 
was recorded at the Cincinnati/Northern Kentucky International Aqort .  

3.2.3 Temperature 
The regional climate is defined as continental, with temperatures ranging from a monthly average of 
29.2"F in January to 75.m in July. The highest temperature recorded 'from 1960 through 1989 was 
103°F in July 1988, and the lowest was -259; in January 1977. Average ambient air temperatures 
measured at the FEMP meteorological system for the years 1987 through 1992 are shown in Table 
3-3. 

The average number of days per year with a minimum temperature of 32°F or less is 109 days; the 
average number of days per year with a maximum temperature of 90°F or greater is 20 days. Frost 
depth ranges from 30 to 36 inches. 

3.2.4 Site-Wide Air Ouality 
Air quality and meteorology at the FEMP have been extensively investigated in the past. Brief 
descriptions of reports from these investigations are presented in the SWCR (DOE 1992b). Uranium 
and radon are the principal present-day airborne contaminants of concern. Both are extensively 
monitored by the FEMP. The following summary is discussed in greater detail in the SWCR. 

The last full year of production at the FEMP site was 1988. Emissions of radionuclides during 1989 
and 1990 were substantially reduced. Corresponding reductions in concentrations of airborne uranium 
occurred at the 16 monitoring sites in and around the FEMP site. Monitored concentrations of 
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TABLE 3-3 

AMBIENT AIR TEMPERATURE MEASURED 
AT THE FEMP METEOROLOGICAL SYSTEM 

Average Annual Average Annual 
Average Annual Daily Minimum Daily Maximum 

Temperature Temperature Temperature 
Year e> m m> 
1987 50.7 41.0 61.5 

1988 52.3 41.9 63.7 

1989 52.2 44.1 62.8 

1990 52.5 43.2 62.4 

1991 55.4 46.8 65.1 

1992 52.0 43.3 61.7 

\ 
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airborne radon did not change substantially during 1989 and 1990, but were notably lower after the 
placement of bentonite in Silos 1 and 2 during 1991 (discussed in Section 4.0). 

Average concentrations of airborne radionuclides during 1990 at each of the 16 air monitoring sites 
were well within the DOE Derived Concentration Guide (DCG). The DCG is the concentration of a 
radionuclide in air that, under conditions of continuous exposure for 1 year by one exposure mode 
(e.g., inhalation), would result in an effective dose equivalent of 100 mrem for a dose to a member of 
the general pubic. This 100 mrem dose is the DOE public dose limit, an average aggregate including 
- all DOE sources of radiation and exposure modes. It is the sum of the effective dose equivalent 
from exposures of radiation external to the body (e.g., direct gamma radiation) during the year, plus 
the committed effective dose equivalent from radionuclides taken into the body (e.g., by inhalation and 
ingestion) during the year. 

The effective dose equivalent from all airborne radionuclides during 1990 (excluding radon) has been 
shown to be less than 10 mrem (WEMCO 1991). demonstrating compliance with 40 CFR 61, Subpart 
H: "National Emission Standards for Emissions of Radionuclides Other than Radon from Department 
of Energy Facilities." 

Overall, air quality in the vicinity of the FEMP site is generally regarded as "good," with respect to 
National Ambient Air Quality Standards (NAAQS). These nationally-adopted health-protective 
standards apply to six pollutants regulated under the Clean Air Act: inhalable (PM10) particulates, 
carbon monoxide, sulfur dioxide, nitrogen dioxide, ozone, and lead. Historically, none of these has 
been monitored in the immediate vicinity of the FEW site, because there are few sources in the 
vicinity. Extensive monitoring has been performed by the Southwestern Ohio Air Pollution Control 
Agency (SWOAPCA) in urban locations where the highest concentrations within its fourcounty 
jurisdiction are found. With the exception of ozone, pollutant concentrations in these locations meet 
the NAAQS. Ozone is a widespread problem that will require regional control and abatement 
measures, such as the long-range measures mandated by the Clean Air Act Amendments of 1990. 

Air quality standards for toxic compounds not regulated under the Clean Air Act are defined by 
individual states. The State of Ohio, acting through the SWOAPCA, has established standards for 
chemically toxic compounds including ammonia, hydrogen fluoride, and nimc acid, all of which have 
been released from the FEW site in relatively small amounts. Estimates of the air quality impact of 
the amounts released have been made by dispersion modeling and indicate that concentrations in recent 
years are well within the limits set by the State of Ohio. 
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3.3 TOPOGRAPHY AND SURFACE WATER HYDROLOGY 
This section provides an overview of the topographic features of the FEMP site established through 
aerial photogrammetry and surface water hydrology. Site studies and published data from the USGS 
and the Miami Conservancy District were used as sources. 

Maximum elevation along the northern boundary of the FEMP property is a little more than 700 ft 
above mean sea level (MSL) (Figure 3-6). The former Production Area and Waste Storage Area rest 
on a relatively level plain at about 580 ft above MSL. The plain slopes from 600 feet above MSL 
along the eastern boundary of the FEMP to 570 ft above MSL at the K-65 silos, and then drops off 
toward Paddys Run at an elevation of 550 ft above MSL (Figure 3-7). All drainage on the FEMP site, 
including surface water, is generally from east to west toward Paddys Run, with the exception of the 
extreme northeast corner. which drains east toward the Great Miami River. 

Surface water flow within Operable Unit 4 has varied over the operational years of the FEMP facility. 
From silo construction and initial operation in 1952 until 1958, all surface waters falling on the 
Operable Unit 4 surface soils flowed either directly to Paddys Run or indirectly to Paddys Run 
through drainage swales located to the north and south of Operable Unit 4. In 1958, with initial 
operation of Pit 3 and the Clearwell, a portion of the storm water falling in the northeast comer of the 
Operable Unit 4 Study Area was redirected to flow to the Clearwell instead of the north drainage 
swale. This surface configuration continued until 1992 with the completion of the waste pit area 
Runoff Control Removal Action. As part of the removal action, a series of trench drains and concrete 
curls and gutters were installed around the perimeter of the Operable Unit 4 Study Area to redirect all 
storm water flows falling on Operable Unit 4 surfaces to either the Clearwell or a new underground 
sump in the waste pit area. 

The FEMP site is located within the Great Miami River Basin drainage but above the river’s present 
day floodplain. The Great Miami River flows within 0.75 mile of the facility’s eastern boundary and 
discharges into the Ohio River approximately 24 river miles (RM) from the FEMP effluent line, which 
is located at RM marker 24.1 (Figure 3-8). Tributaries to the Great Miami River in the FEMP region 
include Four Mile Creek at -8.4, approximately 14RM above the FEMP site; Indian Creek at 
RM27, just east of Ross, Ohio; Dry Run, approximately 1RM above the FEW site; Owl Creek at 
RM22; and Blue Rock Creek, which enters the river at RM21. Paddys Run, which flows along the 
FEMP’s western boundaq, joins the Great Miami River at approximately RM19.5, and Taylor Creek 
enters the river at approximately RM14.4. The Whitewater River discharges into the Great Miami 
River at RM6. 

_.+‘ - .  
Surface waters on and adjacent to the FEMP site are the Storm Sewer Outfall Ditch, Paddys Run, and 
the Great Miami River. The Storm Sewer Outfall Ditch originates within the FEMP site and flows 
toward the southwest where it enters Paddys Run, which flows southward along the western boundary 
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of the facility. Paddys Run is a tributaq of the Great Miami River. The Great Miami River flows 
generally toward the southwest; however, locally it flows to the east and south of the FEMP site. 
These waters are described in detail in the following paragraphs and are shown in Figure 3-9 

3.3.1 Storm Sewer Outfall Ditch 
The stream which becomes the Storm Sewer Outfall Ditch originates east of the former Production 
Area, is culverted under the parking lot south of the former production Area, flows southwest across 
the southern portion of the site, and enters Paddys Run near the southwest comer of the property. 
Much of the stream bottom of this drainage course, which also collects runoff from an area west of the 
former Production Area, is composed of sand and gravel and is highly permeable. Loss of flow to the 
underlying Great Miami Aquifer is, therefore, si@icant. Throughout the year, this drainage course is 
generally dry, with flows occurring only during and immediately after precipitation. 

The Storm Sewer Outfall Ditch historically has conveyed surface water runoff from the former 
Production Area directly into Paddys Run during periods of heavy precipitation when the pumping 
capacity of the FEMP storm sewer l i f t  station has been exceeded. The storm sewer lift station 
transfers former Production Area storm water runoff through an effluent line to the Great Miami River. 
Two storm water retention basins were constructed, one in October 1986 and one in December 1989, 
at the discharge point on the Storm Sewer Outfall Ditch (Figure 3-9). Storm water runoff from the 
former Production Area is now conveyed to these retention basins. After a minimum retention period 
of 24 hours to allow for settling of suspended solids, the water is pumped out of the basins into the 
Great Miami River through the main effluent line of the FEMP facility. The basins are designed to 
retain the runoff from a 10-year, %-hour rainfall event; only in the event of an overflow would storm 
water from the former Production Area enter the Storm Sewer Outfall Ditch. 

3.3.2 Paddvs Run 
Paddys Run originates north of the FEMP site, flows southward along the western boundary of the 
facility, and enters the Great Miami River approximately 1.5 miles south of the southwest comer of 
the FEMP property. The stream is approximately 8.8 miles long and drains an area of approximately 
15.8 square miles. 

Natural surface drainage from the FEMP site is toward Paddys Run and has cut 30 ft or more through 
the clay-rich near surface deposits upon which the facility is built. Due to the highly permeable 
channel bottom, the stream loses water to the underlying Great Miami Aquifer. This characteristic 
contributes to the intermittent nature of the stream, which usually flows throughout its entire length 
only between January and May. 

Paddys Run is a steep-sided stream, and its banks erode severely during high flow periods. In 1961 
and 1962, the course of the stream was altered to prevent it from eroding into the Operable Unit 1 
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Study Area (WMCO 1987). In 1970, a reach of the stream south of the K-65 silos was straightened to 
prevent erosion of Paddys Run Road. The stream is ungauged, but typical flows for the January 
through May period range from 0.2 to 4.0 cubic fvsecond (ft3/s). Channel ovedow resulting from 25- 
year, 100-year, and 24-hour storm events is possible, but peak flows occurring during storm events 
have not been measured. 

3.3.3 Great Miami River 
The Great Miami River is the main surface water feature in the vicinity of the FEMP site, and receives 
water from a NPDES-permitted discharge from the FEMP site. The river flows generally to the 
southwest and has a drainage area of approximately 3360 square miles at the Hamilton gauge, which is 
located about 10 miles upstream from the FEW discharge outfall. The three Southwestern Ohio 
Water Company (SOWC) wells shown in Figure 3-9 have a si@icant influence on the infiltration 
rate from the Great Miami River. 

The river exhibits meandering patterns that result in sharp directional changes over distances of less 
than 3000 ft. Directly east of the FEMP site and within the site-wide RI/FS Study Area, the river 
passes through a 180degree curve known as the Big Bend (Figure 3-9). A 90-degree bend in the 
river also occurs near New Baltimore, approximately 2 miles downstream from the FEMP point of 
discharge. 

The average discharge of the Great Miami River at Hamilton, based on 55 years of records, is 
3305 ft3/s. Using drainage area scaling, the corresponding average flow at the FEMP point of 
discharge has been estimated at 3460 f?/s: The maximum discharge recorded for the Great Mami 
River at Hamilton occurred on March 26, 1913 and was estimated at 352,000 f$/s. The maximum 
discharge since the construction in 1922 of five retarding basins, located approximately 7 miles 
upstream of Ross, was 108,000 f?/s and occurred on January 21, 1959. The minimum daily discharge 
of 155 f?/s was recorded on September 27, 1941. This value is approximately half of the 7-day, 10- 
year low flow value (Q7-10) of 267 ft3/s, as computed by the USGS for the Hamilton gauge. This 
value corresponds to 280 f2/s along the portion of the river shown in Figure 3-9. 

3.4 SOILS AND SEISMOLOGY 
The following discussion provides a summary of the property of regional soils, as mapped by the U.S. 
Department of Agriculture, and soils within the Operable Unit 4 Study Area, as defined by RWS 
investigations and Soil Conservation Service mapping. Also presented is a summary of the seismic 
properties of the Operable Unit 4 Study Area as discussed in the Camargo study and the EE/CA for 
the K-65 Silos Removal Action. 
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3.4.1 soils 
Mineralogy as well as certain soil geochemical parameters influence both the physical characteristics 
of a soil and its ability to retard or attenuate dissolved organic and inorganic species as they migrate 
through the soil zone. Soil characteristics affect (1) the suitability of a site for agriculture or 
construction, (2) the likelihood of erosion during remedial actions, and (3) the kinds of habitat, for 
example wetlands, that can develop on a site. Soils in the region of the FEMP site were formed from 
materials deposited by the Wisconsin and Illinoisan glaciers. These parent materials consist mainly of 
till, but include sand, gravel, glacial-lake clays, and silt clays. 

‘ 

As part of the RI/FS study for examining site suitability for the on-site disposal cell, 20 soil samples 
were collected in the till from 15 boreholes located along the northern and eastern FEMP boundaries 
(IT 1993). Samples collected at depths ranging from 4 to 30 ft were submitted to commercial 
laboratories for analysis of TOC, cation exchange capacity (CEC), mineralogy by polarized light 
microscopy and x-ray diffraction and grain size. Results from the mineralogic analysis presented in 
Table 3 4  are considered representative of the mineralogic composition of the till unit across the 
FEMP site and were used in the geochemical modeling of fate and transport for Operable Unit 4 

(Section 5.0). The predominant grain size in nearly all samples tested was the silt fraction (0.05 to 
0.002 mm). Grain size determinations run on two surface samples (0 to 4.5 ft) indicate that greater 
than 85 weight percent of all particles were within the silt and clay size fractions. 

Two subsurface soil samples from Operable Unit 4 obtained during the installation of Wells 2009 and 
3034 were analyzed for TOC, CEC, and leachable iron and manganese surface coatings (Table 3-5). . 

This information was collected to enable a qualitative assessment of the potential for contaminant 
retardation and attenuation. The information may also be useful in the future as more sophisticated 
geochemiczil-transport models are developed that are better able to determine the effects of specific 
adsorption on contaminant migration. Results indicate that each of the parameters measured in the 
samples from Wells 2009 and 3034 are within the same range of values measured in various samples 
taken from other FEMP locations. 

Three major soil associations, or groups of soils identified by certain physical characteristics that 
typically occur together, have been recognized in the vicinity of the FEMP site: Russell-Xenia-Wym, 
Fincastle-Xenia-Wynn, and Fox-Genesee (USDA 1980, 1982). These soils are usually light-colored, 
acidic, and well-drained. Many of them have developed on wind-blown material (loess), except along 
river basins where the Fox-Genesee soils are of till origin. The soils are moderately high in 

productivity and are frequently used for growing cash crops and producing livestock. Tables 3-6, 3-7, 
3-8, and 3-9 give the engineering and the physical and chemical properties for the soil types found in 
Butler and Hamilton Counties, respectively. 
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TABLE 3-5 

SUBSURFACE S O L  GEOCHEMICAL, ANALYTICAL RESULTS 
(OPERABLE UNIT 4) 

Leachable 
Well ID Sample Depth Toc" CECb Leachable Manganese 
Number (fi) (PPm) (meq/100g) Iron (ppm)' (ppm)' 

2009 38.5-40.0 3900 2.8 6.2 1.8 

3034 50.0-51.5 . 5oood 2.9. 9.4 2.8 

Site-wide NAe 1400-1 6,000 1.5-26 4.6-92 1.1-8.3 

TOC - Total organic carbon; values represent three or more separate analyses. 
b~~ - Cation exchange capacity 
Teaching method presented in Determination of oxide coatinns on sediments, in 
"Groundwater Geochemistry and the Potential Migration of Contaminants in the Hualapai Basin, Northern 
A r i z ~ ~ , "  Colorado School of Mines, Janet N. Wille, April 1992. 
dValue represented by the average of two analyses. 
WA - Not applicable 
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The Butler County and Hamilton County Soil Surveys (USDA 1980, 1982) have 15 specific soil series 
or types mapped within FEMP boundaries (Figure 3-10 and Table 3-10). The major series are 
Fincastle and Xenia silt loams, which also cover large areas west of the FEMP site. These soils are 
light colored, medium acidic, and moderately high in productivity when properly managed. Moisture- 
supplying capacity is moderate, as is fertility and organic content. The Fincastle series consists of 
deep, nearly level, somewhat poorly drained soils on broad flats. Permeability is low and the available 
water capacity is high. The seasonal high perched water table is commonly found between 1 and 3 ft  

below the ground surface from January to April. In areas where these soils are predominant, artificial 
drainage is required for moderate crop productivity. These soils are associated within the former 
production Area and within the pastures to the east and west of the facility. The Xenia soil series is a 
deep, nearly level, moderately well-drained soil located on till plains. Permeability is moderately low, 
available water capacity is high, and the runoff potential is low. The seasonal high water table is 
usually within 2 to 6 ft of the surface from March to April. 

The remaining soil series occurring within the FEMP site are Dana, Eden, Fox, Genesee, Hennepin, 
Henshaw, Markland, Martinsville, Miamian, Ragsdale, Raub, Russell, and Uniontown. The soils-of the 
Operable Unit 4 Study Area were mapped by the Soil Conservation Service (SCS) in 1982 as Fincastle 
Urban Land Complex and Henshaw series soils that have been slightly modified by man's activities. 
The Fincastle Urban Complex soils are Fincastle series soils that have been disturbed by human 
activities, and the Henshaw series are deep, somewhat poorly drained, moderately slowly permeable 
soils that are found on low stream terraces and in lacustrine valleys. 

3.4.2 Seismolom 
A seismic risk zone of two (on a scale of less-than-one to four), a measurement of earthquake 
intensity, has been assigned to the region of the FEMP site. An earthquake in the region of the FEMP 
site could damage facilities and cause the release of contaminants into the environment. Local 
geological structures and historical seismicity are used to analyze the potential for seismic events and 
structural damage. 

The presence of minor faults cannot be completely dismissed because Paleozoic rocks in the Femp 
area are largely covered by Pleistocene sediment, and fault traces older than Pleistocene could be 
obscured; however, the historical record of seismicity and the absence of post-Wisconsin faults show 
that si@icant damage from local earthquakes at the FEW site is highly unlikely. Throughout the 
19th and 20th centuries, no damaging earthquakes have been recorded within 71 miles of the FEMP. 
Nine earthquakes caused minor damage between 71 and 199 miles from the FEMP site, and one 
earthquake caused localized moderate damage at Anna, Ohio, approximately 81 miles north of the 
FEMP site. 
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TABLE 3-10 

SOIL CONSERVATION SERVICE SOILS DRAINAGE CLASSIFICATIONS AT THE FEMP 

Symbol Name Slopes (%) Drainage Classification 

DaB 
EcE2 
EcF2 
FcA and FdA 
FeA 
FoA 
Gn 
HeF 
HoA 
MaB 
Mac2 
McA 
Mnc2 
MoE2 
MsC2 
MsD2 
Ra 
RdA 
RvB 
RwB2 
UnA 
UnB 
XeB 
XeB2 
XfA 
xfB2 

Dana silt loam 2-6 
Eden silty clay loam 15 -25 
Eden silty clay loam 25-50 
Fincastle silt loam 0-2 
Fincastle-Urban land complex 0-2 
Fox loam 0-2 
Genesee loam 0-2 
Hennepin silt loam 35-60 

Markland silty clay loam 2-6 
Markland silty clay loam 6-12 
Martinsville silt loam 0-2 
Miamian silt loam 8-15, eroded 
Miamian-Hennepin silt loams 25-35, eroded 
Miamiam-Russell silt loams 2-6 
Miamiam-Russell silt loams 
Ragsdale silty clay loam 
Raub silt loam 0-2 
Russell-Miamian silt loams 2-6 
Russell silt loam 3-8, eroded 
Uniontown silt loam 0-2 
Uniontown silt loam 2-6 
Xenia silt loam 2-6 
Xenia silt loam 2-6 
Xenia silt loam 0-2 
Xenia silt loam 0-2, eroded 

Henshaw silt loam 0-2 

12-18, moderately eroded 
level ’ 

Moderately well drained 
Well drained 
Well drained 
Somewhat poorly drained 
Somewhat poorly drained 
Well drained 
Well drained 
Well drained 

Somewhat poorly drained 
Moderately well drained 
Moderately well drained 
Well drained 
Well drained 
Well drained 
Well drained 
Well drained 
Very poorly drained 
Somewhat poorly drained 
Well drained 
Well drained 
Well drained 
Well drained 
Moderately well drained 
Moderately well drained 
Moderately well drained 
Moderately well drained 

SOURCES: USDA (1980, 1982) 
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3.5 GEOLOGY AND GROUNDWATER HYDROLOGY OF THE FEMP SKE 
The following discussion provides a summary of the physiography, geologic history, and 
hydrogeological setting of the area surrounding the FEMP site. A discussion of geology and 
hydrogeology specific to Operable Unit 4 is presented in Section 3.5.4. 

3.5.1 Physiography 
The FEMP site lies in the Till Plains section of the Central Lowland physiographic province, 
characterized by structural and sedimentary basins and domes. Among these features, the Cincinnati 
Geoanticline is structurally si@icant in this region. The underlying bedrock is shale and fossilifero,us 
limestone of Middle and Late Ordovician age (Fenneman 1916). It crops out on steep valley walls. In 
some areas, it is overlain by glacial deposits that range in thickness to as much as 400 ft. 

The main physiographic features in the area are gently rolling uplands, steep hillsides along the major 
streams, and the Great Miami River Valley. This valley is a relatively broad, flat-bottomed valley 
flanked on either side by bluffs that rise to a maximum of 300 ft above the general level of the valley 
floor. 

3.5.2 Geologic History 
The geologic history of the FEMP is based on Fenneman (1916). Brockman (1988), and the ongoing 
the R4FS for the Operable Unit 5 RI Report. In summary, the FEW site overlies a 2- to 3-mile-wide 
buried Pleistocene valley known as the New Haven Trough. This valley was formed (eroded) by the 
ancestral Ohio River during the Pleistocene age and was subsequently filled with glacial outwash 
materials. These materials were covered by glacial overburden as glaciers advanced across the area. 
The outwash deposits under the FEMP site are a part of the Great Miami Aquifer, which is a widely 
distributed buried valley aquifer. In addition to surface water, the valley fill aquifer system is the 
major source of drinking water in the southwestern Ohio area. 

In Late Ordovician time (approximately 450 million years ago), sediment that eventually became a 
predominantly flat-lying shale with thin interbedded limestone was deposited in a shallow sea. This 
shale is the relatively impermeable bedrock that now underlies the FEW Study Area and forms the 
adjacent highlands. The advance of Nebraskan and Kansan glaciation to the north of Cincinnati 
created a drainage system known as the Deep Stage Drainage System (Figure 3-11). This drainage 
system was composed of three major rivers: the Miami River, the East Fork of the Little Miami 
River, and the Licking River. The Miami River followed much the same channel as the presentday 
Great Miami River from Middletown to Ross. The East Fork of the Little Miami River entered the 
area from the northeast. The Licking River came in from the south in essentially its present-day 
channel, but continued to the north of the present day Ohio River. These three rivers combined to 
form what is known as the ancestral Ohio River, which entered the area from the east along the 
present-day channel of the Ohio River, then turned northeast through the valley now occupied by the 

3-36 



FIGURE 3-1 1. DEEP STAGE DRAINAGE SYSTEM 
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Little Miami River. Several tributary streams of later importance entered the main stream in the 
vicinity of the FEMP site. 

Two streams originated near Miamitown; one stream flowed north to join the main stream between 
Shandon and Fernald, and the other flowed south following the course of the present-day Great Miami 
River. Two other small streams originated near New Baltimore and flowed north to the main stream. 
The Dry Fork of the Whitewater River, which now lies to the west of the area, formerly turned 
eastward to Shandon and then flowed south through what is now the Paddys Run Valley. 

During the rime of Deep Stage Drainage and the early stages of Illinoisan Glaciation (300,000 to 
400,000 years ago), the river valleys cut deeply into the shale bedrock to depths up to 200 ft below 
current land elevations. As the Illinoisan ice sheet advanced into the area, ice began to block the 
Great Miami River and its confluence with the ancestral Ohio River. For a time, water still flowed 
westward along the front of the advancing ice sheet and carved the present-day Great Miami River 
Valley along the tributary system near Miamitown. 

When the confluence of the Great Miami River and the ancestral Ohio River was completely blocked, 
ponded water in the Mill Creek Valley rose until it overflowed low divides and carved outlets at 
Anderson’s Ferry and at what is now downtown Cincinnati. This course created the present-day 
channel of the Ohio River (Figure 3-11). 

The Great Miami River was forced out of the Deep Stage Valley during a subsequent ice advance, 
carving a new narrow deep stage valley from just north of New Baltimore to a location about 1 mile 
west of Cleves, where it returned to the original Deep Stage Valley. Because only water from the 
Great Miami River and its tributaries carved this valley, it was much smaller than the ancestral Ohio 
Valley. This 2-mile-wide valley where the FEMP site is located was termed the New Haven Trough 
by Fenneman (1916). As the ice retreated, the Deep Stage Valley, including the New Haven Trough, 
was filled with well-sorted sand and gravel outwash deposits. This formed the Great Miami Aquifer, 
and the Great Miami and Ohio rivers were established in their present-day channels. 

During the Wisconsin glaciation (approximately 20,000 years ago), the front of the ice sheet advanced 
southward as far as the south side of the FEMP site, perhaps as far as 1 to 2 miles south of Wiley 
Road. As the glacier advanced south across the glacial outwash deposits of the Great Miami Aquifer, 
it deposited till beneath its moving ice sheet. All of the sediment that lies above the sand and gravel 
of the Great Miami Aquifer is referred to as glacial overburden. The glacial overburden consists of till 
deposited beneath the moving ice sheet, but the bulk of the glacial overburden consists of deposits of 
debris flows and streams that were shed off the ice margin as the glacier retreated. The unsorted clay 
deposits of debris flows are referred to as till and the stream deposits are referred to as glaciofluvial 
sediments. 
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As the ice retreated, the glacier deposited a terminal moraine (Figures 3-12 and 3-13), a ridge of 
glacial overburden composed primarily of till (i.e. debris flow deposits). The topographic basin that 
lay behind the terminal moraine filled with debris flow deposits and leak deposits. The leak deposits 
are called lacustrine in later text. The glacier deposited a second ridge of glacial overburden, a 
recessional moraine, in the vicinity of the Waste Storage Area (Figure 3-13). Moraines are not always 
distinct geologic entities. A moraine is a topographic high that occurs where a retreating glacier 
deposits a relatively greater amount of sediment at the toe of the glacier (hence, the relatively greater 

topography). A moraine typically takes the form of an arcuate ridge oriented at right angles to the 
direction of ice flow. The method of sediment deposition does not necessarily differ between moraine 
sediments and nomoraine sediments. At the FEMP site, the terminal moraine is a broad feature on 
the order of 1OOO- to 1500-ft-wide. The recessional moraines are on the order of several-hundred-ft- 
wide. Finally, following the retreat of the glacier, a blanket of wind-blown silt, loess, was deposited 
across the area. 

Since the last retreat of continental glaciers, the streams in the area have removed much of the glacial 
overburden and lacustrine strata left by the ice sheets. The Great Miami River has eroded through the 
glacial overburden and is now in direct contact with the glaciofluvial outwash deposits that compose 
the Great Miami Aquifer. Paddys Run is also in contact with these deposits in its lower reaches. The 
FEMP site is located on a dissected glacial overburden plain left by the Wisconsin Glaciation (Figures 
3-6 and 3-13). 

3.5.3 Site-Wide Hydrogeology 
The Great Miami Aquifer is the principal aquifer within the FEMP Study Area and has been 
designated a sole source aquifer under the provisions of the Safe Drinking Water Act. The buried 
valley in which it occurs varies in width from about 0.5 mile to more than 2 miles, having a U-shaped 
cross section with a broad, relatively flat bottom, and steep valley walls (Figure 3-14). This valley is 
filled with extensive deposits of sand and gravel that range in thickness from 120 to 200 ft in the 
valley to only several ft along the valley walls, along with scattered silt and clay deposits. Figure 3-15 
is a generalized stratigraphic column of the valley fill deposits. 

Contained within the sand and gravel that underlies much of the FEMP property is a relatively 
continuous, low-permeability clay interbed ranging from about 5 to 15 ft in thickness (Figure 3-14). 
The clay interbed occurs at an approximate elevation of 460 ft, and divides the aquifer into upper and 
lower sand and gravel units, referred to as the Upper Great Miami Aquifer and the Lower Great Miami 
Aquifer. 

The hydraulic conductivity of the Great Miami Aquifer has been investigated in reports and regional 
studies. Values range from 120 to 775 ft per day (ft/day) with most of the values in the 270 to 335 
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FIGURE 3-14. SCHEMATIC CROSS SECTION OF BURIED CHANNEL AQUIFER 
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ft/day (0.95 to 0.12 cm/s) range from studies by Dove (1961), Spieker and Noms (1962), Kazmann 
(1950), and Klaer and Kamann (1943). More recent groundwater flow modeling studies have shown 
values ranging between 350 and 600 ft/day (0.12 to 0.21 cm/s) for hydraulic conductivity. No 
significant variation has been shown to occur between the upper and lower halves of the aquifer, 
although studies in similar hydrogeologic regimes have shown a gradual coarsening of sediment does 
occur deeper in the buried valley sequences. This statement is supported by b e  boring logs taken as 
part of the RI, some of which show a decreasing clay and silt content deeper in the aquifer. 

The clay interbed located under the northeastern portion of the FEMP site causes a lack of 
communication between the Upper and Lower Great Miami Aquifer. Estimates of the hydraulic 
conductivity (Spieker and Noms 1962) of the clay interbed range from 0.34 to 0.44 (0.0001 to 0.0002 
cm/s). Field classification of the clay interbed as shown that it is lacustrine origin, with a permeability 
on the order of 3 x 
thickness, generally averaging 5 to 15 ft. The interbed is present along the western boundaq of the 
FEMP site, and pinches out on the eastern side of the former Production Area and along the, FEMP's 
southern boundary. The Great Miami Aquifer shows a shift in flow patterns across this interbed a 
shift of 20 degrees in the flow field on the average, both with maximums up to 60 degrees (IT 1990a). 
This effect was simulated by the groundwater flow model built for the FEW, which was used in the 
fate and transport simulations. The model simulated the presence of the clay interbed underneath 
much of the FEMP site without consideration to its presence in regions to the south and east of the 
site where RI borings showed the Great Miami Aquifer to be continuous. 

to 3 x 10" ft/day. At the FEMP site, it ranges between 0 and 20 ft in 

Large groundwater supplies occur in the sand and gravel deposits, allowing the aquifer to yield a 
considerable amount of water. In areas where the aquifer is 150 to 200 ft thick or more, and induced 
stream infiltration is available, water supply wells in the Great Miami Aquifer are the most productive; 
individual wells can yield 3000 gpm or more in these areas (Spieker 1968a). In areas where the 
aquifer is capped by glacial till, subdivided by the clay interlayer, and induced stream recharge is not 
available, wells generally yield 100 to 500 gpm, though wells of 1000 gpm are not uncommon. The 
bedrock outside the buried valleys has a lower hydraulic conductivity and bedrock well generally yield 
less than 10 gpm (Spieker 1968a). 

3.5.3.1 Hydrogeology of the Glacial Overburden 
Overlying the Great Miami Aquifer throughout most of the FEMP property are a series of glacial 
overburden deposits. The glacial overburden is composed primarily of till; a dense, silty clay that 

contains discontinuous and isolated lenses of poorly sorted fme- to medium-grained sand and gravel, 
silty sand, and silt. Lacustrine deposits lie upon till in places. The lacustrine deposits have at least 
one, and possibly more, laterally extensive permeable sandhilt strata. The glacial overburden exposed 
at the surface has relatively low permeability, so most of the precipitation that falls on it is lost to 
evaporation and surface water runoff. Limited infiltration occurs along the upper weathered portion of 
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the overburden and in isolated areas where more permeable deposits of silt, sand, and gravel are the 
primary overburden constituents. 

The thickness of the glacial overburden ranges from 5 to 50 ft within the FEMP Study Area, but most 
commonly averages between 20 and 30 ft. Except for some scattered deposits, this overburden does 
not exist along the floodplain of the Great Miami River to the east and south of the FEMP. The only 
on-property areas that lack overburden are certain reaches of Paddys Run and the Storm Sewer Outfall 
Ditch, where this material has been completely eroded. These streams are in direct contact with the 
Upper Great Miami Aquifer along these reaches, allowing surface water leakage directly to the aquifer. 
Areas of surface water infiltration to the aquifer along Paddys Run and the Storm Sewer Outfall Ditch 
are shown in Figure 3-16. 

Erratically distributed pockets of sand and gravel within the glacial overburden contain zones of 
perched groundwater. Perched groundwater is separated from the underlying aquifer by the 
surrounding relatively impermeable clay and silt components of the overburden. These low- 
permeability units behave as an aquitard that can store groundwater but transmit it slowly downward 
from one more porous saturated zone to another. 

Depth to perched groundwater at the FEMP site ranges from 1 to 15 ft below ground surface (bgs). 
This measurement can fluctuate seasonally by up to 10 ft at a single location, with the highest water 
levels occurring during the early spring and the lowest during the late fall. 

Perched groundwater underlying the FEMP property generally flows laterally toward surface drains 
and potentially at a lower rate vertically downward. There is uncertainty, however, regarding 
horizontal movement of perched groundwater, because the perched zones may not be interconnected 
across the property and the materials comprising the overburden vary considerably in their ability to 
confine or transport water. Other influences on flow patterns within perched zones include seasonal 
variations in rainfall and recharge and the presence of features such as leaky storm sewers and 
agricultural drain tiles that were installed before the construction of the FEMP facility. Consequently, 
groundwater flow within the glacial overburden is discontinuous and nonuniform across the FEMP 
site. 

' 

3.5.3.2 Hvdroneolom of the Great Miami Aquifer 
The principal sources of aquifer recharge in the FEMP Study Area are direct precipitation and stream 
infiltration. Mitration of rainfall and snow melt is the dominant regional source of groundwater 
recharge, providing approximately 570,000 gpd per square mile, or roughly 12 inches per year to the 
water table of the aquifer (Dove 1961). Much of the precipitation that runs off the glacial overburden 
on the FEMP property enters Paddys Run and the Storm Sewer Outfall Ditch, both of which are 
subject to leakage directly to the aquifer along portions of their length (Figure 3-16). These streams 
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are intermittent and provide recharge on a seasonal basis. The pumping of the SOWC supply wells, 
located at the Big Bend meander of the Great Miami River east of the FEMP site (Figure 3-9), causes 
a portion of the surface water to infiltrate through the bed of the river and recharge the aquifer. In 
areas of the river not influenced by the pumping wells, groundwater flows from the aquifer to the 
river, except during dry periods when the elevation of the water table is below the bed of the river. 

Recharge from groundwater occurring in bedrock is limited due to its low permeability; however, 
erratically distributed joints and cracks allow small amounts of water to seep into the aquifer. 

Aquifer water table elevations in the Operable Unit 4 Study Area display a broad cyclic trend on a 
yearly basis, as shown in Figure 3-17. Maximum water table elevations usually occur during the 
spring and early summer months, which are also the major groundwater recharge months (Figure 
3-18). Minimum water table elevations generally occur during the late fall and early winter months 
(Figure 3-19). These low groundwater elevations occur at the end of Southern Ohio's dry season, 
which usually starts in late summer or early fall and runs to late fall. During most years, the water 
table fluctuates on the order of 4 to 5 ft, with increases occurring faster than decreases. The average 
recharge period is 4 to 5 months, while the average discharge period lasts 7 to 8 months, which is a 
typical water cycle for southern Ohio. 

The generalized groundwater flow in the Great Miami Aquifer is shown in Figure 3-20. Groundwater 
enters the FEMP Study Area from three separate flow systems: the Dry Fork Section of the New 
Haven Trough to the west, the Shandon Tributary to the north, and the Ross Section of the New 
Haven Trough to the northeast. Natural gradients cause the groundwater to exit the FEMP Study Area 
either by flowing east to the Great Miami River, or south through the branch of the bedrock channel 
west of New Baltimore. The Great Miami River is the receptor of all groundwater in the FEMP Study 
Area. The generalized groundwater flow shown in Figure 3-20 includes estimated groundwater 
velocities. The velocities are considered estimates. Actual groundwater velocities are variable, but 
close to the estimates. 

Under the northern part of the FEMP site, groundwater enters the valley from the Shandon area and 
flows eastward to the Great Miami River. The large-volume SOWC pumping wells near the Great 
Miami River produce a pronounced cone of depression, which results in a lowering of the water table 
in the area surrounding the pumping wells and increases the ~ n ~ a l  gradient to the east. Groundwater 
modeling by Spieker (1968b) and IT (1988a) indicates that this cone of depression influences 
groundwater flow patterns beneath the FEMP site. A groundwater divide runs diagonally across the 
site from the northwest to the bedrock "island" southeast of the FEMP site as shown in Figure 3-20. 
Groundwater under the northern portion of the FEMP site, including those areas underlying the Waste 
Storage Area and the former Production Area, flows east toward the SOWC wells and the Great 
Miami River. As is shown in Figures 3-18 and 3-19, the seasonal infiltration from Paddys Run 
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impacts flow patterns under the Operable Unit 1 and Operable Unit 4 study areas but does not 
sigmfkantly impact the overall eastward flow of groundwater under the former Production Area. 

Groundwater from the southern and southwestern portion of the FEMP site flows along the natural 
gradient to the south-southeast through the portion of the buried valley that extends under the village 
of Fernald. Recharge from the Dry Fork Section of the buried valley on the west flows under Paddys 
Run during dry conditions, moving the groundwater divide to the east as is illustrated in Figure 3-19. 
This activity causes the recharge from certain reaches of Paddys Run to flow east. As is illustrated in 
Figures 3-18, 3-19, and 3-21, recharge along Paddys Run affects local groundwater flow in the aquifer 
along the western boundary of the FEMP site. Increases in infiltration along Paddys Run lead to the 
formation of a groundwater mound typically centered on monitoring wells just southwest of the K-65 
silos and adjacent to Paddys Run (Figure 3-21). During periods of high flow in Paddys Run, which 
follow heavy or sustained rainfall, large volumes of stream water infiltrate the aquifer, creating a 
mound in the local water table. This groundwater mound effect shifts the location and orientation of 
the normally northwest to southeast trending groundwater divide. The recharge under Paddys Run 
becomes the groundwater divide along the westem edge of the FEMP property, causing a temporary 
reversal in the local direction of groundwater flow along the western edge of the FEMP site. Figure 
3-21 illustrates the development of this condition in the spring of 1990. Note that the normal 
groundwater divide is still anchored on the bedrock "island southeast of the FEMP site; however, it 
extends in a west-northwest direction from the "island." As the flow in Paddys Run decreases, 
reducing infiltration to the aquifer, the mound decreases in size until the flow patterns become like that 
shown in Figure 3-18. 

The groundwater mound is apparently present year round. The mound is refreshed during events that 
lead to flow and infiltration along Paddys Run. The mound may disappear entirely in periods of no or 
little precipitation. Note that in May and December of 1989 (Figure 3-18 and 3-19), the groundwater 
mound is less than 1 ft above the surrounding water levels. Figures 3-18, 3-19, and 3-21 show an 
east-west trending, eastward sloping trough centered about monitor Well 2043, west of the waste pit 
area. This trough is an expression of the intersection of the south sloping gradient of the Shandon 
trough and the north sloping gradient of the Paddys Run groundwater mound. 

3.5.4 Geology and Hvdrogeology of Operable Unit 4 

3.5.4.1 Geolow of the K-65 Area Glacial Overburden 
In the K-65 area, sand and gravel outwash deposits of the buried valley are overlain by 5 to 10 ft of 
till that is in turn overlain by 15 to 20 ft of lacustrine sediment. Figure 3-22 shows the locations of 
three cross sections (shown individually in Figures 3-23, 3-24, and 3-25) that portray the subsurface 
geology of the K-65 area. 
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The till is an unsorted mixture of clay, silt, sand, and pebble to cobble size material with 70 to 80 
percent of the material falling in the clay- and silt-size range. The till contains sparse, thin, and 
discontinuous lenses of sand and gravel. 

Lying above the till, the lacustrine strata consists of a 5-  to 10-ft thick coarse-grain stratum that is 
overlain by clay and silt. The coarse grain stratum is part of a widespread glacial outwash unit that is 
found at the base of lacustrine strata throughout the northern half of the filled lacustrine basin 
(Figure 3-13). The coarse grain unit was deposited by sfreams and debris flows that entered the basin 
from the north. The unit comprises clayey silt, silt, sands with appreciable fine fractions, and clean 
sands with silty/clayey sand being the dominant lithology. Strata that overlie the outwash unit were 
deposited by lower energy depositional lacustrine processes. The low-energy lacustrine sediment 
consists of clay, silty clay, clayey silt, silt, and fine sand with silty clay the dominant lithology. A 

loess cap probably overlies the lacustrine strata; however, it cannot be readily distinguished from the 
lowenergy lacustrine deposits using the USC soil description/classification methods used during the 
RWS. Elsewhere on the site, where the loess cap can be distinguished, loess is a clayey silt 
approximately 3 ft thick. 

Throughout the site, the uppermost 10 to 15 ft of strata near the ground surface has brown hues, while 
the deeper underlying material has grey hues. The brown hued strata is matenal that originally had a 
grey hue, but it was weathered brown as iron and manganese were oxidized. The brown weathering 
probably represents one or both of the following processes: 

Oxidation of clays by downward infiltrating groundwater that is relatively richer in 
oxygen than the deeper groundwater 

Oxidation of clays during a past period when groundwater levels were lower (this 
process implies that all brown hued strata was once above the water table) 

The bottom of the brown hued strata is depicted on each cross section. Note that the brown strata 
extend far below the soil horizon. The processes of soil formation are limited to approximately the 
top 36 inches of strata. 

As part of the RI, four vertical borings (1620, 1621,1622, and 1623) were advanced and samples were 
collected between 2 and 3 ft from the exterior of the silo walls, at locations adjacent to the decant 
ports. Boring locations are provided in Figure 2-2. A continuous core of berm material was collected 
from each boring to a maximum depth of 30 ft, which allowed for characterization of the berm 
material down to the base of the silos. Results of geotechnical analyses are summarized in Table 3-11. 
Information contained in the boring logs indicates that these materials are a silty clay. Geotechnical 
results indicate that most samples contained greater than 60 weight percent passing the 200-mesh 
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sieve. Water content ranged from 12.1 to 26.8 percent and all samples showed the property of 
plasticity. 

Table 3-12 provides a summary of the results of the geotechnical analyses of subsurface soil samples 
collected from the slant b o h g s  beneath the silos. Depths reported are not true depths but the distance 
at which the sample was taken along the boring. Slant boring locations are provided in Figure 2 4 .  
Water content in these fine-grained soils ranged from 10.9 to 28.3 percent. In most cases, the weight 
percent of material passing the 200-mesh sieve ranges between approximately 70 and 99 percent. All 
soils showed varying degrees of plasticity, with the plasticity index ranging from 5 to 29. 

Adjacent to the K-65 area, Paddys Run has cut approximately 35 ft through the glacial overburden 
such that the stream presently resides at an elevation of 540 to 541 ft MSL (Figure 3-23). The coarse 
grain outwash unit is exposed in outcrop on the steep bank west of the silos; however, on the majority 
of the bank the outcrop is obscured by a thin veneer of alluvium, sloughed soil, and fill that covers the 
bank. The elevation of the base of the glacial overburden is approximately 555 ft MSL. West of the 
silos, the glacial overburden is absent and Paddys Run lies directly on the sand and gravel outwash 
deposits of the buried valley. 

3.5.4.2 Groundwater Flow in the Operable Unit 4 Study Area 
As discussed previously, the geologic setting of glacial overburden beneath Operable Unit 4 consists of 
a sequence of lacustrine beds that overlie till. The glacial overburden overlies highly permeable sand 
and gravel outwash deposits of the Great Miami Aquifer. The thickness of glacial overburden in the 
Operable Unit 4 Study Area varies from 0 to 30 ft. 

Each of the layers underlying Operable Unit 4 have distinct hydrogeologic characteristics that 
determine the movement of water and contaminants in the subsurface. 

Glaciolacustrine Deposits 
Lying above the till, the lacustrine deposits found beneath Operable Unit 4 distinctly grade upward 
from coarse to fine. The coarse grain stratum at the base of the lacustrine deposits is predominantly 
silty and clayey sands and varies from 5 to 20 ft thick. The sands appear to have substantial primary 
permeability. Overlying the sands are clays, silty clays, clayey silts, and silts. The depth of 
weathering (Brown strata) extends 10 to 20 ft beneath the ground surface. The uppermost fine grain 
sediment is largely weathered and is also jointed. The fine-grain sediment exhibits a substantial 
secondary permeability. The entire lacustrine unit has good lateral and vertical hydraulic 
communication. Operable Unit 5 is currently interpreting hydrogeological data for the lacustrine unit 

elsewhere on site and will present quantitative hydrogeologic parameters at a later date. 
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Till Deposits 
Between the lacustrine unit and the aquifer is till: a dense, silty clay that contains minor lenses of 
poorly sorted fine- to medium-grained sand and gravel, silty sand, and silt with layers of silty clay. 

Dense, fine-grained tills are the most common aquitards in most of the northern United States. These 
fine-grained deposits have intergranular hydraulic conductivities that are very low, with values in the 
lo-’ to cm/s) (Heath 1983). Extensive deposits of clayey till can cause 
isolation in zones of near-surface groundwater flow. At the FEMP site, a series of slug tests of the 
coarser, perched water bearing zones within the till found hydraulic conductivities ranging from 1.6 
ft/day (0.0006 cm/s) in Well 1048 to 7.1 x 10” ft/day (2.5 x lo-’ cm/s) in Well 1079. 

ft/day range (lo-” to 

In the Great Plains region and in parts of the Midwest, deposits of clayey or silty till and glaciolacust- 
h e  clay have networks of predominantly vertical joints or fractures due to weathering. This jointing 
pattern in the Wisconsin till has also been noted in the area surrounding the FEMP site (Brockman 
1988). In the FEMP Study Area, the joints are commonly near vertical and have a polygonal 
expression with a typical maximum axial dimension of 18 to 25 inches. The joints are generally 
oxidized to a radius of approximately 2 inches. Within the FEMP boundaries, fractures were noted in 
the till during the RIPS drilling program and field reconnaissance. These fractures can impart an 
enhanced bulk hydraulic conductivity of up to 1000 times more than an unweathered till (Hendry 
1988). As a result of increased lateral stresses caused by overburden loading and the decreased 
weathering, the hydraulic conductivity of fractured till and clay decreases with depth. Fracturing of 
the glacial overburden is assumed to be minimal below the brown/grey transition in the glacial 
overburden. 

From a hydrogeologic standpoint, the till deposits can be differentiated into a brown weathered zone 
and a gray unweathered zone (Barari and Hedges 1986; Hendry 1988; Cravens 1987) (Figures 3-21, 3- 

22, and 3-23). The cited studies indicate that infiltration is primarily limited to the weathered till. 
Although precipitation enters this upper zone, it does not act as a sigmficant source of recharge to 
deeper aquifer zones because the majority of the water lost from till deposits is from evapo- 
transpiration. In addition, some water is suspected to discharge laterally to small seeps or drainages. 

Groundwater Flow 
The conceptual model for groundwater flow in the glacial overburden is that the lacustrine strata has 
good, but slow, hydraulic communication and that the till that underlies the lacustrine strata acts as an 
aquitard. Groundwater within the approximately 20 ft of lacustrine strata is predicted to flow at a 
lateral rate that is si@icantly greater than its downward rate. Therefore, groundwater is likely 
discharging westward to the bank of Paddys Run and southward in the east-west drainageway 
immediately south of Silo 1 (Figure 3-26). Additional drilling investigations are underway in the 
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Operable Unit 4 Study Area to provide supplemental confurnation on the flow characteristics in this 
lacustrine strata. 

The groundwater elevation contour maps for the Operable Unit 4 Study Area 10Wseries wells are 
shown in Figures 3-27 and 3-28. Data sets for winter, spring, summer, and fall were chosen to 
represent the range of groundwater flow conditions. Together, these figures present quarterly 
groundwater levels for a 2-year period. Note that the wells used to create the groundwater elevation 
maps are all screened in the coarse grain stratum that is present at the base of the lacustrine unit. The 
coarse grain unit is believed to be laterally continuous. 

In the Operable Unit 4 study area, surveys have been conducted to identify seeps along Paddys Run 
adjacent to the silos and along small drainageways in the vicinity. No seeps have been noted along 
the banks of Paddys Run adjacent to the silos; however, it is likely that the fill zone located between 
the silos and Paddys Run would intercept any seasonal seeps, preventing the seeps from having a 
visible surface expression. Seeps have been identified in the drainageway located south of Silo 1, 
running from the Pilot Plant to Paddys Run. The drainageway has been noted to flow continuously. 
The seeps are all located upgradient of Operable Unit 4. Operable Unit 5 is currently collecting 
periodic measurements of the flow in the drainageway, and conducting periodic surveys of the seeps. 
The data are not yet available. 

Groundwater flow in the Great Miami Aquifer under the K-65 silos is generally from west to east as 
depicted by the 2000-series wells (Figures 3-29, 3-30, 3-31A, and 3-31B). The average hydraulic 
gradient for these wells is approximately 1 ft per 1000 ft. Paddys Run, located immediately west of 
the silos, is a dry stream bed for most of the year; however, from January through May, there is often 
sufficient rainfall to generate flow in Paddys Run. When there is flow, sigmf-icant infiltration from the 
creek into the Great Miami Aquifer takes place. The area where infiltration is known to occur begins 
at a point north of Silo 4 and extends to the south to at least where Paddys Run crosses the southern 
FEMP property boundary (Willey Road). The southern limit of infiltration through the creek bed is 
where the regional water table intercepts the creek bed. This point varies with the seasonal 
fluctuations of the water table in the regional aquifer. The impact of this recharge on the water table 
under the K-65 silos is not completely documented; however, it is clear that the gradient for eastward 
flow can vary from 1 ft per lo00 ft to 3 ft per 1000 ft in the immediate vicinity of Paddys Run. The ' 

mounding from the recharge can also alter the direction of flow from east to northeast for short 
periods. Figures 3-29, 3-30, 3-31A, and 3-31B show water table data from the 2000-series wells, 
which are wells screened through the Fyater table surface. The 3000- and 4000-series wells are 
screened at deeper levels within the Great Miami Aquifer. Operable Unit 5 is currently analyzing 
water level data from clusters of wells completed at different depths to determine if si@icant vertical 
hydraulic gradients exist. Previous analyses have identified minor vertical gradients at some locations. 
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FIGURE 3-30. TYPICAL WATER TABLE CONTOURS BY QUARTER 
2000 SERIES WELLS, 1990 
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FIGURE 3-31A. TYPICAL WATER TABLE CONTOURS BY QUARTER 
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3.6 DEMOGRAPHICS AND LAND USE 

3.6.1 Demonaphics 
This section provides a summary of population data from the FEMP regional area and information 
regarding land use for the FEMP Study Area. Additionally, a summary of available archaeological 
and historical resource data is presented for the FEMP Study Area. 

The FEMP is located approximately 17 miles northwest of Cincinnati, the focal point of a regional 
market encompassing the following eight counties in Ohio, Kentucky, and Indiana: Butler, Clermont, 
Hamilton, and Warren counties in Ohio; Boone, Campbell, and Kenton counties in Kentucky; and 
Dearborn County, Indiana. These eight counties also define the Cincinnati Consolidated Metropolitan 
Statistical Area. Population within the eightcounty metropolitan area was more than 1.7 million in 
1990, and within a 5-mile radius of the FEMP site there were an estimated 22,927 residents. Labor 
force in the multicounty area was more than 920,000, with unemployment at approximately 5.5 percent 
in December of 199 1. 

As an inactive industrial property undergoing characterization, remediation, and closure, there are no 
residences on the FEW site. The on-property worker population includes employees of DOE, 
WEMCO, and other contractors. Workers are generally on the FEW site approximately 8 hours per 
day, 5 days per week. Structures housing on-property workers are on approximately 203 acres in the 
center of the FEMP site in the administration area and the population area. 

Scattered residences and several villages, including Fernald, New Baltimore, Ross, New Haven, and 
Shandon, are located near the FEMP site. The nearest residence is within three quarters of a mile 
from the center of the facility. The nearest residences to the western FEMP property boundary (the 
boundary along the eastern side of Paddys Run Road) are located along the western side of Paddys 
Run Road. A dauy farm is located on Willey Road just outside the southeast comer of the FEMP 
property boundary (leased grazing areas include areas inside the property boundary). Several 
residences are located off Paddys Run Road approximately one-half mile south of the FEMP property 
boundary. These residences are in the vicinity of the South Plume, a portion of the Great Miami 
Aquifer that contains a plume of Uranium contamination extending south of the FEW property 
boundary approximately three-quarters of a mile. 

Current subpopulations of potential concern within 5 miles of the FEMP are identifed below and are 
listed by the categories suggested by the EPA (1989a). The information is presented on sensitive 
subpopulations and includes an area extending between 3 and 4 miles beyond the leading edge of the 
South Plume. Population descriptions within this area are based on 1990 census data. 

Schools: No schools are located within 1 mile of the FEMP site. The Northwest, Ross, 
and Southwest school dismcts provide public education from kindergarten through high 
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school for children living within 5 miles of the FEMP site. The 1989-90 total 
enrollment in the six schools from these districts totaled 3316. 

Davcare Centers: No daycare facilities are located within one mile of the FEMP site. 
Two daycare centers operate within the FEMP Study Area: (1) Ross County Day 
Nursery, with an average enrollment of 126 students per day and a total weekly 
enrollment of 180, is located north of the intersection of SR 128 and US 27 about 2-1/2 
miles northeast of the center of the FEMP site; (2) Venice Presbyterian Preschool, with 
an average daily enrollment of 30 and a total weekly enrollment of 110, is located in the 
village of Venice (Ross) approximately 2 miles northeast of the center of the FEMP. 

HosDitals, Nursing Homes, and Retirement Communities: No care facilities of these 
types operate within 5 miles of the FEMP. 

Residential Areas with Children: In 1988, approximately 58 adults and 29 children 
resided within 1 mile of the FEMP site. Most of the residences within 5 miles of the 
FEMP site are scattered and reflect the agricultural setting of the area. Population 
concentrations include Ross, Harrison, Shandon, Fernald, New Haven, New Baltimore, 
and one large trailer park. An estimated 8140 children lived within 5 miles of the 
center of the FEMP site in 1988. 

Commercial and Recreational Fisheries: No commercial fisheries operate within 1 mile 
of the center of the FEMP site. Recreational fishing occurs on Whitewash Lake of the 
Miami Whitewater Forest Park. This heavily stocked lake lies completely within 5 
miles of the FEMP site. The Great Miami River supports no commercial fisheries in the 
vicinity of the FEMP site, but a recreational fishing advisory for PCBs in bottom- 
feeding fish was issued in 1989, based on data collected by OEPA. 

Maior Industries Usinn Chemicals: No indusmal facilities are located within 1 mile of 
the center of the FEMP site. Two companies located within 2 miles of the FEMP site 
center, Ruetgers-Nease Chemical Company and Albright & Wilson, Co., store and 
handle chemicals. Collectively known as the Paddys Run Road Site, these facilities are 
classified as CERCLA sites, are listed on the Comprehensive Environmental Response, 
Compensation, and Liability Information System (CERCLIS), and are undergoing a 
state-led RIPS. Proctor & Gamble has a research facility approximately 2 miles from 
the FEMP site that is listed on CERCLIS and has undergone a Screening Site Inspection 
by EPA. Employees at these facilities are only considered a sensitive subpopulation if 
they reside within 5 miles of the FEMP site. 

3.6.2 Land Use 
The land adjacent to the FEMP site is primarily devoted to open land use such as agriculture and 
recreation (Figure 3-32). Commercial activity is generally restricted to the village of Venice (Ross), 
approximately 3 miles northeast of the facility, and along SR 128 just south of the village. Industrial 
use is concentrated in the areas south of the FEMP property, along Paddys Run Road, in Fernald, and 
in a small industrial park on SR 128 between Willey Road and New Haven Road. Concentrations of 
residential units are situated (1) immediately north of the FEW site, (2) in Ross, and (3) directly east 
in a trailer park adjacent to the intersection of Willey Road and SR 128. Other residences are 
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scattered around the area, generally associated with farmsteads. Camp Ross Trails, owned by the 
Great Rivers Girl Scout Council, is located within 1 mile to the northeast of the FEMP site. 

More than 400 acres of the open land on the FEMP property are leased to a nearby dauy farmer who 
allows livestock to graze on the property. Pine plantations are located to the northeast and southwest 
of the former Production Area. A considerable amount of the soils within the boundaries of the FEMP 
site are designated by the U.S. Department of Agriculture (USDA) as prime agricultural land (USDA 
1980, 1982)~ Because the area had been intensively used for agricultural purposes prior to the 
establishment of the FEMP facility, there is no land on or in the vicinity of the FEMP site where a 
predeveloped ~ t u r a l  environment remains intact. The land closest to this description would be 
recreated prairie lands on the Miami Whitewater Forest Park, several miles south of the FEMP site. 

The area surrounding the FEW site has a large and diverse archaeological and historical resource 
base. According to records kept by the Miami Purchase Association for Historic Preservation, an 
unusually high percentage of the existing 19th century buildings in the area are historically important. 
Within the vicinity of the FEMP site (a 2-mile radius from the boundary), there are three properties 
listed in the National Register of Historic Places (NRHP) and a number of additional structures that 
have been judged eligible for inclusion in the listing. Six major archaeological sites lie within 5 miles 
of the FEMP site and five of these are included in the NRHP. No archaeological sites or properties on 
the NRHP are located in or adjacent to the Operable Unit 4 Study Area. 

3.7 ECOLOGY 
This section describes the regional ecology, the floodplains and wetlands, ecological communities on 
the FEMP site, and threatened and endangered species at the FEMP site. 

3.7.1 Regional Ecology 
The FEMP site and surrounding areas lie in a transition zone between two distinct sections of the 
Eastern Deciduous Forest Province as described by Bailey (1978): the Oak-Hickory and the Beech- 
Maple (Figure 3-33). The region is characterized by the presence of a mosaic of these forest types. 
The Oak-Hickory and Beech-Maple forest sections share many characteristics, including similar fauna 
and the presence of white oak as a common species. The Beech-Maple section covers northern Ohio, 
Indiana, and lower Michigan. It is bordered by Oak-Hickory to the southwest, Mixed Mesophytic to 
the southeast, and Appalachian Oak to the east. Beech-Maple forests are typically dominated by beech 
trees in the canopy, the uppermost layer of the forest, with sugar maples dominant in the understory, 
below the canopy. The Oak-Hickory section covers southwest Ohio, western Kentucky and Tennessee, 
and parts of Indiana, Illinois, Missouri, and Arkansas. The dominant species are oaks, with an 
abundance of hickories. The fauna vary little between the two forest sections and include white-tailed 
deer, gray fox, gray squirrel, white-footed mouse, and short-tailed shrew; the cardinal, woodthrush, 
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summer tanager, red-eyed vireo, and the hooded warbler; the box turtle, common garter snake, and 
timber rattlesnake (Bailey 1978; Shelford 1963). 

Ecological communities on the FEMP site consist of grazed and ungrazed pastures, two pine 
plantations, deciduous woodlands, riparian woodlands, and the "reclaimed flyash pile area" (Figure 3- 
34). The reclaimed flyash area coincides approximately with the South Field and the Inactive Flyash 
Pile, and it was considered a distinct habitat by Facemire et al. (1990) due to the unique plant and 
animal species composition. A total of 47 species of trees and shrubs, 190 species of herbaceous 
plants, 20 mammal species, 98 bird species, 10 species of amphibians and reptiles, 21 species of fish, 
47 families of benthic macroinvertebrates, and 132 families of terrestrial invertebrates inhabit the 
FEMP site. 

Typical grasses found on the FEMP site are red fescue, Kentucky bluegrass, timothy, and red top. 
Herbs include teasel, red and white clovers, and goldenrod. The dominant tree species in the pine 
plantations are white and Austrian pine, with Norway spruce occurring occasionally. Common trees in 
the deciduous woodlands are white ash, American elm, shagbark hickory, and slippery elm. Dominant 
tree species in the riparian woodlands are eastern cottonwood, hackberry, American elm, and box 
elder. The reclaimed flyash pile is dominated by American elm, eastern cottonwood, and black locust. 

Mammal species observed on the FEMP site include white-tailed deer, coyote, red fox, opossum, 
raccoon, groundhog, eastern cottontail, fox squirrel, and several species of bats. Common small 
mammals are the white-footed mouse, short-tailed shrew, meadow vole, meadow jumping mouse, and 
eastern chipmunk. 

The most common birds breeding on site include the mourning dove, American robin, blue jay, 
American crow, American goldfinch, northern bobwhite, and common grackle. Species occurring in 
the greatest density are the goldfinch, song sparrow, and robin. Raptor species observed on site are 
the northern harrier, red-shouldered hawk, Cooper's hawk, red-tailed hawk, and American kestrel. The 
eastern screech owl and great homed owl have been observed in the vicinity of the FEMP property. 

Amphibians and reptiles that occur on the FEMP site include the American toad, spring peeper, eastern 
box turtle, and snapping turtle. Several species of snakes also occur on site, including the eastern 
garter snake, Butler's garter snake, black rat snake, northern water snake, and the queen snake. 

Approximately 130 insect families from 15 orders are represented in FEMP site habitats. Leaf hoppers 
are abundant in all habitats, while less abundant groups include short-horned grasshoppers, leaf 

beetles, springtails, h i t  flies, dark-winged fungus gnats, ants, bees, and wasps. 
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A baseline ecological risk assessment was performed as part of the SWCR to estimate potential present 
and future baseline risks FEMP site contaminants may present to ecological receptors. This risk 
assessment was based on data available as of December 1991. Ecological receptors considered 
included all organisms, exclusive of humans and domestic animals. Pursuant to the Amended Consent 
Agreement, an ecological risk assessment for the FEMP site will be completed as part of the Operable 
Unit 5 RWS process. The information collected as part of this ecological risk assessment will also be 
considered during preparation of the Operable Unit 4 FS that will include the Site-Wide EIS. 

3.7.2 Floodplains and Wetlands 
Floodplains within the FEMP property are confined to the north-south corridor containing Paddys Run 
(Figure 3-35). Outside the boundaries of the FEMP, the 100-year floodplain of the Great Miami River 
extends west of Big Bend nearly to the eastern boundary of the facility. The 100-year floodplain of 
the river also extends northward along Paddys Run from the confluence of the two streams to a point 
about 600 ft from the southern boundary of the FEMP site. This area overlaps the South Plume, a 
body of uranium-contaminated groundwater that is a component of Operable Unit 5. 

A site-wide wetland delineation was conducted in February 1993 in accordance with the 1987 Army 
Corps of Engineers Wetlands Delineation Manual and in compliance with 10 CFR 1022 (the month of 
February was determined to be acceptable based on coordination efforts with the Army Corps of 
Engineers [COE]). The purpose of the delineation was to determine the extent of jurisdictional 
wetlands and waters of the United States and to avoid or minimize impacts to these resources during 
future activities at the FEMP site. A jurisdictional determination has been requested from the COE to 
venfy the wetland boundaries and waters of the United States. 

Preliminary results from the site-wide delineation, subject to the COE’s approval, indicate a total of 
35.9 acres of wetlands on the FEMP site. Delineated wetlands included 26.58 acres of palustrine 
forested wetlands, 6.95 acres of drainage ditches/swales, and 2.37 acres of isolated emergent and 
emergent-scrub/shrub wetlands. Figure 3-36 shows the preliminary results of the site-wide wetlands 
delineation. None of the wetland areas are located within Operable Unit 4. Wetland areas identified 
in the 1993 delineation are shown in Figure 3-36. 

The largest of the four palustrine forested wetland areas is located north of the former Production 
Area. The remaining three areas are located: (1) along the &st bank of Paddys Run near the northern 
site border, (2) in the northeast comer of the site, (3) southwest of the K-65 silos. 

Drainage ditches and swales constituting wetlands are located in four sections throughout the site: (1) 
north of the former Production Area traversing west into Paddys Run, (2) drainage of the waste pit 
area, (3) drainage of the area south of the K-65 silos, (4) adjacent to the east boundaq of the former 
Production Area, draining higher elevations of the site to the east. 
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Two of the four isolated scrub/shrub and/or emergent wetlands are located in the northern part of the 
site; one is near the eastern comer and the other just east of Paddys Run near the western comer of the 
site. The remaining two are located in the vicinity of the waste pit area, one to the east, and one to 
the west. 

On-site waters of the United States are confined to Paddys Run and its unnamed tributary and total 
approximately 8.9 acres. 

3.7.3 Threatened and Endangered Species 
To comply with Section 7(a)(2) of the Endangered Species Act (ESA) of 1973 as amended, which 
requires federal agencies, "in consultation with and with the assistance of' the Secretaries of the 
Interior and Commerce, to ensure that their actions are "not likely to jeopardize the continued 
existence of any endangered species or threatened species or result in the destruction or adverse 
modification of the critical habitat of such species ...,I' the Miami University performed an Ecological 
Characterization Study of the FEMP site in 1989. The following discussions concerning threatened 
and endangered species with potential habitats in the vicinity of the FEMP site were drawn from 
conclusions of the study and supplemental investigations conducted as part of the Operable Unit 4 

Remedial Investigation. 

3.7.3.1 Indiana Bat (Myotis Sodalis) 
The Indiana bat is listed as both a federal and state endangered species and occurs in Butler and 
Hamilton counties. Surveys were conducted at the FEW site to determine the distribution and 
presence of the Indiana bat and to idenhfy potential habitat on the FEMP site and in the immediate 
vicinity. The Indiana bat has not been identified at the FEMP site, but during the summer of 1988 a 
population was identified approximately 3.0 miles northeast of the FEMP property on Banklick Creek, 
a tributary of the Great Miami River (DOE 1992b). There were some questions over the accuracy of 
the methodology used in these survey. Therefore, follow-up surveys are currently being implemented 
and updated information will be provided in future RyFS documents. Potential habitat for the Indiana 
Bat occurs in portions of the riparian woodland associated with Paddys Run (Figure 3-37). 

3.7.3.2 Cave Salamander (Eurycea Lucifuga) 
The cave salamander, a state-listed endangered species, has not been identifed at the FEMP site. 
During the summer of 1988, a population was identified 1 mile northeast of the FEMP site at the Ross 
Trails Girl Scout Camp. Potential habitat occurs along Paddys Run (DOE 1992b) (Figure 3-38). 

3.7.3.3 Other Species 
The northern waterthrush (Seivrus Noveboraceusis), a state-listed endangered species, was reported as 
a spring migrant along Paddys Run during the spring of 1987 by Facemire et al. (1990). 
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The northem harrier Circus Yaneus), a state-listed endangered species, and the red-shouldered hawk 
(Bureo Linearus), a state-listed threatened species, were observed flying over the FEW site by 
Facemire et al. (1990) on two separate occasions. Neither species has been reported to nest at the 
FEI& site. 

Slender finger-grass (Digiraria Filiformis) and mountain bindweed (Palyganum Cilinode) are state- 
listed endangered species recorded in low densities along Paddys Run and in the Northern Pine 
Plantation by Facemire et al. (1990). 

The darkeyed junco (Junco Ayemulis), a state-listed endangered species, was observed throughout the 
FEMP property during the winter of 1986 and 1987 by Facemire et al. (1990). Running buffalo 
(Trifolium Srolaniferurn), a state- and federally-listed endangered species, has not been identified at the 
FEMP site. A population was identified less than 5 miles southwest of the FEMP site at Miami 
Whitewater Forest. Potential habitat exists in introduced grassland areas, riparian and deciduous 
woodlaxids, and forested wetlands on the FEMP property. 

Sloan's crayfish (Orconecres Sloanii), also known as the Cincinnati crayfish, is a state-listed threatened 
species reported €tom Paddys Run by Facemire et al. (1990). One individual of this genus, not 
identified to species, was recorded in Paddys Run during RWS sampling (DOE 1992b). 

. 

The cobblestone tiger beetle (Cicendela Margipennis), which is under review by the U.S. Fish and 
Wildlife Service for possible consideration as a threatened or endangered species, was found on a 
gravel bar in the Great Miami River 2 miles west southwest of the bridge at New Baltimore, Ohio. 
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4.0 NATURE AND EXTENT OF CONTAMINATION 
#- .T 

This section presents data that define the nature and extent of CPCs identified in the Operable Unit 4 
Study Area. The primary objectives for the RI are to collect and summarize data sufficient to (1) 
perform a baseline risk assessment and (2) develop and evaluate remedial action alternatives. Data 
acquisition and evaluations presented herein are focused on the quality and quantity of data necessary 
to meet the two RI objectives. 

The nature and extent of both radiological and chemical constituents within Operable Unit 4 is 
reviewed in this section based on the data collected during the RI and previous studies. The primary 
radiological constituents of Operable Unit 4, based on process knowledge, are uranium isotopes 
(U-238, U-235, U-234) and progeny (Ra-226, Th-230, Rn-222, Po-210, Pb-210, Pa-231, and Ac-227). 
Examining the ratios of the isotopes of uranium as well as the ratio between the members of the 
U-238 decay chain is a good method for determining the likelihood that contaminants found in 
environmental media are associated with Operable Unit 4 handling and storage operations. In nature, 
the activity concentration ratio between U-238 and U-234 is one. This ratio (one) is generally true for 
members of the decay chain down to Rn-222, which is a gas and easily transported. Much of the 
material processed at the FEMP site did not have the natural U-238/U-234 ratio, but rather was 
depleted in the isotopes of U-235 and U-234 (as a part of prior processing for nuclear fuel). If a 
sample does not exhibit the natural uranium isotopic ratio, it can be assumed that Operable Unit 4 
waste is not the sole contributor of urauium in the sample. 

Because of the processing of materials into hot and cold raffmtes, the ratio of the activity 
concentrations between U-238 and Ra-226 or between U-238 and Th-230 can be used to "fingerpriqt" 
the K-65 and mixed oxides wastes. When a soil sample is found to have the same general 
disequilibrium of the U-238/Ra-226 ratio as that of the K-65 wastes, it may be inferred that the K-65 
silos are a source of this material, most likely through operational spillage. The same may be said of 
the U-238m-230 ratio for the mixed oxide wastes of Silo 3. 

Also, samples exhibiting high Ra-226, Th-230, Po-210, or Pb-210 activity concentrations without near 
equally elevated U-238 concentrations likely originated from the Operable Unit 4 waste materials as 
explained in Section 1.0. The absence of the U-238/Ra-226 or U-238m-230 "fingerprint" should not 
be taken to infer that Operable Unit 4 can be excluded as a source of the contamination. Such is not 
the case. The mobility of radium, thorium, and uranium differ greatly when transported via 
groundwater through soil. This phenomenon can lead to a disruption of the ratios identifed as 
fingerprints. Simply stated, "fingerprints", if present, are useful in establishing Operable Unit 4 
impacts, but their absence does not exclude Operable Unit 4 as a source. 

* *,.t:*:.i. : 
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Because process knowledge is less definitive for chemical constituents, analyses were completed for 
organic compounds, inorganic parameters, and metals. Analytical results were compared with 
background concentrations of the same constituent to determine the presence of chemical 
con taminants. Chemical constituents potentially present, based on process howledge, include metals, 
tributyl phosphate, and kerosene (kerosene is a mixture of hydrocarbons such as, n-dodecane, alkyl 
derivatives of benzene, and 1- and 24etrahydronaphthalene). 

The following are primary information sources that were reviewed for relevant environmental sampling 
data to support the evaluation of the nature and extent of contamination associated with Operable Unit 
4: 

Analytical results of samples collected as part of the RI/FS sampling effort (ASI/IT 
1988; 1990a; 1990b) 

Analytical results of samples collected as part of the Waste Pit Area Runoff Control 
Removal Action 

Analytical results of samples collected as part of the FEMP Environmental Monitoring 
Program (WMCO 1988, 1989, and 1990; WEMCO 1991 and 1992: Frazier 1989) 

Analytical results of samples collected as part of the Characterization Investigation 
Study (Weston 1987) 

Sample collection under the Waste Pit Area Runoff Control Removal Action was performed using 
sampling procedures comparable to those under the RIPS. In addition, the samples were analyzed at 
the same laboratory that was used by the RI/FS and were analyzed to the same QA criteria. Thus, 
data obtained during the Waste Pit Area Runoff Control Removal Action have been validated for use 
under the RI/FS. 

The FEMP Environmental Monitoring Program and the CIS were performed under QA criteria 
different from that employed for the W S .  Differences in the QA criteria, however, do not preclude 
the use of these data in characterizing the nature and extent of contamination. Where sample results 
from studies other than the RI/FS demonstrate consistency with RI/FS sample results, their data may 
be used to support characterization of the Operable Unit 4 Study Area. 

Section 2.0, Study Area Investigations, provided specific details describing the objectives, methods, 
sampling, and analysis of each media. In addition, a discussion of the analytical data QA program is 
included in Section 2.0. 
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Background Data 
The 95th percentile of the background data distribution for selected analytes in environmental media 
(e.g., surface soil, perched groundwater, and Great Miami Aquifer groundwater) was used in this 
section to distinguish waste-related contamination in those media from naturally occurring or other 
nonsite related levels of chemicals and radionuclides (Table 4-1). The following is a brief discussion 
of the use of background data in identifying waste-related constituents. A more detailed discussion is 
presented in Appendix D, Section D-2 of this document. 

The site-specific background data set for soil consists of a series of soil samples collected 
approximately 3 to 5 miles from the FEMP site. The Risk Assessment Work Plan Addendum (DOE 
199%) clarifies the statistical treatment of these data to determine the background concentrations of 
soils used in this report. Background concentrations in surface and subsurface soil were determined 
based on (1) direct analysis of regional soils at two depths (Le., 0 to 6 inches and 48 to 54 inches), (2) 
the assumption of secular equilibrium in the radioactive decay process, and (3) the recognition that 

certain organic compounds and radionuclides (such as Tc-99 and the isotopes of plutonium) do not 
OCCW MtUrally. 

The 95th percentile of the background data distribution for the 0- to 6-inch interval and the 48- to 54- 
inch interval were compared with Operable Unit 4 analytical results to distinguish waste-related 
contamination from ~ t ~ r a l l y  occurring or other nonsite-related levels of chemicals and radionuclides 
in surface and subsurface soils of Operable Unit 4. Organic compounds in the soil and groundwater 
were considered to be waste related regardless of their concentration. Radiological and chemical 
constituents, both inorganic and organic, in the silo residues were considered to be waste-related 
contamination by definition. 

Background concentrations were estimated for groundwater proximal to Operable Unit 4. Principal 
hydrologic units underlying Operable Unit 4 include an upper, variably saturated glacial overburden 
unit and the lower Great Miami Aquifer. The Great Miami Aquifer is unconfined, within a largely 
homogenous sand and gravel unit separated from the base of the glacial overburden by a vadose zone, 
which is an average of 20 ft thick. 

Background concentrations are given in Table 4-1 for the glacial overburden unit and the Great Miami 
Aquifer and are based on the sample results provided in the FEMP RYFS document "Characterization 
of Background Water Quality for Streams and Groundwater." These values represent the 95th 
percentile of the data distribution except as noted. Background concentrations in the Great Miami 
Aquifer are from upgradient Wells 2043,2050,2056, 2066, and 2383, located off site from Operable 
Unit 4. The natural water chemistry of the Great Miami Aquifer varies moderately between two 
hydrologic domains near Operable Unit 4: the Shandon domain and the Dry Fork domain. The 
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TABLE 4-1 

BACKGROUND CONCENTRATIONS 
FOR SOILS AND GROUNDWATER 

Background Concentration' 

soils 
~~ 

Groundwaterb 

h l y t e  

~~~ 

Surface Subsurface Shandon 
(0-6 inches) (48-54 inches) Perched' Tributaryd 

Actinium-227 
Bismuth-2 10 
Bismuth-214 
Cesium- 137 
Lead-210 
Neptunium-237 
Plutonium-238 
Plutonium-239 
Plutonium-240 
Polonium-210 
PrOtacti~li~m-231 
Radium-224 
Radium-226 
Radium-228 
Ruthenium-106 
Strontium-90 
Technetium-99 
Thorium-228 
Thorium-230 
Thorium-232 
Total Thorium 
Uranium-234 
Urani~m-235/236 
Uranium-238 

0.15' 
1 .33g 
1.33g 
0.71 
1.33 
0.d 
0.d 
0.d 
0.d 
1 .339 
0.159 
0.90 
1.45 
1.19 
0.d 
0.P 
0.P 
1.43 
1.97 
1.36 

12.4 mg/k$ 
1.24 
0.15 
1.22 

0.13' 
0.708 
0.708 
0.P 

0.d 
0.d 
0.d 
0.d 

0.70 

0.708 
0.139 
0.96 
1.27 
1.25 
0.d 
0.P 
0.P 
1.25 
1.85 
1.24 

13.3 mg/k$ 
0.94 
0.13 
0.92 

3.68 mg/k$ 

0.d 
0.d 
0.d 
0.P 
0.d 
<1' 
<1' 
<1' 
<1' 
0.d 
0.d 
0.d 
lJ 

0.P 
0.P 
0.P 
1.4 
2J 

<1' 

4.57 

3 P@J 
1.88 
<1 
1.3 

1.23 pg/Lk 

0.d 
0.d 
0.d 
0.P 
0.d 
<1' 
<1' 
<1' 
<1' 
0.d 
0.d 
0.d 
1.77 
4.8 
0.P 
0.P 
0.P 
1 .si 
2.3 
<1' 

2.47 pg/LJ 
2.43 
<1 

2.92 pgLk 
4.4 

1 1,880 14,700 0.123 0.188 
7.7' 6.7' 0.d 0.038j 
8.45 8.79 0.058 0.088 
91.3 99.2 0.477 .077 
0.W 0.62 0.002 0.002 

060238 
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Background Concentration' 
soils Groundwaterb 

Surface Subsurface Shandon 
Analyte (0-6 inches) (48-54 inches) Perchedc Tributaryd 

Boron 21.8' 42.7 0.d 0.d 
Cadmium 0.82 0.59 0.006 0.006 
Calcium 4340 145,000 124,OOO 142,000 
Chromium 15.5 19.0 0.034 0.067 
Cobalt 15.2 15.7 c0.01' CO.01' 

Copper 
Cyanide 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Potassium 
Selenium' 
Silicon 
Silver 
SOdiUm 
Thallium 
VanadiUm 
zinc 

14.1 
0.25 

22,300 
25.6 
3350 
1770 
0.3d 
2.6' 
20.9 
1230 
0.70 
1760 
2.6' 
51.1 
O S @  
30.4 
62.2 

16.3 
0.11' 

28,000 
13.4 

43,100 
922 
0.29 
2.7' 
28.5 
2100 
0.60' 
1700 
2.2' 
198 

0.43' 
36.9 
59.0 

0.029 
0.d 
9.22 

0.021 
48.5 

0.150 
0.004' 
0.ow 
0.026 

27 
c0.003' 
0.d 

0.038 
57.6 
0.d 

0.002 
0.032' 

0.022 
0.d 
4.67 
0.028 
40.7 

0.5 14 
O.OOO4 
0.02 
0.026 
4.31 

0 . W  
0.d 

0.014 
52.9 

c0.012' 
0.026 
0.480 

All Organic 
Compounds 0.0d 0.0d O.Od O.Od 

General Water 

Ammonia NAm NA 4.58 18.2 
Chloride NA NA 97.0 83.5 
Fluoride NA NA 1.3 1.24 
Nitrate NA NA 0.286 1.25 

Chemistry (mg/L) (mg/L) 

Total Phosphorus NA NA 0.208 0.979 
Sulfate NA NA 138 346 

. .  
a Source: DOE 1993b (soils), DOE 1993a (Groundwater). Background concentrations are based on the 

95th percentile of the data distribution from site-specific background data except as noted. 
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b 

' C  

d 

e 

I 

m 

All groundwater samples collected for radiological analysis were unfiltered. Those groundwater 
samples collected for metal analyses were filtered. 
Wells used to evaluate the perched groundwater background concentrations include 1040, 1059, and 
1060. 
Wells used to evaluate the Shandon Tributary background concentrations include 2043,2050,2056, 
2066, 2383, 3024,3043, and 401 1. 
Because of poor SQL values, this nuclide was assumed to be in secular equilibrium with its present, 

Value assumed to be zero. 
Value assumed based on secular equilibrium for radioactive decay chain. 
This radionuclide is a fission product, and its presence in the environment is due only to atmospheric 
releases of radiation (e.g., weapons testing). This radionuclide is not MN~UY occurring and is only 
expected to be present at or near detectable activities in the surface soil. 
All of the values in the data set were not detectable. The average SQL was substituted as the best 
representative value for the 95th percentile. 
Less than or equal to 10 percent of measured concentrations were above the SQL. The maximum 
detected value was substituted as the 95th percentile. 
Individual activity concentrations of the three isotopes for uranium and thorium were converted to 
mass concentrations. The three isotope mass concentrations were added to obtain the total thorium 
or uranium mass concentration. 
The calculated standard deviation was greater than 2.00. This was caused by the combination of only 
12 values out of 30 above SQL and the maximum concentration of 1140 pg/g. Summary statistics 
for 0 to 6 inches without suspected outlier were used as the representative statistics for this data set. 
NA - Not applicable 

U-235. 
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dominant flow regime of the Great Miami Aquifer impacting the water table beneath Operable Unit 4 
is from the Shandon Trough. Therefore, the 95th percentile of the data distribution for the 
groundwater background concentrations presented in Table 4-1 are from the Shandon Trough. 

Background concentrations in the glacial overburden unit are from Wells 1024, 1040, 1059, 1060, and 
1065. These locations are distant from site activities and known sources of contamination. Lithologic 
correlation is highly variable because of the heterogeneity and anisotropy of glacial sediment. Much 
of the glacial overburden at the FEW site consists of a clayey till and discontinuous sand lenses. 
Unsaturated zones within the glacial overburden transition to perched lenses when sandy units are 
encountered, because of porosity changes and semiconfined hydrostatic pressures. It is possible that 
past well installations were not consistently screened in saturated sandy zones. Some water may have 
been collected from a mixture of sands and fracture-saturated clays. A program is underway to 
evaluate the appropriateness of data currently being used to calculate regional background levels for 
groundwater. The results of this evaluation will be presented in the Operable Unit 5 RI Report. 

The background measurements for direct radiation, surface water and sediment, and environmental 
radon are presented in Sections 4.1,,4.4, and 4.5, respectively. 

The remainder of Section 4.0 describes the nature of contamination at the source and the nature and 
extent of contamination within the pathways in the Operable Unit 4 Study Area. Sources include Silos 
1 and 2, the decant sump tank, the RTS, Silo 3, and Silo 4. Pathways within the Operable Unit 4 
Study Area include surface and vadose zone soil, groundwater, surface water and sediment, and air. 
Within each of these pathways, the report addresses the nature and extent of contamination due to 
radiological, inorganic, and organic constituents. 

4.1 OPERABLE UNIT 4 FACILITIES 
This subsection reviews the contents of the facilities within Operable Unit 4 that are the sources of 
radiological and chemical contamination. These facilities include Silos 1 and 2, the decant sump tank, 
the K-65 silo RTS, Silo 3, and Silo 4. The contaminants in Operable Unit 4 facilities may migrate 
into soil, air, groundwater, and surface water by mechanisms reviewed in Section 5.0. Further, direct 
radiation may originate from the radionuclides stored in the silos. Direct radiation is discussed in 
Section 4.1.6. 

4.1.1 Silos 1 and 2 
Section 1.0 provides a detailed description of the on@ ores and processes that produced the 
materials now stored in Silos 1 and 2. Section 3.0 provides a physical description of the silo contents. 
This information is useful in understanding the nature of the contaminants stored in the silos. 
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4.1.1.1 Radiological Composition 
As described in Section 2.0, the silos were sampled in 1989 and again in 1990/1991 to provide data 
for RyFS purposes. Radionuclide analytical results from both sampling efforts are presented in Table 
4-2. Complete analytical results are provided in Appendix A. 

Table 4-2 provides a list of all the constituents that were detected in the silos during both sampling 
efforts. The table shows that the predominant constituents in terms of activity in Silo 1 include: 
Ac-227, Pb-210, Po-210, Ra-226, and Th-230. This information is consistent with process knowledge 
that the hot raffinates contain primarily U-238 decay products. Though present, Th-230 is not in 
secular equilibrium with Ra-226, confirming that thorium was not fully precipitated during the refrning 
process that generated the hot raffinates. As expected, other radionuclides out of secular equilibrium 
are present in relatively low concentrations, including U-234, U-235/U-236, and U-238. Members of 
the Th-232 decay series are also present (Th-232, Th-228, and Ra-228). 

The waste in Silo 1 came from MCW and was generated from pitchblende ore containing 40 to 50 
percent U,O,. Based on this fact, and assuming that all Ra-226 is precipitated in the hot raffinate, the 
mass of @hate into which the radium is concentrated is approximately one-fourth the original mass 
of the ore. The remaining mass (75 percent) was classified as cold raffinate and disposed of locally at 
MCW. The U-238 concentration in Silo 1 suggests an efficiency of greater than 99.8 percent for the 
MCW digestion and carbonate treatment process. 

Silo 2 sampling results reveal that the predominant constituents include Ac-227, Pb-210, Po-210. 
Ra-226, and Th-230. This result is consistent with the process knowledge that the hot raffimates 
contained mostly U-238 decay products. As with Silo 1, Th-230 is present but not in secular 
equilibrium with Ra-226. The results suggest that only 10 to 25 percent of the Th-230 was 
precipitated with the hot raffmte. 

As expected, other radionuclides are present from the Th-232 decay chain and the U-235 decay chain. 
The U-238 concentration suggests an efficiency greater than 99.6 percent in the extraction process for 
d u m .  

Radionuclide Distribution 
Figures 4-1 and 4-2 show the distribution of selected constituents and uranium in Silos 1 and 2 
utilizing the 1990/1991 sampling results, respectively. The 1990/1991 sampling results were used 
because this sampling program offered better spatial control of sample intervals. Silo 1 provides the 
most complete cross section because there are analytical data for each zone from each manway 
sampled. 
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TABLE 4-2 

SUMMARY OF RADIONUCLIDE ANALYSES FOR SILO 1 AND 2 RESIDUES 

Frequency Arithmetic Upper 95% CI Range 
of MeanC on A-Mean' of DetectsC 

Analyte' Detectionb Rejected (pCi/g)d <pew <pci/g> 
sno 1 

Actinium-227 13/20 0 5960 7670 4320-1 7390 
Lead-21 0 20/20 0 165OOO 202000 48980-38 1400 
Polonium-210 13/13 0 242000 28 1000 144000434000 
Radium-226 20/20 0 391000 477000 89280-890700 
Thorium-228 2/20 0 422 2280 835-2280 
Thorium-230 24/24 0 6oooO 68900 1 0569-1 05 372 
Thorium-232 8/20 0 424 1110 661-1 106 
Uranium-234 21/21 0 800 932 326-1548 
Uranium-235/236 14/20 0 38 54 19.1-1 05 
Uranium-238 20/20 0 642 693 387-920 
SILO 2 

Actinium-227 11/14 0 5100 6640 2905-1 0450 
Protactinium-23 1 1/14 0 2350 4040 4041-4041 
Lead-210 14/14 0 145000 190000 58160-399200 
Polonium-210 818 0 139000 23 1000 55300-241000 
Radium-226 14/14 0 195000 263000 657481000 
Thorium-228 5/14 0 645 7360 41 1-7360 
Thorium-230 1511 5 0 48400 76200 8365-132800 
Thorium -23 2 3/14 0 402 985 85 1-985 
Uranium-234 1311 3 0 961 1160 12 1-1 465 
Uranium-235/236 11/13 0 73 94 35.6-172 
Uranium-238 14/14 0 912 1120 46-1 925 

'Sample numbers used in this data set include: (Silo 1) 99728, 99743, 99870, 99885, 99909, 99930, 
99939, 99948, 99966, 99975, 100004, 1OOO25, 100039, 100108, through 100114; and (Silo 2) 99359, 
99710,99774,99802,99811,99831,99846,99861, and 100115 through 100120. 
kejected data not included in total number of samples. 
'Values qualified with an R are excluded. The mean and upper 95% confidence interval (CI) on mean 
have been rounded to show three si@icant figures. The mean is calculated using one-half the SQL for 
nondetects. 
dValues expressed in picocuries per gram @Ci/g). 
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The radiological constituents Ra-226, Th-230, and Pb-210 in Figure 4-1 generally increase in 
concentration with depth at all manways. Analytical data show similar concentrations for these 
radionuclides in a horizontal plane across Silo 1. These results reveal a horizontal homogeneity and 
vertical heterogeneity of the radionuclides in Silo 1, which is consistent with process knowledge that 
the materials were transferred into Silos 1 and 2 as a slurry. Further, the general increase of 
radionuclide concentrations with depth is consistent with process' knowledge that higher assay ores 
were processed earlier in the project. 

Fewer samples were recovered from Silo 2 than from Silo 1; therefore, trends are not as discernable 
(Figure 4-2). The northeast manway shows Ra-226, Th-230, and Pb-210 increasing in concentration 
with depth. Zone C exhibits concentrations of the same order of magnitude for those parameters 
across all manways. 

Summaw of Radiological Results 
The predominant radiological constituents in Silos 1 and 2 are: Ac-227, Pb-210, Po-210, Ra-226, and 
Th-230. The 1990/1991 concentrations are, for some radionuclides, at least twice the 1989 
concentrations. This variance was likely due to the fact that the 1989 sampling event collected no 
samples from the bottom half of the silos. As demonstrated in Figures 4-1 and 4-2, higher 
concentrations of radionuclide constituents are located in the lower half of Silos 1 and 2. 

There is a general increase in the concentrations of radiological constituents with depth in all 
manways. Radiological constituent concentrations are similar horizontally, across the silos and from 
manway to manway. Although this characteristic is not consistent for all the predominant constituents, 
there is a discemable trend. This trend probably results from the placement of the residues in the silos 
as layers of slurries at different times. 

Table 4-3 is a summary of the inventory of radionuclides in Silos 1 and 2. The inventory is based on 
the arithmetic mean and the UCL for the radionuclides reported in Table 4-2, the estimated waste 
volume contained in Silos 1 and 2 obtained from the silo mapping project (ORNL 1992), and a dry 
weight density of 2.050 g/cm3. The inventory of certain constituents is higher than previously 
reported, which is probably due to the more efficient collection of waste materials from the deeper 
portion of the silos. 

4.1.1.2 Chemical Composition 
Chemically, the contents of Silos 1 and 2 are mixtures of hydroxides, carbonates, and sulfates. 
C a r b ~ ~ t e s  and sulfates compose approximately 20 percent of the waste. The primary form of 
uranium contained in the waste material is sodium uranyl carbonate (Dettorre et al. 1981). Other 
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TABLE 4-3 

INVENTORY OF K-65 RADIOLOGICAL CONSTITUENTS 

~ ~ ~~ ~ ~~ ~ ~ _ _ _ _ _  

silo 1' silo 2b 

Mean UCL Mean UCL 
Inventory' Inventory' Inventory' Inventory' 

h l y t e  (Ci) (Ci) (Ci) (Ci) 

Actinium-227 40 52 30 39 

fiotactinium-23 1 NDd NDd 14 D. 
Lead-21 0 1110 1360 844 1110 

Polonium-21 0 

Radium-226 

T h ~ n ~ m - 2 2 8  

Thorium-230 

Thorium-232 

Uranium-234 

Uranium-235/236 

Uranium-238 

Total Uranium' 

1630 

2630 

2.8 

403 

2.9 

5.4 

0.26 

4.3 

12.9 

1890 

3210 

15.3 

463 

7.5 

6.3 

0.36 

4.7 

14.1 

809 

1140 

3.8 

282 

2.3 

5.6 

0.43 

5.3 

15.9 

1340 

1530 

43 

444 

5.7 

6.8 

0.55 

6.5 

19.5 

'Based on a volume of 3280 m3 and a dry mass density of 2.050 @an3. 
%as& on a volume of 2840 m3 and a dry mass density of 2.050 @an3. 
Values for mean and UCL taken from Table 4-2. 
dm - Analyte was not detected. 
Total uranium mass in metric tons. Calculated from the isotopic distribution of uranium. 
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elements contributing at least 1 percent to the total are calcium, iron, magnesium, and lead. Table 1-2 
presents a summary of the elemental, non-radioactive constituents of the silos as reported in previous 
studies. 

Inorganic Constituents 
Twenty-seven inorganic metals were detected in Silo 1 during the 1989 and 1990/1991 sampling 
efforts (Table 44). The results of the HSL analyses show that the predominant inorganic constituents 
in Silo 1 are barium, calcium, iron, and lead. Other metallic constituents at relatively lower 
concentrations include aluminum, cobalt, magnesium, molybdenum, nickel, selenium, and silicon. 
Frequency of detection was high for all constituents. 

Predominant inorganic constituents detected through general chemistry analysis include chloride, 
nitrate, phosphorus, sulfate, and organic carbon. Their concentrations are also shown in Table 4 4 .  
The results are consistent with expected results for uranium ore of the type processed at MCW and the 
results of previous studies. 

Analpcal data from both the 1989 and 1990/1991 sampling of Silo 2 showed similar concentrations 
for the predominant metallic constituents. These constituents include: barium, calcium, iron, and lead. 
Other metallic constituents detected at lower concentrations than those previously listed include 
aluminum, arsenic, cobalt, copper, magnesium, nickel, silicon, and sodium. The predominant 
inorganic constituents detected through general chemistry analysis are the same as those for Silo 1. 

Organic Constituents 
Results of the 1989 and 1990/1991 Silo 1 sampling and HSL organic analyses are summarized in 
Table 4-5. The Silo 1 analytical results show detection of 25 organic compounds, which include PCBs 
and semivolatile and volatile organics. Aroclor-1248, aroclor-1254, and aroclor-1260 were detected at 
concentrations up to 10.0, 20.0, and 3.5 milligram per kilogram (mg/kg), respectively. Other 
constituents detected generally included either common laboratory contaminants or infrequently 
detected constituents. Tributyl phosphate was detected in Silo 1, which was unexpected because that 

material was not part of the MCW refinement process. However, the tributyl phosphate was likely 
introduced by the liquid used to slurry the waste for placement into the silo. The presence of aroclor- 
1248, aroclor-1254, and aroclor-1260 contaminants is most likely due to PCBs introduced through 
cleaning and lubrication of processing and raffimate handling equipment. No PCBs were used directly 
in the processing of ore. 

A summary of the organic compounds detected in the 1989 and 1990/1991 sampling of Silo 2 is 
provided in Table 4-6. Silo 2 organic results detected 16 compounds including aroclor-1254, aroclor- 
1260, and tributyl phosphate. Aroclor-1254 was detected at a mean concentration of 6.6 m@g. 

4-14 000248 
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TABLE 4-4 

SUMMARY OF CHEMICAL ANALYSES FOR SILO 1 AND 2 RESIDUES 

Upper 95% 
Frequency Arithmetic CI on A Range of 

of Mean' Mean' Detection 
Analyte' Detectionb Rejected (mglkg)d (mglkg) (mg/kg) 
SILO1 

General Chemistry 

Ammonia 4P 0 1.19 8.9 1 .l-8.9 

Chloride 7 P  0 637 1340 269- 1349 

Fluoride 2P 0 1 394 15-394 
Nitrate 515 2 2930 4764 2216-4764 

Oilandgrease, 718 0 3650 27000 11.7-27000 

Phosphorus 818 0 1130 3290 0.4-3290 

Sulfate 616 1 1300 3460 444-3460 

Total kjeldahl nitrogen 7/7 0 479 676 5 1.6-782.5 

Total organic carbon 818 0 19200 26200 5 166-34800 

Total organic nitrogen 818 0 448 623 5 1.6-782 

Metals 

Aluminum 

Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
calcium 
chromium 

Cobalt 

Copper 
Cyanide 
Iron 
Lead 
Magnesium 

M e w  
Molybdenum 
Nickel 
Potassium 
seknim 

- *  
.* ~ U 4 ~ 1 2 5 S A 4 1 ~ 9 3 / 4 2 7 p  

. a .  

13/19 

11/12 

18/19 

19/19 

17/19 

12/12 

11/18 

1911 9 

19/19 

19/19 

19/19 

19/19 

1911 9 

19/19 

19/19 

19/19 

18/19 

12/12 

19/19 

1911 9 

1911 9 

0 

7 

0 

0 

0 

0 

1 

0 

0 

0 

0 
0 
0 
0 
0 
0 
0 
0 

0 

0 
0 

4-15 

1050 

21 

22 

11600 

1 

46 

2 

i 2960 
42 

936 

285 

2 

14700 

81700 

2880 

72 

0.6 

4850 

1790 

429 

287 

1320 

26 

55 

14200 

1 

50 

4 

3650 

55 

1 100 

33 1 

3 

21100 

95500 

3380 

97 

0.9 

6290 

2290 

493 

340 

450-2460 

13.3-46.2 

3.1-68.4 

1970-22 100 

0.59-2.8 

23.8-61.7 

0.56-8 

799-5700 

19.7-165 

349-1870 

1'22-475 

0.52-4.4 

4280-75 100 

17400- 133OOO 

1500-6020 

25.6257 

0.15-2.8 

968-8600 

629-3380 

158-7 15 

58.5-2810 

000249 
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Table 4-4 
(Continued) 

Upper 95% 
Frequency Arithmetic CI on A Range of 

of Mead Mean' Detection 

silicon 12/12 0 723 853 359-1290 
Analyte' Detectionb Rejected (mglkg)d (mg/kg) (mg/kg) 

Silver 
SOdiUm 
Thallium 

Vanadium 

1911 9 0 11 13 5-23.3 

19/19 0 8670 10700 360-16700 

8/18 1 0.3 1.4 0.09- 1.4 

19/19 0 136 161 63.1-293 

zinc 14/19 0 28 37 7.7-212 

SILO 2 

General Chemistry 
~~ 

28-141 Chloride 616 0 65 141 

Nitrate 515 1 5430 8900 3490-8900 

Oil and grease 414 0 301 541 207-541 

Phosphorus 515 0 1130 1400 623- 1400 

Sulfate 616 0 8610 19300 2590-19300 

Total Kjeldahl nitmgen 3i3 0 204 220 176220 

Total organic carbon 515 0 6090 24400 148-24400 

Total organic nitrogen 414 1 232 289 176289 

Metals 

A l U m i n u m  

Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Calcium 
chromium 

Cobalt 
Copper 
Cyanide 
Iron 
Lead 

Magnesium 

-ganese 
Mercury 
Molybdenum 

." >.- L ~ 

, .  :..- L - *  

* & i l 4 R i m . 1 m ~ - ~ , & J l p r n  

8/14 

718 
14/14 

1411 4 

14/14 

518 
13/14 

14/14 

1411 4 

14/14 

13/13 

13/13 

13/13 

14/14 

14/14 

14/14 

13/13 

818 

0 

6 

0 

0 

0 

0 
0 
0 

0 

0 

1 

1 

1 

0 

0 
0 

1 

0 

4-16 

845 

26 

432 

6970 

2 

38 

5 

33300 

40 

984 

53 1 

3 

16500 

48200 

3800 

163 

0.9 

291 

1110 

44 

1550 

19900 

3 

51 

7 

301000 

51 

2430 

818 

5 

28900 

299000 

6410 

259 

12 

440 

363-2250 

14.4-77.4 

57.5-1960 

89.2-19900 

0.59-6 

18.6812 

2-19.1 

64-301000 

0.207-83.1 

6.2-2430 

220-1790 

0.9-7.1 

40104ooOO 

153-299000 

805-8740 

40.6-403 

0.18-2.3 

148479 

o(J(j~.sO 
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Table 4-4 
(Continued) 

Upper 95% 
Frequency Arithmetic CI on A Range of 

of Mean' Mean' Detection 

Nickel 14/14 0 1380 1720 14.6-2640 
Analyte' Detectionb Rejected (mg/kg)d (mg/kg) (mglkg) 

Potassium 1411 4 0 217 337 37.8-653 
Selenium 
silicon 

13/13 1 110 124 49.6155 
8/8 0 85 1 1148 507-1780 

Silver 13/13 1 17 22 7.4-34.9 
Sodium 14/14 0 2430 3200 2264940 
Thallium 9/12 1 1 2 0.33-5.7 
VaDadim 14/14 0 237 298 21.9-535 
zinc 1411 4 0 54 91 11.2-159 

a Sample numbers used in this data set include: 99359,99704-99806,99711-99713,99715,99718,99769-99771, . 
99775-99778,99781,99723-99725,99729-99732,99735,99738-99740,99745-99747,99750,99806-99808,99812 
-99815, 9981 8, 9982699828, 99832-99834, 99837, 99839, 99841-99843, 99847-99850, 99853, 9485649858, 
99865-99867,99871-99874,99877,99880-99882,99886-99889,999W99906.99910-99913,99916,99925-99927, 
99934-99936,99940-99943.99946,99963-99965,99980-99984,99986,99987,99W, 100000,1oooO1,100026 
100029, 100032, 10003~100036, 100115-100120. 
Rejected data not included in total number of samples. 
Values qualified with an R are excluded. The mean aml upper 95% confidence interval (CI) on mean has been 
rounded to show three sigmficant figures. The mean is calculated using one-half the SQL for nondetects. 
Values expressed in milligrams per kilogram ( m a g ) .  
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TABLE 4-5 

SUMMARY OF ORGAMCS ANALYSES FOR SILO 1 RESIDUES 

Frequency Upper 95% Range of 
of Mean' CI on Mean' Detection' 

Analyte' Detectionb Rejected (mg/kg)d (mgflrg) (mgflrg) 
PCBs and Pesticides 
4,4'-DDT 211 9 0 0.21 0.07 0.014-0.068 
4,4'-DDE 2/19 0 0.22 0.12 0.029-0.12 
Aldrin 1/19 0 0.09 0.056' e 
Aroclor-1248 3/17 2 1.2 2 1.7-10 
Aroclor-1254 17/17 2 7.4 10 1.1-20 
Aroclor- 1260 211 9 0 2.6 3.5 1.3-3.5 
Dieldrin 1/19 0 0.21 0.093e e 
Endosulfan-I 211 9 0 0.1 0.092 0.01 1-0.092 
Endosulfan I1 2/19 0 0.22 0.26 0.082-0.26 
Endrin 111 9 0 0.2 0.089" e 
Heptachlor epoxide 211 9 0 0.1 1 0.2 0.022-0.2 
Semivolatile Organics 
Benzoic acid 4/12 7 0.53 0.12 0.075-0.12 
bis(2-Ethylhexy1)phthalate 12/16 3 0.7 1.5 0.07-6 
Di-n-butylphthalate 211 9 0 0.21 0.057 0.046-0.057 
Di-n-octylphthalate 8/19 0 0.3 0.97 0.045-0.97 
Dimethyl phthalate 511 2 7 0.16 0.16 0.068-0.16 
N-nitrosod-n-propylamine 1/12 7 0.24 0.059' e 
Phenol 1/12 7 0.28 0.4" e 

Volatile Organics 
2-Butanone 411 1 7 0.007 0.022 0.002-0.022 
2-Hexanone 611 1 7 0.007 0.017 0.002-0.01 7 
4-Methyl-2-pentanone 3/11 7 0.005 0.003 0.002-0.003 

Tributyl phosphate 919 2 15 51 0.2-5 1 

Acetone 611 1 7 0.05 0.15 0.064-0.15 
Methylene chloride ' 211 1 7 0.02 0.19 0.0380-0.19 
Toluene 411 1 7 0.02 0.05 0.002-0.19 

' Sample numbers used in this data set include: 99733,99875, 99914 99931,99944, 99722,99733, 
99737, 99748, 99864, 99875, 99879, 99890, 99903, 99914, 99924, 99931. 99933, 99944, 99958, 
99959, 99977, 99979,99890, 100009, 1OOO19, 100030, 100033, 1OOO40, 100108 through 100114 
Rejected data not included in total number of samples 
Values qualified with an R are excluded. The mean and upper 95% confidence interval (CI) on mean 
has been rounded to show three s ip fkan t  figures. The mean is calculated using one-half the SQL 
for nondetects. 
Values expressed in milligrams per kilogram ( m a g )  
Analyte was detected in a single sample. e 
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TABLE 4-6 

SUMMARY OF ORGANICS ANALYSES FOR SILO 2 RESIDUES 

Analyte' 

*qwncy Upper 95% Range of 
of Mean' CIonMean' Detection' 

Detectionb Rejected (mg/kg)d (mgkg) (mg/kg) 

PCBs and Pesticides 

Aroclor- 1254 

Aroclor- 1260 

818 6 6.6 15 0.42-15 

1/14 0 1.4 0.034' e 

Semivolatile Organics 

Benzoic acid 319 4 0.57 0.39 0.076-0.39 

bis(2ethylhexyl)phthalate 818 5 0.55 1.2 0.19- 1.9 

Diethyl phthalate 6 0.24 0.41' e 

Fluomthene 1/13 0 0.18 0.064' e 

N-nitroso-di-n-prop y lamine 3rr 6 0.17 0.26 0.083-0.26 

pyrem 1/13 0 0.17 0.047 e 

Tributyl phosphate 515 1 29 73 7.5-73 

Volatile Organics 

2-Butano~ 

Acetone 

Cabon tetrachloride 

Methylene chloride 

Tetrachloroethene 

Toluene 

Total xylenes 

7 0.007 0.01" e 

3rr 7 0.02 0.07 '0.033-0.072 

118 6 0.005 0.17' e 

218 6 0.013 0.047 0.015-0.047 

118 6 0.005 0.14' e 

IF3 6 0.008 0.01' e 

1P 7 0.006 0.003' e 

Sample numben used in this data set include: 99359,99701,99702,99768,99779,997%, 99803. 

Rejected data not included in total number of samples. 

been rounded to show three significant figures. The mean is calculated using one-half the SQL for nondetects. 
Values expressed in milligrams per kilogram ( m a g ) .  

99805, 99816,99825,99835, 99840,99851,99855, 99862, 100115-100120. 

' Values qualified with an R are excluded. The mean ami upper 95% confidence interval (CI) on mean has 

' Analyte deteaed in a single sample. I 
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Tributyl phosphate was present at a mean concentration of 29 mg/kg, which was consistent with 

process knowledge and demonstrates that the mbutyl phosphate recovery system was not totally 
effective. The concentrations of the other organics in Silo 2 were near detection levels. 

HSL volatile organic data from the 1989 sampling of Silos 1 and 2, were rejected during validation 
due to missed sample holding times. Results for polynuclear aromatic hydrocarbons (PAH) are not 
seriously effected by extended holding times and can remain basically unchanged for years. Also, 
aroclors ( P a s )  are very persistent and show little tendency toward degradation, either chemically or 
biologically. Therefore, data for these analytes were retained during validation and are included in 
Tables 4-5 and 4-6. Other analyses for semivolatile organic compounds were rejected for missed 
holding times. The complete 1989 HSL organic analytical results for Silos 1 and 2 are presented in 
Appendix A. 

TCLP Analysis 
Samples collected in 1989 were analyzed using the EP Tox test, while those collected in 1990/1991 
were analyzed using TCLP extraction followed by a full TCL analysis of the extract. Sample 
analytical results for these tests are presented in Table 4-7 through 4-11. Each of these tables also 
includes a column entitled maximum allowable concentration. The values shown in this column are 
taken from 40 CFR 261.23 and represent those values that characterize a solid waste as being 
hazardous under RCRA. The residues in Silos 1 and 2, however, are by-product material and are 
specifically excluded under RCRA, from the definition of solid waste. These values are shown in the 
table only as a reference value used by industry to determine if waste is hazardous by toxicity 
characteristics. 

' 

The results of the 1989 EP Tox tests are summarized in Table 4-7. Samples from Silos 1 and 2 
yielded leachable lead, which exceeded the maximum allowable concentration of 5 mg/L for the. 
toxicity characteristics specified in 40 CFR 261.23. The maximum lead concentration from Silo 1 was 
904 mg/L, while concentrations from Silo 2 were as high as 714 mg/L. 

The results of the 1990/1991 TCLP tests on Silos 1 and 2 samples are summarized in Tables 4-8 
through 4-1 1. As with the 1989 samples, lead was detected in the residue from both Silos 1 and 2 in 
concentrations that exceeded the maximum allowable concentration limits of 5 mg/L. The maximum 
concentrations of lead in the TCLP extract for the 1990/1991 samples were 841 and 1072 mg/L for 
Silos 1 and 2, respectively. Detections of a l l  the regulated organics were less than the maximum 
allowable concentration limits. 

The TCLP extract was also analyzed for radiological constituents. These results are presented in 
Appendix A and summarized in Table 4-12. One of each sample from each zone was analyzed from 

4-20 
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TABLE 4-7 

EP TOXICITY RESULTS FOR SILO 1 AND 2 RESIDUES - 1 9 W  

Maximum 
Frequency Standard Allowable 

of Mean Deviation Minimum Maximum Concentrationb 
Detection ( m a )  (mg/L) (mg/L) (mg/L) (mg/L) 

silo 1 

Arsenic 

Barium 

Cadmium 

Chromium 

Lead 

Mercury 

Selenium 

Silver 

St7 

7/7 

6/7 

7 P  

7 P  

0/7 

7/7 

6/7 

0.312 

4.362 

0.027 

0.333 

561 

ND 

0.535 

0.074 

0,144 

4.399 

0.031 

0.277 

278 

ND 

0.238 

0.040 

NDc 

0.079 

ND 

0.02 

0.159 

ND 

0.217 

ND 

0.484 

14.5 

0.1 

0.964 

904 

ND 

0.997 

0.121 

5.0 

100.0 

1 .o 
5 .O 

5.0 

0.2 

1 .o 
5.0 

silo 2 

Arsenic 

Barium 

Cadmium 

Chromium 

Lead 

Mercury 

Selenium 

Silver 

0.389 

1.087 

0.102 

0.380 

322 

ND 

0.705 

0.087 

0.137 

0.755 

0.091 

0.365 

266 

ND 

0.488 

0.076 

0.163 

0.095 

0.017 

ND 

0.155 

ND 

0.24 

ND 

0.592 

2.62 

0.278 

1.02 

714 

ND 

1.56 

0.213 

5.0 

100.0 

1 .o 
5.0 

5.0 

0.2 

1 .o 
5.0 

a The data presented in table have not been validated. The sample numbers used in this data set include: 
(Silo 1 )  -336 through MM3343; (Silo 2) MM3340 through MM3348. 
Data obtained from 40 CFR 261.23 
ND - Not Detected 
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TABLE 4-12 

SUMMARY OF TCLP RADIOLOGICAL ANALYSES FOR SILO 1 AND 2 RESIDUES 
1990/1991 

~~ 

Range Frequency Standard 
of MG3.U‘ Deviation‘ of Detects‘ 

Analyte’ Detectionb Rejected (pCi/LId (Pci/L) (Pci/L) 
SILO 1 

Actinium-227 
Lead-21 0 
Polonium-210 
Radium-226 
ThOIium-228 
Thorium-230 
Thorium -23 2 
Uranium-234 
Uranium-23 5/23 6 
Uranium-238 

3/3 
3/3 
3/3 
3/3 
3/3 
313 
3/3 
3/3 
3/3 
3/3 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

6550 
1,059,000 
138,000 
50,200 
34.9 
385 
7.0 

1010 
52.3 
976 

1090 
476,000 
55,900 
11,500 

14.7 
61 
1.1 

1040 
57.1 
972 

7302-50 14 
5O9,OOO-1,670,ooO 

71,200-208,000 
40,150-66.370 

14.9-49.8 
307455 

5.65-8.42 
238-2480 
9.74-133 
246-2350 

SILO 2 

Actinium-227 313 0 3430 669 2620-4258 
Lead-210 313 0 148,000 5 1,500 104,000-220,000 
Polonium-2 10 313 0 24,700 8140 18,100-36,200 
Radium-226 
Radium-228 
Thorium-228 
Thorium-230 
Thorium-232 
Uranium-234 
Uranium-235/236 
Uranium-238 

3 P  
2/2 
3/3 
313 
1/3 
3/3 
313 
3/3 

61,900 
15.4 
114 
159 
1.87 
2200 
90.9 
2270 

26,500 
4.4 
73 
96 
e 

1410 
56.8 
1460 

24,410-81,840 
11-19.7 

24.7-204 
72.8-293 

e 
. 417-3860 

19.2-1 58 
421-4000 

‘Sample numbers used in this data set include: (Silo 1) 10050 through 10052, and (Silo 2) 10065 through 

%ejected data not included in total number of samples. 
’Values qualified with an R or < are excluded. The mean and standard deviation have been rounded to 
show three significant figures. 

values expressed in picoCuries per liter (pCi/L) 
“ h l y t e  was detected in a single sample. 

10067. 
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. .  

Silos 1 and 2. 
radionuclides. 

Based on 0rigma.l activity, Pb-210 was constituently more leachable than other 
This is consistent with the finding of TCLP analyses for elemental lead. A comparison 

was made between the TCLP radiological results and the results from sampling of the decant sump 
tank and is presented in Table 4-13. Actinium-227 was not detected in the decant sump (41.1 pCi/L) 
but was present at an average concentration of 4990 pCi/L in the combined Silos 1 and 2 TCLP 
results. Lead-210 was present in the TCLP leachate at over 60 times the concentration present in the 
decant sump. The results for Th-230 in the decant sump tank were rejected during data validation; 
however, the report value showed good agreement with the TCLP result. Only uranium isotopes 
showed higher concentrations in the decant sump liquid. Because the tanker from which the decant 
sump liquid was sampled had been used elsewhere on site prior to receiving the liquids, some 
uncertainty exists in all reported values. 

Summarv of Chemical Results 
The 1989 and 1990/1991 sampling results show similar concentrations in the predominant non- 
radioactive metallic constituents in Silos 1 and 2 of barium, calcium, iron, and lead, and the 
predominant organic constituents Aroclor-1254, Aroclor-1260, and mbutyl phosphate. 

Table 4-14 is a summary of the inventory of inorganic constituents in Silos 1 and 2. The inventory is 
based on mean and UCL concentrations reported in Table 4 4 ,  estimated waste volumes reported in the 
K-65 silo mapping project ( O N  1992), and a dry mass density of 2.050 g/cm3. 

4.1.2 Decant Sump Tank 
Section 1.0 provides historic details on the construction of the silo leachate collection system and 
decant sump tank, which functioned as part of the Silos 1 and 2 decant collection system and as part 
of the underdrain system used to collect any potential leakage through the floors of Silos 1 and 2. 
Figure 1-7 shows the location of this tank in relation to the silos. 

Routine monthly sampling of the decant sump tank for radiological contaminants was initiated in 
August 1989. In April 1990, standing water was observed inside the decant sump standpipe, 
approximately 4 f t  above the tank. This fact, in combination with the apparent shifting of the 
standpipe off vertical, lead to the declaration of a rimecritical removal action. 

As discussed in Section 1.0, the Decant Sump Tank Removal Action (Removal Action No. 5) was 
completed in April 1991. Approximately 8000 gallons of liquid were removed from the decant sump 
tank. The collected liquids were sampled and analyzed for radiological and chemical constituents. 
Analytical results are presented in Tables 4-15 and 4-16. It should be noted that the samples discussed 
were not collected directly from the decant sump tank, but from the tanker used to transport the liquid 
to the main plant for processing. The radiological status of this tanker prior to introduction of the 
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TABLE 4-13 

COMPARISON OF SILOS 1 AND 2 TCLP LEACHATE 

TANK LIQUIDS 
CONCENTRATIONS WITH K-65 DECANT S U M P  

Decant Silos 1 and 2 
Til& TCLP Average 

Analyte (pCWIb (PCW) Ratio' 

Actinium-227 

Lead-21 0 

Neptunium-237 

Polonium-2 1 0 

Radium-226 

Radium-228 

Strontium-90 

Te~hne~ t i~m-99  

Thorium-228 

Thorium-23 0 

Thorium-232 

Uranium-234 

Uranium-235 

Uranium-238 

NDd 

8660 

1.2 

7080 

1380 

6.8 

6.5 

44 

ND 
Re 
ND 

23,206 

1190 

23,200 

4990 

604.OOo 

ND 

81,400 

56,100 

15.4 

ND 
ND 

74.5 

272 

5.7 

1610 

71.6 

1620 

-- 
67 

-- 
11 

41 

2.2 

-- 
0.07 

0.06 

0.07 

'Decant tank radiological samples were unfiltered. 
%dues expressed in picoCuries per liter (sib). 
'Ratio of Silos 1 and 2 TCLP average leachate concentration to the concentration (average) 
in the K-65 Decant Sump Tank. 
dm - Not detected 
'R - All data for this analyte rejected by data validation. 
'Uranium-238 value used based on assumed secular equilbrium. 
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TABLE 4-14 

INVENTORY OF K-65 SILO METALS 

~ 

silo 1' silo 2b 

Mean UCL Mean UCL 
Inventory' Inventory' Inventory' Inventory' 

Analyte (rnd (rn (rn (rn 
Aluminum 

Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Calcium 
Chromium 
Cobalt 

Cyanide 
Iron 
Lead 
Magnesium 
Manganese 

Molybdenum 
Nickel 
Potassium 
Selenium 
Silicon 
Silver 
Sodium 
Thallium 
VZU&3diUm 
zinc 

Copper 

M E W  

7.06 

0.14 
0.15 
78.0 
0.007 
0.3 1 
0.013 
19.9 
0.28 
6.29 
1.92 

0.013 
98.8 
549 
19.4 
0.48 
0.004 
32.6 
12.0 
2.88 
1.92 
4.86 
0.07 
58.3 
0.002 
0.91 
0.19 

8.88 

0.17 
0.37 
95.5 
0.007 
0.35 
0.027 
24.5 
0.37 
7.40 
2.23 

0.020 
142 
642 
22.7 
0.65 
0.006 
42.3 
15.4 
3.31 
2.29 
5.74 
0.09 
71.9 
0.009 
1.08 
0.25 

4.92 

0.16 
2.52 
40.6 
0.01 
0.22 

0.029 
194 
0.23 
5.73 
3.09 
0.02 
96.1 
28 1 
22.1 
0.95 

0.005 
1.69 
8.03 
1.26 
0.64 
4.95 
0.10 
14.1 
0.006 
1.38 
0.31 

6.46 

0.27 
9.02 
116 
0.02 
0.30 
0.04 
1750 
0.30 
14.1 
4.76 
0.03 
168 
1740 
37.3 
1.51 

0.007 
2.56 
10.0 
1.96 
0.72 
6.68 
0.13 
18.6 

0.012 
1.73 
0.53 

Based on a volume of 3280 m3 and a dry mass density of 2.050 g/cm3 
Based on a volume of 2840 m3 and a dry mass density of 2.050 g/cm3 
Values for mean and UCL concentrations taken from Table 4 4 .  
units are in memc tons 0. 
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TABLE 4-15 

K-65 DECANT S U M P  TANK RADIOLOGICAL RESULTS 
(SAMPLING DURING THE REMOVAL ACTION) 

Frequency Standard Range 
of M W '  Deviation' of Detects' 

Analyte' Detectionb Rejected (PC~/L)~ (pci/L) (Pci/L) 

Lead-21 0 111 0 8660 f f 
Neptunium-23 7 1/2 1 1.2 f f 
Polonium-2 10 111 0 7080 f f 

Radium-226 414 0 1098 389 797-1640 
Radium-228 214 0 6.80 2.82 4.81-8.8 
Strontium-90 1P 0 6.47 f f 
Technetium-99 113 0 43.8 f f 
ThoriUm-228 1/2 0 2.72 f f 
Thorium-230 1/2 0 197 f f 
Total Uranium' 3l3 0 74300 3560 70400-77400 
Uranium-235 2/2 1 1190 167 1074-1 3 10 
Uranium-238 2/2 1 23200 3970 20390-26000 

The sample numbers used in this data set include: 99411,99412, 99415, and 99416. These 
samples are unfiltered. 
Rejected data not included in total number of samples. 
Values qualified with an R or < are excluded. The mean and standard deviation have been 
rounded to show no more than three si@icant figures. 
Values expressed in picoCuries per liter (pCi/L). 
Values expressed in micrograms per liter @@). 
Analyte was detected in a single sample. 
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TABLE 4-16 

SUMMARY OF CHEMICAL ANALYSES FOR K-65 DECANT SUMP TANK LIQUIDS (1991) 

Frequency Standard 
of Mean' Deviation' Range' 

Analyte' Detectionb Rejected (mg/L)d ( m a )  (mg/L) 

Ammonia 

Chloride 

Fluoride 

Nitrate 

Phenols 

Phosporus 

Sulfate 

Total Organic Carbon 

Total Organic Halides 

Total Organic Nitrogen 

212 

2/2 

3/3 

3/3 

3/3 

3/3 

313 

3/3 

313 

212 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

19.4 

105 

54 

1320 

0.02 

2.42 

6590 

44.6 

0.225 

12.4 

11.2 

2.54 

57 

834 

0.01 

0.791 

2820 

11.2 

0.053 

17.1 

1 1.5-27.4 

103.4-107 

20-1 20 

791.2-2280 

0.01-0.03 

1.53-3.03 

4605-981 2.6 

31.8-52.1 

0.164-0.261 

0.309-24.55 

Aluminum 

Antimony 

ArSeniC 

Barium 

Beryllium 

Cadmium 

Calcium 

chromium 

Cobalt 

Copper 
Cyanide 

Iron 

Lead 

Magnesium 

Manganese 

414 

414 

414 

414 

414 

414 

414 

414 

414 

414 

313 

414 

414 

414 

414 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4-3 1 

1.79 

0.226 

0.612 

0.036 

0.010 

0.010 

4.73 

0.38 

0.072 

0.122 

0.352 

0.476 

0.284 

3.53 

0.105 

0.253 

0.037 

0.082 

0.020 

0.001 

0.003 

1.31 

0.05 

0.005 

0.042 

0.066 

0.376 

0.214 

0.45 

0.125 

1.43- 1.99 

0.188-0.26 

0.5-0.683 

0.021 6-0.0658 

0.008-0.012 

0.005 -0 .O 14 

3.52-6.5 1 

0.31-0.43 

0.066-0.079 

0.088-0.1 84 

0.310-0.429 

0.272-1.04 

0.1 38-0.602 

3.19-4.19 

0.0286-0.293 
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TABLE 4-16 
(Continued) 

Frequency Standard 
of Mean' Deviation' Range' 

Analyte' Detectionb Rejected (mg/LId (mg/L) ( m a )  

Molybdenum 414 0 6.90 0.80 6.17-7.74 

Nickel 414 0 0.084 0.030 0.065-0.129 

Potassium 414 0 , 35.6 5.10 28.3-40.1 

Selenium 414 0 4.89 1.38 2.9-6.02 

Silicon 

Silver 

313 0 77.9 12.3 68.5-91.8 

414 0 0.20 0.03 0.16-0.23 

Sodium 314 0 44.73 2237 1900-5950 

VaMdiUm 414 0 0.237 0.015 0.22-0.256 

zinc 414 0 0.166 0.214 0.031-0.486 

' The sample numbers used in this data set include: 99411,99412,99415, and 99416. These 
samples are filtered. 
Rejected data not included in total number of samples. 

been rounded to show no more than thre si@icant figures. 
' Values qualified with an R, U, or UJ are excluded. The mean and standard deviation have 

' Values expressed in milligrams per liter (mg/L). 
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decant liquids is &own. Because the tanker had been used elsewhere on site for the fransport of 
liquids, radiological and chemical contaminants may have been present in the tanker at the start of 
filling. Following this removal action, approximately 1100 gallons of sludge remained in the decant 
sump tank. One sample of the sludge was collected during the removal action, the results of which 
are presented in Appendix A. 

Liquids continued to collect in the decant sump tank following the April 1991 removal action, and the 
liquids were removed a second time in February 1993. Approximately 6,550 gallons of liquid were 
collected during this removal action. Analytical results are not yet available. 

Two potential sources that may contribute to the collection of liquid within the decant sump tank were 
considered. They are: (1) collecting liquid from the underdrains in Silos 1 and 2; and (2) in-leakage 
of perched water into the decant tank from the surrounding silty/clayey sand lens via failed welds. 

Under scenario 1, the silo underdram&rimeter drain collection system could receive liquids from two 
sources: silo leachate (which migrates through the silo floor into the underdrain system), and 
infiltrating surface water. As stated previously, prior to the April 1991 removal action, liquid was 
observed in the decant sump standpipe at a level 4 ft above the sump tank. Based on the laws of 
hydraulics, this level was either at or below the liquid level in the silos. Had the decant sump tank not 
been drained, the liquid level in the standpipe and the liquid level in Silos 1 and 2 would have 
eventually reached equilibrium. The radiological constituents in the decant sump tank liquid confirm 
that silo leachate is the primary source of liquids in the decant sump tank in addition to residues 
remaining from previous sump operations. The decant sump tank and the associated underdrain piping 
were designed and continue to perform as a silo leachate collection system. In the current 
configuration of the decant sump system, any leachate passing through the silo floor would be 
collected by the perforated pipe and consequently routed to the decant sump tank. 

The second scenario considered appears unlikely. As discussed above, the 4 ft of liquid found in the 
standpipe created a substantial hydraulic head in and around the decant sump tank. Thus, any flow of 
liquid would be from the sump tank to the sand lens, not vice-versa. 

4.1.2.1 Radiological Commsition 
Monthly samples collected from the decant sump tank standpipe from August 1989 through April 
1990 were analyzed at the FEW facility for Ra-226 and uranium isotopes. Radium and uranium were 
detected in all samples. The results for uranium isotopes were generally constant, varying for U-238 
from 12,290 to 17,937 pCi/L. No temporal pattern is apparent in 
ranged from 67 to 1600 pCi/L with no apparent temporal pattern. 

the results. The Ra-226 results 
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Samples taken during removal of the decant sump tank liquids in April 1991 show higher 
concentrations than the monthly sampling. This increase is probably due to the resuspension of 
sediment during pumping of the decant sump tank and taking part of these materials back into solution 
through acidlfving the sample during sample preparation. The single sludge sample that was collected 
during the removal action was dried and analyzed for radiological constituents. Measurable 
constituents included Ac-227 at an activity concentration of 5783 pCi/g, Pb-210 at an activity 
concentration of 123,200 pCi/g, Ra-226 at an activity concentration of 128,500 and Th-230 at an 
activity concentration of 52,130 pCi/g. The measured activity concentrations and the ratios of the 
concentrations for each of these constituents are consistent with measured values for the waste 
materials contained within Silos 1 and 2. 

The detected radionuclides and the concentration ranges for the liquid samples obtained from the 
decant sump tank liquids during the removal action are listed in Table 4-15. Sr-90 was detected in 
one of three samples collected at a level slightly above the contract required detection limit (CRDL). 
Technetium-99 was also detected in one of three samples. Sr-90 and Tc-99 are fission products and 
would not be present in the decant sump tank if the liquids consisted solely of leachate from Silos 1 

and 2 collected via the silo underdrains. The presence of these nuclides may have come from a 
number of sources other than the leaching of radionuclides from the silo contents. These sources 
included: carry-over of other beta emitters during the laboratory chemical separation process; 
infiltration of meteoric water into the decant sump tank; crosscontamination of the sample within the 
transport tanker prior to sample collection; or infiltration of perched groundwater into the decant sump 
tank. 

4.1.2.2 Chemical Constituents 

Inorganic Constituents 
A summary of inorganic constituents detected in the decant sump tank liquid is provided in Table 
4-16. The metals found are consistent with those present in the silo residues (Table 4 4 )  including 
aluminum, antimony, arsenic, chromium, copper, lead, molybdenum, selenium, silver, vanadium, and 
zinc. 

The analytical results for the decant sump tank liquid are summarized in Table 4-16 and were 
compared with the TCLP extract metals concentrations from the 1990/1991 sampling event of Silos 1 

and 2 residues (Table 4-17). Of the metals that are sigmfkant with respect to human health, the 
results from the two sampling events compared favorably with the exception of arsenic, lead, 
molybdenum, selenium, and vanadium. The decant sump tank liquid results were a factor of 10 higher 
than the silo residue TCLP results for arsenic, selenium, and vanadium. Lead results from the decant 
sump tank liquid were lower than the residue TCLP results by a factor of 1OOO. This anomaly is most 
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likely due to the presence of sulfate ion in the decant sump liquor and its absence in the acetic acid 
that is used for the TCLP extraction. The mean sulfate concentration of 6590 mg/L in decant sump 
liquor (Table 4-16) would allow about 1 mg/L of lead to be present in the decant sump liquor, based 
on the PbSO, solubility product. As the lead concentration in the decant sump liquor is a function of 
the sulfate concentrations, higher sulfate concentrations would lower the lead value and lower sulfate 
concentrations would increase the lead value. Reported lead values in decant sump liquor range from 
0.138 to 0.602 m a ,  and this range is within an order of magnitude of the predicted lead solubility 
limit (also, see discussion in Appendix E-3, Section E.3.6, and Figure E.3.8). Molybdenum results for 
the decant sump tank liquid were a factor of 100 higher than the residue TCLP results. 

The decant sump tank liquid results also compared favorably with the EP Tox metals results from the 
1989 sampling of residues from Silos 1 and 2 (Table 4-7). With the exception of barium, all decant 
sump tank mean sample values fell in or within one standard deviation of the range of values resulting 
from the EP Tox metals analyses for the contents of Silos 1 and 2. The barium fell within 2.5 
standard deviations. 

The above comparisons confirm that most of the decant sump tank liquid consists of leachate that 
originates from Silos 1 and 2 and is collected through the silo underdrain system. The use of these 
data to i d e n w  source terms for groundwater fate and transport modeling is addressed in Appendix E, 
Section E.3.5. 

As discussed in Section 4.1.2, results from February 1993,decant sump tank liquid samples, collected 
when the tank was again emptied, were not available for comparison. Comparisons like those 
discussed previously should be made when the results become available. 

Organic Constituents 
Eighteen organic compounds were detected in concentrations near the detection limit in the decant 
sump tank liquid. A list of detected compounds is shown in Table 4-18. Complete results are 
included in Appendix A. With the exception of toluene, which was detected in two out of three 

samples, all volatile detects were at or below the CRQL or were common laboratory contaminants. 
Semivolatile organics detected were either common laboratory contaminants or were present at or 
below the CRQL. 

4.1.3 Silo Radon Treatment System 
As discussed in Section 1.0, an RTS was installed on Silos 1 and 2 in 1988. The purpose of the RTS 
was to temporarily reduce the level of radon in the headspace of the silos. This reduction in radon 
concentration substantially reduced the potential for direct radiation exposure to personnel working on 
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TABLE 4-18 

SUMMARY OF ORGANIC ANALYSES FOR K-65 DECANT SUMP LIQUIDS (1991) 

Frequency Standard 
of MeanC Deviation' Range' 

Analyte' Detectionb Rejected (mg/L) (mg/L) 

PCBs and Pesticides 

Aroclor-1242 2 P  0 0.001 O.OO0 0.001 -0.0012 

Semivolatile Organics 

2-Nitrophenol 

2,4-Diniwphenol 

2,6-Dinitrotoluene 

4-Nitrophenol 

4-Methylphenol 

Benzoic acid 

bis(2-Ethylhexy1)phthalate 

Phenol 

2 

2 

0 

0 

2 

1 

0 

2 

0.1 1 

0.005 

0.002 

0.001 

0.003 

0.0015 

0.002 

0.006 

e 

e 

e 

0.0007 

e 

0.0007 

e 

e 

e ,  

e 

e 

0.001 -0.002 

e 

0.001 -0.002 

e 

e 

Volatile Organics 

(606271 

2-Hexanone 113 0 0.003 e e 

4-Methyl-2-pentanone 213 0 0.003 0.0007 0.002-0.003 

Carbon disulfide 1/3 0 0.004 e e 

Carbon tetrachloride 113 0 0.008 e e 

Chloroform 213 0 0.004 0.004 0.001-0.006 

Ethyl benzene 113 0 0.001 e e 

Tetrachlorethene 1/3 0 0.003 e e 

Toluene 213 0 0.034 0.044 0.003-0.066 

Total xylenes 1P 0 0.W e e 

' The sample numbers used in this data set include: 99412,99415, and 99416. 
Rejected data not included in total number of samples. 
Values qualified with an R, U, or UJ are excluded. 
Values expressed in milligrams per liter (mg/L). 

e Analyte was detected in a single sample. 

4-37 



FEMP-MRI-6 DRAFT 
November 3,1993 

top of the silo domes. The reduced exposure potential was necessary to support reinforcement of the 
silo domes during an interim removal action, because implementation of the removal action required 
that personnel work on top of the silos for extended periods of time. 

A removal site evaluation was conducted in January 1992 to assess the condition of the RTS (DOE 
19920 and to evaluate the need for a removal action. The accompanying action memorandum 
determined that no action was justified. 

In the c o m e  of the evaluation, the location and containment of contamination within the RTS were 
assessed. This assessment was completed by conducting a radiological survey for fmed and removable 
contamination to determine if the closed treatment system had leaked and by calculating the inventory 
of the longer half-life progeny of Rn-222. 

As a result of the assessment, it was concluded that the predominant contaminants present are Pb-210 
and progeny (primarily Po-210 and bismuth-210 [Bi-2101) which will achieve secular equilibrium in 
early 1994. The contaminants are located in the RTS calcium sulfate drier canisters, the charcoal 
canisters, and to a lesser extent, the system piping. Based on system operation to date, a total of 9.5 
Curies of Pb-210 are estimated to be present in the system. 

The RTS building and external equipment surfaces are periodically surveyed for direct radiation and 
removable and fixed radioactive contamination. The latest available survey revealed that only isolated 
contamination is present in the accessible portions of the RTS. Of more than 70 measurements made, 
only five locations had measurable contamination above the instrument detection limit. Measurements 
for only one of these locations (5059 dpm/lOO an2 beta-gamma) was greater than DOE guidelines for 
unrestricted release. All direct radiation measurements were at the area background exposure rate of 
0.5 mRb. 

4.1.4 Silo 3 
Section 1.0 provides a detailed description of the origmal processes that produced the material now 
stored in Silo 3. Section 3.0 provides a physical description of the silo contents. This information is 
useful in understanding the nature of the contaminants stored in the silos. 

4.1.4.1 Radiological Constituents 
The results of the 1989 samples collected from Silo 3 are presented in Table 4-19. Twelve 
radionuclides were identified including Ac-227, Pb-210, Pa-231, isotopes of radium, Th-228, Th-230, 
Th-232, and isotopes of uranium. Thorium-230 had the highest activity concentration, ranging from 
21,010 to 71,650 pCi/g. No sampling of Silo 3 residues was perfoxmed concurrent with the 1990/1991 
sampling of Silos 1 and 2. 

4-38 
000272 



TABLE 4-19 

4947 
FEMP-04RI-6 FINAL 

November 3.1993 

RADIONUCLIDE CONCENTRATIONS IN SILO 3 RESIDUES 

~~ ~~~ 

Frequency Arithmetic Upper 95% CI Range 
of Mean' on A Mean' of Detection' 

M y t e  a Detectionb Rejected <pCWd <Pci/g> (Pci/g> 
SILO 3 

Actinium-227 
Lead-210 

Radium-224 
Radium-226 
Radium-228 

Prota~tiniUm-23 1 

Thorium-228 
Thorium-230 
Thorium-232 
Uranium-234 
Uranium-235/236 
Uranium-238 

9J9 
1111 1 
9/11 
1111 1 
1111 1 
9/11 
711 1 
11/11 
811 1 
1111 1 
10111 
1111 1 

2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

618 
2620 
487 . 

290 
2970 
297 
590 

51200 
656 
1480 
93.6 
1500 

925 
3480 
627 
367 
3870 
406 
747 

60200 
842 
1730 
117 

1780 

234-1363 
454-6427 
266-93 1 
64453 

467-6435 
82-559 

459-996 
2 1010-7 1650 

411-1451 
348-1 935 
42-158 

320-2043 

Sample numbers used in this data set include: 100097 through 100107. 
Rejected data not included in total number of samples. 
Values qualified with an R are excluded. The mean and upper 95% confidence interval (CI) on mean 
have been' rounded to show three si@icant figures. The mean is calculated using one-half the SQL 
for nondetects. 
Values expressed in picoCuries per gram @Ci/g). 
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The sample results for Silo 3 are consistent with process knowledge. Radionuclides detected were at 
expected levels. Lower grade ores were refined at the FEMP site during the period of Silo 3 operation 
in comparison to the high assay pitchblende, which produced the M i t e s  Silos 1 and 2. Therefore, 
the concentration of Th-230 is lower than the Ra-226 concentrations in Silos 1 and 2. 

4.1.4.2 Chemical Constituents 

Inorganic Constituents 
A summary of the inorganic constituents detected in samples from Silo 3 is provided in Table 4-20. 
Of the 23 inorganic constituents detected, predominant metals include aluminum, calcium, iron, 
magnesium, potassium, and sodium. Other metallic constituents include arsenic, cobalt, copper, lead, 
manganese, nickel, and vanadium. Concentration ranges for the predominant constituents are 10,800 
to 23,700 mg/kg for aluminum; 21,300 to 39,900 mg/kg for calcium; 13,900 to 67,600 mg/kg for iron; 
38,200 to 80,900 mg/kg for magnesium; 1300 to 22,800 mg/kg for potassium; and 22,900 to 51,700 
mg/kg for sodium. 

Organic Constituents 
In 1989, four samples were collected from Silo 3 for HSL organic analyses. HSL volatile organic data 
from the 1989 sampling of Silos 1, 2, and 3 were rejected due to missed sample holding times. 
Results for PAHs are not seriously effected by extended holding times and can remain basically 
unchanged for years. Also, aroclors (PCBs) and pesticides are very persistent and show little tendency 
toward degradation, either chemically or biologically. Therefore, data for these analytes were retained 
during validation. With the exception of 2-nitrophenol and 4-nitrophenol, which were each detected in 
a single sample at a value less than the sample quantitation limit, no organic compounds were found. 
Other analyses for semivolatile organic compounds were rejected for missed holding times. The total 
1989 HSL organic analytical results for Silo 3 are presented in Appendix A. 

TCLP and Ep Tox Analyses 
Eleven samples were submitted for metals Ep Tox analyses. Results of these analyses are reported in 
Table 4-21. One sample from Silo 3 was submitted for TCLP for radiological constituents. Results 
for this sample are reported in Table 4-22. The use of these and other data in developing source terms 
for groundwater transport calculations are presented in Appendix E, Section E.3.5. ' 

Summary of Radiological and Chemical Inventory 
Table 4-23 provides an inventory of radionuclides contained in Silo 3. Table 4-24 is an inventory of 
HSL metals in Silo 3. The inventory is based on the mean and UCL concentrations reported in Tables 
4-19. and 4-20 an estimated waste volume of 3900 m3 @OE 1987). and a dry mass density of 2.267 
g / d 3  ( A ~ ~ n d i x  A - Silo 3 geotechnical results). No reliable analyses were completed for volatile 
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TABLE 4-20 

SUMMARY OF INORGANIC ANALYSES FOR SILO 3 RESIDUES 

Range of 
of MtXUl' CI on Mean' Detection' 

Frequency Upper 95% 

M y t e a  Detectionb Rejected (mg/kg)d (mg/kg) (mg/kg) 

Metals 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 

Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
VanadiUm 
zinc 

Copper 

11/11 
1/1 

11/11 
11/11 
11/11 
11/11 
11/11 
11/11 
10/10 
11/11 
11/11 
11/11 
11/11 
11/11 

3/3 
1 O/l 0 
11/11 
11/11 
11/11 
11/11 
10/10 
11/11 
11/11 

0 
10 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
8 
1 
0 
0 
0 
0 
1 

0 
0 

17200 
5 .s 

1950 
217 

24.2 
60 

29400 
288 

2100 
2550 
37800 
1730 

58600 
4380 

0.4 
3150 
7260 
174 
16 

36100 
21 

1820 
450 

19800 
e 

3170 
278 
29.1 
94 

33400 
395 

2890 
3340 

52200 
2380 

68900 
5160 
0.7 

4290 
14000 
229 
18 

40800 
56 

3490 
535 

10800-237OO 
e 

532-6380 
1 18-332 
10-39.9 

21.5-204 
21 300-39900 

139-560 
1100-3520 
1610-7060 

13900-67600 
646-4430 

38200-80900 
2420-6500 
0.3-0.69 

1760-6170 
1300-22800 

101 -349 
9.2-23.8 

22900-5 1700 
4-73.9 

41 84550 
301 -672 

Note: Due to risk-based screening criteria used in Appendix D and not in Section 4.0, this table is not 
directly comparable with Table D.24. 

* Sample numbers used in this data set include: 100097 through 100107. 

' Values qualified with an R are excluded. The mean and upper 95% confidence interval (CI) on mean 
Rejected data not included in total number of samples. 

has been rounded to show three si@icant figures. The range has been rounded to the nearest 
thousandth. 
Values expressed in milligrams per kilogram (mg/kg). 

e Analyte detected in a single sample. 
. a ; * '  000275 
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TABLE 4-21 

EP TOXICITY RESULTS FOR SILO 3 RESIDUES - 1989' 

Maximum 
Frequency Standard Allowable 

of M a  Deviation m u m  mimum Concentrationb 
Detection (mg/L) (mg/L) (mg/L) (mg/L) 

silo 3 

ArSeniC 

BarilUIl 

Cadmium 

Chromium 

Lead 

Mercury 

Selenium 

Silver 

911 1 

1111 1 

11/11 

1111 1 

7/11 

211 1 

1111 1 

1/11 

9.481 

0.080 

0.847 

5.05 

0.239 

0.0005 

2.65 

0.007 

12.393 

0.046 
1.740 

3.22 

0.327 

O.ooo9 

3.00 
0.008 

NDc 

0.02 

0.108 

0.336 

ND 

ND 
0.92 

ND 

41.5 

0.156 

6.32 

11.9 

1.01 

0.003 

11.7 

0.032 

5.0 

100.0 

1 .o 
5.0 

5.0 

0.2 

1 .o 
5.0 

The data presented in table have not been validated. The sample numbers used in this data set include: 
MM3325 through MM3335. 
bata obtained fkom 40 CF'R 261.23. 
'ND - Not Detected 
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TABLE 4-22 

TCLP RADIOLOGICAL ANALYSES FOR SILO 3 RESIDUES 

~ 

Radiological Parameters Concentration @Ci/L)' 

Actinium-227 
Gross alpha 
Gross beta 
Lead-210 
Polonium-21 0 
Prota~tiniUm-23 1 
Radium-226 
Radium-228 
Thorium-228 
Thorium-230 
Thorium-232 
Uranium-234 
Ura~.ium-235/236 
Uranium-238 

' Data from sample 100074 (11/12/92) 

5.54 f 1.94 
3150 f 830 
670 i 340 
87.1 f 9.2 
2 4 5 *  110 

< 647 
2455 & 558 

< 110 
3.17 f 1.42 
10.4 f 2.8 

< 1  
92.2 f 13.8 
5.09 f 1.59 

86 f 13 
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TABLE 4-23 

INVENTORY OF SILO 3 RADIOLOGICAL CONSTITUENTS 

silo 3' 

Analyte 

Mean UCL 
Inventoryb Inventoryb 

(a) (Ci) 

Actinium-227 

PrOtaCthhm-23 1 

Lead-2 10 

Radium-224 

Radium-226 

5.4 

4.3 

23.2 

2.6 

26.3 

8.2 

5.5 

30.8 

3.2 

34.2 

Radium-228 

Thorium-228 

Thorium-230 

Thorium-232 

Uranium-234 

Uranium-235/236 

Uranium-238 

Total Uranium' 

2.6 

5.2 

453 

5.8 

13.1 

0.83 

13.3 

39.9 

3.6 

6.60 

532 

7.4 

15.3 

1.04 

15.7 

47.2 

'Based on a volume of 3900 m3 and a dry mass density of 2.267 g/cm3 
values for mean and UCL concentrations from Table 4-19 
"Total Uranium mass in metric tons. Calculated from isotopic distribution of 
Uranium 
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TABLE 4-24 

INVENTORY OF SILO 3 METALS 

silo 3' 
~ 

M&Ul UCL 
Inventoryb Inventoryb 

Analyte (rnC (W 
Aluminum 152 175 
Arsenic 17.2 28.0 
Barium 

Beryllium 
1.92 

0.21 

2.46 

0.26 

Cadmium 0.53 0.83 
Calcium 

ChrOmiUm 
260 

2.55 

295 

3.49 
Cobalt 18.6 25.6 

Copper 22.5 29.5 
Iron 334 462 
Lead 15.3 21 .o 
Magnesium 518 609 

Manganese 38.7 45.6 
Mercury 

Nickel 
0.004 
27.9 

0.006 
37.9 

Potassium 64.2 124 

Selenium 1.54 2.02 

silver 0.14 0.16 
Sodium 

Thallium 
319 
0.19 

361 

0.50 
Vanadium 16.1 30.9 
zinc 3.98 4.73 

a Based on a volume of 3900 m3 and a ~ T Y  mass density of 2.267 @a3 
Values for mean and UCL concentrations taken from Table 4-20. 
Units are metric tons (m. 
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organic compounds (VOC) and certain semiorganic volatile organic compounds (SVOC). Additional 
sampling of Silo 3 for HSL volatile organic compounds is deemed unwarranted based on process 
knowledge and the sample results from Silos 1 and 2. Only two organics, kerosene and tributyl 
phosphate, were used in the extraction process. As discussed in Section 1.0, the materials in Silo 3 
were generated as part of the same process that generated the wastes in Silos 1 and 2. However, at 
the completion of processing in the refinery, cold raffinates were first dried and then calcined prior to 
&er to Silo 3. The calciners operated in a temperature range from 510°C (950°F) to 820°C 
(1500OF). This process would have combusted or volatilized organic compounds present in the metal 
oxides prior to transfer to Silo 3. This fact is confirmed by the absence of PCBs in Silo 3 in spite of 
their presence in Silos 1 and 2. In spite of the absence of HSL volatile organic results, the contents of 
Silo 3 are considered to be well characterized for purposes of the RI/FS based on process howledge 
and the sample results from Silos 1 and 2. 

4.1.5 Silo 4 
Production and waste disposal records show that Silo 4 was never used for production-related 
activities, waste storage, or waste disposal. The silo was examined in June 1990 and no residue 
material was found, which is consistent with facility records. Site records indicate that water has been 
periodically removed from the silo. Water was removed in 1989 to support a structural integrity 
evaluation and again in 1991 prior to the surface mapping of Silos 1 and 2. (Silo 4 was used in 
equipment checkout.) 

Water samples collected from the silo in June 1989 revealed 121 pg/L U-total and HSL metal results 
consistent with water in contact with cement. The silo was again sampled before water removal in 
May 1991. The average U-total concentration was 0.3 pgJL and all Th-total results were reported at 
the quantitation limit of 0.4 pg/L. HSL inorganic results were again consistent with water in contact 
with cement. 

4.1.6 Direct Radiation 
Areas on site, off site, and along the FEMP boundary fenceline are monitored for direct exposure to 

penetrating radiation (gamma radiation) as part of the FEMP Environmental Monitoring Program. A 
major source for direct radiation is the radium-bearing residues in Silos 1 and 2. Bentonite slurry was 
installed as a removal action in 1991 to cover these residues. 

Direct Radiation Measurements 
The following paragraphs present the results of direct radiation measurements made before and after 
the implementation of the K-65 Silos Removal Action. Figure 4-3 shows results of direct radiation 
measurements for the FEMP site. These results are the average quarterly direct radiation data for 1990 
and 1992, which represent 1-year periods before and after the K-65 Silos Removal Action. Figke 4-4 
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shows the average quarterly direct radiation data at Operable Unit 4 before and after the removal 
action. Figure 4-5 is a summary of direct radiation measurements with a radiation survey instrument 
on the silo domes prior to and post bentonite installation. Both the site-wide and the Operable Unit 4 
measurements indicate a decrease in exposure rates following implementation of the removal action. 
A si@icant decrease is observed for locations near Silos 1 and 2, particularly those locations along 
the silo exclusion fence. 

During 1990, before the removal action, the FEMP site perimeter monitoring station that exhibited the 
highest average radiation exposure rate was the station directly west of Operable Unit 4. This station 
is more than 1100 ft from the silos, along the western FEMP site boundary (WEMCO 1992) and 
averaged 12.6 microrems per hour (prem/hr). Natural background radiation measurements for the area 
surrounding the FEMP site during 1990 ranged from 6.1 to 6.9 prem/hr (WEMCO 1992). The 1992 
monitoring data for this location, after the removal action, show that the exposure rate decreased to 5.2 

J.lrem/hr. 

Placement of the bentonite reduced the direct radiation from the silos in two ways. First, the residues 
were shielded by the presence of the bentonite layer, thereby reducing direct gamma radiation from the 
residues to the surrounding areas. Second, the radon flux from the residues was reduced, thereby 
lowering the concentration of radon and progeny in the silo headspace. This reduction resulted in a 
decrease of direct radiation in the areas of Silos 1 and 2. This level of reduction in direct radiation is 
similar to the reduction observed when the RTS was operated. In that instance, however, exposure 
rates at the dome were reduced by only a factor of two, from 140 mR/hr to 70 mR/hr. Thus, bentonite 
has proven more effective than the RTS in lowering the headspace radon concentration. 

4.2 SURFACE AND VADOSE ZONE SOIL 
The following subsections examine the nature and extent of contamination in surface soil, the berm 
soil around Silos 1 and 2, subsurface soil below Silos 1 and 2, the vadose zone soil, and soil from 
trenches west of Silos 1 and 2. 

Surface soil within Operable Unit 4 was investigated as part of FEMP site-wide investigations. In 
addition to the samples collected as part of the FEMP remedial investigation, sample results were also 
reviewed from the CIS and the Waste Pit Area Runoff Control Removal Action. These data are 
utilized herein for characterization of surface soils. 

Berm soils around Silos 1 and 2 and soils beneath Silos 1 and 2 were sampled and reported as part of 
this investigation. The materials in Silo 3 are hygroscopic and dry; therefore, they are unlikely to 
form leachate that may migrate into groundwater. Consequently, the soil beneath Silo 3 was not 
investigated. 

000383 
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4.2.1 Surface Soil 
Surface soil within Operable Unit 4 was sampled and analyzed for radiological constituents during the 
CIS, the site-wide RIPS, and the Waste Pit Area Runoff Control Removal Action. The Waste Pit 
Area Runoff Control Removal Action included 10 samples for metals, 9 samples for HSL pesticides, 
and 8 samples for HSL organics in the Operable Unit 4 Study Area. The analytical results from the 
CIS are of sufficient quality to be used along with RIPS data for determining the nature and extent of 
contamination. 

Analyses performed for surface soils included most of the U-238 decay series, the Th-232 decay 
series, and the U-235 decay series as discussed in Sections 1 and 2. In surface soils, lead-210 and its 
decay product polonium-210 are potentially present as a result of two release mechanisms, operational 
spills and through plate-out from radon-222 releases from the silos. Other nuclides are more 
appropriate for the detection of operational spills such as U-238, Th-230, and R-226. 

The second release mechanism, radon decay product plate-out, is a very small contributor to the 
surface soil concentrations of Pb-210 and Po-210 in the Operable Unit 4 area. Since releases of 
radon-222 are well documented, the presence of Pb-210 and Po-210 are not necessary to confirm this 
release. Further, since only radon gas is released from the silos (the decay products remain within the 
intact silo), decay product in growth is insi@icant during the residence time of ore within the 
Operable Unit 4 area. For this reason, no build-up of radon decay products occurs in the Operable 
Unit 4 area. 

4.2.1.1 Nature of Contamination 

Radiological Constituents 
As indicated in Figure 4-6, a number of surface soil samples were collected from the former K-65 
Drum Staging Area. While soils exhibiting elevated radium concentrations were previously excavated 
from this area at the time the drum staging activity ceased, there remains the potential that residual 
activity concentrations of uranium and its progeny remain in the soils in this area. As can be seen 
from Table 4-25, the Ra-226 activity concentrations in the soils in this area, as determined on a wet 
weight basis by the on-site gamma screening analysis, ranged from 0.5 to 35.8 pCi/g. Radiological 
walkover surveys performed in this area under the CIS are considered inconclusive due to the 
interferences created by the elevated direct radiation field associated with the K-65 residues. 

No specific samples were collected from areas adjacent to or under the existing concrete pad for the 
former Dnrm Handling Building and the concrete pipe trench. While interviews with long-term 
employees did not reveal any known simicant  releases from the operation of these facilities, there is 
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TABLE 4-25 

CIS SURFACE SOIL DATA 

FMP-SL4-571 
FMP-SL-46-572 
FMP-SS-46-196 
FMP-SS-46-197 
FMP-S S-46- 199 
FMP-SS-46-200 
FMP-SS-46-201 
FMP-S S-46-202 
FMP-SS-46-203 
FMP-SS-46-204 
FMP-SS-46-206 
FMP-SS-46-206D 
FMP-S S-46-207 
FMP-SS-46-208QC 
FMP-SS-46-318 
FMP-SS-46-3 19 
FMP-S S-46-320 
FMP-SS46-320D 
FMP-SS-46-32 1 
FMP-SS-46-322 
FMP-SS-46-323 
FMP-SS-46-324 
FMP-SS-46-325 
FMP-SL-46-326 
FMP-SL-46-327 
FMP-SS-46-567 
FMP-SS-46-569 
FMP-S S-23-05 3 

MEAN' 

4.5 
~ 0 . 6  
<0.3 
4 . 1  
~ 0 . 4  
<0.2 
~ 0 . 3  
<0.2 
0.8 
~ 0 . 4  
0.9 
0.9 
4 . 9  
<OS 

1.2 
4 . 4  
<0.8 
~ 0 . 4  
0.5 
<1 
1 .o 
42.4 
0.4 
co.9 
<0.1 
4 . 9  
1.1 
4 . 7  

0.84 

11.6 
2.3 
1.7 
0.7 
~ 0 . 3  
0.5 
1 .o 
0.9 
1.1 
4.5 
4.4 
4.0 
5.3 
8.4 
10.3 
7.9 
1.3 
1.6 
4.7 
2 :o 
4.4 
35.8 
1.7 
3.2 
1 .o 
22.5 
3.6 
0.6 

5.54 

43.2 
Q.4 
~ 3 . 6  
<4.3 
<OS 
~ 3 . 6  
<3 
~ 0 . 4  
~ 3 . 8  
<3.5 
~ 0 . 6  
<4.2 
<6 
<6 
<11 
<OS 
4 . 8  

<0.9 
~ 0 . 6  
<3.4 
~ 0 . 6  
4 
~ 3 . 2  
<4.9 
<4.5 
4 3  
4 . 4  
<0.8 

NDb 

42.2 
Q.3 
<0.3 
4 . 2  
Q.8 
4 . 8  
~ 0 . 7  
0.7 
<OS 

<0.3 
<1 
Q.6 
<0.8 
4 . 4  
<0.9 
Q -5 
<4.3 
0.6 
~ 4 . 2  
<4.4 
<4.6 
<4 
Q.7 
<4.3 
0.4 
~ 3 . 2  
<0.7 
0.9 

0.67 

Q3 
4 1 . 2  
8.7 
4.1 
<3.3 
4 
4 . 7  
2.6 
12.3 
5.6 
4 9 . 4  
4 8 . 4  
6.2 
7.7 
4 4 . 9  
4 2 . 1  
3.2 
6.4 
4 4 . 9  
6.1 
8.5 
(7.2 
5.5 
43 .7  
3.0 
37.4 
18.9 
4.5 

9.04 

0.50 
0.50 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.16 
0.16 
0.00 
0.00 
0.00 

C 

1 .00 
1 .00 
0.16 
0.16 
0.16 
0.16 
0.16 
0.16 
0.16 
0.16 
0.16 
0.16 
0.16 
0.16 
0.16 
0.16 
0.16 
0.16 
0.16 
0.16 
0.16 
0.16 
0.16 
0.50 
0.50 
0.16 
0.16 
0.50 

C 
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TABLE 4-25 
(Continued) 

FMp-ss4-206d FMP-SS46-318d 
(PCVg) (PcVg) 

CS-1 37 2.60 ~0.40 
Np-237 <.30 
Pb-210 NA' 
Pu-238 
Pu-239/240 
Ra-226 
Ra-228 

co.10 
co.10 
7.00 
NA 

Ru-106 Q.00 
Sr-90 <0.30 
TC-99 
Th-228 
Th-230 
Th-232 
u-234 

C4.00 

0.80 
295.00 

1 .00 
6.10 

U-235 0.40 
U-238 , 9.30 

'Duplicates not used to calculate mean. 
bND - None detected. 
'Not applicable. 
%s sample is a split sample that was sent to another laboratory for analyses. 
'NA - Not analyzed. 

4 .08  
NA 

4 .20  
CO.10 
17.02 
NA 

Q.00 
CO.90 
co.90 
1.10 
14.00 
1.70 
11.00 
0.60 
23.00 
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a potential that residual contamination could exist in the soils surrounding these facilities. Residual 
contamination in'these aieas is,expected to be localized in discrete "hot spots" adjacent to the facilities 
or directly under cracks or seams in the concrete. 

During the course of the CIS, 25 surface soil samples were collected from locations within'the 
Operable Unit 4 boundaries. Twenty of the samples were collected from a depth of 0 to 2 inches and 
the range of results is displayed in Figure 4-6 The remaining samples were collected from a depth of 
2 to 12 inches. All 25 samples were analyzed on site, using high resolution gamma spectroscopy, for 
Cs-137, Ra-226, Ru-106, Th-232, and U-238. In addition, two of the 25 samples were sent to an off- 
site laboratory for additional radiological analyses. Radionuclides analyzed for included those 
measured in the on-site laboratory as well as a full range of radionuclides not detected using gamma- 
ray spectral techniques. 

The results for these 25 samples, from both the .on- and off-site laboratories are presented in Table 
4-25. Radionuclide concentrations for U-238 ranged from 2.6 pCi/g to a high of 37.4 pCi/g. The 
mean concentration was 9.04 pCi/g. Concentrations of Ra-226 ranged from less than 0.5 pCi/g to a 
high of 35.8 pCi/g. The mean concentration of Ra-226 in soils from 0 to 2 inches was 5.54 pCi/g. In 
addition, the two surface soil samples analyzed in an off-site laboratory yielded U-238 concentrations 
of 9.30 and 23.0 pCi/g and Ra-226 concentrations of 7.00 and 17.02 pCi/g, which are consistent with 
data from the on-site laboratory. One sample, FMP-SS-46-206, submitted to the off-site laboratory, 
yielded a Th-230 value of 295.0 pCi/g. The ratio of Th-230 to U-238 in this sample is consistent with 
the ratios of these isotopes in Silo 3, which indicates a potential spill of Silo 3-like material at the 
location identified by the state-planar coordinates E 1378423.13 and N 480733.44 (approximately 20 ft 
west of Silo 3). On a site-wide basis, the CIS data confirmed that contaminant concentrations decrease 
sijpfkantly with depth. 

Figure 4-7 shows the distribution of U-238 concentrations across the Operable Unit 4 Study Area 
based on the RI analytical results. Results from the RI relevant to Operable Unit 4 are summarized in 
Table 4-26. Concentrations observed were as high as 6.9 pCi/g for U-234, 20.8 pCi/g for U-238.4.8 
pCi/g for Th-230, 1.7 pCi/g for Th-232, and 2.3 pCi/g for Ra-226. In general, the results show that 

surface soil across Operable Unit 4 contain elevated uranium concentrations. However, with the 
exception of U-234, U-238, and Tc-99, radionuclide contaminant concentrations are below or only 
slightly above background concentration. 

Nonvalidated radiological data collected from the Waste Pit Runoff Control Removal Action are 
presented in Table 4-27. The data reveal U-238 concentrations in the range of less than 0.54 to 9.40 
pCi/g and Ra-226 concentrations in the range of 1.12 to 88 pCi/g. 
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TABLE 4-26 

SUMMARY OF SURFACE SOIL RADIOLOGICAL ANALYSES 
(RYFS - DATA) 

Frequency Standard 
of MeanC Deviation' Range' 

Analyea Detectionb Rejected <pCi/g>d <Pci/g> (Pci/g> 

Radium-226 7 P  3 1.24 0.54 0.6-2.3 

Radium-228 7 P  3 1.17 0.39 0.5-1.7 

Strontium-90 6/9 1 1.15 0.44 0.8-1.8 

Technetium-99 211 0 0 2.4 1.7 1.2-3.6 

Thofi~m-228 9/10 0 1.11 0.16 0.9-1.4 

Thorium-230 1011 0 0 3.1 1.09 1.44.8 

Thorium-232 9/10 0 1.12 0.26 0.9-1.7 

Total Uranium' 616 3 17.5 23.0 4-64 

Uranium-234 717 0 3.7 1.61 2.4-6.9 

Uranium-238 717 0 8.3 6.93 2.4-20.8 

The sample numbers used is this data set include: 5423, 5644 through 5652,5884, 5887, 
and 8188. 
Rejected data not included in total number of samples. 
Values qualified with an R or < are excluded. The mean and standard deviation have been 
rounded to show no more than three sigmficant figures. 
Values expressed in picoCuries per gram @Ci/g). 

e Values expressed in micrograms per gram (pug). 
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TABLE 4-27 

SUMMARY OF SURFACE SOIL RADIOLOGICAL ANALYSES 
WASTE PIT AREA RUNOFF CONTROL PROJECT 

Sample 
Sample Depth 
Number (fW TotalUb U-234 U-235 U-238 Total Thb 

RC-0155 

RC-0157 

RC-0159 

RC-0161 

RC-0163 

RC-0802 

RC-0804 

RC-0814 

RC-0816 

RC-0818 

EM-1 81 5 

EM-1819 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

<1 lC 

15 

125 

57 

262 

11 

29 

<11 

4 1  

28 

NR 
NR 

Q.75 

5.63 

23.4 

7.13 

46 .4  

NR 

NR 

NR 
NR 
NR 
NR 

NR 

d . 1 5  

0.22 

1 :2 

0.36 

1.7 

NR 

NR 

NR 
NR 
NR 
NR 
NR 

<0.39 

0.54 

4.48 

2.05 

9.40 

NR 
NR 

NR 
NR 

NR 
I 

NR 

NR 

423 

Q3 

24 

Q3 

33 

4 8  

4 8  

4 8  

4 8  

4 8  

4 8  

4 8  

Sample 
Sample Depth 
Number (feet) Th-228 Th-230 Th-232 Ra-226 Ra-228 

RC-0155 

RC-0157 

RC-0 159 

RC-0161 

RC-0 163 

RC-OS02 

RC-OW 

RC-0814 

RC-08 1 6 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

2.4 

0.25 

Q.6 

0.94 

2.87 

1.9 

2.4 

1.4 

1.4 

NRd 

1.5 

NR 

11.7 

25 

2.3 

2.4 

1.8 

1.7 

~ 4 . 8  

2.8 

4 . 2  

13.6 

29.9 

5.6 

6.1 

4.4 

4.6 

4 . 8  

1.12 

88 

2.06 

1.66 

NR 
NR 

NR 

NR 

<4.4 

1.04 

4.3 

1.17 

2.91 

NR 

NR 
NR 

NR 

RC-Ogl7 1 .o 1.6 1.9 5.1 NR NR 
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Sample 
Number 

Sample 

(feet) Th-228 Th-230 Th-232 Ra-226 Ra-228 

RC-0818 

EM-1815 

EM-1819 

0.5 

0.5 

0.5 

2.1 

2.3 

2.6 

1.8 

2.1 

5.3 

'Results expressed in picocuries per gram (pCi/g) 
kesults expressed in micrograms per gram (pg/g) 
'< - Not detected. Number represents detection limit. 
dm - Not requested 

5.4 

6.3 

9.9 

NR NR 
NR NR 
NR NR 
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As shown in Figures 4-6 through 4-8, the samples collected and analyzed under these three studies are 
well distributed across the Operable Unit 4 area outside the berm surrounding Silos 1 and 2. The data 

are consistent between studies and show that, in general, the predominant contaminant is U-238 
followed by Ra-226 and Th-230. 

No specific samples were collected from areas adjacent to or under the existing concrete pad for the 
former Drum Handling Building and the concrete pipe trench. While interviews with long-term 
employees did not reveal any known sigmticant releases from the operation of these facilities, there is 
a potential that residual contamination could exist in the soils surrounding these facilities. Residual 
contamination in these areas is expected to be localized in discrete "hot spots" adjacent to the facilities 
or directly under cracks or seams in the concrete. 

Inorganic Constituents 
The Waste Pit Area Runoff Control Removal Action included 10 surface soil samples for inorganic 
constituents in the Operable Unit 4 Study Area. Sample results are presented in Table 4-28. Sample 
locations are shown in Figure 2-8. Of the constituents detected, antimony, beryllium, chromium, 
copper, magnesium, nickel, silver, and sodium were consistently above background. None of the 
surface soil samples were subjected to TCLP analysis. 

Organic Constituents 
The Waste Pit Area Runoff Control Removal Action included sampling from the Operable Unit 4 
Study Area. Nine samples were collected and analyzed for HSL pesticides. Eight samples were 
collected and analyzed for HSL semivolatile and volatile organics. Sample results are presented in 
Table 4-29. Sample locations for organic analyses are shown in Figure 2-8, along with the locations 
for inorganic analyses. 

The only detected volatile compounds consisted of common laboratory contaminants. With the 
exception of one sample collected at a depth of 1.5 to 2.0 ft, which contained elevated concentrations 
of a number of SVOCs including benzo(a)pyrene, semivolatile organic compounds were at or only 
slightly above the CRQL in all samples. 

4.2.1.2 Extent of Contamination 
The results of surface soil analyses indicate that uranium is the predominant radionuclide contaminant 
in surface soil within Operable Unit 4. As shown in Figure 4-7, U-238 occurs at above background 
concentrations at all  sampling locations within the Operable Unit 4 Study Area sampled during the FU. 
Data collected during the Waste Pit Area Runoff Control Project and the CIS support this observation. 
Figure 4-8 presents the total ufanium concentration distribution in surface soil from both the RyFS and 
the Waste Pit Area Runoff Control Project. 
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TABLE 4-28 

SURFACE SOIL INORGANIC CONSTITUENTS 
WASTE PIT AREA RUNOFF CONTROL PROJECT 

Boring Number W A l 5  W A l 8  WPA19 WPA20 WPA21 

Depth (feet) 0.5 0.5 0.5 0.5 0.5 
Sample Number 061100 061121 061 128 061 135 061 142 

Metals Analytical Results (mglkg)' 
Aluminum 
Antimony 
ArSeniC 
Barium 

Beryllium 
Cadmium 
Calcium 
chromium 
Cobalt 

Copper 
Cyanide 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Potassium 
Selenium 
Silver 
SOdiUm 

Thallium 

VWdiUm 
zinc 

10900 
29.7 Jb 
9.5 J 
113 J 
0.7 B 

4.9 
23300 
22.6 
14.8 
23.5 

0.12 vd 
26300 
10.8 

14400 

1130 
0.13 R 

4.7 
38.9 
1430 
0.5 u 

6.6 
119 B 
0.5 u 
27.7 
65.2 

6910 
28.3 
3.6 

52.6 
0.86 B 

5.6 
1 080OO 

13 
8.7 B 
16.2 

0.12 B 
13300 
16.5 J 
26800 
471 J 

0.1 UF 
4.1 
22.8 

767 B 
0.43 U 

8 
145 B 
0.43 U 

18.2 
32.9 

4690 
25.7 
5.5 

44.7 B' 
0.7 B 

5.3 
123000 

10.2 
7.8 B 

19 
0.11 u 
11 100 
8.7 J 

23600 
372 J 

0.11 UJ 
4.8 
23.1 

786 B 
0.44 u 

7.7 
145 B 
0.44 u 

15.9 
34.8 

9980 
29.8 J 

9 
74.4 

0.88 B 

4.9 
68600 
19.4 

11.3 B 
19.2 

0.12 u 
18100 
16.6 

18000 
526 

0.12 R' 
4.3 
26.6 

988 B 
0.49 U 

9.7 
99.2 B 
0.51 B 

25 
47.4 

7450 
32.3 J 

5.7 
49.5 

0.74 B 
6.2 

87200 
17.9 

10.5 B 
20.5 

0.11 u 
17200 
10.5 

25100 
478 

0.11 R 
4.9 
31.3 

1010 B 
0.46 u 

9.7 
107 B 
0.46 u 

24.5 
47.6 
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TABLE 4-28 
(Continued) 

Boring Number w A 2 2  w A 2 2  w A 2 4  w A 3 5  w A 3 7  
Sample Number 061 150 061 156 061 163 061 240 061254 
Depth (feet) 0.5 0.5 0.5 0.5 0.5 

Metals Analytical Results (mg/kg)’ 

Aluminum 5450 9520 loo00 81 10 8770 
Antimony 22-61 31.3 28.6 30.2 J 20.6 J 
Arsenic 6.8 5.4 2.7 5.1 9 1  
Barium 49.8 J 80.3 67.3 63.4 75.2 J 
Beryllium 0.67 B 0.93 B 1 B  0.74 B 0.7 B 
Cadmium 5.8 6.1 4.7 5.3 3.7 

Calcium 73700 1oOooo 131000 66800 33100 
ChrOmiUm 14.5 18.6 15.8 17 16.7 
Cobalt 

Copper 
Cyanide 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
VaMdiUm 
zinc 

8.7 B 
17.6 

0.11 u 
16200 

12 
25Ooo 
457 J 

0.12 u 
4.6 
38.9 
1430 

0.5 U 
6.6 

119 B 
0.5 U 
27.7 
65.2 

12.8 
21.7 

0.12 u 
19600 
10.2 J 
26000 
529 J 

0.12 UJ 
4.4 
22.8 

767 B 
0.43 J 

8 
145 B 
0.43 U 
18.2 
32.9 

t 

12.4 
20.2 

0.12 u 
20400 

6.7 
15400 
498 

0.11 u 
3.6 
35 

1100 B 
0.48 U 

9.7 
122 B 
0.48 U 
22.9 
51 

10.1 B 
17.5 

0.11 u 
15200 

9.9 
20500 
530 

0.11 R 
4 

27.5 
752 B 
0.44 u 

9.1 
97.2 B 
0.44 u 

22.9 
43.9 

10 B 

18.2 
0.11 u 
19200 

17 
10800 
522 J 

0.11 u 
3.2 
23.2 

1090 B 
0.54 B 

7.1 
86.2 U 
0.46 u 

23.7 
49.3 J 

aesults expressed in milligrams per kilogram (mg/kg). 
b~ - Estimated value 
’B - Reported value was obtained from a reading that was less than the contract required detection limit (CRDL) but 
greater than or equal to the instrument detection Limit. 

dU - Not-detected 
LJJ - Not detected 
‘It - Results unusable 

. .  . . .: : .  . .. ... . 

-7 
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SURFACE SOIL ORGANIC CONSTITUENTS' 
WASTE PIT AREA RUNOFF CONTROL PROJECT 

Boring Number WPA15 WPA15 W A 1 8  WPA18 
Sample Number 061 loo 061 105 061 121 061 126 
Depth (feet) 0-0.5 1.5-2.0 0-0.5 1.5-2.0 

PesticidedPCB NDb NAc ND NA 

Semivolatile Organics 

Acenaphthylene 

Anthracene 

Benzo(a)antbmcene 

Be-( a)p yrene 

Bem(b)fluoranthene 

Be-(gbj)perylene 

bis(2-Ethylhexyl) phthalate 

Chrysene 

Di-n-butyl phthalate 

Dibenzo(a,h)anthracene 

Fluoranthene 

hdeno( 1 2.3cd)pyrene 

Phenanthrene 

Pyrene 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

ND 

ND 

ND 

ND 

ND 

ND 
0.1 J 

ND 

ND 

ND 
ND 

ND 

ND 

ND 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

1.3 f 
0.78 J 

4.7 J 

5.2 J 

9.7 J 

5.3 J 

ND 
3.5 J 

0.19 BeJ 

0.9 J 

6.7 J 

4.2 J 

2.6 J 

8.2 J 

Volatile Organics 

Acetone NA ND 0.015 J NA 

Methylene chloride NA ND 0.025 B NA 

Toluene NA 0.001 J ND NA 
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TABLE 4-29 
(Continued) 

Boring Number WPA19 WPA19 w A 2 0  W A 2 0  
Sample Number 061 128 061133 061135 * 061140 
Depth (feet) 0-0.5 1.5-2.0 0-0.5 1.5-2.0 

Pesticides/PCB ND NA ND NA 

Semivolatile Organics 

Benzo( a)anthracene NA 0.062 J NA ND 
Benzo(b)fluoranthene NA 0.15 J NA ND 
bis(2-Ethylhexyl) phthalate NA 0.075 J NA ND 

-sene NA 0.062 J NA ND 

Fluoranthene NA 0.079 J NA 0.04 J 

Pyrene NA 0.092 J NA 0.045 J 

Volatile Organics 

2-Butanone 

Acetone 

NA ND NA 0.008 J 

NA 0.004 J NA 0.079 BJ 

~~ 

Boring Number WPA21 WPA21 w A 2 2  w A 2 2  
Sample Number 061 142 061 147 061 150 061 156 
Depth (feet) 0-0.5 1.5-2.0 0-0.5 1.5-2.0 

PesticidePCB ND ND NA R' 

Semivolatile Organics 

Benzoic acid NA R' NA 0.059 J 

bis(2-Ethylhexyl) phthalate NA ND NA 1.6 

Phenol NA ND NA 0.23 BJ 

Volatile Organics 

2-Butanone 

Toluene 

NA ND NA 0.002 J 

NA 0.001 J NA ND 

4-65 



FEhP-OQRI-6 FINAL 
November 3.1993 

TABLE 4-29 
(Continued) 

~ ~~~~ _______ _ _ _ ~  

Boring Number wPA24 wA35 wA35 wA37 wPA37 
SampleNumber . 061 163 061240 061245 061254 061258 
Depth (feet) 00.5 1.5-2.0 0-0.5 1.5-2.0 1.5-2.0 

Afoclor-1254 ND ND NA 0.03 J NA 

Semivolatile Organics NA NA ND NA ND 

Volatile Organics 

2-Butanone 
~ 

NA NA ND NA 0.002 J 

J 

4-66 

aesults expressed in m a g .  
%ID - Not detected 

dJ - Estimated value 
"B - A n a l 9  was also detected in blank sample. 
'R - Results unusable. 

'NA - Not analyzed 
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There are two drainageways near or adjacent to Operable Unit 4. One drainageway originates at the 
Clearwell, which accepts runoff from the Waste Storage Area, and passes Operable Unit 4 in a 
northwest direction, directly east of Silos 3 and 4. Samples collected at locations along this 
drainageway, north of Silos 3 and 4, contained uranium concentrations below background. Thorium 
and radium concentrations, however, were slightly above background. A second drainageway located 
south of Silo 1 flows in a northwest-southeast direction towards Paddys Run. Samples collected from 
this drainageway contained uranium concentrations as high as 16 pCi/g. Radium and thorium 
concentrations were at or below background (Weston 1987). 

With the exception of discrete areas, which were the result of probable historical spills, the general 
surface soil results across the majority of Operable Unit 4 show no direct'link between the observed 
surface soil contamination and the contents of the silos. Contaminants observed were more consistent 
with materials processed in the former production area or disposed of in the waste pit area than with 
materials placed in the silos. Further, soil contaminant concentrations decrease signficantly with 
depth. These data indicate that the general surface soil contaminants present across the Operable Unit . 
4 Study Area originated outside of Operable Unit 4 and were placed in the soil through air deposition. 
Both the isolated "spill areas" and the general surface soil contamination across Operable Unit 4 will 
be addressed in the FS evaluation of alternatives. 

4.2.2 Berm Soil Around Silos 1 and 2 
The berm soil around Silos 1 and 2 is sometimes referred to as the K-65 berm soil. Although the 
berm soil was placed around Silos 1 and 2 after they were filled, the berm soil and the underlying soil 
were sampled and analyzed for geochemical and radiological constituents based on the following 
historical information: 

A history of leakage from the K-65 silo, is documented in a memorandum from R.C. 
Heatherton, NLO, to Central Files, NLO, dated November 25, 1953, Subject: "K-65 
Storage Tank No. 1," (NLO 1953). 

A prehmmary radiological assessment indicated the possible presence of 'siloderived 
radon progeny products, Pb-210, Po-210. and stable lead in the soils surrounding Silos 1 
and 2 

An existing decant sump tank, historically known as the "upper sump," and associated 
piping system adjacent to and underneath Silos 1 and 2, was used to transport K-65 
waste slurry and decanted silo liquids between the silos and the production plant as 
detailed in Section 1.0 

Four vertical borings (1620, 1621, 1622, and 1623), as shown in Figures 4-9 and 4-11, were advanced 
and soil samples were collected from a horizontal distance of 2 to 3 ft from the exterior of the silo 
walls at locations adjacent to the decant ports. Figures 4-10 and 4-12 show the soil and radiological 
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Boring 
#1620 

U-238=1.36 50.36 pCi/ 
Th-230=1.45 f 0.25 pCi7g 
Ra 226-1.20 f 0.16 pCi/g 
Pb 210=0.75f 0.45 pCi/g 

99436 

U-23b1.15 f 0.29 pCi/ 
Th-230=1.83 2 0.49 pCi7g 
Ra 226=1.28 f 0.1 4 DCi/a 
Pb 210=0.98f 0.36 pCi)i 

U-238~1.52 f 0.26 pCi/ 
Th-230=1.61 f 0.36 pCi7g 
Ra 226-1.52 f 0.15 pCi/g 
Pb 210-1.195 0.40 pCi/g 

U-238=1.18 f 0.23 pCi/ 
Th-230= 1.42 f 0.38 pCipg 
Ra 226=1.52 20.15 pCi/g 
Pb 21 O= 1.37 2 0.43 pCi/a . .., 

- s A W u  

99592 

Boring 
#1622 

..... ...... 

ANALME RFSULE 

U-238= 1.13 f 0.22 pCi/ . 
Th-230=2.83 2 0.65 pCipg 
Ra 22611.62 20.16 pCi/g(R) 
Pb 21 0=1.39 f 0.39 pCi/g 

9943 

9960 

T T  ...... ..... U-238=1.71 f 0.43 pCi/ 
Th-230-1.96 f 0.32 pCipg 
Ra 226=2.05 f 0.18 pCi/g 
Pb 210=1.13 f 0.40 pCi/g 

..... U-238=0.75 f 0.1 6 pCi/ 
Th-230=0.95 f 0.45 pCipg 
Ra 226=0.65 f 0.09 DCi/a 

r - , 1  

Pb 210=0.62 2 0.30 pCi/g 

U-238-1.29 f 0.24 pCi/ 
Th-23010.90 f 0.39 pCipg 
Ra 226-0.62 20.09 d i / a  Pb 210=0.69 f 0.28 . pCi/g 1 -  

U-238=1.38 f 0.24 pCi/ 

Ra 226=1.12 f0.13 pCi/g 
Pb 21 0 ~ 1 . 5 4  f 0.45 pCi/g 

Th-230~1.01 f 0.31 pCi/g 

...... 
99623 t.::.f- U-238=24.7 f 3.4 pCi/ 

30 ft Th-230=51.2 f 7.6 pCipg 
Ra 226-876. 20.51 pCi/g 
Pb 21 0=417. f 0.42 pCi/g 

FIGURE 4- 10. VERTICAL BERM SAMPLING 
RAD IO LOGICAL DATA 000303 
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Boring 
#1621 

99532 

99537 

-- 
-- 
-- 

99549 

-- 
-- 
-- 

Boring 
#1623 

-- _ _  
-- _ _  
-- _ _  
-- __  ...... 
:::::: U-238=4.17 f 0.54 pCi/ 

Th-230=4.78 f 0.80 pCi7g _ _  _ _  Ra 226=6.68 20.43 pCi/g 
Pb 210=4.45 f 0.72 pCi/g 

5 ft 

-- -- 
-- -- 
-- -- ...... 
:::::: U-238-2.39 f 0.35 pCi/ 

l'h-230=1.71 f 0.36 pCi7g -do  'L- Ra 226=1.63 f 0.1 6 pCi/g 
Pb 21 O=? .26 f 0.43 pCi/g -- 

-- 
-- ...... 

:::::.I U-238=1.59 f 0.26 pCi/ 
ft Th-230=1.33 f 0.32 pCi7g __  Ra 226=0.96 20.12 pCi/g 

Pb 210=0.77 f 0.40 pCi/g -- 
-- 

- A  

SAMPLF # p, ANAIYTE RFSULTS 

...... 
U-238=1.12 f 0.22 pCi/ 
Th-230=1.28 f 0.36 pCi7g 
Ra 226=0.96 f 0 . 1 2  DCi/o 
Pb 210=0.95 f 0.38 pCi/ i  

U-238=1.10 f 0.20 pCi/ 
Th-230= 1.32 f 0.34 pCi7g 
Ra 226=1.22 f 0 . 1 4  pCi/g 
Pb 210=0.80 f 0.40 pCi/g 

U-238e2.31 f 0.36 pCi/ 
Th-230=2.79 2 0.48 pCi7g 
Ro 2 2 6 ~ 1 4 . 7  20.9 pCi/g 
Pb 210=8.69 f 1.15 pCi/g 

30 ft 

U-238= 1.26 f 0.23 pCi/g 
Th-230=1.69 2 0.39 pCi/g 
Ra 226= 1.04 2 0.1 3 pCi/g 
Pb 210=0.98 f 0.39 pCi/g 

...... ..... U-238=1.06 2 0.34 pCi/ 
Th-230=1.54 f 0.27 pCiyg 
Ra 226= 1.03 0.14 DCi/a 

99438 

Pb 210=0.72 f 0.47 pCi)g i i  ...... ..... U-238=1.22 f 0.24 pCi/ 
Th-230=0.73 2 0.33 pCi7g 
Ra 226=0.81 20.12 DCi/a 

99653 # 
Pb 210-0.84 f 0.39 pCi); . 

...... ..... U-238=1.13 f 0.22 pCi/ 

Ra 226=1.27 20.14 pCi/g 
Pb 21011.16 f 0.43 pCi/g 

99658 *{ Th-230=1.47 f 0.34 pCipg 

t t  + t  
...... ..... U-238=1.54 2 0.27 pCi/ 

Th-230=1.58 f 0.49 pCipg 
Ra 226=0.91 20.10 pCi/g 
Pb 210=0.89 f 0.32 pCi/g 

99670 

U-238=2.68 f 0.42 pCi/ 

Ra 226=1.11 f 0.13 pCi/g 
Pb 210=1.31 20.41 pCi/g 

99675 io';; Th-230= 1.46 f 0.37 pCi7g 

FIGURE 4- 1 2. VERTICAL BERM SAMPLING 
RADIOLOGICAL DATA 
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data resulting from sampling. Borehole locations were chosen near the decant ports to yield the 
highest probability of detecting a potential leak from the silos (Le., if the silos are leaking through the 
side walls, the probability is higher that leaks would first occur near piping or sidewall penetrations). 
In addition, the boreholes were advanced through the berms to the native soil to detect potential spills 
(which may have occurred during silo filling) or to detect potential silo leaks near the base of the 
silos. 

A continuous core of berm material was collected from each boring to a maximum depth of 30 ft 
(Boring 1620 encountered an unyielding object at a depth of approximately 24 ft). This process 
allowed for vertical characterization of the berm material to the base of the silos. Samples were 
collected at 5-ft intervals and submitted for HSL, TCLP, geotechnical, and radiological analyses. 
Analyses of the soil samples detected the presence of several constituents at above background 
concentrations. 

4.2.2.1 Nature of Contamination 

Radiological Constituents 
Elevated concentrations of radiological constituents were detected in the sample from Boring 1622 
collected at 30 ft below the berm surface, near the base of Silo 1. Results from analyses of samples 
from th$ other three borings (1620, 1621, and 1623) showed the presence of radionuclides at relatively 
lower concentrations, with the majority of the samples showing concentrations near background. Table 
4-30 lists the radiological constituents, total thorium, and total uranium detected in the berm soil. The 
concentration ranges for the constituents in relatively higher concentrations are 0.62 to 417 pCi/g for 
Pb-210; 1.03 to 943 pCi/g for Po-210; 0.62 to 876 pCi/g for Ra-226; 0.74 to 51.2 pCi/g for Th-230; 
and 0.75 to 24.7 pCi/g for U-238. Complete analytical results are included in Appendix B. 

(Samples collected from Boring 1620 contained levels of radioactive constituents above background at 
5 ft below the surface. Uranium-238, Po-210, Ra-226, and Th-230 were detected in concentrations of 
3.38, 4.02, 3.67, and 4.01 pCi/g, respectively. Because U-238 and progeny are in secular equilibrium, 
it is unlikely that Silo 1 is the source of this material. 

Above-background levels of radioactive constituents were also detected in samples collected from 
Boring 1621. The sample collected at 5 ft contained contaminants above background for Pb-210, Ra- 
226, Th-230, and U-238 at concentrations of 4.45, 6.68, 4.78, and 4.17 pCi/g, respectively. Polonium- 
210 was detected at 25 ft deep with a concentration of 32.5 pCi/g, which is si@icantly greater than 
background (Appendix B.l). However, all other U-238 progeny at this depth, including Pb-210, are at 
background concentrations, which suggests an anomalous result. A sample collected from 30 ft 
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TABLE 4-30 

SUMMARY OF BERM SOIL 
RADIOLOGICAL ANALYSES 

Frequency Standard 
of MeanC Deviation‘ Range‘ 

m y t e a  Detectionb Rejected (pCi/g)d (Pci/g) <Pci/g> 

Cesium- 137 

Lead-2 1 0 

Polonium-210 

PrOtaCthium-23 1 

Radium-224 

Radium-226 

Radium-228 

Thorium-228 

Thorium -23 0 

Thorium-232 

Total Thorium‘ 

Total Uranium‘ 

Uranium-234 

Uranium-235/236 

Uranium-238 

1P 

23/23 

16/16 

2/22 

15/15 

22/22 

19/22 

23/23 

23/23 

19/23 

19/20 

19/19 

23/23 

1/23 

23/23 

0 

0 

4 

1 

1 

1 

1 

0 

0 

0 

0 

1 

0 

0 

0 

0.23 

19.6 

63.4 

13.7 

0.94 

41.9 

0.88 

1.93 

3.95 

0.94 

8.17 

18.4 

2.5 1 

1.31 

2.66 

e 

86.6 

235 

16.3 

0.30 

186 

0.21 

2.84 

10.3 

0.19 

2.09 

40.7 

4.77 

e 

4.87 

e 

0.62417 

1.03-943 

2.2-25.3 

0.55-1.68 

0.62-876 

0.53-1.24 

0.93-14.9 

0.74-51.2 

0.64-1.45 

3.57-13.1 

1.99- 186 

0.81-24.2 

e 

0.75-24.7 

a The sample numbers used in this data set include: 99436 through 99438,99462,99482, 99487, 
99500, 99532,99537, 99549,99554, 99571,99576,99592,99601,99606, 99618,99623, 99633, 
99653,99658,99670, and 99675. 
Rejected data not included in total number of samples. 
Values qualified with an R or c are excluded. The mean and standard deviation have been 
rounded to show no more than three sigxuticant figures. 
Values expressed in picocuries per gram Wi/g>. 

e Analyte was detected in a single sample. ‘ Values expressed in micrograms per gram (pg/g). 
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indicated W-210 and Ra-226 at levels of 8.69 and 14.7 pCi/g, respectively. Uranium-238 and Th-230 
results 
lower depths. 

much lower, suggesting Silo 2 or operational spillage as a source of contamination at the 

The maximum concentrations of the radionuclides in the berm soils were primarily associated with a 
sample collected at 30 f t  deep from Boring 1622. The detected radionuclides at above background 
Concentrations include: Pa-231 (25.3 pCi/g), Po-210 (943 pCi/g), Pb-210 (417 pCi/g), Ra-226 (876 
pCi/g), Th-228 (14.9 pCi/g), Th-230 (51.2 pCi/g), U-234 (24.2 pCi/g), and U-238 (24.7 pCi/g). 
Samples collected from other depths in Boring 1622 showed lower concentration levels for these 
constituents. The depth at which high concentrations were detected (30 ft) is significant because it is 
greater than the depth of the berm. Boring logs indicate a change in soil composition at this depth and 
traces of organic matter found in Borings 1621 and 1622. The other borings did not reach the original 
gnound surface. That depth is, therefore, in the native soil below the original surface elevation, where 
contamination from spills during operations of filling the silos might have occurred before the berm 
was constructed. This observation may be confirmed by the ratios of the various constituents. The 
ratios are very similar to silo residues. If this material had originated as a liquid (Le., leachate), the 
ratios would not likely remain similar. Therefore, operational spillage is considered the most probable 
source of the contamination. However, this does not rule out the potential for leakage of the silo 
underdrains to the subsurface soils. 

Data from Boring 1623 showed no radioactive constituents at levels significantly above background 
concentrations. 

Inormnic Constituents 
Table 4-31A provides a summary of the inorganic constituents detected in the berm soil. As shown, 
metallic constituents were detected in most samples at background levels. Table 4-31B provides berm 
soils inorganic analyses results by depth. Complete results are included in Appendix B. No samples 
were taken for inorganic analyses at the intervals in Borings 1620 and 1621 where radionuclides above 
background were observed. 

OrPanic Constituents 
Organic compounds at low concentrations were detected in the berm soil. The detected constituents 
listed in Table 4-32 include both volatile and semivolatile organics. Complete results are included in 
Appendix B. Most compounds are common laboratory contaminants and show no linkage to the silo 
contents. 
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TABLE 4-31A 

SUMMARY OF BERM SOIL 
INORGANIC ANALYSES 

Aluminum 
Antimony 
ArSeIliC 
Barium 

Cadmium 
Calcium 
Chromium 
Cobalt 

Cyanide 
Iron 
Lead 
Magnesium 
Manganese 
Molybdenum 
Nickel 
Potassium 
Silver 
Sodium 
Thallium 
Vanadium 
zinc 

B€TyllillIll 

Copper 

Frequency Standard 
of MeanC Deviation' Range' 

Analyte' Detectionb Rejected (mgflrgId (mg/kg) (mg/kg) 
4530-1 2100 12/12 0 9430 2370 

11/11 
12/12 
12/12 
11/12 
12/12 
12/12 
12/12 
11/12 
12/12 
6/11 
12/12 
12/12 
12/12 
12/12 
10/12 
12/12 
12/12 
12/12 
11/12 
1/12 
12/12 
12/12 

1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

22.5 
6.1 

69.4 
0.84 
4.41 

64400 
18.5 
12.0 
21.9 
0.58 

21000 
10.8 

22800 
489 
4.4 
28.0 
901 
8.4 
13.3 
0.71 
25.5 
49.6 

4.5 
1.7 

21.3 
0.14 
1.38 

39900 
3.9 
1.6 
2.4 

0.65 
4870 
2.3 

12400 
172 
3.2 
3.9 
220 
4.2 
56.7 

e 
3.2 
9.8 

14.627.6 
3.6-8.3 

30.5-97.3 
0.65-1.1 
2.5-7.5 

11600-161000 
12.1-28.4 
9.8-14.9 
19.3-27 
0.12-1.6 

1 1200-27500 
6.1 -1 3.8 

6390-50700 
228-880 
2.4- 1 3.3 
21.7-33.7 
546-1230 
3.6-19.2 
47.8-237 

e 
17.4-28.4 
30.7-61 

' The sample numbers used in this data set include: 99469,99470,99475,99488, 99490,99491, 
99513 through 99515,99540,99542, 99543,99557,99559,99560,99580, 99581,99583, 99594 
through 99596,99607,99609,99610,99624,99626,99627,99659,99661,99662, 99676 through 
99678, and 99686 through 99688. 
Rejected data not included in total number of samples. 
Values qualified with an R, U, or UJ are excluded. The mean and standard deviation have been 
rounded to show no more than three significant figures. The range has been rounded to the nearest 
thousandth, unless a fourth decimal place is required to show a value. 
Values expressed in milligrams per kilogram (mg/kg). 

e Analyte was detected in a single sample. 
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TABLE 4-32 

BERM SOIL 
SUMMARY OF ORGANIC ANALYSES 

Frequency Standard 
of M&UIC Deviation' Range' 

Analyte' Detection' Rejected (mg/kg)d (mg/kg) (mg/kg) 

Semivolatile Organics 

bis(2-Ethylhexy1)phthalate 3/12 0 0.384 0.534 0.043-1 

Di-n-butylphthalate 2/12 0 0.051 0.004 0.048-0.054 

Di-n-octylphthalate 511 2 0 0.066 0.023 0.044-0.097 

Diethyl phthalate 1/12 0 0.12 e e 

Phenol 211 2 0 0.155 0.06364 0.1 1-0.2 

Volatile Organics 
~ ~ 

2-Butanone 4/10 1 0.008 0.003 0.004-0.01 1 

4-Methyl-2-pentanone 1/11 0 0.004 e e 

Acetone 311 1 0 0.033 0.027 0.012-0.064 

Methylene chloride 3/11 0 0.005 0.001 0.004-0.006 

Tetrachloroethane 1/11 0 0.004 e e 

Toluene l O / l l  0 0.026 0.062 0.001 -0.2 

Total xylenes 1/11 0 0.069 e e 

' The sample numbers used in this data set include: 99462, 99468, 99483,99489, 99501, 99517, 
99533,99541,99550,99558,99572,99579,99588,99593,99602,99608,99619,99625,99660, 
99669, 99676,99684, and 99685. 
Rejected data not included in total number of samples. 

rounded to show no more than three siflicant figures. 
Values expressed in milligrams per kilogram (mg/kg). 

' Values qualified with an R, U, or UJ are excluded. The mean and standard deviation have been 

e Analyte was detected in a single sample. 
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TCLP Analvsis 
Seven metals, semivolatiles, and volatiles were detected in TCLP analyses as shown in Table 4-33. 
Concentrations of the toxicity characteristics were well below the MAC limits in all except one of the 
samples analyzed. This sample, collected at a depth of 16 ft from Boring 1620, was sigruficantly 
different from other sample results and showed concentrations of cadmium at 11.4 mg/L, chromium at 
81.8 mg/L, and silver at 112 m a .  As noted in the boring log in Appendix B, several samples were 
analyzed for various constituents from this interval. A split sample (99490) from the same location 
analyzed for HSL metals, however, detected cadmium (5.4 mglkg), chromium (16.6 mglkg), and silver 
(8.2 mg/kg) at concentrations comparable to the values for Borings 1621, 1622, and 1623 
(cadmium - 4.3,7.5J, 4.3; chromium - 18.7, 20.8, 17.5; and silver - 7.5, 19.2, 5.8) (Appendix B.1). 
The radiological analysis for the I-ft interval just above this interval displayed no elevated 
concentrations. The other TCLP analytical results for the metals from this boring are consistent with 
the results from Borings 1621, 1622, and 1623. The TCLP data from the sample collected at the 16-ft 
depth from Boring 1620, therefore, should not be used in characterizing the berm soil. 

4.2.2.2 Extent of Contamination 
Figures 4-9 through 4-12 present a cross-section view of the borings with respect to the silo, the berm 
soil, and the underdrain system. In addition, these figures show the distribution of the predominant 
radiological constituents in the berm soil. There is no consistent increase or decrease in concentration 
with depth. A total of 22 out of 23 samples showed that the concentrations of the principal 
constituents were of the same order of magnitude. For example, the five samples collected from 
Boring 1620 (Figure 4-10) show that the Ra-226 concentration ranged from 1.20 to 3.67 pCi/g and Pb- 
210 ranged from 0.75 to 1.96 pCi/g. The six samples taken from Boring 1621 (Figure 4-12) showed 
the concentrations of Ra-226 ranged from 0.96 to 14.70 pCi/g and Pb-210 concentrations ranged from 
0.77 to 8.69 pCi/g. In Boring 1621, these parameters first decrease and then increase in concentration 
with depth. Boring 1622 (Figure 4-10) and Boring 1623 (Figure 4-12) showed similar trends. 

Boring 1622 was advanced and drilled through the berm into native soil at 30 ft. Radiological 
contaminant levels at that depth were two to three orders of magnitude higher than contaminant 
concentrations found at any other location. Contaminant levels were 876 pCi/g for Ra-226 and 417 
pCi/g for Pb-210. As stated previously, this may be a result of spillage during filling of the silos prior 
to berm construction or historical Silo 1 leakage as reported in the Heatherton memo (NLO 1953). 

SUmmarV 

Soil samples were collected from the soil in an earthen embankment (berm) surrounding Silos 1 and 2. 
The analytical data from the berm fill show only slightly elevated radionuclide activity concentrations. 
Uranium was the predominant contaminant with activity concentrations less than 4 pCi/g, or 
approximately three times the mean background. In addition to U-238, activity concentrations of Po- 
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TABLE 4-33 

SUMMARY OF BERM SOIL 
TCLP ANALYSES 

MZUimlUXl 

Frequency Standard Allowable 
of Mean' Deviation' Range' Concentration' 

Analyte' Detectionb Rejected ( m a )  (mg/L) (mg/L) 

Metals 

BariUUl 414 0 1.17 0.355 0.705-1.57 100.0 

i cadmium 114 0 11.4 f f 1 .o 
Chromium 414 0 20.5 40.9 0.051 -81.8 5.0 

Silver 314 0 37.4 64.6 0.099-112 5 .O 
Semivolatile Organics 

~~~~ ~ 

Pentachlorophenol 214 0 0.0055 0.0007 0.005-0.006 100.0 

Volatile Organics 

2-Butanone 114 0 0.006 O.OO0 0.006-0.006 200.0 

Tetrachloroethene 114 0 0.002 O.OO0 0.002-0.002 0.7 

The sample numbers used in this data set include: 99493,99495,99496,99550,99562,99563,99600, 
99612, 99654, and 99663. 
Rejected data not included in total number of samples. 
Values qualified with an R, U, or UJ are excluded. The mean and standard deviation have been rounded 
to show no more than three si@icant figures. 
Values expressed in milligrams per liter (mg/L). 

Analyte was detected in a single sample. 
e Data obtained from 40 CFR 261.23. 

~ U 4 ~ 1 2 5 5 . 4 3 3 / l O - l l - 9 3 / 4 : 5 3 p  . .  
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210 and Pb-210, ranging up to 10 times and 6 times background, respectively, were identified in the 
berm fill. These radionuclides are produced from the ~ w a l  radioactive decay of Rn-222. Their 
presence in the berm fill would come as a direct result of radon escaping the silos by passing through 
the silo wall. Once outside the silo and in the soil, the radon would decay to Pb-210 and then Po-210. 

Much of the on@ ground surface was covered by the installation of the berm around Silos 1 and 2, 
which was installed after Silos 1 and 2 were filled. The presence of the berm made sampling more 
difficult for this portion of the original surface soil. Three of the samples, taken at a depth of 30 ft, 
represent the interface between the berm soil and the grodd surface before installation of the berm. 
One sample was retrieved from an interval that closely reflected the original ground surface prior ts, 
berm installation. Analytical results from the sample showed distinctively higher concentrations of 
radionuclides than other samples taken within the berm soils. Uranium and radium concentrations in 
the sample were 19 and 580 times background, respectively. This sample clearly indicates the 
Occurrence of some spillage or seepage from the silo onto the original surface soils adjacent to the silo 
at that location. 

Of the detected inorganic constituents, 15 were above background. Only five semivolatile and seven 
volatile organic constituents were detected at very low concentrations. The extent of inorganic and 
organic contamination of the berm soil is negligible in comparison with radiological contamination. 

4.2.3 Subsurface Soil 
This section discusses subsurface soil sampling in two programs. First, the 1991 RIPS slant boring 
program for collection of samples from beneath the silos, silo berms, and the decant sump is 
addressed. Second, soil samples collected as part of the origrnal RI/FS program during the installation 
of monitoring wells and exploratory trenches are discussed. 

4.2.3.1 Soils Below Silos 1 and 2 
Five slant borings were completed in spring and summer 1991 to supplement the data collected during 
the original field effort and to determine more accurately the name and extent of subsurface soil 
contamination beneath Silos 1 and 2 and the decant sump tank. Samples were analyzed for both 
radiological and HSL constituents. Geotechnical and TCLP analyses were completed for selected 
samples. 

Nature of Contamination 

Radiolofical Constituents 
Radiological analyses performed on the soil samples from slant borings below Silos 1 and 2 detected 
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the following constituents at concentrations sigmfkantly above the background: Pb-210, Po-210, 
Ra-226, Th-230, U-234, and U-238. Table 4-34 provides a summary of the detected radionuclides and 
their concentration ranges. Concentration ranges are Pb-210 (0.46 to 101 pCi/g);.P0-210 (0.938 to 
86.5 pCi/g); Ra-226 (0.613 to 206 pCi/g); Th-230 (0.8 to 53.7 pCi/g); U-234 (0.8 to 35.9 pCi/g); and 
U-238 (0.76 to 53.4 pCi/g). Complete analytical results are included in Appendix B. Although 
concentrations sip.fkintly greater than background for these constituents were detected in samples 
collected from all slant borings, Slant Borings 1615 and 1616 have relatively higher concentrations of 
certain radionuclides than those in the other borings. 

Figure 4-13 provides an overview of the slant boring orientation with respect to Silos 1 and 2 and 
shows uranium concentrations at above background levels in the slant brings. Figures 4-14 through 
4-18 provide cross-section views of the slant borings and show concentrations of U-238 and selected 
progeny at each sampling interval. 

Uranium-238 and its progeny, Th-230, Ra-226, Pb-210, and Po-210. were detected at concentrations 
greater than background in Slant Boring 1615, near the interface of the Silo 2 berm material and 
native soil (Figure 4-14). Uranium-238 was detected at a concentration of 11.8 pCi/g; Th-230 at 53.7 
pCi/g; Ra-226 at 176 pCi/g and 206 pCi/g; Pb-210 at 97.9 pCi/g and 101 pCi/g; and Po-210 at 62.6 
pCi/g and 86.5 pCi/g. Except for U-238 and Th-230, the same constituents were also detected along 
Slant Boring 1616 (Figure 4-15), near the surface outside the perimeter of the silo berms, at concen- 
trations of; 137 pCi/g for Ra-226; 34 pCi/g for Pb-210; and 20.9 pCi/g for Po-210. These 
radionuclides were also detected in other slant borings, but at concentrations below background levels. 
Analytical data reveal that U-238 and its progeny are not in equilibrium. 

Also of si@icance is the detection of U-238 at higher than background concentrations with all 
progeny at or near background. This situation was noted at three locations: at a diagonal depth of 38 
ft in Boring 1617 and at diagonal depths of 90 and 106 ft in Boring 1618. The sample collected from 
Boring 1617 was taken just below the berm interface with the original ground level. This location 
suggests that the contamination is due to surface deposition followed by vertical transport. 

The two samples from Boring 1618 are located a few ft below the Silo 1 foundation (footer). The 
presence of uranium at this location without progeny suggests movement of soluble uranium in liquid. 
The presence of uranium at this location is consistent with the documentation of liquid leaking from 
the silo in 1953 (NLO 1953). Water used to slurry K-65 residues to the silos would likely have 
contained soluble uranium (as uranyl nitrate) based on process knowledge. The uranium would likely 
precipitate as a carbonate during migration in the till. 

. . .  
. I  

~U4~1255.4/10-19-9319:35.m 4-8 1 



FEMP-oQRI-6 mAL 
November 3.1993 

TABLE 4-34 

SUMMARY OF SILO SLANT BORING SUBSURFACE SOILS 
RADIOLOGICAL, ANALYSES 

Analyte' 

~~ 

Frequency Standard 

Detectionb Rejected (PcWd (Pci/g> (PCW 
of MeanC Deviation' Range' 

Actinium-227 
Lead-210 
Polonium-210 
Radium-224 
Radium-226 
Radium-228 
Strontium-90 
Thorium-228 
Thorium-230 
Thorium-232 
Total Thorium' 
Total Uranium' 
Uranium-234 
Uranium-235/236 
Uranium-238 

4/11 
13/16 
12/12 
12/12 
16/16 - 
13/16 
1/4 

14/14 
14/14 
11/14 
14/14 
11/16 
14/14 
3/14 
14/14 

1 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
0 
2 
2 
2 

5.04 
18.5 
15.3 
1.06 
33.2 
0.86 
0.816 
1.42 
5.1 

0.97 
7.97 
34.9 
8.6 

2.49 
9.87 

4.76 
37.1 
28.7 
0.3 1 
70.5 
0.26 
f 

0.341 
14.0 

0.291 
2.88 
36.4 
12.4 
0.98 
.15.6 

0.56-9.66 
0.46-101 

0.938-86.5 
0.67- 1.7 1 
0.613-206 
0.485-1.24 

f 
0.768-2.06 
0.8-53.7 
0.62- 1.5 

3.34- 13.6 
3.27-110 
0.8-35.9 
1.37-3.17 
0.76-53.4 

The sample numbers used in this data set include: 64001, 64002, 64032, 64041, 64071,64105, 
64115, 64125,64136, 64148,64157, 66956, 66959,66960,66968,66969, 66974,66983,66984, 
and 66992. 
Rejected data not included in total number of samples. 
Values qualified with an R or < are excluded. The mean and standard deviation have been 
rounded to show no more than three si@icant figures. 
Values expressed in picocuries per gram (pCi/g). 
Values expressed in micrograms per gram (pg/g). 
Analyte was detected in a single sample. 
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Inorganic Constituents 
Full HSL analyses were performed on 13 subsurface soil samples obtained from various locations in 
the slant borings. Table 4-35 lists the 26 inorganic constituents detected in samples from slant 
borhgs. Aluminum, antimony, arsenic, barium, beryllium, cadmium, chromium, copper, cyanide, iron, 
lead, molybdenum, nickel, selenium, silver, sodium, thallium, and zinc were detected at concentrations 
above background or represent constituents for which no background concentration is available. The 
remaining inorganic constituents were at or below background levels. The data indicate that the 
inorganic constituents are not anomalous. Significant concentrations of selenium (16.1 mg/kg), 
cyanide (3 mg/kg), and molybdenum (20.2 m@g) were present at a depth of 89 ft in Boring 1618, 
but all other inorganics were at normal levels. Elevated concentrations of Uranium were observed in 
this same interval as discussed in the previous sections. 

Organic Constituents 
Only seven volatile and three semivolatile organic compounds, shown in Table 4-36, were detected in 
the slant boring samples. Out of 13 samples, these compounds were detected in no more than four 
samples and each in very low concentrations. Most are common laboratory contaminants. 

TCLP Analysis 
Ten subsurface soil samples obtained from various intervals of Slant Borings 1615, 1616, and 1619 
were analyzed by TCLP. Concentrations of the 10 toxicity characteristic contaminants detected were 
below MAC levels as shown in Table 4-37. The results show that these soils do not exhibit the 
toxicity characteristic of RCRA hazardous waste. 

Extent of Contamination 
Data indicate that contamination is limited to (1) soil near the original surface elevation before 
installation of the berm soil, (2) near the outer edge of the Silo 1 foundation (approximately 9 ft below 
the foundation), and (3) southwest of Silo 1 at an elevation comparable to that of the perched 
groundwater. There is a decrease in the concentrations of Ra-226, Pb-210, and uranium with an 
increase in depth around and beneath the silos. Table 4-38 is a summary of the relationship between 
sample locations, major geologic strata, and the water level of the perched zone. 

Slant Borings 1615, 1616, and 1617 (Figures 4-14 through 4-18) show that the maximum 
concentration of U-238 and progeny is near the original ground surface prior to berm installation. 
Three out of the five slant brings (1616, 1618, and 1619) extend to the critical structures, which 
include the decant sump tank, Silo 1,  and Silo 2. The concentrations of Ra-226, Pb-210, and uranium 
in these borings generally decrease with increasing depth. Boring 1616 extends underneath the decant 
sump tank, and samples show the presence of the radionuclides below background levels at depth. 
Boring 1618 extends beneath Silo 1 and shows above-background concentration levels of uranium with 
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TABLE 4-35 

SUMMARY OF SILO SLANT BORING SUBSURFACE SOILS 
INORGANIC ANALYSES 

Frequency Standard 
of MeanC Deviation' 

Analyte' Detectionb Rejected (mg/kgId (mg/kg) 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 

Cyanide 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Potassium 
Selenium 
Silicon 
Silver 
Sodium 
Thallium 
VaMdiUm 
zinc 

Copper 

13/13 
8/13 

13/13 
13/13 , 

11/13 
12/13 
13/13 
13/13 
13/13 
13/13 
6/13 

13/13 
13/13 
13/13 
13/13 
2/13 

12/13 
13/13 
13/13 
3/13 
1/1 

10/13 
13/13 
2/13 

13/13 
13/13 

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

9090 
24.9 
5.6 
63.4 
0.76 
3.6 

80300 
22.7 
10.7 
20.7 
1.98 

21400 
11.3 

22900 
447 
0.12 
12.5 
26.0 
1120 
5.7 
514 
12.5 
621 

0.465 
25.6 
48.9 

3550 
3.90 
2.5 

29.2 
0.10 
1.4 

48500 
6.4 
2.9 
2.8 
1.99 
6590 
3.9 

11900 
146 
0.00 
7.0 
6.0 
343 
9.01 

e 
3.58 
862 

0.035 
4.8 
11.0 

4430-15700 
20.4-325 

3-12.1 
34.5-142 
0.63-0.9 
1.6-6.5 

23 10-144OOO 
8.6-33.3 
4.8-15.3 
14.9-24.5 

0.18-5 
13800-32200 

6.5-18 
2510-37800 

235-746 
0.12-0.12 
3.6-29.9 
17.8-39.3 
823-1 890 
0.44- 16.1 

e 
6.6-17.6 

32.3-2730 
0.44-0.49 
14.4-325 
33.5-66.7 

The sample numbers used in this data set include: 64030, 64039,64067,64102,64112,64123, 
64134,64146,66957,66966,66981,66990, and 66998. 
Rejected data not included in total number of samples. 
Values qualified with a U, R or UJ are excluded. The mean and standard deviation have been 
rounded to show no more than three siflicant figures. 
Values expressed in milligrams per kilogram (mg/kg). 
Analyte was detected in a single sample. 
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TABLE 4-36 

SUMMARY OF SILO SLANT BORINGS/SUBSURFACE SOILS 
ORGANIC ANALYSES 

Frequency Standard 
of Meall' Deviation' Range' 

Analyte' Detectionb Rejected (mg/kgId (mg/kg) (mg/kg) 

Pesticides and PCBs 

None detected 

Semivolatile Organics 

Benzoic acid 1/12 1 0.084 e e 

Diethyl phthalate 1/13 0 0.19 e e 

bis(2-Ethylhexy1)phtate 2/12 1 0.082 0.053 0.045-0.12 

Volatile Organics 

2-Butanone 211 0 3 0.006 0.006 0.002-0.009 

4-Methyl-2-pentanone 1/12 1 0.024 e e 

Acetone 3/12 1 0.037 0.016 0.022-0.053 

Carbon disulfide 1/12 1 0.01 1 e e 

Methylene chloride 4/12 1 0.008 0.004 0.005-0.013 

Toluene 1/12 1 0.002 e e 

Total xylenes 1/12 1 0.009 e e 

The sample numbers used in this data set include: 64030, 64039, 64067, 64102, 64112, 64123, 64134, 
64146,66957,66966, 66981.66990, and 66998. 
Rejected data not included in total number of samples. 
Values qualified with an R, U, or UJ are excluded. The mean and standard deviation have been rounded 
to show no more than three sigmfkant figures. 

* Values expressed in milligrams per kilogram (mgjkg). 
e Analyte was detected in a single sample. 

4-9 1 



FEIW-04Rl-6 FINAL 
November 3,1993 

TABLE 4-37 

SILO SLANT BORINGS SUBSURFACE SOILS 
TCLP ANALYSES 

Maximum 
Frequency Standard Allowable 

of Meau' Deviation' Range' Concentration' 
Analyte' Detectionb Rejected (mg/L)d (mg/L) ( m a )  (mg/L) 
Metals 

ArSeniC 3/8 2 0.121 0.024 0.107-0.149 5 .O 
Barium 6/8 2 0.832 0.731 0.118-2.15 100.0 

Cadmium 3/9 1 0.010 0.006 0.004-0.015 1 .o 
Chromium 5/8 2 0.110 0.840 0.017-0.245 5 .O 
Lead 2/8 2 0.153 0.074 0.1-0.205 5.0 

Selenium 418 2 0.120 0.022 0.103-0.15 1 .o 
Silver 6# 2 0.109 0.084 0.0135-0.232 5 .o 
Pesticides and PCBs 

None detected 

Semivolatile Organics 

Pentachlorophenol 2/9 1 0.014 o.Ooo1 0.014-0.0 15 100.0 

Volatile Organics 

2-Butanone 3/9 1 0.003 0.003 0.001-0.006 200.0 

Tetrachloroethene 1/9 1 0.002 0.7 
f f 

a The sample numbers used in this data set include: 64031, 64040, 64068,64103,64147, 66958,66966, 
66967, 66982,66991, and 66999. 
Rejected data not included in total number of samples. 

to show no more than three sipficant figures. 
Values expressed in milligrams per liter ( m a ) .  
Data obtained from 40 CFR 261.23. 
Analyte was detected in a single sample. 

' Values qualified with an R, U, or UJ are excluded. The mean and standard deviation have been rounded 
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elevatedxoncentrations near the silo base (Figure 4-17). Once again, the uranium concentration level 
decreases with depth. Boring 1619 shows no contamination at levels above background (Figure 4-18). 
This boring is located in the upgradient direction of perched water beneath Silos 1 and 2, which may 
explain why no contaminants were found. 

These data show that there are si@icant levels of uranium isotopes in the soil below and adjacent to 
Silos 1 and 2. The source of these contaminants is probably due to spillage during the silo fdling 
process, leakage from the silos (such as occurred in 1953). or leakage from the silo underdrains. 
Other potential sources of contamination within the Operable Unit 4 Study Area include the waste pits 
north of the silos, contaminated surface runoff from other areas of the site, the slurry line that was 
used to transfer slurried M m a t e  from the refinery and the drum handling facility into Silos 1 and 2, 
and the drum handling facility that existed near Silos 3 and 4 and was used to slurry off-site drums of 
waste into Silos 1 and 2. 

4.2.3.2 Vadose Zone Soil 
The discussion in Section 4.2.3.1 specifically addresses subsurface soil contamination below Silos 1 

and 2. This section addresses the vadose zone soil within the Operable Unit 4 Study Area that was 
investigated during the well installation program, The subsurface soil investigation program was an 
integral part of the site-wide installation of monitoring wells. Thus, the sampling locations correspond 
with the locations of monitoring wells. 

Soils sampled under the Facilities Testing Plan from trenches excavated on the west side of the silos 
are also discussed in this section. The trenches were installed to investigate areas suspected of being 
contaminated due to site construction rubble disposal activities, although documentation of such activ- 
ities does not exist. The trench excavation site west of the silos is one of the locations where con- 
struction rubble is suspected to have been placed. The trench boring logs are included in Appendix B. 

Nature of Contamination 

Radiolonical Constituents 
As part of the RI, radiological analyses were performed on 12 subsurface soil samples taken from 
borings described in Section 2.7 (Figure 2-8) and 16 soil samples collected from trenches on the west 
side of the silos. The results of these analyses are summarized in Table 4-39 and the complete 
analytical results are provided in Appendix B. Radionuclides present in detectable concentrations were 
U-234, U-238, Th-228, Th-230, Th-232, Tc-99, Sr-90, Ra-226, and Ra-228. Above-background 
concentrations were observed in Boring 1072 at 0 to 1.5 ft deep, Boring 1476 at 5 ft and 10 ft, Boring 
1479 at 5 ft and 15 ft, Boring 1480 at 15 ft, and Boring 3034 at 21 to 22.5 ft. 

, 
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TABLE 4-39 

SUMMARY OF SUBSURFACE SOIL 
RADIOLOGICAL ANALYSES 

Frequency Standard 
of Mean' Deviation' Rangec 

Analytea Detectionb Rejected (pCi/g)d (pCi/g) (Pci/g> 

Radium-226 

Radium-228 

Strontium-90 

Technetium-99 

Thorium-228 

Thorium-230 

Thorium-232 

Total Thorium' 

Total Uranium' 

Uranium-234 

Uranium-238 

15/23 

8/23 

411 9 

2/26 

12/26 

23/26 

6/26 

23/23 

19/21 

20/26 

23/26 

3 

3 

8 

0 

0 

0 

0 

0 

4 

0 

0 

0.80 

0.66 

1.18 

2.85 

0.850 

1.46 

0.808 

5.04 

6.60 

1.24 

1.79 

0.27 

0.26 

1.09 

1.06 

0.206 

0.963 

0.262 

3.50 

7.92 

0.760 

2.98 

0.53-1.5 

0.41- 1.1 

0.5-2.8 

2.1-3.6 

0.63 1 - 1.3 

0.716-4.8 

0.6-1.3 

1.3-15 

1.64-37.1 

0.6-3.4 

0.6-15 

The sample numbers used in this data set include: 7407, 7504,8188, 8272, 8279, 8854, 
32456, 32465, 32766, 32773, 33083,33090,55998 through 56004, 56013 through 
56021,56023,56025, and 56029. 
Rejected data not included in total number of samples. 
Values qualified with an R or < are excluded. The mean and standard deviation have 
been rounded to show no more than three signtficant figures. 
Values expressed in picoCuries per gram @Ci/g). 

' Values expressed in micrograms per gram (pg/g). 
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Boring 1072 is north of Silo 4, within the operable unit boundary. Analytical results show the 
presence of depleted uranium, slightly elevated Th-230 (4.8 pCi/g), and Tc-99 (3.6 pCi/g). 
Technetium-99 is associated with nuclear reactor operations. Based on the radionuclides present and 
the depleted state of the uranium, it is unlikely that this material originated from waste materials stored 
in Operable Unit 4. The species and concentrations of the radionuclides present and the shallow depth 
of the sample (0 to 18 inches) suggest atmospheric deposition of materials released during production 
activities at FEMP site. 

Boring 1476 is associated with a trench excavated between the fence surrounding the waste storage 
area and Paddys Run, just west of Silo 1. Slightly elevated (above background) concentrations of 
uranium were observed at 5 ft (U-238 at 2.99 pCi/g) and 10 ft (3.49 pCi/g). No other radionuclides 
except uranium were present in concentrations greater than background in this boring. 

A trench excavated west of Silo 3 (Boring 1480) exhibited slightly elevated uranium concentrations 
(U-238 at 2.22 pCi/g) at a depth of 15 ft. Total uranium analyses were also elevated (7.76 @g). 
However, the U-234 analysis was near background at 1.23 pCi/g. The radionuclides detected and the 
depleted nature of the uranium would suggest a source other than Operable Unit 4. 

Extent of Contamination 
The subsurface soil sample collected from Boring 1072 at a depth interval of 0 to 18 inches contained 
15.0 pCi/g of U-238, which was the highest concentration observed. This sample is actually more 
representative of surface soil. Typically, the subsurface soils contained concentrations of uranium and 
progeny of less than 4.0 pCi/g. 

These data indicate that contamination within Operable Unit 4 soil is limited primarily to the surface. 
There appears to be no contamination from the surface through the vadose zone except on the west 
side of the silos. Above-background uranium concentrations at depths up to 15 ft below the surface 
indicate that this area may be contaminated with construction debris. 

Overall Summary for Surface and Subsurface Soils 
A review of the surface and subsurface soil data indicates that concentrations of radionuclides, 
especially U-238 at above-background levels, are primarily limited to the upper 6 inches of the soil. It 
appears that all surface soil up to a depth of 6 inches within Operable Unit 4 contains uranium above 
background levels. This observation is consistent with samples collected throughout the Waste Storage 
Area, where Uranium without progeny is frequently found. 

F H ~ ~ U ~ R I J D E .  1255.4/10- 19-93P.3- 
f . P ’ l j i ;  

I ‘. 
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Subsurface soil collected 
above background. This 

from well borings revealed only one sample with uranium concentrations 
sample was collected from the 0- to 1.5-ft zone, which can be regarded as 

surface soil. Samples from depths greater than 2.0 ft show concentrations near or below background 
levels. 

Data from uenching west of the silos reveals uranium contamination with above-background levels 
detected to a depth of 15 ft. The trenching was done to investigate this and other areas where it is 
suspected that FEMP-contaminated construction rubble was buried in the past. This and other suspect 
areas were investigated under Operable Unit 5.  

For surface and subsurface soil, analytical results indicate that areas impacted by Operable Unit 4 
waste handling and storage activities are limited to (1) the interface between the silo berms and 
original ground level and (2) the region below the Silo 1 foundation. Samples collected in the slant 
boring program, the berm vertical boring program, and during well installation bound the extent of 
contamination originating from the waste materials stored in Operable Unit 4. The body of 
information strongly suggests that Operable Unit 4-derived soil contamination is limited to the original 
ground surface near the silos and the area just beneath the silo foundations. 

4.3 GROUNDWATER 

4.3.1 Perched Groundwater in Glacial Overburden 
Two types of groundwater samples were collected in the glacial overburden: those from slant 
boreholes and those from monitoring wells. Groundwater samples were collected only once from the 
slant boreholes (as they were drilled) because permanent monitoring wells were not installed. In the 
permanent monitoring wells, however, groundwater samples were collected during several sampling 
events, 

The five slant borings, whose locations are shown in Figure 4-19, allowed for the collection of perched 
water at shallow depths (0 to 20 ft) below the silos and decant sump tank. Figures 4-14 through 4-18 
show the locations of samples collected and detected concentrations of selected radionuclides. 

4.3.1.1 Nature of Contamination 

Radiological Constituents 
The concentrations of various radionuclides detected in samples from the slant borings shown in 
Figures 4-14 through 4-18 are listed in Tables 4-40 and 4-41. Water samples were collected from two 
depths in Slant Boring 1616 and at a single depth from Slant Borings 1615, 1617, 1618, and 1619. 
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TABLE 4-40 

SILO SLANT BORINGS - PERCHED GROUNDWATER 
RADIOLOGICAL CONSTITUENTS - RI/FS 

silo 2 silo 2 Decant Tank Decant Tank silo 1 silo 1 
~~~~~ ~ ~~ 

Boring Number 1615 1616 1616 1617 1618 1619 
Sample Number 64007 64021 64052 wlo9 64152 64090 
Sample Interval' 57.0 ft 48.0 ft 120.0 ft 69.0 ft 130.0 ft 110.0 ft 
Sample Date 05/29/91 06/21/91 07/09/9 1 06/10/91 08/08/91 07/31/91 

Analyte 
~ ~~ 

Analytical Results (pCi/L)b 

Lead-21 0 
~ ~~~ 

<3' <3 Jd <1 J <3.0 1.96 J 2.81 J 

Polonium-21 0 NA' 4 . 6  J 4 . 7  J 4 . 4  4.69 Re ~ 1 . 2  J 

Radium-226 <1 <1 J <1 <1 R 2.89 <1 

Thorium-228 1.96 J <1 J 1.54 J <1 R <1 <1 R 

Uranium-234 1.17 J 139 J 3.04 J <1 R NA NA 

Uranium-235/236 <1 J 9.92 J <l J <1 R NA NA 

Uranium-238 <1 146 J 1.96 J 1313 J NA NA 

Total Uranium8 1.51 J 439 J 6.17 J 3816 NA NA 

a Sample interval indicates length along the slant boring, measured from entrance at grade, at which the sample 
was obtained. 
Results expressed in picoCuries per liter (pCi/L). These samples were unfiltered. 
< - Not detected. Number represents detection limit. 
J - Estimated value 

e R - Results unusable 
NA - Not analyzed 

8 Results expressed in micrograms per liter (pa). 
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TABLE 4-41 

SILO SLANT BORINGS - PERCHED GROUNDWATER 
RADIOLOGICAL ANALYSES - ON-SITE LABORATORY 

~~ ~~ ~ _ _  ~~ 

Silo2 Silo2 DecantTank DecantTank Silo 1 Silo 1 Silo2 

Boring Number 
Elevation (MSL) 
Sample Interval 

1615 1615 1616 1616 1617 1618 1619 
566.9 566.9 563.1 55 1.3 565.6 557.4 561.5 
57 ft 57 ft 48 ft 120 ft 69 ft 130 ft 110 ft 

~~ 

Analyte Analytical Results (PC~/L)~ 

Total Thoriumc 

Th~riUm-230 

Uranium-234 

Uranium-235 

Uranium-236 

Uranium-238 

Total Uranium' 

Radium-226 

<400d 

3.0 

0.69 

0.03 

0.017 

0.66 

2.0 

1 .o 

<3.0 

0.66 

0.038 

0.018 

0.73 

2.2 

0.9 

4 0 0  
1 .o 

96.9 

4.8 

0.25 

129.6 

.390 

<3.4 

<400 

4.5 

1.01 

0.04 

0.01 

0.797 

2.4 

<4.5 

<400 

5.0 

3400 

140 

4 . 9  

3100 

9240 

<3.3 

<400 

<lo 

280 

13 

<OS4 

4 8 0  

840 

6.5 

<400 

2.6 

100 

5.1 

4 . 0  

110 

330 

<3.4 

a Sample interval indicates length along the slant boring, measured from entrance at grade, at which the sample 

b'Results expressed in picoCuries per liter ( F i b ) .  Data are from environmental monitoring and are not 
was obtained. 

validated. These samples are unfiltered. 
Results expressed in micrograms per liter (pa ) .  

* < - Not detected. Number represents detection limit. 
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Boring 1615 encountered perched groundwater at a depth of 5.2 ft lower than the Silo 2 footer and 
approximately 28 ft away from the silo at an elevation of 566.9 ft MSL. The boring was terminated at 
that point to prevent interconnection of the perched groundwater zone with lower groundwater regions. 
As shown in Table 440,  no si@icant concentrations of radioactive contaminants were found. 

A second boring was installed in the area of Silo 2, Boring 1619, which encountered perched 
groundwater at 11.4 ft directly below the silo foundation (boring elevation 561.2 ft MSL). The 
contract laboratory was unable to obtain acceptable yields for uranium isotopic analyses on this 
sample. Total uranium results were, therefore, declared invalid by the laboratory. A split of the 
sample was analyzed at the FEW laboratory for total and isotopic uranium. Excellent agrement was 
obtained between the analyses for U-238 and total uranium, which suggests a high level of confrdence 
in the results. The total uranium result, 330 p@, was similar to the result for the first water sample 
in Boring 1616, discussed in the next paragraph. 

Boring 1616, installed to investigate potential leakage from the decant sump tank, encountered perched 
groundwater at two depths. In the upper depth, a sample was collected at 563.8 ft MSL. Uranium 
was present at concentrations of 146 pCi/L for U-238, 9.92 pCi/L for U-235, 139 pCi/L for U-234, 
and 439 pg/L for total uranium. Reasonable agreement with the on-site laboratory results was noted. 
Uranium progeny were not present in equilibrium. 

Perched groundwater was encountered at a lower depth while installing Boring 1616 at approximately 
10 ft below the decant tank. Uranium was also present here, but at a much lower concentration than 

that encountered in the upper perched groundwater zone (71 times lower). This sample bounds the 
vertical extent of migration, if any, from the first sample. 

Borings 1617 and 1618 collected perched water near Silo 1. Boring 1617 encountered water 
approximately 3.6 ft lower than the Silo 1 foundation, approximately 24 ft from the structure, at a 
boring elevation of 565.4 ft MSL. The contract laboratory indicates a total uranium result of 3816 
p a .  However, the on-site analytical laboratory reported a uranium concentration of 9240 p a .  No 
explanation is available for this discrepancy and the contract laboratory results are therefore considered 
more reliable. 

Boring 1618 encountered groundwater approximately 6.3 ft below the silo footer, near the center of 
the silo at an elevation of 566.4 ft MSL. The contract laboratory was unable to complete a reliable 
analysis of this sample. The split analyses by the on-site laboratory yielded a concentration of 840 
p a  for uranium (Table 441). 
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Prior to sealing the boreholes, water level measurements were made in four of the five borings in 
August 1991. Water elevations were 571.3 ft, 567.9 ft, 570.5 ft, and 570.5 ft for Borings 1615, 1617, 
1618, 1619, respectively. These water elevation measurements suggest that all four borings are 
sampling the. s&e perched zone. As discussed in Section 3.5.4.2, perched groundwater in this area of 
the site flows west toward Paddys Run. Borings 1618 and 1619, which have the highest uranium 
concentrations, are located on the east side of Silos 1 and 2 (Figure 4-19). 

Flow of perched groundwater from this area toward Paddys Run would intersect the decant sump tank 

boring (1616) at an elevation of 563.8 ft MSL. However, Boring 1616 passed completely through this 
upper perched groundwater zone and thus could not be used to measure the water level in the zone. 

As discussed in Section 3, even though perched water was encountered at various depths during 
sampling of the slant borings, it is believed that the perched water is a distinct hydrogeologic Unit that 
is best conceptualized as one large perched groundwater zone. 

In addition to the slant borings, five shallow wells are located near Silos 1 , 2 , 3  and 4 (Figure 4-20). 
The uranium values reported in this figure are the averages of RI/FS samples collected in 1988 and 
1989 (Table 442). Table 4 4 3  summarizes analytical data from the 1990 sampling of these wells 
under the FEMP Environmental Monitoring Program. While the analytical results in Table 4 4 3  were 
collected as part of the FEMP Environmental Monitoring Program, they show good agreement with the 
RyFS samples collected in 1988 and 1989 (Table 442). Further, these samples were collected and 
analyzed using the same protocols as used for RI/FS and at the same contract laboratory. 

The data presented in Figure 4-20 and summarized in Tables 4-42 and 4 4 3  indicate that Well 1033, 
which lies upgradient of Silos 1 and 2, has an average uranium concentration of 17 p a .  Well 1032, 
which lies downgradient of Silos 1 and 2, has an average uranium concentration of 234 pa. 

In brief, the data previously presented for both the slant borings and wells within and around Operable 
Unit 4 demonstrate that some portion of 0perable.Unit 4 is acting as a source of groundwater 
contamination. Three potential sources were considered: 

Residues within Silos 1 and 2 
Surface contamination mobilized via rainwater that infiltrated around the silos 
Residues spilled at the origmal ground level prior to installation of the silo berms 

The release scenario for the fmt potential s o m e  would involve the movement of leachate present in 
the lower portion of the silos (Section 3.1.1) through the concrete silo bottom (4 inches) into the 
underdrain system. From this point liquid would travel through the asphaltic concrete layer (2 inches) 
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TABLE 4-42 

PERCHED GROUNDWATER 
RADIOLOGICAL ANALYSES - RI/FS 

Total Well Sample Th-228 Th-230 TotalThorium U-234 U-238 
Number Number Date (pci/L)' (Pci/L) (Pg/Ub (PCi/L) (PCi/L) mKlium 

(Pg/L) 

1029 

1029 

1029 

1029 

1032 

1032 

1032 

1032 

1033 

1033 

1033 

1033 

1034 

1034 

1034 

1034 

3076 

3354 

3634 

3852 

3133 

3355 

3635 

385 1 

3220 

3567 

3773 

3961 

3122 

3850 

3356 

3636 

04/05/88 

07/20/88 

10/23/88 

01/22/89 

04/27/88 

07/20/88 

10/23/88 

01/22/89 

05/22/88 

08/24/88 

11/20/88 

03/1 Ob39 

04/25/88 

01/22/89 

07/20/88 

10/23/88 

4 Jc*d 

<1 

<lf J 

<1 

<1 J 

<1 

<1 J 

<1 

4 J 

<1 

<1 

<1 

<1 J 

<1 

<1 

<1 J 

<1 J 

<1 

<1 J 
<1 

1.6 J 

<1 

<1 J 

<1 

1.4 

<1 

<1 

<1 

<1 J 

<1 

2.4 

<1 J 

NAe 

Q 

<3 J 

<4 

NA 

4 

4 J  

<4 

NA 

3 

d 

a 
NA 

<3 

<4 

Q J  

1.7 J 

1.4 R 

1.2 J 

1.7 

84.9 J 

61.3 R 

82.4 J 

76.1 

3.7 J 

3.3 

4.9 

7.1 

1.3 J 

1.2 

2.6 R 

2.9 J 

' Results expressed in picoCuries per liter (pCi/L). These samples were unfiltered. 
Results expressed in micrograms per liter (pg/L). These samples were unfiltered. 
J - Estimated value 
< - Not detected. Number represents detection limit. 

R - Results unusable 
e NA - Not analyzed 

1.4 J 

<1 R 

<1 J 

<1 

96.8 J 

70.5 R 

92.4 J 

88.8 

3.5 J 

3 

5 

8.2 

1.1 J 

1.1 

1.8 R 

3.4 J 

3 R' 

3 

2 

3 

256 

196 

230 

276 

11 R 

9 

15 

23 

4 R  

'3 

10 

7.0 
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TABLE 4-43 

SUMMARY OF PERCHED GROUNDWATER 
RADIOLOGICAL ANALYSES - ENVIRONMENTAL MONITORING 

~ ~ ~ ~ ~ ~- 

1032' 
Well Number 1029 4/18/90; 10/24/90; 1033 1034 
Sample Date(s) 4/19/90 11/01/90 4/23/90 4/16/90 

Analyte ~ y t i c a ~  results ( p ~ i / ~ ) ~  

Pl~tonium-238 NA 0.038 NA NA 

Plutonium-239/240 NA 0.225 NA NA 

Radium-226 0.755 <0.16d-0.52 0.474 1.44 

Radium-228 <0.37 <0.8-<65.6 e0.61 c0.65 

S tron tium-90 NA 0.235 NA NA 

Technetium-99 NA 4 7  NA NA 

Thorium-228 c0.67 0.288-1.14 0.654 c0.81 

Th~~ium-230 ~ 0 . 6 7  0.271-131 0.872 3.61 

Thorium-232 c0.67 NDd 4 .33  1.81 

Uranium-234 2.32 0.227-71.6 6.08 2.45 

Uranium-235/236 0.529 3.49-4.58 0.61 c0.28 

Uranium-238 1.73 69.8-77.3 7.54 2.2 

Total Thorium' c6.0 4 .3-43 .1  4 . 9  16.3 

Total Uranium' 3.64 3.8-237 21.5 6.59 

a Data for Well 1032 are presented as a range for the three sampling events. 
Results expressed in picoCuries per liter (pCi/L). Data from environmental monitoring and are 
not validated. These samples are unfiltered. 

<, ND - Not detected. Number represents detection limit. 
NA - Not analyzed 

' Results expressed in micrograms per liter (pa). 
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and through the 17-inch compacted clay layer into the glacial till. Movement could be driven 
vertically by the head on the leachate within the silos. 

Alternatively, as discussed in Section 4.1.2, the Silos 1 and 2 decant sump tank had not been emptied 
for many years prior to April 1991. The tank had overflowed and the decant liquid level extended 4 ft 
into the tank standpipe. Because the standpipe is not watertight, nor sealed in a watertight fashion to 
the top of the decant sump tank, this overnow of the tank into the standpipe provides a ready pathway 
for leachate from Silos 1 and 2 to enter the perched groundwater beneath the silos. 

The second release scenario would require rainwater to mobilize airdeposited contamination on the 
silo domes, then infiltration of that contaminated water through the silo berms, possibly at the interface 
between the berms and the silos. These liquids would either migrate directly to perched groundwater 
or be collected by the silo perimeter drain or underdrain systems and then be released to perched 
groundwater through the decant sump system as discussed in the previous paragraph. 

The third release scenario would require infiltrating rainwater to mobilize the contaminants in the K-65 
residues spilled at the original ground surface (identified in the berm boring program) and transport the 
contaminants into the silo perimeter drain. This situation would make the contaminants available for 
transport from the underdrain system as in the previous scenario. 

The mobility of uranium from the silos is enhanced by the presence of tributyl phosphate, which was 
used in the FEMP refining process. This utilization may also account for the presence of uranium in 
much higher concenttations than Ra-226 in the perched zone and the underdrain. Given the greater 
concentration of Ra-226 present in the Silo 1 and 2 residues, and absence of ion-exchange in the till, 
one would normally expect to see Ra-226 in the perched water at activity concentrations higher than 
uranium. 

However, review of the data collected shows that uranium was detected at higher concentrations than 
radium in the environmental media within Operable Unit 4. This is likely due to radium in the silos 
being in the form of radium sulfate. Radium sulfate has very low solubility; consequently, it would 
produce very low dissolved radium levels. 

Inorganic Constituents 
Six different perched groundwater samples were collected from the slant borings and analyzed for 
metals and general chemical parameters during the RWS program (Table 4-44). When these data 

were compared to the background levels for the perched groundwater (Table 4-1), there were elevated 
concentrations for major cations (iron, magnesium, manganese, and sodium) and major anions 
(chloride and nitrate). In particular, the concentrations of sodium, sulfate, and nitrate were 
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TABLE 4-44 

SLANT BORINGS - PERCHED GROUNDWATER 
SUMMARY OF CHEMICAL ANALYSES 

Silo2 DecantTank DecantTank Silo1 silo 1 silo 2 
~ ~ ~ ~ - 

Boring Number 1615 1616 1616 1617 1618 1619 
SampleNumber 64007 64021 64052 64009 64152 64090 
Sample Interval' 57.5 ft 48.0 ft 120.0 ft 68.5 ft 130.0 ft 110.0 ft 
Sample Date 05/29/91 06/21/91 07/O9/9 1 0611 0/9 1 08/08/9 1 07/31/91 

Analyte Analytical Results (mg/L)b 

Aluminum 

Ammonia 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Calcium 

Chloride . 

Chromium 

Cobalt 

Copper 
Cyanide 

Fluoride 

Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Molybdenum 

Nickel 

Nitrate 

Phenols 

Phosphorus 

. 6 -  
r: ... 

1 .  ,+..@ 

0.141 B' 

0.1 v' 

0.095 J 

0.002 u 
0.293 J 

0.002 u 
0.025 J 

516 

3230 

0.022 

0.018 J 

0.062 J 

0.012 J 

0.24 

5.61 J 

0.002 UJ' 

158 

0.584 J 

0.0002 u 
0.023 

0.070 J 

0.1 u 
0.01 u 

0.07 

. .  . -..: . . .  

74.6 Jd 
0.1 u 

0.149 J 

0.057 J 

0.552 J 

0.006 

0.011 

220 

238 

0.31 J 

0.097 

0.385 

0.005 

0.38 

221 J 

0.078 J 

83.9 

6.25 

0.0002 u 
0.149 

0.369 

55.6 

0.01 u 
0.02 u 

13.8 J 
0.1 u 

0.090 J 

0.006 B 

0.702 J 

0.002 u 
0.014 

258 

195 

0.1 14 

0.026 B 
0.042 

0.002 u 
0.68 

35.9 

0.011 J 

100 

0.713 

0.0002 J 

0.063 

0.094 

438 

0.02 

2.55 

4-1 07 

2.46 

0.1 u 
0.083 J 

0.005 J 

0.033 J 

0.002 u 
0.016 

194 

44.8 

0.099 

0.025 B 

0.092 J 

0.007 B 

0.62 

40.5 J 

0.007 J 

79.9 

0.839 J 

0.0002 UJ 

0.259 

0.136 

554 

0.01 u 
0.55 

0.3 13 

0.1 u 
0.082 J 

0.002 u 
0.019 B 

0.002 u 
0.012 

180 

79.4 

0.067 

0.018 B 

0.024 B 

0.025 J 

0.26 

13.9 

0.002 u 
73.2 

0.497 J 

0.0002 u 
0.048 

0.058 

18.5 

0.01 u 
66 

0.208 

0.6 

0.03 U 

0.002 u 
0.040 B 

0.002 u 
0.005 

130 

23 

0.019 

0.01 u 
0.01 u 

0 . m 2  u 
0.2 

7.89 

0.002 u 
52 

0.292 

0.0002 u 
0.021 

0.029 B 

13 

0.02 u 
0.06 

~0034f 
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TABLE 4-44 
(Con tinued) 

Silo2 .DecmtTank DecatTank Silo1 silo 1 silo 2 

Potassium 

Selenium 

Silicon 

Silver 

SOdiUm 

Sulfate 

Sulfide 

Total Organic 
Carbon 

Total Organic 
Halides 

Total Organic 
Nitrogen 

Thallium 

Va.MdiUm 

zinc 

2.43 B 
0.002 UJ 

7.39 

0.032 J 

1040 

102 

0.5 U 

3.05 

0.015 

0.167 

0.01 UJ 

0.021 J 

1.45 J 

5.81 

0.045 J 

79.4 J 

0.048 

139 J 

190 

0.5 U 

3.46 

0.031 

0.327 

0.002 R 
0.203 J 

4.87 

3.83 B 

0.002 u 
24.3 J 

0.047 

92.7 

450 

0.5 U 

2.62 

0.01 u 

0.598 

0.002 u 
0.057 

0.164 J 

2.36 J 

0.057 J 

10.5 

0.040 

600 

1287 

0.5 U . 
0.01 u 

0.01 u 

0.167 

0.002 UJ 

0.035 J 

1.59 

3.52 B 

0.106 

6.05 

0.049 

476 

2200 

0.5 U 

3.28 

0.054 

0.33 

0.002 UJ 

0.037 B 

1.24 J 

1.49 B 

0.002 u 
7.26 

0.018 J 

39.4 

190 

0.5 U 

1 .o 

0.01 u 

NA 

0.002 u 
0.010 B 

0.828 

a Sample interval indicates length along the slant boring, measured from entrance at grade, at which 
the sample was obtained. 
Results expressed in milligrams per liter (ma). These samples are filtered. 
Reported value was obtained from a reading that was less than the Contract Required Detection Limit 
(CRDL), but greater than or equal to the Instrument Detection Limit (IDL). 

* J - Estimated value 
e U - Not detected 

UJ - Not detected 
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siflicantly above background. Concentrations of metals associated with Operable Unit 4 stored 
waste, including barium, cadmium, lead, molybdenum, and zinc, were not signrficantly above 
background. The constituents present in the upper perched zone near the decant sump tank (Boring 
1616) indicate that the leachate from Silos 1 and 2 is a probable source. 

Twelve perched water samples were collected from four of the five 1000-series monitoring wells for 
the W S  program. The concentrations of major cations, major anions, and trace metals in these 
samples (Table 445)  were less than the concentrations observed in some of the samples from the slant 
boreholes (T.able 4-44). Major cations (calcium, magnesium, and sodium) and major anions (chloride 
and sulfate) were highest in Well 1032, which is located west of Silos 1 and 2 (Figure 4-20). In 
addition, nitrate was elevated above background in 5 out of 15 samples from the 1000-series wells, 
particularly in Well 1032, and barium was elevated above background in 4 out of 13 samples. 

Organic Constituents 
VOCs and SVOCs were detected in six perched water samples from the slant borings (Appendix C). 
The detected constituents were all  common laboratory contaminants. 

Among 1000-series monitoring wells, two samples were collected from Well 1029 for the RUFS 
program. Acetone, a common laboratory contaminant, was detected in one sample at 0.001 m a .  No 
other organics (volatile, semivolatile, pesticides, or P a s )  were detected in Well 1029 (Appendix C). 

4.3.1.2 Extent of Contamination 
Groundwater in the 1000-series wells flows west toward Paddys Run. Therefore, the wells on the west 
side of the silos are regarded as downgradient wells and those on the east side as upgradient wells. 
Figure 4-20 presents the distribution of uranium in the perched groundwater wells in the glacial 
overburden within Operable Unit 4. This distribution pattern shows the highest average concentration 
of uranium is on the west side of Silos 1 and 2, downgradient of the silos. The maximum 
concentration of uranium in Wells 1029 and 1032 is 3.64 p a  and 276 p a ,  respectively. 
Monitoring Well 1032 contains the highest concentration of uranium in the 1000-series wells. 

The interpretation of data from Well 1032 is complicated by the fact that Ra-226 is not detected in all 
of the sampling rounds. Radium is a major constituent of the waste stored in the silos, but is not seen 
in either the perched water or the groundwater samples. This result may be atmbutable to the very 
low solubility of radium sulfate in the silos. Radium sulfate is not as soluble as the uranium 
compounds and would produce lower dissolved radium concentrations. U-238, on the other hand, is 
present in virtually every water sample. Its presence may be related to its chemical species and the 
presence of tributyl phosphate in the silo residues acting as a chelating agent. 

= 
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TABLE 4-45 

PERCHED GROUNDWATER 
GENE= CHEMISTRY AND METALS RANGES 

Well Number 1029 1032 1033 1034 
(No. of Analyses) (4) (2) (4) (2) 

General Chemistrv bdL)' 

Ammonia 0.1 NDb 0.2 ND 
Chloride 1.5-12.5 310-616 1.25-29.5 4.6-6.8 

Fluoride 

Nitrate 

Phenols 

Phosphate 

Phosphorus 

Sulfate 

Total Kjeldahl 
nitrogen 

Total organic 
halides 

Total organic 
nitrogen 

1.1 -1.5 

0.173 

0.03 

0.1' 

0.15-0.4 

81-210 

0.1 

ND 

0.024-0.8 

0.2-028 

0.14-8.3 

0.02 

N A ~  

0.145-0.6 

280-375 

0.2' 

0.024' 

0.1-0.2 

0.4-0.66 

0.1-0.64 

0.02 

NA 

O.WO.3 1 

75-116 

0.3 

ND 

0.1-0.49 

0.4 

0.55-1.4 

0.01 

NA 

0.1-0.355 

197-210 

0.1 

0.016' 

0.1 

Aluminum 0.041 ' NA NA NA 

Antimony ND' NA NA NA 

Arsenic ND ND ND ND 
Barium 0.15-0.1 82 0.076-0.083 0.57-0.93 0.038-0.044 

BerylliUD mc NA NA NA 

Cadmium 0.00s 0.008 ND 0.01 

Calcium 95.2-1 01 215-233 89.3-120 118-128 

chromium 0.022 0.038 0.03 0.028 

Cobalt ND' NA NA NA 

Copper 0.014 0.019 0.01-0.012 0.015 

Cyanide NDd ND NA NA 

Iron 0.043-0.103 ND 0 .007-0 .94 ND 
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TABLE 4-45 
(Continued) 

Well Numbr 1029 1032 1033 1034 
(No. of Analyses) (4) (2) (4) (2) 

Lead 0.015 ND 0.002 ND 

Magnesium 43.944.4 68.2 35.3-58.8 53.1 

Manganese 0.052-0.1 26 0.013 0.026-0.21 0.009-0.1 11  

Mercury ND ND ND O.OOO4 

Molybdenum 0.02-0.03 ND 0.1-0.033 ND 

Nickel 0.025 0.0% 0.021 0.026 

Potassium 1.19-3.6 1.3-1.43 0.527-7.63 1.56 

Selenium ND ND. 0.02 ND 

Silicon NA NA NA NA 

Silver ND ND ND ND 

Sodium 27662.8 189-282 1 1.4-24 34.9-45.5 

Thallium NDc NA NA NA 

VilMdiUm NDc NA NA NA 

z inc  NDc NA NA NA 

'Results expressed in milligrams per liter ( m a ) .  Data are from RI/FS and are validated. These 
samples are filtered. 
%D - Not detected 
'Single analyses 
dNA - Not analyzed 
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The upgradient Well 1033 (Figure 4-20) also shows uranium concentrations above-background levels. 
The maximum uranium concentration in this well is 23 p a .  Well 1034 adjacent to and south of Silo 
1 contains uranium at a maximum concentration of 10 p a .  

The lower perched groundwater zone encountered below the decant sump tank was found to have 
relatively low concentrations of uranium and progeny, which suggests that this as an unimpacted zone. 

General chemistry parameters such as chloride, calcium, sodium, and sulfate were found to have 
higher concentrations in Well 1032, downgradient of the silos, than the upgradient Well 1033. 

Data from the 1000-series wells clearly demonstrate that the perched groundwater within Operable 
Unit 4 is contaminated. To fully characterize the perched water between Operable Unit 4 and Paddys 
Run, additional well installation and sampling is planned for early 1993. Findings from this additional 
sampling event will be discussed in the Operable Unit 5 RI when the data become available. 

Perched Groundwater  summa^^ 
Perched groundwater data consist of RI samples collected from the slant borings under Silos 1 and 2 
and both RI and FEMP Environmental Monitoring Program samples collected from four shallow wells 
located in or near the Operable Unit 4 Study Area. 

Slant boring data consist of six radiological samples, six metals samples, and six HSL organics 
samples collected from the slant borings. Data collected from the shallow wells includes 16 RI 
radiological samples collected in 1988 and 1989,6 FEMP Environmental Monitoring Program 
radiological samples collected in 1990, 12 RI metals samples collected in 1988 and 1989, and 2 RI 
HSL organics samples collected in 1988 and 1989. 

In general, the data show that perched water contamination, consistent with silo leachate, is present 
directly under and immediately to the west of Silos 1 and 2. In addition, this contamination is 
migrating to the west toward Paddys Run. 

4.3.2 Groundwater in the Great Miami Aquifer 
Three 2000-series and two 3000-series monitoring wells were installed in the vicinity of Operable 
Unit 4 (Figure 4-21). One or more samples were collected from each well for radionuclide, metals, 
and general chemistry analyses. Only Well 2034 was sampled for organic analyses during the RID3 
program. Wells 2034, 3034, and 3032 were also sampled for organics as part of the FEMP 
Environmental Monitoring Program. 

FER/OU4RUDJi1255.4/10-19-93/9:3hm 
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4.3.2.1 Nature of Contamination 

Radiological Constituents 
Wells 2032,2033, and 2034 are screened in the upper part of the Great Miami Aquifer to the west, 
east, and south of Silos 1 and 2, respectively. Uranium concentrations were elevated in all 2000-series 
wells (Tables 4 4 6  and 447). The highest concentrations of uranium were detected in Wells 2032 
(39.9 p a )  and 2033 (40.3 pg/L), which are located west and east of Silos 1 and 2, respectively. In 
addition, Th-228 and Th-230 were detected in one sample from Well 2032 at concentrations of 4.29 
pCi/L and 14.7 pCi/L, respectively. 

The two 3000-series wells, 3032 and 3034, located west and south of Silos 1 and 2, are screened just 
above the clay interbed. Elevated concentrations of uranium (11.1 to 15.0 p a )  were found in Well 
3032. All other radiological constituents remained at or below background. 

Figure 4-21 shows the distribution of uranium in the 2000- and 3OOO-series wells. 

Inornanic Constituents 
A summary of the inorganic data for the three 2000- and two 3000-series wells is presented in 
Table 4-48. A total of 14 RI/FS samples from the five wells were analyzed for inorganic constituents. 
Nitrate, phosphorus, antimony, cadmium, magnesium, mercury, nickel, silicon, and silver were 
detected at above-background levels (Table 4-1). Of these, nitrate, phosphorus, cadmium, and 
magnesium were detected in all five wells. The range of detected concentrations for the inorganic 
analyses of groundwater is presented in Table 4-48. 

Organic Constituents 
Only two RI/FS samples from Well 2034 were analyzed for organic compounds. The analytical 
results revealed very low concentrations of butyl benzyl phthalate, di-n-butyl phthalate, and acetone 
(Appendix C). 

4.3.2.2 Extent of Contamination 
Figure 4-21 presents average uranium concentrations in the Great Miami Aquifer. Groundwater flow 
within the Great Miami Aquifer is primarily toward the east, varying seasonally. In the area of 
Operable Unit 4, the direction of groundwater flow is impacted by Paddys Run. Recharge from 
Paddys Run to the aquifer occurs during wet periods resulting in a mounding effect. 

Above-background levels of uranium (2.92 pa), were found in each of the three 2OOO-series wells 
located near Operable Unit 4. The uranium concentration levels are consistent in samples from all 
three wells. The isotopic ratio of U-234 and U-238 would suggest a natural uranium ratio in these 
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TABLE 4 4 8  

GROUNDWATER - GREAT MIAMI AQUIFER 
SUMMARY OF INORGANIC ANALYSES 

Well Number 2032 2033 2034 3032 3034 
(No. of Analyses) (1) (2) ( 5 )  (2) (4) 

General Chemistry (rng/L) * 

Ammonia 

Chloride 

Fluoride 

Nitrate 

Phenols 

Phosphate 

Phosphorus 

Sulfate 

Total Kjeldahl nitrogen 

Total organic carbon 

Total organic halides 

Total organic nitrogen 

Metals (mg/L)' 

NDb 

11.7 

0.21 

3.32 

0.012 

NAc 

0.13 

46.4 

NA 

3.17 

ND 

0.31 

0.1 

25.2-28 

0.25-0.3 

1.9-2.27 

0.58 

NA 

1 .o 
67.1-9 1 

NA 

2.0-2.43 

ND 

1 .o 

ND 
21-51 

0.11-0.32 

2.02-1 1.8 

0.05 

NA 

0.044-523 

39-63.9 

0.25-1 -55 

NA 

0.02 

0.25-1.55 

ND 

22.1-27 

0.27-0.58 

3.03-3.2 

0.01 1-0.02 

NA 

0.14-0.39 

54.4-54.5 

NA 

1.18-3.64 

ND 

0.14-0.25 

0.4-0.1 

19-35 

0.12-0.43 

1.1-9.98 

0.009-0.096 

NA 

0.12-555 

27-70 

0.1-0.29 1 

NA 

0.01 

0.1-0.3 

Aluminum ND 

Antimony NA 

ArSeniC N D  

BariULU 0.036 

Beryllium NA 

Cadmium 0.003 

Calcium 82.6 

Chromium (total) 0.03 

Cobalt NA 

Copper ND 

Cyanide NA 

Iron 0.031 

Lead ND 

- -  ..- -4. . - \ e $  . 1 .  i "- 

~U4~1255a4s/lO-13-93 5-04pm 

ND 

NA 

0.003 

0.044-0.046 

NA 

0.003 

92.2-92.8 

0.012 

NA 

ND 

NA 

0.019-0.06 

0.003 

0.076-0.1 17 

0.0467 

ND 

0.0405-0.043 

ND 

0.002-0.004 

87.7-99 

0.022 

ND 

0.012 

ND 

0.047-0.319 

0.024 

0.068 

NA 

0.002 

0.037-0.04 

NA 

0.004 

81.9-85 

0.014 

NA 

0.01 

NA 

0.03-0.04 

0.006 

NA 

NA 

ND 

0.006-0.045 

NA 

0.004-0.032 

74.4-92 

0.023 

NA 

0.01 1 

NA 

0.071 

0.013 
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~ 

Well Number 2032 2033 2034 3032 3034 
(No. of Analyses) (1) (2) (5) (2) (4) 

Magnesium 

Manganese 

Mercury 

Molybdenum 

Nickel 

Potassium 

Selenium 

Silicon 

Silver 

Sodium 

Thallium 

VilMdiUm 

zinc 

23 

0.012 

ND 

ND 

ND 

1.66 

ND 

3.76 

0.015 

13.2 

NA 

0.013 

NA 

23.1-23.2 

0.011-0.022 

ND 

ND 

ND 

2.61 

ND 

2.6-3.48 

0.01 

14.7-14.8 

NA 

ND 

NA 

22.2-234 

0.006-0.0286 

ND 

ND 
0.021 

2.5-2.84 

0.0019 

NA 

ND 

12.1-1 8 

ND 

ND 

0.0119-0.0194 

20.1-22.3 

0.016-0.036 

ND 

0.01 

0.02 

3-3.06 

ND 

2.95-3 

0.013 

14-15.5 

NA 

ND 

NA 

21.8-24 

0.029-0.041 

0.0008 

ND 

0.034 

2.2-3.2 

ND 

NA 

0.024 

10629.6 

NA 

NA 

NA 

a Results expressed in milligrams per liter (ma). These samples were filtered during collection. 
ND - Not detected 
NA - Not analyzed 
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samples. Such a ratio may be expected from Operable Unit 4, but is not a "fingerprint" for this 
source. The presence of uranium upgradient in the aquifer from an Operable Unit 4 source could be 
explained by leachate travel in the perched groundwater zone of the glacial overburden with 
emergence to Paddys Run. Here the diluted leachate could enter the aquifer via stream bed Miltration 
or flow at the perched zone/stream channel interface. No evidence is available to support or preclude 
this potential route, however, investigation of sources other than Operable Unit 4 should be 
investigated. 

Figure 4-21 shows the distribution of uranium in the 3000-series wells. The average concentration of 
uranium in these wells is si@icantly lower than in the 1000- and 2000-series wells (Appendix C), 
ranging from less than 1 pg/L to 15 pg/L. Well 3032 shows the highest uranium concentrations 
among the two 3000-series wells. This well indicates the presence of some contamination in the Great 
Miami Aquifer. 

A review of uranium concentrations in groundwater within a 700-ft radius of Silos 1 and 2 from 
samples collected during the period 1988 through 1992 show that the groundwater under Operable 
Unit 4 contains uranium at above-background concentrations. Figure 4-22 shows the location of these 
wells, and Figure 4-23 shows the concentration of uranium over time for each of the 2000- and 3000- 
series wells. The data display no consistent increase or decrease in uranium concentrations over time. 

As noted in Figure 4-23, Well 2108, which is located west of Paddys Run has an above-background 
concentration of uranium in all sampling events. The presence of uranium in this well tends to 
confirm the presence of a mound in the aquifer in the area of Paddys Run, which causes local 
discontinuities in the generally eastward flow of groundwater in this area of the aqufer. 

The presence of uranium in Well 2108 is likely a result of contaminated surface water seeping through 
the bed of Paddys Run directly into the aquifer. This possibility is further supported by the presence 
of Tc-99 (a fission product produced in reactors) in Wells 3034 and 2033. The presence of Tc-99 
suggests a source other than Operable Unit 4 waste. 

Groundwater mounding occurs during wet periods when storm water runoff from the waste pit area is 
greatest. The mounding of the aquifer causes local groundwater gradients to be westward to Well 
2108. The storm water runoff from the site, and the Waste Storage Area specifically, has been shown 
to be contaminated with uranium. This source of contaminant release to the environment is the subject 
of the Waste Pit Area Runoff Control Removal Action. 

. Because of this alternative potential source, the lack of any distinguishing constituent related to + i 

W k b l e U n i t  4, and the uniformity of uranium levels in the wells to the east, west, south, and farther 
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to the southwest of Operable Unit 4, a direct link between groundwater contamination at the depth of 
the 2000- and 3000-series wells and Operable Unit 4 cannot be established, nor can it be disproven. 

4.3.3 Overall Summary for Groundwater 
Uranium at elevated levels was detected in a perched poundwater sample collected west of the decant 
sump tank in Boring 1616. Elevated uranium concentrations data were also detected in samples from 
Slant Borings 1617, 1618, and 1619. In the 1000-series wells, the highest uranium concentrations 
were detected in Well 1032, located roughly 150 ft west of Silo 2. Lower concentrations of uranium 
were detected in Well 1033, east of Silos 1 and 2. 

Elevated concentrations of several inorganic constituents were detected in most of the slant boring 
samples and in a few of the 1OOO-series wells. These samples were taken at locations on all sides of 
Silos 1, 2, and 3. The highest concentrations of inorganic constituents were found in samples from the 
slant borings located close to or under the silos, particularly in Borings 1615, 1616, and 1617 located 
on the west side of the silos. The concentrations of these inorganics were low in samples from the 
monitoring wells located about 100 to 200 ft from the silos, but were still above background 
concentrations. The highest concentrations of calcium, chloride, magnesium, nitrate, sodium, and 
sulfate were in samples from Well 1032, located on the west side of the silos. 

The highest concentrations of uranium and inorganic constituents were found west of Silos 1 and 2. 
Because the hydraulic heads measured in the 1000-series wells indicate that perched groundwater flow 
in this area is westward, it is logical for the highest concentrations of contaminants in perched 
groundwater to be found west of the silos. Figure 4-20 shows the dismbution of uranium from 1OOO- 
series wells samples of the perched groundwater. 

Groundwater data from the Great Miami Aquifer consist of samples from five 2000-series wells and 
four 3000-series wells. The data show no direct link between contamination detected in the Great 
Miami Aquifer and the contents of the Operable Unit 4 silos. Current theory suggests that perched 
groundwater from beneath Silos 1 and 2 migrates to Paddys Run and then enters the Great Miami 
Aquifer, along with other contamination from other portions of the site, through the bed of Paddys 
Run, which cuts through the vadose zone soils in the region west of Operable Unit 4. 

Three additional shallow wells being installed to the west of Silos 1 and 2 will help to better define 
the rate of migration of perched groundwater to the west of Silos 1 and 2 and will help to determine if 
this serves as a true pathway from the silos, through Paddys Run to the Great Miami Aquifer. These 
data will better define potential source-terms of contamination to the Great Miami River and support 
the evaluation of the effectiveness of remedial action alternatives for the Great Miami Aquifer under 
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Operable Unit 5. These data will not impact the consideration of remedial action alternatives under 
Operable Unit 4. The full nature and extent of contamination in the Great Miami River is being fully 
addressed under FEMP Operable Unit 5. 

Above-background concentrations of uranium were also detected in samples from the 2000- and 3000- 
series wells. Both upgradient and downgradient wells exhibit uranium concentrations above 
background. Uranium concentrations in the upper portion of the Great Miami AquifG suggest that 

Operable Unit 4 is a very small or noncontributor of uranium to the aquifer; since upgradient 
concentrations equal or exceed downgradient concentrations. 

4.4 SURFACE WATER AND SEDIMENT 
Paddys Run, ~ t u r a l  surface drainageways, the Storm Sewer Outfall Ditch, and the Great Miami River 
are the principal surface water bodies that could be affected by operations at the FEMP site and 
Operable Unit 4. Figure 4-24 shows the locations of surface water samples collected since 1975 and 
analyzed for various analyses and radionuclides. Sediment samples were also taken along the cited 
surface water bodies during the same period. Section 2.0 describes the sampling program. The RIPS 
data along with the FEW Environmental Monitoring data are discussed below. 

The nature and extent of contaminants at various locations outside Operable Unit 4 are important for 
consideration because they may indicate possible migration from Operable Unit 4 to off-site areas. 
This potential migration through the surface water pathway is addressed in Section 5.0. The migration 
routes through surface water and associated sediment could move contaminants through surface 
drainage features, west and south of Operable Unit 4, that discharge into Paddys Run. Paddys Run 
flows to the south discharging into the Great Miami River about 1.5 miles south of the FEW site. 

Although sampling has been performed for radiological constituents, limited nonradiological sample 
analyses have been completed. Contaminant results in surface water and sediment are reported for 
radiological constituents. Of these, uranium is the best constituent for determining the extent of 
contamination because it has been consistently sampled for during the Environmental Monitoring and 
RI/FS programs and it is the primary CPC for surface water bodies at the FEMP site. 

4.4.1 Nature of Contamination 

Radiological Constituents in Surface Water 
Figure 4-24 shows surface water sampling locations along Paddys Run and along drainage ditches 
within the FEMP boundaries. Under the FEMP Environmental Monitoring Program, weekly grab 
samples were collected and analyzed for uranium. Additionally, composites were prepared bimonthly 
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for sampling points W5, W7, and W8, and analyzed for Ra-226 and Ra-228. A summary of the 
sample results from 1987 through 1991 is provided in Table 449. 

Sample points W5 (off-site) and W9 (on site) represent upstream values for water in Paddys Run. As 

shown in Table 449; the uranium concentration at W5 has varied from 0.34 to 3.6 pCi/L over the 5- 
year period between 1987 and 1991. The data show no temporal relationships. Sample point W10 is 
located in Paddys Run, just south of the point where Paddys Run passes the Waste Storage Area and 
Operable Unit 4. The highest concentrations of uranium measured in Paddys Run consistently occur at 
sample point W10, ranging from 1.0 to 1100 pCi/L. Like data from W5, these data show no temporal 
relationships. 

Surface water data were collected under the RI/FS to confirm results obtained under the FEMP 
Environmental Monitoring Program. RI/FS surface water data are presented in Table 4-50. The data 
indicate that while uranium was above background in all surface water samples, radium was 
consistently below the detection limit. 

A surface water sample from ASI/lT-lO, located in a drainage ditch just south of Operable Unit 4, 
contained 2219 pg/L of uranium, the highest observed concentration for surface water samples near the 
Operable Unit 4 Study Area. The sample from ASI/IT-26, which is southwest of the Biodenitrification 
Surge Lagoon, contained 201 pg/L of uranium. Sampling location W-5 on Paddys Run, which is 
considered to be an upgradient location, contained 2 pg/L of uranium. W-10, downsfream from the K- 
65 silos on Paddys Run, contained uranium concentrations ranging from 5 to 25 p@. These results 
are consistent with those obtained under the FEMP Environmental Monitoring Program. 

Technetium-99 was present in a duplicate sample collected at ASIJIT-24 at 36.9 pCi/L. Tc-99 is a 
fission product and is not likely to have originated from the silos, because materials associated with 
spent nuclear fuel were not added to the silos. 

Most locations where isotope analyses were available revealed that the uranium detected was depleted, 
excluding the stored wastes that were in the silos as a sole source of contamination. Appendix C 
contains the complete analytical results for surface water samples. 

Radiolonical Constituents in Sediment 
Under the FEMP Environmental Monitoring Program, sediment samples from Paddys Run were 
collected and analyzed annually from 1975 through the present Table 4-51 shows the data collected 
during the period 1987 through 1991. The data are reported for sample locations north and south of 
the confluence of the Storm Sewer Outfall Ditch with Paddys Run. During 1987 and 1988, samples 
were collected at 100-m intervals to a point 2400 m north of the Storm Sewer Outfall Ditch 
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TABLE 4-49 

SUMMARY OF FEMP ENVIRONMENTAL MONITORING PROGRAM 
SURFACE WATER SAMPLING RESULTS, 1987-1991 

1991 1989 

, TotalUranium' 

W5 47 0.41 1.6 0.78 52 0.68 1.1 0.75 50 0.47 2.4 0.86 

w 9  40 0.47 5.3 1.5 51 0.88 2.8 1.5 47 0.6 1 4.3 1.5 

WlO 25 1.0 1100 3.4b 44 1.1 1100 76 31 1.6 640 70 

w11 24 2.5 11 5.7 38 1.4 81 8.9 24 2.8 28 6.7 

w7 22 2.3 9.5 5 .O 36 2.6 53 6.5 28 2.3 36 6.4 

W8 50 1.1 8.1 3.9 20 1.4 26 4.5 20 1.4 26 4.5 

Radium-226 

W5 6 4.1 4.1 4.1 6 0.078 0.58 0.25 6 4.001 4.001 4.001 

w7 6 4 .1  0.1 4 . 1  9 O.WO61 0.49 0.15 8 4.001 0.001 4.001 

W8 6 4 . 1  0.1 4 . 1  3 0.034 4.15 0.052 4 4.001 0.001 0.001 
~ ~ ~ 

Radium-228 

W5 6 4 . 1  0.1 4.1 6 .89 Q.0 4 . 5  6 4.001 0.001 4.001 

w7 6 4 . 1  0.2 0.1 9 1.0 Q.0 c1.7 8 4.001 0.001 4.001 

W8 6 4 . 1  0.2 0.1 3 0.77 1.2 0.8 4 4.001 0.001 4.001 
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1988 1981 

Coocenntrntioo Concentration 
(PCfi) @Cfi) 

Sample N~mber of Number of 
Locatloo SIlmpleS Mln Max Avg samples M a  Avg 

Total Uranium' 

W5 

w9 

w 1 0  

w11 

w7 

W8 

50 0.34 

33 0.27 

24 1.4 

16 2.7 

50 2.9 

22 1 .o 

____ ~ ~~ 

1.4 0.78 

21 2.6 

8 12 39 

13 5.7 

1.6 7.0 

4.8 2.1 

~~ ~ ~~ 

52 0.47 3.6 

49 0.68 5.9 

32 1.1 88 

18 1.8 15 

20 1.5 16 

32 0.74 4.7 

1.0 

1.7 

6.8 

5.8 

5.8 

1.9 

W5 

w7 

W8 

6 4 .45  4 .45  4 .45  6 4 . 5  4 . 5  4 . 5  

5 4 .45  4 .45  4 .45  9 4 . 5  4 . 5  4 . 5  

6 4 .45  0.90 0 5 3  3 4 . 5  4 . 5  4 . 5  

Radium-228 

W5 

w7 

W8 

~ ~~ ~ 

6 4 . 4 5  0.90 0.60 6 4 . 5  4.9 4.6 

5 4 . 4 5  0.90 0.54 9 4 . 5  4 . 5  4 . 5  

6 4 . 4 5  4 - 4 5  4 . 2 3  3 4 . 5  4 . 5  4 . 5  

'Units are reported as pCI/L in source text. To convert to pg/L multiply by 1.493. These samples were 
unfiltered. 

bResults are reported for distribution median due to single outliner. 

.. . 
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TABLE 4-50 

SURFACE WATER SAMPLE ANALYSIS RESULTS WITHIN 
OPERABLE UNIT 4 AREA - RYFS 

Analytical Results @Ci/L)' 

Sample Sample U-Total 
Location ID Ra-226 Th-230 Th-232 U-234 U-2351236 U-238 ( c ~ g / L ) ~  

ASIT-10 

ASIT-10 

ASIT-10 

ASIT-23 

ASIT-23 

ASIT-24 

ASIT-24 

ASIT-25 

ASIT-26 

ASIT-26 

w-10 

w-10 

w-10 

w-11 

w-11 

w-10 

w-10 

01047 

01117 

01118' 

01150 

01 151' 

01 152 

01 153' 

01 114 

01 115 

01116' 

01 108 

01216 

01217' 

01 107 

01209 

01249 

01250 

<1 .OC 

4 . 0  

4 . 0  

4 . 0  

<1 .o 
4 . 0  

<1 .o 
4 . 0  

<1 .o 
4 .o 
<1 .o 
4 . 0  

4 .o 
1.0 R 
-4.0 

<1 .o 
<1 .o 

N A ~  

NA 

NA 

<1 .o 
<1 .o 
<1 .o 
<1 .o 
NA 

NA 

NA 

<1 .o 
<1 .o 
1 .o 

<1 .o 
4 . 0  

~2 .27  

1.12 

NA 

NA 

NA 

<1 .o 
<1 .o 
<1 .o 
<1 .o 
NA 

NA 

NA 

<1 .o 
<1 .o 
1 .o 

4 . 0  

<1 .o 
<1 .o 
4 . 0  

NA 

NA 

NA 

80.3 

76.9 

86.4 

85.8 

NA 

NA 

NA 

2.8 

1.2 

1.3 

3.2 

2.5 

3.57 

3.29 

NA 

NA 

NA 

4.9 

6.0 

6.7 

6.7 

NA 

NA 

NA 

4 . 0  

<1 .o 
<1 .o 
<1 .o 
<1 .o 
<1 .o 
4 . 0  

NA 

NA 

NA 

165 

165.0 

205 .O 
195.0 

NA 

NA 

NA 

4.2 

4.5 

2.0 

6.2 

2.6 

4.25 

3.64 

2219.0 

282.0 

231.0 J 
465 .O 
433.0 

517.0 

576.0 

247.0 

216.0 

201 .o 
12.0 R 

25.0 R 

5 -0 

19.0 R 
9.0 

12.8 R 
11.0 

' pCi/L - Units expressed in picocuries per liter. These samples were diltered. 
pug - Units expressed in micrograms per gram 

< - Not detected. Number represents detection limit. 
NA - Not Analyzed 
' Duplicate sample 
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confluence, and at 100-m intervals to a point 1800 m south of the Storm Sewer Outfall Ditch 
confluence. In 1989 and 1990, samples were collected in the same relative locations; however, three 

samples were collected at each location from the two sides and the middle of Paddys Run. Beginning 
in 1991, FEMP Environmental Monitoring Program samples along Paddys Run were reduced 
substantially; one sample was collected at each location as opposed to the three cross-sectional samples 
collected in 1989 and 1990. Consequently, only 24 samples were collected; 12 north of the Storm 
Sewer Outfall Ditch confluence, and 12 south of the Storm Sewer Outfall Ditch confluence. The 
samples were selected to represent the most recent and greatest amount of sediment deposited. This 
sampling was also different from prior year when 100-m intervals were used. 

The data presented in Table 4-51 show no unusual values, average values for radionuclide are 
comparable to background concentrations. Maximum values run as high as 3 to 4 times background. 
The data displayed no temporal dependency. 

To confirm data from the FEMP Environmental Monitoring Program, nine radiological samples were 
obtained from Paddys Run, and one from a storm drain, as part of the W S .  These data, presented in 
Table 4-52 are consistent with the data collected under the FEMP Environmental Monitoring Program. 
The highest recorded uranium concentration was 30.3 pg/g in a sediment sample collected from 
ASW-10, located in a drainage ditch near the southwest comer of Operable Unit 4. All other values 
were within or only slightly above background. 

In 1986, a special survey was conducted along two major surface water drainage features at the FEMP 
site: Paddys Run and the Storm Sewer Outfall Ditch (Dames & Moore 1986). The study concentrated 
on locating contaminated sediment by direct measurement of gamma and alpha radiation along the 
length of the two drainage systems. Sediment samples were collected at locations with elevated direct 
radiation readings. \ 

In the area of the K-65 silos, direct radiation measurements were impractical due to direct radiation 
from the silos. Therefore, sediment sampling was performed on a systematic basis along a 1200-ft 
length of Paddys Run beginning 200 ft upstream and ending 400 ft downstream of the Operable Unit 4 

boundaries. Samples were collected from the east and west banks of Paddys Run at 25-ft intervals. 
The samples over a 100-ft length of one shoreline (four 25-ft samples) were composited into a single 
sample for analysis. The samples were analyzed for U-238, U-235, Th-230, Ra-226, Th-232, and Th- 
228. 

Uranium-238 concentrations ranged from 0.6 pCi/g to 4.5 pCi/g. Thorium-230 concentrations ranged 
from 0.5 to 2.1 pCi/g. Radium-226 concentrations ranged from 0.4 pCi/g to 4.1 pCi/g. Thorium-232 
concentrations ranged from 0.3 pCi/g to 0.9 pCi/g. Thonum-228 results were similar to results for 
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, 

Th-232. Sample results indicated urauium and progeny in secular equilibrium, thus indicating that 
Operable Unit 4 is not making a substantial contribution to the sediment contaminant levels in Paddys 
Run. 

Inorganic and Organic Constituents 
As part of the RI/FS, four samples were obtained from Paddys Run (locations W-5, W-10, and W-11) 
and one sample from the drainage ditch south of Operable Unit 4 (ASI/lT-10) for both inorganic 
(general chemistry and metals) and organic (pesticides, P a s ,  semivolatile organics, and volatile 
organics) analyses. The values of the inorganic analyses are comparable to background sediment 
values and show no direct relationships to Operable Unit 4 (Table 4-52). With the exception of four 
organic constituents bis(2ethylhexyl)phtlate at 0.59 mg/kg, di-n-butyl phthalate at 0.051 m@g, 
acetone at 0.094 m a g ,  and methylene chloride at 0.019 m a g ) ,  all organic analytes were 
nondetectable (Appendix B-6). 

The laboratory reported that each of these anaiytes were also found in the associated blanks as well as 
in the sample, thus indicating possible blank/sample contamination from laboratory constituents. 
Because of this finding, the low values of organic analytes reported, and the fact that these analytes 
were not reported at excessive levels in Operable Unit 4, there appears to be no evidence of organic 
contamination in Paddys Run which may originate from Operable Unit 4. 

4.4.2 Extent of Contamination 
Surface water and sediment data from samples collected within the Waste Pit Area and Operable Unit 
4 show no pattern for contaminant concentrations. Samples collected from ASI/IT-10 showed 
consistently high concentrations of uranium in relation to background. Other locations in the Waste 
Storage Area and along Paddys Run downstream (or downgradient) of the Waste Storage Area showed 
above-background concentrations of uranium. 

Overall, data show the presence of above-background uranium concentrations along drainage ditches 
within the Waste Pit Area and Paddys Run. 

4.5.1 Backmund 
The results of routine airborne radon concentration measurements that are performed as part of the 
FEMP Environmental Monitoring Program are provided by DOE in the environmental monitoring 
annual reports (WMCO 1989; WEMCO 1990 and 1991). Small annual variations in measurements are 
observed. For example, FEMP boun&ry fenceline monitoring stations, shown in Figure 4-25, 

recorded annual average concentrations for 1990 ranging from 0.4 to 1.5 pCi/L as compared to 0.5 to 
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1.0 pCi/L in 1989 (WEMCO 1991). Off-site monitoring stations positioned at private residences near 
the FEMP site recorded annual average concentrations ranging from 0.6 to 0.7 pCdL in 1990 
compared to 0.7 to 0.9 pCi/L in 1989 (WEMCO 1991). 

In November 1991, FEMP personnel completed the K-65 Silos Removal Action, which consisted of 
the installation of a layer of bentonite clay over the residues stored in Silos 1 and 2. As discUSsed 
earlier, this action resulted in a reduction of direct radiation readings at the FEMP site fenceline. 
Radon levels at the FEMP site fenceline remain effectively unchanged following the removal action. 
In the vicinity of Operable Unit 4, however, radon levels were reduced by as much as a factor of 20. 

4.5.2 Nature and Extent of Contamination 
Before the K-65 Silo Removal Action, approximately 12 Curies of radon were released to the 
headspace of each silo per day. Radon in the headspace would build up until an equilibrium 
concentration was reached. The time required to obtain this equilibrium concentration is dependent on 
two factors: radioactive decay of the radon (half-life is 3.84 days) and the headspace radon release 
rate (due to diffusion through intact concrete and ventilation, both of which are affected by 
meteorological conditions). Prior to the removal action, the concentration of radon in the headspace 
was 26 million pCi/L in Silo 1,  30 million pCi/L in Silo 2, and 200,000 pCi/L in Silo 3. 

After the placement of the bentonite, dramatic decreases in headspace radon concentrations have been 
observed in Silos 1 and 2. The decrease in Silo 1 from 26 million pCi/L to a meau of 38,570 pCi/L 
correlates to 99.8 percent effectiveness. Silo 2 showed a decrease from 30 million pCi/L to a mean 
value of 126,992 pCi/L, which correlates to 99.5 percent effectiveness. 

This reduction in radon concentration is more evident in the data collected from the monitoring 
locations along the exclusion fenceline around Silos 1 and 2. Data from four locations have been 
plotted to show the effect of the bentonite layer. Figures 4-25 and 4-26 show radon concentrations 
before and after the placement of the bentonite layer over the silo residues. As shown in the figures, 
the reductions in radon concentrations after the installation of the bentonite layer are si@icant. 

4.6 SUMMARY 
This portion of the RI Report describes the nature of contamination at the source and the nature and 
extent of contamination within the receptor media in the Operable Unit 4 Study Area. Sources include 
Silos 1 and 2, the decant sump tank, the RTS, Silo 3, and Silo 4. Receptor media within the Operable 
Unit 4 Study Area include surface soil, berm soil, subsurface soil, perched groundwater, Great Miami 
Aquifer groundwater, surface water, sediment, air, and direct radiation. 
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The primary objective of this characterization effort is to collect data sufficient to (1) perform a 
baseline risk assessment and (2) support the development and evaluation of remedial alternatives under 
the feasibility study. Characterization activities addressed herein are focused on obtaining the quality 
and quantity of data necessary and sufficient to meet these RI objectives. 

4.6.1 Contaminant Source Data 
This section summarizes characterization data regarding the nature of contaminants, or sources, within 
the physical structures contained in Operable Unit 4. Contaminant sources considered in this section 
include Silos 1 and 2, the decant sump tank, the RTS, Silo 3, and Silo 4. 

Silos 1 and 2 
Silo 1 and 2 sample analyses confirmed prior process knowledge and provided additional data 
regarding the distribution of constituents within the silos and their specific concentrations. They also 
identified the presence of previously d o w n  organic constituents. 

Silos 1 and 2 contain 6120 cubic meters (216,300 cubic ft) of waste materials. The materials are 
primarily a silty clay with an average moisture content of 40 percent. Present within the waste 
volumes of the two silos are in excess of 3700 Curies of Ra-226, 600 Curies of Th-230, and 1900 
Curies of Pb-210. It is also estimated that the silos contain 28 metric tons of uranium. Si@icant 
metals include nearly 118 metric tons of barium, 830 metric tons of lead, and 2.6 metric tons of 
arsenic. The silos also contain elevated concentrations of aroclor-1248, aroclor-1254, and aroclor-1260 
(PCBs) and tributyl phosphate (a chelating agent for uranium). 

Radiological contaminants show a well-defined distribution pattern in the silos. Analytical results 
confim homogeneity in the horizontal direction and heterogeneity in the vertical direction. These 
results are consistent with the waste materials having been slurried into Silos 1 and 2 in 6-inch lifts. 
Concentrations of Ra-226, Th-230, Pb-210, and uranium generally increase in concentration with 
depth. This observation is consistent with the knowledge that higher assay ores were processed earlier 
in the project. The 1990/1991 sampling event, which provided analytical results from samples 
obtained near the bottom of Silos 1 and 2, allowed engineers to establish an upper bound on the waste 
contents of the silos. 

Decant Sump Tank 
Samples taken during the 1991 removal action reveal elevated concentrations of Pb-210 (8660 pCi/L), 
Po-210 (7080 pCi/L), Ra-226 (1640 pCi/L) and U-238 (26,000 pCi/L). Analpcal results also revealed 
the presence of above background concentrations of Sr-90 and Tc-99. With the exception of these 
latter two constituents, radiological contaminants present in the decant sump tank are consistent with 
the relative concentrations of contaminants found in Silos 1 and 2. This result confirms that the 
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decant sump tank is continuing to collect leachate from the underdrains in Silos 1 and 2, as it was 
designed to do. Strontium-90 and Tc-99 are by-products of nuclear fission and are not present in Silos 
1 and 2. Their presence in the decant sump tank indicates existence of some surface water infiltration 
into the decant sump tank or anomalous analytical results. 

Metals found in the decant sump tank liquid samples included aluminum, antimony, arsenic, 
chromium, copper, lead, molybdenum, selenium, silver, vanadium, and zinc. These data are consistent 
with Ep Tox test results and TCLP analyses performed on materials in Silos 1 and 2. 

Eighteen organic compounds were detected in the decant sump tank liquids at concentrations near the 
detection limits. With the exception of toluene, all volatile compounds detected were at or below the 
CRQL or were common laboratory contaminants. 

Radon Treatment System 
The RTS was sampled during a removal site evaluation in January 1992. The predominant 
contaminants present are approximately 9.5 Curies of Pb-210 and progeny (Po-210 and Bi-210) in 
secular equilibrium. The contaminants are located in the radon system calcium sulfate drier canisters, 
the charcoal canisters and, to a lesser extent, the system piping. 

Periodic surveys for direct radiation and removable fmed radioactive contamination reveal that only 
isolated contamination is present in accessible portions of the RTS. Only one accessible location 
yielded a measurement that was above the DOE guidelines for unrestricted release. 

silo 3 
During the 1989 sampling of Silo 3 contents, 12 radionuclides were identified including Ac-227, Pb- 
210, Pa-231, and isotopes of radium, thorium, and uranium. Thorium-230 had the highest activity 
concentration, ranging from 21,010 to 71,650 pCi/g. These sample results are consistent with process 
knowledge. Present within the silo waste are approximately 450 Curies of Th-230.26 Curies of Ra- 
226, and nearly 40 metric tons of uranium. 

Of the 23 inorganic constituents detected, those which represent the highest relative hazard include 
arsenic and vanadium which have a mean concentration of 1950 m a g  and 1820 m a g ,  respectively. 

The 1989 Silo 3 volatile organic analyses and a portion of the semivolatile data were rejected during 
data validation. Additional sampling was deemed unwarranted based on process knowledge and the 
organic sample results from Silos 1 and 2. Only two organics, kerosene and tributyl phosphate, were 
used in the extraction process, Silo 3 materials were generated as part of the Same process which 
produced the materials in Silos 1 and 2. Before transfer to Silo 3, however, waste residues were first 
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dried and then calcined. The calciners operated in a temperature range from 510"C ( 9 5 m )  to 820°C 
(1500°F). This process would have combusted or volatilized organics present in the metal oxides prior 
to their transfer to Silo 3. This hypothesis is confimed by the absence of PcBs/aroclors in Silo 3 
samples in spite of their presence in Silos 1 and 2 residues. 

silo 4 
Production and waste disposal records show that Silo 4 was never used for production, waste storage, 
or waste disposal activities. Site records indicate that water has been periodically removed from 
silo 4. 

- 

Water samples collected in 1989 contained 121 pg/L of uranium. HSL metal results were consistent 
with water in contact with cement. Water samples collected in May 1991 revealed an average uranium 
concentration of 0.3 pg/L. Thorium results were reported as below the lower limit of detection, 0.4 
pg/L. HSL inorganics were again consistent with water in contact with cement. 

4.6.2 Nature and Extent of Contamination of Environmental Media 
This section summarizes characterization data regarding the nature and extent of contamination in 
environmental media within Operable Unit 4. Environmental media considered include surface soil, 
berm soil, subsurface soil, perched groundwater, Great Miami Aquifer groundwater, air, and direct 
radiation. 

i 
Surface Soil 
Radiological analytical data from the CIS focused on the upper 0 to 2 inches of soils. Radionuclide 
concentrations for U-238 ranged from 2.6 to 37.4 pCi/g with a mean of 9.08 pCi/g. Concentrations of 
Ra-226 ranged from less than 0.5 pCi/g to 35.8 pCi/g with a mean of 5.54 pCi/g. In addition, two 
samples which were analyzed in an off-site laboratory yielded Th-230 concentrations of 14.0 and 295 

p c a  

Results from the FU showed that U-238 concentrations ranged from 2.4 to 20.8 pCi/g with a mean of 
8.3 pCi/g. Radium-226 concentrations ranged from 0.6 to 2.3 pCi/g with a mean of 1.24 pCi/g. 
Thonum-230 results ranged from 1.4 to 4.8 pCi/g with a mean of 3.1 pCi/g. 

\ 

The Waste Pit Area Runoff Control Removal Action included 10 surface soil samples for inorganic 
constituents, 9 samples for HSL pesticides, and 8 samples for HSL volatile and semivolatile organics 
in the Operable Unit 4 Study Area. Of the inorganic constituents detected, antimony, beryllium, 
chromium, copper, magnesium, nickel, silver, and sodium were above background. For organic 
analyses, the only detected volatile compounds consisted of common laboratory contaminants. All 
semivolatile compounds were at or only slightly above the CRQL. 
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In general, the results of the studies are consistent with one another and show that surface soils across 
Operable Unit 4 are contaminated with U-238 and, to a lesser extent, Ra-226 and Th-230. 
Concentrations decrease rapidly with depth, to backjpund below 6 inches. The results of these 
samples show no direct link between surface soil contamination and the silo contents. Instead, the 
data show uniform distribution of low-level radiological surface contamination throughout the 
Operable Unit 4 Study Area consistent with air deposition of contaminants from the waste pit area 
and/or the former production area. 

Berm Soil 
With the exception of two sampling locations, berm sample results revealed only background 
concentrations for all constituents. The fmt location was at a depth of 5 ft in the boring near the 
northeast manway of Silo 1 (Boring 1620). This sample revealed radionuclide concentrations of 3.38 
pCi/g for U-238, 4.01 pCi/g for Th-230, and 3.67 pCi/g for Ra-226. The sample is considered to be 
more consistent with general surface soil than berm soil. The second sample was collected at a depth 
of 30 ft from the boring located near the northwest manway of Silo 1 (Boring 1622). The sample 
yielded radionuclide concentrations of 24.7 pCi/g for U-238, 51.2 pCi/g for Th-230, 876 pCi/g for Ra- 
226, and 417 pCi/g for Pb-210. At this depth, the borehole had penetrated the native soil that was 
present prior to installation of the berm. Thus, this contamination could be the result of spillage 
during silo filling operations, leakage of the silo to surface soils prior to berm installation, or leakage 
of the silo underdrains to near subsurface soils immediately adjacent to the silos. 

Subsurface Soil 
Radiological analyses on soil from the slant borings yielded Pb-210, Po-210, Ra-226, Th-230, U-234, 
and U-238 at concentration sigmficantly above background. Concentration ranges are Pb-210 (0.46 to 
101 pCi/g), PO-210 (0.938 to 86.5 pCi/g), Ra-226 (0.613 to 206 pCi/g), Th-230 (0.8 to 53.7 pCi/g), 
U-234 (0.8 to 35.9 pCi/g), and U-238 (0.76 to 53.4 pCi/g). In general, elevated concentrations of 
radiological contaminants were found near the interface of the berm soil with the preexisting surface 
soil and near the base of the silos at their perimeter. The data suggest potential spillage on pre- 
existing surface soils and potential leakage of the silo underdrains to the subsurface soils in the 
immediate vicinity of Silos 1 and 2. 

Metals analyses were performed on 13 samples from the slant borings. Aluminum, antimony, arsenic, 
barium, beryllium, cadmium, chromium, copper, cyanide, iron, lead, molybdenum, nickel, selenium, 
silver, sodium, thallium, and zinc were detected at concentrations above background or represent 
elements for which no background is available. 
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Only seven volatile and three semivolatile organic compounds were detected in the slant borings. Of 
13 samples, organics were detected in no more than four samples, in very low concentrations. Most 
organics detected are common laboratory contaminants. 

As part of the RI, radiological analyses were performed on 12 subsurface soil samples collected from 
two borings within Operable Unit 4 and eight borings immediately adjacent to Operable Unit 4. 
Further, 16 subsurface soil samples were collected from six brings located in trenches to the west of 
Silos 1 and 3. 

In general, subsurface soil contained concentrations of uranium and progeny at levels less than 

4.0 pCi/g. The data indicate that soil contamination in Operable Unit 4, outside of the areas 
immediately adjacent to and under Silos 1 and 2, is limited primarily to the surface. There appears to 
be no contamination from the surface through the vadose zone except in samples collected from 
trenches located west of the silos. Above-background uranium concentrations at depths up to 15 ft 
below the surface indicate that this area may be contaminated with construction debris. 

Perched Groundwater . 

Perched groundwater data consist of RI samples collected from the slant borings under Silos 1 and 2 
and both RI and FEW Environmental Monitoring Program samples collected from five shallow wells 
located in or near the Operable Unit 4 Study Area. 

Data collected from the slant borings consist of six radiological samples, six metals samples, and six 
HSL organic samples. Data collected from the shallow wells include 16 RI radiological samples 
collected in 1988 and 1989,6 FEMP Environmental Monitoring Program radiological samples 
collected in 1990.12 RI metals samples collected in 1988 and 1989, and two RI HSL organics 
samples collected in 1988 and 1989. 

In general, the data show that perched groundwater contamination, whose constituents are consistent 
with those of silo leachate, is present directly beneath and to the west of Silos 1 and 2. Perched 
groundwater contamination, containing U-238 contamination in the range of 1.1 to 1313 pCiL (Table 
440 ,442 ,  and 4-43), is migrating to the west toward Paddys Run from the areas beneath Silos 1 and 
2. 

Great Miami Aquifer Groundwater 
Groundwater data from the Great Miami Aquifer consist of samples from three 2OOO-series wells and 
two 3000-series wells. Great Miami Aquifer groundwater in the vicinity of Operable Unit 4 flows to 
the east. The 2OOO-series wells, both upgradient and downgradient of Operable Unit 4, show similar 
w+um-concenmtions in the range of 40 p a .  The 3000-series wells, both upgradient and 
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downgradient of Operable Unit 4, show comparable uranium concentrations in the range of less than 1 
to 15 p a .  The data show no direct link between contamination in the Great Miami Aquifer and the 
contents of Operable Unit 4 silos. 

Air 
Air data consist of FEMP Environmental Monitoring Program quarterly radon monitoring results 
obtained during the period 1989 through 1992. Monitoring results were obtained from 24 sampling 
stations along the FEMP perimeter, 4 sampling stations within the FEMP proper, 13 sampling stations 
along the fence surrounding Silos 1 and 2, and 8 sampling stations located along the perimeters of the 
Silos 1 and 2 domes. These data not only demonstrate the effectiveness of the K-65 Silos Removal 
Action conducted in November 1991, they also define the nature and extent of air contamination from 

- 

radon emanating from Silos 1 and 2. \r 

Fenceline monitoring for radon performed under the FEMP Environmental Monitoring Program shows 
small variations from year to year. For example, FEMP boundary fenceline monitoring stations 
recorded annual average concentration for 1990 ranging from 0.4 to 1.5 pCi/L as compared to 0.5 to 
1.0 pCi/L in 1989. These concentrations are, however, in the range of background. 

In November 1991, FEMP personnel completed the K-65 Silos Removal Action. This removal action 
consisted of installing a layer of bentonite clay over the residues stored in Silos 1 and 2. While the 
action resulted in a si@icant reduction in direct radiation at the FEW fenceline, changes in radon 
concentrations at the fenceline were not discemable and remained at background levels. In the vicinity 
of Operable Unit 4, however, radon concentrations immediately outside Silos 1 and 2 were reduced by 
as much as a factor of 20. 

Direct Radiation 
Direct radiation data consist of quarterly direct radiation exposure data measured at 12 points along the 
FEMP perimeter and at 2 points within the FEMP perimeter, northeast of the former Production Area. 
A comparison of the average quarterly direct radiation data for 1990 with those data from 1992, which 
represent the 1-year periods before and after the K-65 Silos Removal Action, show a substantial 
reduction in direct radiation along the FEMP fenceline. 

Natural background radiation measurements for the areas surrounding the FEMP site ranged from 6.1 
to 6.9 prem/hr during 1990. During 1990, the FEMP perimeter monitoring station, which exhibited 
the highest average radiation exposure rate (12.6 prem/hr) was located 1100 ft directly west of 
Operable Unit 4. The 1992 monitoring data for this location, after the removal action, yielded a dose 
rate of 5.2 prem/hr. Thus, along the FEMP perimeter, direct radiation from Operable Unit 4 is no 

, longer discemable above background. 
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The data presented herein have been reviewed and found adequate to meet the objectives established in 
Section 2.0 to determine the nature and extent of contamination within Operable Unit 4; source terms 
are sufficiently defined and the extent of contaminant migration sufficiently characterized to support 
identification and evaluation of remedial action alternatives that may be deemed necessary to address 
migration of contamination originating from Operable Unit 4. 
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5.0 CONTAMINANT FATE AND TRANSPORT 

This section identifies the potential transport routes for radionuclides, metals, and chemicals identified 
at Operable Unit 4 and the fate of these contaminants in the environment. The information, calcula- 
tions, and modeling results presented in this section were completed in support of the exposure 
assessment portion of the baseline risk assessment. The information summarized in this section is 
presented in more extensive detail in Appendix E. 

In the event of a release from the residues within the waste storage silos, the contaminants from the 
Operable Unit 4 Study Area can contaminate the FEW site environment and pose a direct hazard, 
such as exposure to the gamma radiation from radionuclides contained in the silos or through 
contaminant transport via environmental media such as air, surface water, or groundwater, to potential 
receptors. This section describes potential routes of migration, persistence of contaminants, and 
presents modeling of potential contaminant migration. An overview of the sources, pathways, 
receptors, and land-use scenarios employed in the baseline risk assessment is first provided in order to 
facilitate the discussion on contaminant migration. 

Baseline Risk Assessment Overview 
Baseline risks for Operable Unit 4 are calculated under a number of contaminant release mechanisms 
for transport to hypothetical receptors under three separate land-use scenarios. The two primary source 
terms include the contents of Silos 1, 2, and 3, and the surface soil, berm soil, and subsurface soil 
within the Operable Unit 4 Study Area. 

Land-use scenarios include 1) current land use without access controls, 2) current land use with access 
controls, and 3) future land use without access controls. Under the first scenario, current land use 
without access controls, the FEMP site is assumed to have been turned over to an industrial concern 
other than the DOE. Access resmctions currently provided by the DOE are assumed to be discontin- 
ued. In addition, no remedial actions are assumed to have been taken. The scenario further assumes 
that no members of the public establish residence within the boundaries of Operable Unit 4. Thus, 
potential receptors include an off-property farmer, a trespassing child, an on-site worker (groundskeep- 
er), and an off-site user of surface water from the Great Miami River. 

Under the second scenario, current land use with access controls, the site access restrictions historically 
provided by the DOE are assumed to be maintained. No remedial actions are assumed to have been 
taken. The scenario assumes that no members of the public have established residence in the Operable 
Unit 4 Study Area. Further, the scenario assumes that the DOE maintains a site-specific health and 
safety program to ensure that nonremediation workers and visitors are properly protected. Potential 
receptors under this scenario include an off-property farmer, a trespassing child, and an off-property 
user of surface water from the Great Miami River. 
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The third land-use scenario, future land use without access controls, includes exposure routes that 
require development time, such as establishing a home and farm within Operable Unit 4. Access 
controls are assumed to be absent and no remedial actions are assumed to have been taken. In 
addition, members of the public are assumed to have established a residence within the Operable Unit 
4 boundaries. Hypothetical receptors under this scenario are an RME on-property resident farmer, CT 
on-property resident farmer, an on-property resident child, an off-property farmer, and an off-property 
user of surface water from the Great Miami River. These receptors are further described in Appendix 
Section D.3.1.4.3. 

Each of the above three land-use scenarios considers two primary release mechanisms, called source- 
term scenarios. These include the silos as they exist today plus a future source-term scenario that 
considers complete structural failure of Silo 3, spreading its contents to Operable Unit 4 surface soils, 
and dome collapse for Silos 1 and 2, exposing their contents to the elements and increasing leaching 
of the contents through the interception of rainwater. 

Radionuclides and hazardous CPC for Operable Unit 4 were identifed using statistical methods 
outlined as summarized in Appendix D. The analysis of the data that characterize Operable Unit 4 
includes consideration of those data that characterize the silo wastes, soil within the Operable Unit 4 
Study Area, berm fill material, and background concentrations of radionuclides and chemicals not 
attributable to the site. The site-related data sets, on which analyses are performed, are discussed in 
Section 4.0 of this RI report. In summary, a constituent was excluded as a CPC if (1) a student t-test 
revealed that the mean of the site-related data does not statistically differ from the mean of the 
background data (a = 0.05). and (2) for cases in which the student t-test cannot be applied to the data, 
the Wilcoxon Rank Sum Test revealed that the mean of the site-related data does not statistically differ 
from the mean of the background data (a = 0.05). or (3) a chemical was an essential human nutrient 
(e.g., sodium) or a ubiquitous chemical (e.g., aluminum) and (4) all site-related concentrations were 
less than the 95 percent UCL of the background concentration data. Instances where the si@icance 
level was close to but greater than 0.05 where treated on a case-by-case basis. Some may have been 
included because of their toxicity levels. Radionuclides and chemicals selected for quantitative 
evaluation in the risk assessment are summarized statistically in Appendix D, Section D.2.0, in Table 
D.2-3 (K-65 silo contents), Table D.24 (Silo 3 contents), and Table D.2-5 (surface soil and berm fill 
data combined). Summary statistical parameters tabulated in these tables include mean and UCL site- 
related values. The UCL values for radionuclides and chemicals are used in the quantitative risk 
assessment to calculate source terms for modeling the environmental transport of contaminants and to 
estimate potential receptor exposure point concentrations. 
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5.1 POTENTIAL TRANSPORT ROUTES FOR CONTAMINANT MlGRATION 
Contaminant transport from Operable Unit 4 may be via the following pathways: 

Directradiation 

- Direct exposure to gamma radiation from radioactive constituents within the silo 

- Direct exposure to Silo 3 residues under the future source-term scenario assuming 
structural collapse of the silo 

- Direct exposure to gamma radiation from radioactive constituents in surface soil 

Air emissions 

- Dispersion of radon that escapes from the silos into the atmosphere 

- Dispersion of volatile organic compounds (VOC) or fugitive dust generated from 
soil 

- Dispersion of Silo 3 contents under the future source-term scenario assuming 
structural collapse of the silo 

Surface water runoff 

- Erosion of contaminated soils into Paddys Run from the vicinity of the silos 

- Erosion of released Silo 3 contents under the future source-term scenario assuming 
structural collapse of the silo 

Groundwater transport 

- Leaching of contaminants from the silo contents via soils to underlying 
groundwater 

- Leaching of contaminants from the silo content via soil to a sand silty/clayey lens 
in the glacial till, which could carry contaminants to surface water and sediment in 
Paddys Run 

2 

Each of these potential contaminant transport pathways is discussed below. Refer to the baseline risk 
assessment for additional information about each of these pathways, the associated transport 
mechanisms, and the impact on environmental media or receptors. 

5.1.1 Direct Radiation 
The direct radiation exposure route describes the measurement of direct gamma radiation. Results of 
direct radiation measurements are provided in Section 4.0. This information is used in the construc- 
tion of the current source-term scenario. 

5-3 000380 
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Gamma radiation from the K-65 residues and surface soils are propagated transported as electromag- 
netic radiation, thus requhing no transport mechanism. As the distance from the K-65 silos and the 
surface soil source increases, the magnitude of the radiation’s intensity decreases. The soil berms 
around Silos 1 and 2 provide shielding to potential receptors from the direct gamma radiation 
associated with the K-65 residues. The bentonite clay layer covering the silo residues increases the 
diffusion of radon into the silo headspace. Radon progeny are gammaemitters that contribute 
sigmfkantly direct radiation exposure. Therefore, as long as the integrity of the berms, the bentonite 
clay liner, and silos is maintained, there should be no change or increase in direct radiation exposure 
due to this pathway. 

For the future source-term scenario, the potential exists for increased direct radiation exposure to 
receptors following the assumed structural failure of Silo 3. In this situation, the contents are assumed 
to spread over the surrounding surface soils and direct gamma exposures are assessed in this fashion. 
The corresponding failure of the K-65 silo domes will not sigmfkantly increase thedirect radiation 
exposure. In fact, since radon progeny will no longer concentrate in the silo headspace, the exposure 
rate should decrease. 

5.1.2 Air Emissions 
Under the current source-term scenario, the potential transport of contaminants by air emissions 
considers the curient configuration of Silos 1.2, and 3 and the surrounding soils and means by which 
contaminants can reach receptors via air. The current source-term scenario addresses the transport of 
Rn-222 from Silos 1 ,2 ,  and 3 and the resuspension of particulates from the berms and the surrounding 
Operable Unit 4 surface soils. The future scenario examines the impact on potential receptors of an 
airborne release following dome failure on Silos 1 and 2 and complete structural failure of Silo 3, 
spreading its contents to the surface soils of Operable Unit 4. 

Under the current configuration of Silos 1, 2, and 3, Rn-222 generated by the radioactive decay of Ra- 
226 in the K-65 and metal oxide residues accumulates in the void headspace inside the silos. At the 
time of their design, the four silos were not required to be airtight; therefore, air exchanges with the 
outside environment occur. The air exchange is a result of changes in ambient temperatures that cause 
expansion and contraction of the air mass inside the silos. The foam installed on top of Silos’l and 2 
in 1987 has reduced the K-65 silo breathing losses by limiting daily temperature variations inside the 
silo dome. 

Under the future source-term scenario, radon diffuses through the bentonite clay layer in Silos 1 and 2 
and directly from the contents of Silo 3, which are assumed to be spread across the surrounding soils. 
Radon is then transported via a i r  to a receptor. Radon and progeny are assumed in equilibrium at the 
exposure point which is very conservative. 
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Under the current storage configuration of the silos, particulates can be transported by resuspension of 
soil particulates from the K-65 berms and the surrounding Operable Unit 4 soils. Under the future 
source-term scenario, Silo 3 particulates can be transport in a fashion similar to soil particulates via 
resuspension into the air. The bentonite clay layer is assumed to remain intact, preventing resuspen- 
sion of the K-65 residues. 

In addition to direct release to the atmosphere, radon gas can also diffuse through the K-65 silo walls 
into the surrounding soil berms. Radon has a short half-life (3.82 days) and is expected to decay into 
its progeny, Pb-210 and Po-210, in the silo walls and in the soil berms surrounding Silos 1 and 2. 
These are nonvolatile constituents that accgmulate in the soil berms. These progeny could be 
transported via resuspension if the berms are eroded to a point where this area is exposed. 

5.1.3 Surface Water Runoff 
A third potential transport route is surface water runoff, which could transport contaminants away from 
Operable Unit 4 through soil erosion caused by surface water runoff, especially in the event of a heavy 
rainfall. The surface water drainage characteristics within Operable Unit 4 were previously described 
in Section 3.0. Under both the current and future land-use scenarios, the existing runoff control 
structures (Le., trench drains and curb and gutters) at the perimeter of Operable Unit 4 are assumed to 
fail, permitting storm water runoff to directly enter Paddys Run. The transport of.contaminants in the 
surface water system considers contaminants contained in near surface soils subject to erosion. These 
contaminants can be transported to Paddys Run by either dissolving in the runoff surface water or 
attaching to entrained sediment carried by the water. A portion of these contaminants will partition 
(Le., separate) into stream sediment and will not be available for immediate transport to the aquifer. 
Contaminants in the dissolved phase could be transported to the Great Miami Aquifer by recharge 
from Paddys Run throughout the length of Paddys Run from Operable Unit 4 to the Great Miami 
River. 

In the future source-term scenario, the contents of Silo 3 (following structural collapse of the silo) can 
be transported by surface runoff to Paddys Run. 

5.1.4 Groundwater Transmrt 
The final potential transport route is via groundwater. Contamination may be transported through the 
vadose mne into the Great Miami Aquifer in the vicinity of Operable Unit 4 by traveling through the 
glacial overburden present beneath the silos. Sampling of groundwater from the Great Miami Aquifer 
in the vicinity of Operable Unit 4 has detected levels of uranium above background. This uranium 
contamination may originate from the silos or could result from other operations at the site. The K-65 
silos also contain sigmficant quantities of Ra-226 at the FEMP site, but the insoluble nature of radium 
in the presence of sulfate results in no above background levels of Ra-226 in perched groundwater 
samples from the vicinity of Operable Unit 4. See Appendix E.3, Section E.3 for detailed discussion. 

- >  
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A conceptual model of potential contaminant transport from the bottom of the silos to the Great Miami 
Aquifer has been developed. This model is based on the current understanding of the Operable Unit 4 

Study Area and data from past investigations and is listed below: 

Leachate derived from Silos 1 and 2 is formed under the current storage configuration 
of the silos from liquids used to slurry waste materials into the silos. Additional 
leachate may be formed under the current source-term scenario based on the assumption 
that precipitation infiltrates the silos through the silo top and sidewalls and interacts with 
the wastes witbin. This leachate passes through the wastes, out the bottom of the silo, 
and enters the glacial overburden. 

In the future source-term scenarios, rainfall is assumed to fall directly onto the bentonite 
clay layer in Silos 1 and 2, thereby increasing infiltration and leachate formation. 
Rainfall falling onto the clay layers in Silos 1 and 2 is assumed not to overflow the silo 
walls. With the complete failure of Silo 3, the contents are dispersed over the sur- 
rounding soils. The materials are exposed to incident precipitation with subsequent 
formation of leachate, a portion of which infiltrates into the glacial overburden. 

Perched groundwater in the vicinity of Operable Unit 4 flows to the west, toward 
Paddys Run. Thus, once out of the silo, leachate may migrate through the glacial 
overburden toward the west, until it reaches Paddys Run, or in a vertical direction until 
it reaches the Great Miami Aquifer. 

Once in Paddys Run or the Great Miami Aquifer, the contamination can transport 
through surface water or groundwater to either on-site or off-site receptors. 

This conceptual model of contaminant transport is based on existing data within the Operable Unit 4 

Study Area. Modeling results based on the data available within Operable Unit 4 are presented and 
discussed in the baseline risk assessment (Appendix D). 

\ 

As previously discussed in Section 3.0, a locally extensive silty/clayey sand lens may exist in the 
glacial overburden (Figure 5-1), which could "short-circuit" the flow system and allow leachate to pass 
through the glacial overburden and enter either the Great Miami Aqufer at a point horizontally 
displaced from the silos, or flow directly into Paddys Run. Once in Paddys Run or the Great Miami 
Aquifer, the contamination can transport through surface water or groundwater to either on-site or off- 
site receptors. Currently, the database to support the determination of which route the constituents 
may take is limited. Additional field investigations are presently underway within the Operable Unit 4 

Study Area to characterize the flow conditions of this zone. 

5.2 PERSISTENCE OF CONTAMINANTS 
The migration of contaminants from Operable Unit 4 and their persistence in the environment are a 
function of both site characteristics including meteorology and soil chemistry and of the 
physical/chemical properties of the contaminants. Such properties include solubility, tendency to 
transfonn or degrade (usually described by a radiological half-life or an environmental half-life in a 
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given media), and chemical affinity for solids or organic matter (usually described by a partitioning 
coefficient, e.g., K,, &, or GW). These properties and how they affect contaminant behavior are 
described below for radionuclides, inorganic, and organic constituents. 

5.2.1 Radionuclides 
Radioactive elements undergo spontaneous transformations that involve the emission of particles and 
radiant energy. The resulting element may also be radioactive and undergo spontaneous decay, or a 
stable element may result. The decay process can occur by various spontaneous mechanisms. Two of 
the more important decay modes are alpha decay and beta decay. Emission of a gamma ray may 
accompany alpha and beta particle emissions. 

Most of the radioactive materials present at the FEW site originated from natural sources such as 
pitchblende ore or concentrates. The’radioactive elements present in these materials belong to three 
decay chain series: the U-238 (uranium) series, the U-235 (actinium) series, and the Th-232 (thorium) 
series. The concept of radioactive decay is discussed in greater detail in Section 1.0. The presence of 
other radionuclides at the site (U-236, Tc-99, Sr-90, and (3-137) may originate from the radioactive 
materials brought to the FEMP site from other DOE sites as noted in Section 1.0. The isotopes cited 
are created from fission processes inside a nuclear reactor and are not a result of naturally occurring 
ores. 

The half-lives of most of the radionuclides of concern at the FEMP site are long (millions of years) 
when compared to the length of time that the FEMP has been in existence. Exceptions are Sr-90 (with 
a half-life of 29 years) and Cs-137 (with a half-life of 30 years). (3-137 decays to the stable isotope 
barium (Ba-137), and Sr-90 decays to the stable isotope zirconium (Zr-90). Thus, radioactive decay 
Will not result in reduced contamination at the FEW site in a time frame reasonable in terms of 
human existence. The remaining CPC, heavy metals and transition metals, do not undergo nuclear 
transformations and their persistence on site is related to their geochemical mobility in the environ- 
ment. 

5.2.2 Inorganics 
Inorganics do not degrade in the environment, but may change chemical form or speciation. Inorganic 
metals may also interact with soils or other solid surfaces by ion exchange, adsorption, precipitation, 
or complexation. These processes are affected by pH, composition of leachate or groundwater 
oxidation-reduction conditions, and the type and amount of organic matter, minerals, clay, and hydrous 
oxides present. 

The chemical form of inorganic metals in solution impacts solubility and mobility in the environment. 
Chemical speciation (e.g., Pb’* versus PbC03”), however, is a very complex and difficult analysis to 
perform and is not routinely done. In general, the only measurement made in the laboratory analysis 
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is total mass concentration of each metal of concern. Using the analysis of concentration, a geochemi- 
cal model is then applied to determine the chemical form, or species, in solution. The aqueous form 
of the metal, groundwater composition, and the solids in contact with the groundwater will determine 
the persistence of the metal in the environment. 

5.2.3 Organics 
Organic contaminants may be either volatile or semivolatile and are degraded in the environment by 
various processes, including hydrolysis, oxidation/reduc tion, photolysis, or biodegradation. Half-lives 
of organic compounds in various media can vary from minutes to years, depending on the chemical 
and environmental conditions. Degradation may either enhance or reduce the toxicity of a chemical. 
An example for the degradation of organic contaminants is the metabolism of dichlorodiphenyltrichor- 
oethane @DT) to dichlorodiphenyldichloroethene @DE) and dichlorodiphenyldichoroethane ODD) 
by bacteria present in the environment. 

The mobility of an organic compound is affected by its volatility, partitioning between solids and 
water, water solubility, and concentration. In general, the less water soluble an organic compound is, 
the more likely it is to be adsorbed to soil or organic matter. Organic compound retardation in 
groundwater transport is discussed later in this section. An overview of the relative water solubility, 
tendency to adsorb to solids, and contaminant mobility for different categories of organic CPC for 
Operable Unit 4 is presented below. 

Volatile Organic Compounds: 

High water solubility 
High volatility 
Low tendency to adsorb to solids 
Generally transported as a dissolved phase in water or a vapor phase in air 
Operable Unit 4 examples include carbon tetrachloride, toluene, and xylenes 

Semivolatile Organic Compounds: 

Mediumvolatility 
Medium to low water solubility 

Medium to high tendency to adsorb to solids 
Transport may occur dissolved in water or adsorbed to soil particles 
Operable Unit 4 examples include anthracene, benzo(a)pyrene, and di-n-octylphthalate 

Pesticides, P a s ,  Dioxins: 

Low water solubility 
Low volatility 
High tendency to adsorb to solids 
Generally transported while adsorbed to soil particles 
Operable Unit 4 examples include koclor 1254, 4,4'-DDT, and Aldrin 
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5.3 MODELING OF POTENTIAL CONTAMINANT MIGRATION 
Modeling was completed to predict the transport of contaminants and the concentration potential 
receptors would experience. The results of the model predictions were compared with actual results 
where available and applicable to demonstrate the degree of confidence that can be placed in the 
prediction. The following paragraphs summarize the information presented in Appendix E of this 
report. 

5.3.1 Air W i t v  Modeling and Contaminant Transport 
The Industrial Source Complex Long Term (ISCLT) model (EPA 1992) was used to calculate annual 
average concentrations of an airborne pollutant at user-selected locations of interest, called receptor 
locations. It is a steady-state Gaussian plume model that is applicable in flat or gently rolling terrain 
of the type on which the FEMP facility is situated. Data required for input to the model include 
emission rates of the sources, the locations and other physical information about the sources, 
meteorological information that is representative of actual site conditions, and physical locations of the 
receptors of interest. 

Radon emission rates under the current source-term scenario were based on calculated breathing rates 
from each of the silos. Calculations of breathing rates employed measured radon headspace concentra- 
tions and differential temperature and pressure measurements, where available. 

Radon emission rates, under the future source-term scenario, assumed that there were no domes on 
Silos 1 and 2, and that the Silo 3 waste materials were spread on the surface of Operable Unit 4 
around Silo 3. For these sources, the radon emission rates were calculated as the product of the 
estimated radon flux from the surface of the material (Le., Silo 1 and 2 clay layer, Silo 3 wastes), and 
the areas available for release. The radon flux rates were determined by use of the RAECOM model. 

The emission flux of total suspended particulates due to wind erosion was estimated for both the berm 
and surface soils, and the Silo 3 residues (for the future source-term scenario). Particulate emission 
flux rates were estimated with the use of the Gillette model. For this model, a 50-percent vegetative 
cover on the silo berms and Operable Unit 4 surface soils was assumed, with no vegetative cover 
assumed for the Silo 3 residues. 

FEMP on-site meteorological data for a 6-year period were used for the air dispersion modeling. In 
this modeling effort, receptors were located at 100-m intervals covering the FEMP site, then at 250-m 
intervals from the FEMP site to a radius extending 5000 m and 360 degrees from the Operable Unit 4 

Study Area. Additionally, fme grids of 25-m and 50-m resolution were used to determine the 
maximum on-site and off-site ground level concentrations. Discrete receptors were located on the 
FEMP property line and sensitive receptors were considered at seven schools and daycare centers near 
the FEMP site. Details of the receptor locations are provided in Appendix E, Section E.l. A fmer 
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grid of 25-m by 25-m resolution was used to locate the maximum concentration within the FEMP 
boundary. The highest off-site concentration was at a discrete receptor location along the FEMP 
property boundary. Appendix E, Section E.l provides greater detail on the air quality modeling. 

5.3.2 Surface Water ModelinR 
This subsection describes the modeling approach used to estimate contaminant concentrations in 
surface water resulting from transport by precipitation runoff. Contaminants in surface soils can be 
released from source areas and transported to surface water via precipitation runoff. During a rainfall 
event, a portion of the rainwater infiltrates the soil surface and the remainder runs off the surface (as 
shown in Figure 5-2). Soil particles are dislodged by the impact of raindrops and the flow of runoff 
across the soil surface. The amount of runoff and soil erosion depends on soil type, soil vegetative 
cover, the amount of moisture already present in the soil, the intensity and duration of rainfall, slope 
length, slope steepness, and erosion control practices in place. These factors were considered in 
modeling surface water using specific FEMP and Operable Unit 4 data. 

Contaminants in the surface soil can be transported via runoff either dissolved in the water or adsorbed 
to soil particles. The less soluble a contaminant is in water, the more likely it will be adsorbed to soil 
particles. Because the water solubility of CPC in Operable Unit 4 vary widely, transport is modeled 
for both dissolved-phase and adsorbed-phase constituents. 

Modeling soil transportation by runoff used characterization of the contaminants in the initial soil or 
waste source term. Surface soil in Operable Unit 4 and the berm fill surrounding Silos 1 and 2 was 
chosen as one source term. The data from surface soil and the first 5 ft of berm fill were considered 
as a single data set and used as the source term. The surface soil and berm fill were also modeled as 
separate source terms. The contents of Silo 3 were used as a future source term. Under the future 
source-term scenario, it was assumed that within 70 years, failure of Silo 3 occurs and that the silo 
contents are spread onto the surface soil and subject to erosion by runoff. Because Silos 1 and 2 are 
surrounded by berms, it was assumed that even in the event of a dome failure, the contents of these 
silos would be contained by the berms and not subject to si@icant erosion. Overflow of the failed 
K-65 silos following dome failure was not considered due to the presence of a protective clay layer 
preventing leaching of contaminants into rainwater ponding in the failed silos. 

The Modified Universal Soil Loss Equation (MUSLE) was used to quanhfy the migration of 
contaminated soil from erosion by runoff. It was obtained from the EPA "Superfund Exposure 
Assessment Manual" (EPA 1988b) and calculates the soil loss for a single rainfall event. M U S E  
accommodates event-specific runoff volume and flow rate scenarios. 

Partitioning models were used to describe contaminant distribution between soil and water in the 
: <runoff flow. These models provide an estimate of the contaminant concentration dissolved in water 
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runoff and adsorbed to the soil that is 
ing surface water bodies (Haith 1980; 

carried with the runoff and deposited in the sediment of receiv- 
Mills et al. 1982). 

The volume of runoff was also estimated to determine both the amount that stream flow may be 
increased by a runoff event, and to estimate dissolved contaminant loading. The depth of runoff is 
calculated as a function of the depth of rainfall and a soil water retention factor. A certain amount of 
rainfall, depending on soil conditions, is required before any runoff occurs. In effect, the amount of 
water retained by the soil is subtracted from the total amount of rainfall, and the remainder is available 
as runoff flow. The dissolved contaminant concentration in the receiving stream is estimated by a 
simple dilution model with runoff concentration, runoff volume, and stream flow. 

The modeling recognized that ~tura l  drainage from the FEMP site Rows primarily to Paddys Run, an 
intermittent stream that begins north of the site and flows southward along the western edge. Paddys 
Run flows into the Great Miami River 2.4 km south of the FEW site. Surface water drainage in the 
Operable Unit 4 Study Area has been diverted away from Paddys Run to the Clearwell and a new in- 
ground sump. As previously stated, however, runoff from Operable Unit 4 was assumed to enter 
Paddys Run for purposes of fate and transport modeling, which is considered more credible if active 
maintenance of the site storm water control system is discontinued. 

The surface water runoff modeling was based on a single storm event equivalent to a 24-hour storm 
with an intensity that occurs once per year, (6.4 cm in 24 hours; Hershfeld 1961) and a flow rate in 
Paddys Run of 0.2 f?/s (Dames and Moore 1985a). 

The source-term concentrations, as well as a detailed description of the model assumptions, equations, 
and parameters can be found in Appendix E, Section E.4. Results are discussed in Section 5.4. 

5.3.3 Groundwater Modeling and Transport Analysis 
This subsection reviews the modeling approach for estimating contaminant concentrations in ground- 
water. Two alternate transport paths are presented for contaminants entering the glacial till with 
infiltrating liquids (rainwater). 

5.3.3.1 Principles of Contaminant Fate and Transport 
The migration of water and dissolved contaminants from the waste source to the receptor involves 
flow through both unsaturated (vadose zone) and saturated zones (regional aquifer and perched zones). 
Flow in these zones is controlled by Darcy’s law, which relates the contaminant transport rate to the 
permeability of the media and the driving gradient. Another factor considered in fate and transport 
modeling is dispersion (mixing) in groundwater, primarily caused by molecular diffusion, varying pore 
sizes, varying path lengths, variation in velocity gradients across the pore space, and flow splitting 
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around matrix particles. Attenuation and retardation are also considered as factors and both factors 
may affect the transport of the solute through the system. 

The conceptual model for the various silo scenarios assumes that the migration of contaminants from 
the waste (the source) to the groundwater begins with the infiltration of rainwater into the silos (Figure 
5-3). As the water percolates through the waste, contaminants in the waste are dissolved into the 
water to form a leachate. At the base of the waste, this leachate is referred to as Leachate A (as 
shown in Figure 5-3). The berm soils have not been demonstrated, in sampling results, to contain 
s iw ican t  concentrations of a CPC when compared to the silo source term. For this reason the berm 
soils were not included as a source of any constituents for groundwater transport modeling. In 
addition to its contaminant concentrations, the leachate is characterized by a number of chemical 
properties that affect the fate and transport of contaminants. These include pH, redox potential, 
mineral solubility, and reaction equilibrium. 

Two transport mechanisms were evaluated for Leachate A as it migrates from the silos. The first 
transport mechanism assumes Leachate A reacts with the underlying glacial overburden, producing a 
modified leachate, referred to as Leachate B. For the purpose of modeling under this transport 
scenario, the effects interaction between the leachate and the glacial overburden on the chemical 
properties of the leachate is instantaneous, and Leachate B is the result. The concept of Leachates A 
and B are merely used as simplifications to the modeling process. Details on the development of 
leachate compositions for Operable Unit 4 Study Area can be found in Appendix E, Section E.3. 

Fate and transport models are used to simulate the vertical transport of contaminants from the waste 
through the vadose zone to the Great Miami Aquifer and the horizontal transport through the aquifer 
to the water well of a potential human receptor. For modeling purposes, the site is divided into two 
layers, referenced in Figure 5-3 as Layers 1 and 2. 

The second transport mechanism was developed in support of recent field data obtained concerning a 
semicontinuous silty/clayey sand lens existing beneath the Operable Unit 4 Study Area. For this 
transport scenario, Leachate A would enter the lens and migrate horizontally until passing into the 
unsaturated portion of the Great Miami Aquifer. This transport pathway could be either direct or 
following emergence to the surface and flow to Paddys Run, where infiltration to the aquifer occurs 
through the streambed. In either case, dilution would be occurring as Leachate A enters the lens and 
mixes with the perched waters already present. For this transport mechanism, a dilution calculation 
was performed to determine the potential impact of this pathway to potential receptors. 

5.3.3.2 Estimating the ComDosition of Operable Unit 4 Waste Leachates 
The decision hierarchy used to estimate the leachate for radionuclides and metals is shown in 
Figure 5 4 .  Results generated from the use of this decision hierarchy can be found in Appendix E, 
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Section E.3. For Operable Unit 4, the composition of waste leachate (Leachate A) is best estimated by 
recovering and analyzing in situ leachate from each waste area. Because the metal oxide silo contains 
dry waste that is isolated from precipitation, in situ leachate is unavailable. For the K-65 waste, 
sufficient quantities of pore fluids could not be obtained during sampling activities to represent in situ 
leachate. DOE considered use of the K-65 Decant Sump liquid as representative of K-65 leachate in 
fate and transport modeling. Its use was discounted since its representativeness was. questionable. 
This is primarily due to the sampling methods employed in the collection of the sample. The sample 
was taken from the transport tanker used to collect the decant sump liquids, instead of directly from 
the decant sump. This sample is suspect because of the unknown contamination history of the tanker, 
which was not determined prior to the tanker’s use for collecting decant sump liquid. 

An alternative to estimating the leachate composition when in situ leachate is unavailable is the TCLP 
developed by EPA. For Operable Unit 4 waste, TCLP data are available for metals and radionuclides 
of concern in Silos 1 and 2. For the metal oxide silo, Silo 3, a single TCLP analysis is available for 
radionuclide concentrations. EP tox data are available for a number of samples obtained from the 
metal oxide silo. These were used to estimate arsenic, barium, cadmium, chromium, lead, mercury, 
selenium, and silver concentrations in leachate from Silo 3. The TCLP or EP tox data are screened to 
determine if the use of these data would result in the depletion of the constituent in less than 70 years. 
Radionuclides or metals eliminated by this screening, or constituents for which TCLP or EP tox data 
are unavailable, will have their Leachate A concentrations estimated with mineral solubility calcula- 
tions or by assuming a uniform release of the entire constituent inventory over a 70-year period, which 
corresponds to the assumed life span of the RME receptor. 

Mineral solubility calculations in modeling require data on the waste mineralogy to calculate the 
contaminant concentrations in the leachate at the mineral’s solubility limit. If the mineralogy of the 
waste is not known, an elemental analysis of the waste can be used to form mineral phases that are 
thought to be present based on process knowledge or waste disposal records. Mineral solubility 
calculations are then carried out with the known or assumed mineral phases by using a computer code 
to simulate the reactions between rainwater and the minerals. 

A faal method for estimating the composition of leachate released from a waste unit is the EPA 70- 
year rule (EPA 1988b). The 70-year rule calculates the concentration of a c0n-t by assuming 
that the total mass of the contaminant in the waste inventory will be depleted (completely leached out 
by percolating water) at the end of 70 years (a time period approximately equal to the life of a 
human). This method is likely to be the most conservative (i.e., results in the greatest contaminant 
concentrations) when used to estimate concentrations for Operable Unit 4 CPC. Once all Leachate A 

concentrations are constrained, Leachate A is modified by chemical reactions in the glacial overburden 
to form Leachate B (Figure 5 4 )  for all but the most soluble elements (e.g., cesium, strontium, techne- 
tium). 
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The decision hierarchy for estimating the concentration of organic constituents in Leachate A is 
illustrated in Figure 5-5. When available, in situ leachate is used to estimate the constituent concentra- 
tions in leachate. If leachate is unavailable, estimates are based on available TCLP data. For any 
remaining constituent, the concentration of organic constituent is estimated using the 95 percent UCL 
on the mean concentration in the solid. The selected partition coefficient is then used to calculate the 
concentration in the aqueous phase. If a perched groundwater analysis is available that represents 
contaminated water below the silos, this analysis is compared to the concentrations calculated with the 
partition coefficient and the larger of the two values is retained for use. This selected value is then 
screened to determine if its use would result in inventory depletion in less than 70 years. If inventory 
depletion occurs in less than 70 years, the EPA 70-year rule is used to estimate the concentration of 
the organic constituent. Leachate B concentrations were used as input data for subsequent groundwa- 
ter transport modeling. 

5.3.3.3 Groundwater Transport Modeling 
Groundwater transport modeling began following derivation of the source leachate concentrations and 
the flow rates from the silos. Contaminant transport was modeled out of the silos, through the vadose 
zone, and into the Great Miami Aquifer. Predicted contaminant concentrations in both perched 
groundwater and in the Great Miami Aquifer was then used in the waterdependent intake and 
exposure model equations. 

Leachate Derivation 
Leachate infiltration rates passing through the silo wastes were used in calculating the total times for 
source depletion and the vertical seepage velocities in vadose zone models. Infiltration rates were 
determined for Silos 1, 2, and 3 for both the current and future source-term scenarios. Infiltration 
rates were estimated using the Hydrologic Evaluation of Landfill Performance (HELP) model (EPA 
1984), which is a deterministic quasi-two-dimensional model. The HELP model is an EPA-approved 
model suitable for estimating flow through both unsaturated and saturated zones for different layers in 
a porous medium. The model computes surface runoff by the SCS curve number method using the 
default values of runoff curve numbers. The amount of precipitation, minus surface runoff and surface 
water evaporation, percolates through the soil layer producing vertical leakage and lateral drainage 
flow. The rate of vertical leakage produced controlled the transport rate through the vadose zone. 

Transport in the Glacial Overburden 
Transport in the glacial overburden was evaluated for both vertical migration to the Great Miami 
Aquifer and dilution in the underlying sand lens. For vertical transport to the Great Miami Aquifer, 
each layer in the conceptual flow system was analyzed separately, with the concentrations exiting the 
base of the upper layer acting as the input concentrations to the lower layer. The models assume 
vertical flow through unsaturated soils. The depletion of the waste source over time, radioactive 
decay, biodegradation, and adsorption are taken into account in the vadose zone modeling. 
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The models selected to evaluate vertical transport in the vadose zone are STlD (IT 1990a) and 
ODAST (Javendel et al. 1984). Both of these codes are one-dimensional analytical solutions that 
calculate the normalized concentrations of a given constituent in a uniform flow field from a source 
having a constant concentration in the initial layer. The ODAST code can account for retardation of 
contaminants, source changes, and decay. STlD was used for the initial screening of constituents for 
mobility in the unsaturated zone. ODAST was used to model the fate and transport for constituents 
that exceed the selection criteria. 

Groundwater concentration screening limits based on a lo-' cancer risk or a hazard quotient of 0.2 
were applied to modeled concentrations in the vadose zone resulting from vertical transport of leachate 
through the glacial till. Constituents with concentrations above these screening levels prior to any 
effects of mixing were carried forward into the groundwater transport modeling. Use of these 
screening levels is discussed further in Appendix D, Section D.3. 

For horizontal transport through the silty/clayey sand lens, dilution calculations were made based on 
measured flow gradients and assumed hydraulic conductivities and porosity for the lens. Dilution 
ratios were calculated using these flow system parameters and the results of the HELP model for the 
silos under the current and future source-term scenarios. 

Transport in the Aquifer 
The f d  phase of contaminant transport involves the advective and diffusive migration of water and 
dissolved materials from one part of the Great Miami Aquifer to another. As contaminated leachate 
percolates from the vadose zone into the saturated zone of the aquifer, its continued movement 
depends on physical and chemical characteristics of the aquifer. 

The Sandia Waste Isolation Flow and Transport (SWIFT III) model for groundwater flow and solute 
transport (Geotrans 1987) was used to analyze contaminant transport in the Great Miami Aquifer. The 
S M  111 code is a fully transient three-dimensional, finte-difference model that solves coupled 
equations describing water flow and transport in geologic media. 

The model, applied at the FEMP since 1988, has been extensively calibrated against known uranium 
concentrations in groundwater. The SWIFT III code and its verification and application are fully 

outlined in the Flow and Solute Trans~ort Computer Code Verification Report (IT 1990b). along with 
the input parameters used. The groundwater flow process incorporated into the calibrated SWIFT 111 
model is considered independent of the type of the contaminant present in the aquifer. For this reason, 
the model calibrated against uranium can be used for predicting the movement of the other contami- 
nants in the aquifer. The magnitude of uncertainty for the contaminants depends on the uncertainty in 
the estimation of loading rates, retardation, hydraulic conductivity, and geology of the groundwater 
pathway. The groundwater modeling performed for Operable Unit 4 was performed using output 
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values from vadose zone modeling. The loading rates of each compound were used to calculate the 
expected maximum concentrations that would occur in the Great Miami Aquifer. Because the 
objective of the modeling exercise is to determine future concentrations of constituents in the aquifer 
that are expected to originate from Operable Unit 4, no currently present constituents or source terms 
from other operable units were loaded into the model. Existing groundwater contaminants will be 
addressed under Operable Unit 5 as specified in the Amended Consent Agreement. 

Detailed descriptions of groundwater model applications and assumptions, model ,parameters, 
sensitivity analysis, and uncertainty in modeling results can be found in Appendix E, Section E.2. 

5.4 MODELING RESULTS AND DISCUSSION 
Analytical data from Operable Unit 4 were compiled and screened to idenhfy the CPC through 
different media (air, surface water, and groundwater), based on risk assessment guidelines as discussed 
in the Risk Assessment Work Plan Addendum (DOE 1992a). Fate and transport modeling was 
performed on these CPC and the modeling results were then used in the baseline risk assessment to 
estimate the human health risk. 

5.4.1 Air Quality Results 
Using the estimated emission rates of radon listed in Table E . 1 4  of Appendix E, radon concentrations 
in ambient air were projected by the ISCLT dispersion model. Employing the methodology described 
in Section 5.3.1, estimated radon concentrations were obtained at receptor locations for both the 
current scenario and the future scenario, which assumes dome failure on Silos 1 and 2 and complete 
structural failure for Silo 3. Two of these radon concentrations are of distinct interest: the highest on- 
site concentration and the highest off-site concentration. These two concentrations are shown in Table 
5-1 for both the current source-term scenario and the future source-term scenario. 

Other airborne contaminants, both radioactive and nonradioactive, could be present, due to suspension 
by turbulent wind conditions. Estimated concentrations of these contaminants from soils in the 
vicinity of the silos for the current source-term scenario are presented in Table 5-2. Radioactive and 
nonradioactive species in Silo 3 could also be subject to suspension in the future source-term 
(structural failure) scenario, because the walls and dome are assumed to have collapsed. Estimated 
airborne concentrations of these species are provided in Table 5-3. 

5.4.2 Surface Water Results 
Table 5 4  presents the results of surface water modeling for the Operable Unit 4 surface soil and berm 
fill using the M U S E  model. Radionuclide results (in pCi/L) and chemical constituent results (in 
m a )  are presented for Paddys Run and the Great Miami River. Exposure point calculations were 
performed using three different modeled source terms: surface soil combined with berm fill up to a 

P 1 .  004)398 
. * P  
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TABLE 5-1 

MAXIMUM PREDICTED ANNUAL AVERAGE CONCENTRATION 
OF RADON EMITTED FROM OPERABLE UNIT 4 

Highest On-PropeG Hisest Off-Property 
Concentration' Concentrationb 

Current Source Term Scenario 1090 
Future Source Term Scenario 6840 
(Dome failure) 

11.9 

310 

'Annual average concentrations in ambient air, picoCuries per cubic meter (pCi/m3) at the 
location of highest radon concentration within the FEMP property outside Operable Unit 4. 

bAnnual average concentration at the location of highest radon concenmtion outside the FEW 
property bomdav. 
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TABLE 5-2 

MAXIMUM PREDICTED ANNUAL, AVERAGE CONCENTRATIONS 
OF CONTAMINANTS EMITTED FROM OPERABLE UNIT 4 

CURRENT SOURCE TERM SCENARIO 

On-Property Receptors Off-Property Receptors 

Location' Location' 

X Y TotalcMaximum X Y Total' Maximum 
Contaminantb (m) (m) Concentration (m) (m) Concentration 

ORGANICS (udm3) 

Acenaphthalene 

Acetone 

Anthracene 

2-Butanone 

Benzo(a)anthracene 

Benzo(a)Pyrene 

B enzo(b)fluoranthene 

Chrysene 

Dibenzo( a&) 
anthracene 

Di-n-Butyl Phthalate 

Fluoranthene 

Indene( 1,2,3,c,d) 
Pyrene 

Methylene Chloride 

Phenanthrene 

Phenol 

Pyrene 

Toluene 

Total Xylene 

50 

50 

75 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

75 

75 

0 

25 

150 

25 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

25 

0 

0 

0 

2.50 x 10" 

1.70 x 10" 

1.10 x 10'' 

2.00 x 10" 

9.04 x lo4 

1.00 x 

1.87 x 

6.73 x 10" 

1.73 x 10" 

3.70 x 

1.29 

8.08 x lo4 

5.00 x 

5.00 x lo4 
4.70 x 

1.58 x 
7.00 x 10" 

2.00 x 

333.85 

-333.85 

-374.23 

-333.85 

-333.85 

-333.85 

-333.85 

-333.85 

-333.85 

-333.85 

-333.85 

-333.85 

-333.85 

-333.85 

-58.87 

-58.87 

65.99 

-58.87 

-58.87 

-58.87 

-58.87 

-58.87 

-58.87 

-58.87 

-58.87 

-58.87 

-58.87 

-58.87 

1.90 x 1 0 - ~  

1.00 x 10-6 

7.85 x lo-' 

7.00 10 -~  

7.70 

1.44 x 10' 

5-20 10-~ 

1.30 x 

3.00 x 10" 

9.90 x 

6.20 x 

3.80 x 

1.21 x 10" 

4.00 x 10" 

INORGANICS (pg/m3) 

Antimony 50 25 6.55 10" -333.85 -58.87 5.04 x lo4 

BariUUl 50 0 1.67 x -333.85 -58.87 1-29 10" 

-333.85 -58.87 1.50 x Beryllium 50 25 1.98 x 10" 

Cadmium 50 25 1.20 x -333.85 -58.87 9.30 x 

Arsenic 50 25 1.68 x -333.85 -58.87 1.29 x lo4 
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TABLE 5-2 

(Continued) 

On-Property Receptors Off-Property Receptors 

Location' Location' 

X Y Total'Maximum X Y Total' Maximum 
Contaminantb (m) (m) Concentration (m) (m) Concentration 

Chromium 50 25 4.45 10'~ -333.85 -58.87 3.41 x 10" 

Cobalt '75 0 4.26 x 10" -318.55 -1 15.94 2.90 x 10-~  

Copper 50 25 4.74 10" -333.85 -58.87 3.64 x 10" 
Cyanide 50 25 2.60 x 10-~  -333.85 -58.87 2.00 x lo4 

Manganese 50 25 1.55 x 10" -333.85 -58.87 1.19 x lo-* 

Molybdenum 50 25 1.28 x -333.85 -58.87 9.70 x 10-~  
Nickel 50 25 7.37 10" -333.85 -58.87 5.66 x 10' 
Silver 50 25 2.23 -333.85 -58.87 1.71 x 10" 
Thallium 50 25 1.18 x 10" -333.85 -58.87 9.00 x 10" 

Vanadium 50 25 5.56 x 10" -333.85 -58.87 4.26 x 10" 

zinc 50 25 1.17 x lo-* -333.85 -58.87 8.94 x 10" 

RADIONUCLIDES (pCi/m3) 

Lead-210 75 0 1.42 x 10" -318.55 -115.94 1.00 x 10-~  

Polonium-210 75 0 1.29 x 10" -318.55 -115.94 9.00 x 10" 

Radium-224 75 0 3.30 10 -~  -318.55 -115.94 2.00 x 10" 

Radium-226 50 25 5.52 x 10" -333.85 -58.87 4.20 

Radium-228 50 25 3.05 x 10" -333.85 -58.87 2.30 10" 

Strontium-90 50 0 3.47 x 10" -333.85 -58.87 2.70 10 -~  

Technetium-99 50 0 6.92 x 10" -333.85 -58.87 5.30 

Thorium-228 50 25 2.72 x 10" -333.85 -58.87 2.10 10" 

Thorium-230 50 25 8.48 x 10" -333.85 -58.87 6.50 

Thorium-232 50 25 2.80 x 10" -333.85 -58.87 2.10 x 
Uranium234 50 25 1.11 10" -333.85 -58.87 8.60 x 
Uranium-238 , 50 25 4.09 x -333.85 -58.87 3.16 x 10" 

Radon 25 25 1.09 -318.55 -115.94 1.19 x lo+' 

%e origin is at plant coordinates (S 42+79.89, E 1968.45) 
bChemicals which are not constituents of potential concern have not been included in this table. 
CConstituents of potential concern which have total maximum concentration of less than 1 picogram 
per cubic meter (for organics and inorganics) and 1 attocurie per cubic meter (for radionuclides), 

.. . -1 * .  
~'~u4Ruvc:wpI~,5J-211~11-93R~npm * 
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TABLE 5-3 ' 

MAXIMUM PREDICTED ANNUAL AVERAGE CONCENTRATIONS 
OF CONTAMINANTS EMITTED FROM OPERABLE UNIT 4 

FUTURE SOURCE TERM SCENARIO 

On-Property Receptors Off-Property Receptors 
~ 

Location' Location' 

X Y Total'Maximum X Y Total' Maximum 
Contaminantb (m) (m) Concentration (m) (m) Concentration 

ORGANICS (pg/m3) 

Acenaphrhalene 

Acetone 

50 25 

50 25 

50 25 

50 25 

50 25 

50 25 

50 25 

2.29 x 10" 

1.60 x 10" 

2.00 x 10" 

1.37 x 10" 

8.26 x lo4 

9.14 x 10" 

1.71 x 

-333.85 

-33 3.85 

-333.85 

-5.8.87 

-58.87 

-58.87 

1.40 x 

1.00 x 10-6 

8.00 x Anthracene 

2-Butanone 

5.00 x 

5.60 x 1 0 - ~  

1.04x lo4 

Benzo( a)Anthracene 

Benzo(a)Pyrene 

Benzo(b) 
Fluoranthene 

-333.85 

-333.85 

-333.85 

-58.87 

-58.87 

-58.87 

6.15 x 10" 

1.58 x 10" 

3.70 x 

1.00 x 1 0 - ~  

*sene 

Dibenzo(a,h) 
Anthracene 

50 25 

50 25 

-333.85 

-333.85 

-58.87 

-58.87 

3.30 x 2.00 x 10" Di-n-Butyl 
Phthalate 

50 25 -333.85 -58.87 

1.18 x 

7.38 x 10" 

7.20 x 

4.50 x 

Fluoranthene 

Indene( 12.3,c.d) 
Pyrene 

Methylene Chloride 

2-Nitrophenol 

4-Nitrophenol 

Phenanthrene 

Phenol 

Pyrene 

Toluene 

Total Xylene 

50 25 

50 25 

-333.85 

-333.85 

-58.87 

-58.87 

4.00 x 10" 

8.00 x 10" 

7.00 x 10" 

4.57 x lo4 

4.40 x 

1.44 x 

7.00 x 10" 

2.00 x 10" 

2.80 x 50 25 

50 125 

50 125 

50 25 

50 25 

50 25 

75 0 

75 0 

-333.85 -58.87 

3.00 x 10" 

8-80 x 

-333.85 

-333.85 

-58.87 

-58.87 
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TABLE 5-3 

(Continued) 

. On-Property Receptors Off-Property Receptors 

Location’ Location’ 

X Y TotalcMaximum X Y Total‘ Maximum 
Contaminantb (m) (m) Concentration (m) (m) Concentration 

INORGANICS <pg/m3) 

Antimony 

Arsenic 

BariUIU 

Beryllium 

Cadmium 

Chromium 

Cobalt 

Copper 

Cyanide 

- Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Silver 

Thallium 

Vanadium 

zinc 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

25 

125 

125 

125 

125 

125 

125 

125 

25 

125 

125 

125 

25 

125 

125 

125 

125 

125 

125 

6.52 x 10” 

5.14 x 10“ 

5.83 x 

4.87 x 10” 

1.62 x 

6.73 x 

4.20 x lo-’ 

5.53 x lo-’ 

2-50 x 10” 

9.55 x lo-] 

1.12 x 10“ 

1.21 10” 

3.86 x lo-’ 

7.01 x lo-’ 

3.71 x 

4.60 10” 

9.18 10” 

5.70 x lo-’ 

9.53 x 

-333.85 

-350.00 

-350.00 

-350.00 

-350.00 

-350.00 

-350.00 

-350.00 

-333.85 

-350.00 

-350.00 

-350.00 

-333.85 

-350.00 

-350.00 

-333.85 

-350.00 

-350.00 

-350.00 

-58.87 

-50.00 

-50.00 

-50.00 

-50.00 

-50.00 

-50.00 

-50.00 

-58.87 

-50.00 

-50.00 

-50.00 

-58.87 

-50.00 

-50.00 

-58.87 

-50.00 

-50.00 

-50.00 

4.20 x lo4 

2.46 x 

3.07 

2.37 x lo4 

7.99 x 10“ 

3.32 x 

2.01 x 

2.65 x lo-* 

2.00 x 10“ 

1.84 x 10-2 

4.88 x 

5.00 x 10“ 

7.70 x 10-~  

1.77 x 10” 

3.37 x 

2.72 x lo4 

4.41 x lo4 

2.74 x 

4.81 x 10-~  

RADIONUCLIDES (pCi/rn? 

Actinium-227 50 125 1.42 x lo-’ -350.00 -50.00 6.77 x 10” 

ProtactiniUm-23 1 50 125 1.01 x lo-’ -350.00 , -50.00 4.84 x 

Polonium-21 0 75 0 1.29 x 10“ -318.55 -115.94 9.00 x 10“ 

Radium-ZB 50 125 6.03 x lo9 -350.00 -50.00 2.88 x 10” 

Lead-21 0 50 125 5.41 x lo-’ -350.00 -50.00 2.59 x 

e: - . 
t. .’ . I. . 
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TABLE 5-3 

(Continued) 

On-Property Receptors Off-Property Receptors 

Location' Location' 

X Y TotalcMaximum X Y Total' Maximum 
Contaminantb (m) (m) Concentration (m) (m) Concentration 

Radium-226 

Radium-228 

S trontium-90 

Technetium-99 

Thorium-228 

Thorium-230 

Thorium-232 

Uranium-234 

Uranium-235/236 

Uranium-238 

Radon 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

25 

125 

125 

25 

25 

125 

125 

125 

125 

125 

125 

25 

6.03 x lo-' 

6.49 x lo-' 

3.17 x 10" 

6.33 x 10" 

1.60 x lo-' 

9.69 x loM 

1:37 x lo-* 

2.78 x lo-' 

1.86 x 10" 

2.87 x lo-' 

6.84 x 

-350.00 

-350.00 

-333.85 

-333.85 

-350.00 

-350.00 

-350.00 

-350.00 

-350.00 

-350.00 

-333.85 

-50.00 

-50.00 

-58.87 

-58.87 

-50.00 

-50.00 

-50.00 

-50.00 

-50.00 

-50.00 

-58.87 

2.89 x lo-* 

3.11 10" 

1.90 x 10-~  

3.80 x 10" 

7.66 x 

6.56 x 10" 

4.63 x lo-' 

1.33 x lo-' 

8.91 x 10' 

1.38 x 

3.10 x lo'* 

The  origin is at plant coordinates (S 42+79.89, E 1968.45). 
bChemica.Is which are not constituents of potential concern have not been included in this table. 
'Constituents of potential concern which have total maximum concentration of less than 1 picogram per 
cubic meter (for organics and inorganics) and 1 attocurie per cubic meter (for radionuclides), are not 
included in this table. 

.; . i- 
2. c 

000404 
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TABLE 5-4 

SURFACE WATER RUNOFF RESULTS FOR 
SURFACE SOIL, BERM FILL, AND SILO 3 

FEMP-oQRI-6 FINAL 
November 3.1993 

~ 

Chemical Data Results 
Concentration in Concentration in 

Partition Concentration in Paddys Run Great Miami River 
Coefficient, KD Waste Area, Ci Surface Water, C, Surface Water, C, 

Constituent ( l u g )  (mg/kg)wi/g)P (mg/L)@Ci/L)' (mg/L)(pCi/L)' 
SURFACE SOIL AND BERM FILL (COMBINED) 
Radionuclides 
Lead-210 3.00 x I d  4.45 x 10' 3.5 x 1.0 x 10" 

Radium-224 6.96 x I d  1.02 x 10' 3.5 x lo-* 1.0 x 10" 
4.00 x I d  1.47 x 10' 8.7 x 10" 2.6 x Polonium-2 10 

Radium-226 6.96 x I d  3.79 x 10' 1.3 x 10" 3.8 x 10" 
6.96 x I d  1.29 x 10' 4.4 x 10-2 1.3 x 10" Radium-228 

Strontium-90 1.00 x 10' 1.80 x 10' 4.2 x 10' 1.2 x lo4 
Technetium-99 1.18 x 10" 3.60 x 10' 3.9 x I d  1.1 x lo'* 
Thorium-228 5.80 x I d  1.27 x 10' 5.2 x 10" 1.5 
Thorium-230 5.80 x I d  3.69 x 10' 1.5 x 4.4 
Thorium-232 5.80 x I d  
Uranium-234 1.80 x 10' 4.49 x 10' 5.6 x 10' 1.7 x 10" 
Uranium-238 1.80 x 10' 1.42 x 10' 1.8 x I d  5.2 x 10" 

1.19 x 10' 4.8 1.4 x 

Organics 
2-Butanone 
Acenaphthylene 
Acetone 
Anthracene 
Aroclor-1254 
Benzo( a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 

Benzoic acid 
bis(2-Ethylhexy1)phthalate 
Chrysene 
Cyanide 
Dibenzo(a,h)anthracene 
Di-n-butylphthalate 
Fluoranthene 

Benzo(g&hj)perylene 

. *:*:. , 

mYoU4RI/DClZ554&?0-93 3:21pm 

3.47 x 
1.59 x I d  
1.09 x 
5.36 x I d  
2.05 x 104 
7.66 x I d  
1.83 x 1b' 
7.11 x lb' 

1.42 x 10' 
3.83 x I d  

3.25 x I d  

7.66 x Id 
1.00 x 10' 
1.79 x 1b' 
3.03 x I d  
4.09 x I d  

1.10 x 
1.30 x lo4 
7.90 x 
7.80 x lo-' 

4.70 x lo4 

9.70 x lo4 

5.30 x lo4 

3.00 x lo-* 

5.20 x loo 

5.90 x lo-* 
1.60 x lo4 

1.20 x lo-' 
9.00 x 10-1 
1.90 x 10" 

3.50 x lo4 

6.70 x lo4 

9.6 x lo4 
9.7 x 
8.4 
1.7 x 

7.3 x 10" 
3.4 x 10" 

1.9 x io-' 

5.0 x 10" 
5.4 x 10" 
1.3 x 
6.0 x 
7.5 x 
1.9 x 

1.7 x lo4 

1.6 x 10" 

4.6 x lo4 

5.7 x lo4 
5.7 x 
4.9 x 
1.0 
1.ox 10-12 
4.3 x lo-'' 
2.0 x 10-'O 
9.5 x 10-'l 
1.1 x 10-1' 
2.7 x lo4 
2.9 x lo-'' 
3.2 x lo-'' 
7.6 x io4 

3.5 x lo-" 
4.4 x lo-" 
1.1 x 10-9 

CG840S 
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TABLE 5-4 
(Continued) 

Chemical Data Results 
Concentration in Concentration in 

Partition Concentration in Paddys Run Great Miami River 
Coefficient, K,, Waste Area, Ci Surface Water, C, Surface Water, C, 

Constituent m u g )  (mg/kg)@ci/g)' (mg/L)(pCi/L)' (mg/L)(pCi/L)' 
Ideno( 1,2,3cd)pyrene 8.75 x I d  4.20 x lo4 5.7 x lo4 3.4 x 10-'2 

Phenol 5.52 x 10'' 2.30 x lo-' 4.2 x 2.5 x io-' 
Phenanthrene 5.55 x I d  2.60 x lo4 5.6 x 3.3 x 

Methylene chloride 3.41 x lo-' 2.50 x 6.7 x 10" 4.0 x lo4 

2.90 x I d  8.20 x lo4 3.4 2.0 

Xylenes (total) 2.11 x 10' 6.90 x 3.9 x 10 -~  2.3 

Pyrene 

Toluene 9.38 x 10' 2.00 x lo-' 2.5 x 10" 1.5 x 

Inorganics 

2.50 x I d  2.87 x 10' 1.4 10" 8.0 x lo4 Antimony 

Arsenic 2.00x I d  7.77 x loo 4.6 x 10" 2.7 x lo4 

Beryllium 1.30 x I d  8.46 x lo-' 7.7 x 10" 4.6 x lo-'' 
Barium 1.14 x io3 7.71 x 10' 8.0 x 10" 4.7 x lo4 

Cadmium 5.00x I d  5.36 x 10' 1.3 x 10" 7.5 
Chromium 1.50 x I d  2.04 x 10' 1.6 x 10" 9.5 

Copper 1.25 x I d  2.10 x 10' 2.0 10" 1.2 io-' 
1.36 x 10' No Value No Value No Value Lead 

9.oox 10' 6.05 x 10' 5.5 x 10" 3.2 x Molybdenum 

Nickel 6.50 x I d  3.08 x 10' 5.6 x 10" 3.3 x lo4 
Silver 1.80 x I d  9.81 x 1$ 6.5 x lo4 3.8 x lo4 

Thallium 1.50 x I d  7.10 x lo-' 5.6 x 10" 3.3 x 10"' 
Uranium 1.80 x 10' 3.57 x 10' 2.2 x lo-' 1.3 10" 
VaMdiUm 

zinc 2 . 4 0 ~  I d  5.12 x 10' 2.5 x 10" 1.5 x 10'8 
1 . 0 0 ~  io3 2.53 x 10' 3 . 0 ~  10" 1.8 x lo4 

SILO 3 
Radionuclides 

Actinium-227 2.40 x io3 9.25 x I d  9.1 x 10' 1.3 x 10" 

Lead-210 3.00x I d  3.48 x io3 2.7 x 10' 4.0 x 10" 
Radium-224 6.96 x I d  3.67 x I d  1.2x 10' 1.8 x 10" 

Radium-228 6.96 x I d  

Protactinium-23 1 2.70 x 6.27 x I d  5.5 x 10' 8.0 x 10-~  

Radium-226 6.96 x I d  3.87 x lo3 1.3 x I d  1.9 x 
4.06x I d  1.4 x 10' 2.0 x 10" 

Thorium-228 5.80 x I d  7.47 x I d  3 . 0 ~  10' 4.4 x 10" 
5.80 x 10' 6.02 x io4 2.5 x I d  3.6 x 

000406 

Thorium-230 
.. . . 

d 

~ u 4 R U D C I W J 4 n c 3  421pm 
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TABLE 5-4 
(Continued) 

Chemical Data Results 
Concentration in Concentration in 

Partition Concentration in Paddys Run Great Miami River 
Coefficient, KD Waste Area, Ci Surface Water, C, Surface Water, C, 

Constituent (mL/g) (mg/kg)@Ci/g)' (mg/L)(pCi/L)' (mg/L)(pCi/L)' 
Thorium-232 5.80 x ld 8.42 x ld 3.4 x 10' 5.0 x 10" 

Uranium-234 
Uranium-235/236 
Uranium-238 

1.80 x 10' 1.73 x ld 2.2 x io4 3.2 x lo-' 
1.80 x 10' 1.17 x ld 1.5 io3 2.2 x 10-2 
1.80 x 10' 1.78 x I d  2.3 x io4 3.3 x 10'' 

Organics 

2-Nitrophenol 1.18 x loo 5.20 x lo-' 2.4 x 10" 1.4 x lo4 
4-Nitrophenol 1.56 x 10' 4.50 x lo-' 1.6 x 10' 9.5 

Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Xromium 

Cobalt 

Lead 
Manganese 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Uranium 
VilMdiUm 

zinc 

Copper 

2.50 x ld 

1.14 x ld 
2.00 x ld 

1.30 io3 
5.00 x ld 
1.50 x ld 
5.50 x ld 
1.25 x ld 
3.00 x I d  

1.00 x 10' 

7.40 x ld 
1.80 x ld 

1.80 x 10' 
1.00 x io3 
2.40 x io3 

1.80 x I d  

6.50 x ld 

1.50 x ld 

Inorganics 

5.50 x 10' 1.3 x 10' 7.6 x 
3.17 x 1 d  
2.78 x I d  
2.91 x 10' 
9.41 x 10' 
3.95 x ld 
2.59 io3 
3.34 x io3 
2.38 x io3 
5.16 x io3 
6.90 x lo-' 
4.29 x ld 
2.29 x I d  

5.61 x 10' 

3.67 x I d  

1.84 x 10' 

5.35 x Id 

3.49 x ld 

9.3 x 
1.4 10" 
1.3 x 10' 
1.1 10" 
1.5 
2.8 x 
1.6 x lo-' 

1.7 x lo-' 
4.0 x 10' 
3.9 x 
1.8 x 10" 

6.0 x lo4 
2.2 x 10' 
1.7 x 10' 
2.1 x 

4.6 x 

8.5 10-~  

5.4.x lo4 
8.4 x lo4 
7.7 

9.1 x lo4 
6.5 x lo-* 

1.6 x lo4 
9.2 x lo4 
2.7 
9.9 x lo4 
2.4 x 
2.3 x lo4 
1.1 x io-' 
3.5 x 10" 

9.9 x 1 0 - ~  

5.0 

1.3 x 10" 

1.3 x lo4 

b 

'Radionuclide values presented in pCi/g or pCi/L. 
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depth of 5 ft, surface soil only, and berm fill only. A comparison of results for these three source 
terms is presented in Appendix E. Results for the combined source term are used to calculate the 
exposure point concentrations in the risk assessment and are summarized here. 

Silo 3 Source Term 
Calculated exposure point concentrations for radionuclides in Paddys Run surface water range from 3.4 
pCi/L for Th-232 to 23,000 pCi/L for U-238. Modeled concentrations in Paddys Run for inorganics 
were below 1 mg/L except for total uranium (treated as a metal) at 1.7 mg/L. 

Concentrations are diluted by approximately four orders of magnitude when Paddys Run flows into 
and mixes with the Great Miami River, because of the much higher flow rates in the Great Miami 
River. None of the modeled surface water concentrations in the Great Miami River exceeded 1 pCi/L 
or 1 p a .  

These concentrations should remain only through the duration of a storm event. When rainfall and 
runoff cease, surface water concentrations are expected to return to background levels. 

Surface Soil and Berm Fill Source Term 
Calculated exposure point concentrations for radionuclides in Paddys Run surface water range from 
0.0048 pCi/L for Th-232 to 180 pCi/L for U-238. Modeled organic concentrations range from 1.7 x 
lo-* mg/L for Aroclor-1254 to 8.4 x 10” mg/L for acetone. Results for inorganics range from 7.7 x 

for beryllium to 0.22 mg/L for uranium. 

Concentrations are diluted by approximately four orders of magnitude when Paddys Run flows into 
and mixes with the Great Miami River because of the much higher flow rates in the Great Miami 
River. None of the modeled surface water concentrations in the Great Miami River exceed 0.01 pCJL 
or 0.1 pg/L. 

These concentrations should remain only through the duration of a storm event. When a rainfall and 
runoff cease, surface water concentrations are expected to return to background levels. 

5.4.3 Groundwater Results 
The groundwater fate and transport modeling results are summarized in Table 5-5 for the CPC that 
could be transported vertically through the glacial till and reach the Great Miami Aquifer from the 
Silos 1 and 2 within 1000 years. The arrival time for the constituents to reach the aquifer, the 
maximum loading concentration, the maximum concentrations of the constituents that would be 
expected in the aquifer within 1000 years, and the time required for the constituents to reach the 
maximum value are also included in Table 5-5. 

5-3 1 000408 
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The table also presents the predicted maximum concentration at the FEMP boundary due to loading 
from Silos 1 and 2. Screening levels have been developed based on a lo-’ lifetime cancer risk and are 
presented in Appendix D. These screening levels provide a basis for understanding the risk to human 
health from the ingestion of water from the Great Miami Aquifer at a hypothetical receptor location. 
The radionuclide constituents projected to be above the screening levels in the Great Miami Aquifer 
directly beneath Silos 1 and 2 are the uranium isotopes (U-234, U-235, and U-238). Concentrations of 
uranium isotopes are also projected to exceed screening levels at the FEMP boundary. Contour plots 
were made for uranium at different time periods (Appendix E, Section E.2). As an example, 
Figure 5-6 depicts a plume of uranium in groundwater beneath Silos 1 and 2 and moving toward the 
southeastem boundary of the FEMP site. The plots show the future concentration profiles predicted by 
the SWIFT III model at the time of maximum loading concentration at the boundary between the 
vadose zone and the Great Miami Aquifer. No other radionuclide contaminants are projected to reach 
the Great Miami Aquifer within 1000 years, which is primarily due to the low loading rates of many 
metals and radionuclides and the high adsorption coefficients of many constituents. Boron, cyanide, 
and mercury from Silos 1 and 2 and mercury from Silo 3 are the only inorganic compounds that are 
projected to reach the Great Miami Aquifer. Within the simulation period of 1000 years, the 
maximum concentrations are below their screening levels. Similarly, 2-hexanone and benzoic acid are 
the only organic compounds projected to reach the aquifer. Within the simulation period of 1000 
years, the maximum concentrations for these organic compounds remain below the screening level. 

The groundwater fate and transport modeling results for Silo 3 are summarized in Table 5-6 for the 
CPC that could be transported vertically through the glacial till and reach the Great Miami Aquifer in 
1000 years. The table also presents the arrival time for the constituents to reach the aquifer. the 
maximum loading concentration, the maximum concentrations of the constituents that would be 
expected in the aquifer within 1000 years, and the time required for the constituents to reach the 
maximum value. It also presents the predicted maximum concentrations at the FEMP boundary due to 
loading from Silo 3. As is the case with Silos 1 and 2, the uranium isotopes are the only contami- 
nants that rise above screening levels in the Great Miami Aquifer. Only the area directly beneath Silo 
3 is above the screening level. Concentrations at the FEMP boundary have declined through 
dispersion and are no longer above screening levels. Contour plots were made for uranium at different 
time periods (Appendix E). As an example, Figure 5-7 depicts a plume of uranium in groundwater 
beneath Silo 3 moving toward the southeastern boundary of the FEW site. The plots show the future 
concentration profiles predicted by the SWIFT III model at the time of maximum loading concenua- 
tion at the boundary between the vadose zone and the Great Miami Aquifer. 

Based on recent field data obtained concerning a silty/clayey sand lens beneath Silos 1 and 2 (Figure 
5-l), a dilution calculation was made to determine the potential impact of this pathway on the ground- 
water system. Assuming that the silt-sand lens beneath the silos is continuous, leachate derived from 
the silos would enter into the lens and migrate horizontally until passing into the unsaturated potion of 
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FIGURE 5-6. PROJECTED CONCENTRATION OF URANIUM IN GROUNDWATER 
BENEATH FEMP AFTER 400 YEARS DUE TO LOADING FROM 
SILOS 1 AND 2 
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the Great Miami Aquifer. This transport pathway could either be direct or through the Paddys Runs 
streambed. In either case, dilution would be occurring as leachate enters the lens and mixes with the 
perched waters already present. 

Using data on the silty/clayey sand lens beneath the silos, a gradient of 0.07 was calculated for 
horizontal flow in the sand lens. The lens hydraulic conductivity was assumed to vary between 
1 x 
minimum and maximum flow rate for the area of the lens beneath the silos was determined. These 
flow rates were 0.0057 to 57 ft?/min using a cross-sectional sand lens area of 4000 fe. 

and 1 x lo-' cm/s and the porosity between 20 and 25 percent. Using these values, a 

Dilution ratios from the silos were calculated using these values and the results of the HELP model for 
the silos. Using an average flow rate from all three silos of 0.000162 ft?/s, dilution factors of 180 to 
100,000 times were calculated. This calculation represents the range of possibilities available based on 
the field data. Data from Well 1034 in the vicinity of the silos suggest a hydraulic conductivity of 1 x 
10~scm/s, indicating a dilution ratio of 180 may be the most realistic. This information was used in 
evaluating the impacts on human health from the perched water in the lens and from sediment in 
Paddys Run. These impacts are discussed in the baseline risk assessment, Appendix D. 

5.4.4 summary 

5.4.4.1 
The two sources of airborne contaminants in Operable Unit 4 are: (1) radon emanating from Silos 1, 
2, and 3 and (2) surface materials (e.g., contaminated soil and Silo 3 residues) resuspended by 
turbulent winds. In preceding sections of this report, estimates of ambient concentrations were 
presented for both the current source-tern scenario and the future source-term scenario, which assumes 
eventual collapse of the domes on Silos 1 and 2 and complete structural failure of Silo 3. The 
concentrations of interest are the highest on-site and off-site concentrations. Estimates of these 
concentrations were made by dispersion modeling and are presented in Tables 5-1, 5-2, and 5-3. 
These concentrations form the basis for the health risk assessment for air pathways in Appendix D. 

5.4.4.2 Surface Water 
The two potential sources of surface water contaminants in Operable Unit 4 are: (1) the contents of 
Silo 3 under the future source-tern scenario, and (2) surface soil and berm fill in the Operable Unit 4 
Study Area. 

Preceding sections present estimated surface water concentrations in Paddys Run and the Great Miami 
River from the potential source areas in Operable Unit 4 (Table 5 4 ) .  These estimated concenuations 
are used to assess the risks from surface water pathways in Appendix D. A detailed discussion of the 
model is presented in Appendix E. 
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5.4.4.3 Groundwater 
Uranium isotopes are the major CPC for the groundwater pathway for the vertical transport mecha- 
nism. The uranium loading concentrations for Silos 1 and 2 6 - 6 5  silos) are two orders of magnitude 
higher than those for Silo 3. No other radionuclide CPC are projected to reach the Great Miami 
Aquifer, due to low loading rates and/or high adsorption coefficients. Boron, cyanide, and mercury 
from Silos 1 and 2 and mercury from Silo 3 are the only inorganic compounds that are projected to 
reach the Great Miami Aquifer within the simulation period of 1000 years, and their maximum 
concentrations remain below their screening levels. Similarly, 2-hexanone and benzoic acid are the 
only organic compounds projected to reach the aquifer within the simulation period of 1000 years. 
Their maximum concentrations also remain below the screening values. 

In general, modeling results for vertical transport through the vadose zone show that contaminants with 
low retardation factors reach the Great Miami Aquifer earlier than the contaminants with high 
retardation factors. Uranium is projected to arrive in the Great Miami Aquifer within 140 years due to 
loading from either Silos 1 and 2 or Silo 3. The contaminants that reach the aquifer are diluted and 
move laterally toward the boundary. The maximum concentrations at the FEMP boundary that exceed 
the screening levels are derived from the uranium isotopes inventory in Silos 1 and 2. 

Vertical transport modeling for the vadose zone show that most of the organic compounds (retardation 
factor greater than 100) have been identified as the CPC in Silos 1 and 2 do not reach the aquifer 
within 1000 years. The organic compounds that are highly soluble (low retardation factors) are 
projected to reach the aquifer, but due to utilization of biodegradation rates, the concentrations of these 
compounds are si@icantly reduced (several orders of magnitude lower than their detection values) 
and reportedly do not reach the aquifer. Only the organic constituents with concentrations above lo4 
pg/L are reported in the summary tables. The actual retardation factors and especially the organic 
decay rates at the FEMP site may not closely follow the assumed literature values (used for contami- 
nant fate and transport modeling), particularly over the long term. Deviations from assumed literature 
values may sigmficantly affect contaminant fate predictions. 

For horizontal transport within the silty/clayey sand lens, dilution ratios for leachate from Silos 1, 2, 
and 3 (Leachate A) were calculated to range between 180 and 100,000 times. This calculation 
represents the range of possibilities based upon field data. Data from Well 1034 in the Operable Unit 
4 Study Area suggest a dilution factor of 180 may be most realistic. 

, 
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6.0 BASELINE RISK ASSESSMENT 

This section is an overview of methodology and results for the baseline risk assessment for Operable 
Unit 4. The objective of the baseline risk assessment is to employ site investigation information in 
identlfving the Operable Unit 4 subset of site-related chemical contaminants that pose the greatest 
human health risks. This process utilizes a structured, sequential analytical process that: 

Identifies the CPCs for Operable Unit 4 

Assesses contaminant transport from the sources to potential exposure points 

Quantifies potential exposures to receptors under current and future land-use scenarios 

Characterizes the potential baseline risks associated with Operable Unit 4 under current 
and potential future land-use scenarios 

The baseline risk assessment is a process that estimates the human health risk associated with exposure 
to the chemical sources in Operable Unit 4 under the no-action alternative. The process quantifies the 
health risks to hypothetical receptors due to exposure from chemical sources in Operable Unit 4. The 
process analyzes the health consequences that could occur under different scenarios if no remedial 
actions are taken to address these identifed environmental concerns. The baseline risk is the 
fundamental measure used to make comparisons against any changes that occur when various remedial 
alternatives are proposed to reduce the exposure levels of these chemicals. A health risk is calculated 
under each of the proposed remedies, and the resulting values are compared with the baseline value to 
iden- where the reduction in human health risk is greatest. The process thereby provides a measure 
of the relative effectiveness of the different proposed remedial alternatives and their ability to reduce 
the risk to human health. 

A summary of the methods used and detailed calculations of the risk assessment are presented in 
Appendix D. Section 5.0 presents the results of contaminant fate and transport through the 
environment. Section 6.1 contains a description of the referenced methods used to calculate the 
baseline risk. Section 6.2 contains a discussion of the sources of data used to idenufy the CPCs for 
quantitative risk assessment and provides a listing of the report sections in which data regarding these 
constituents are presented. Section 6.3 presents the conceptual model for the exposure assessment, 
including land-use scenarios and receptors, and references to sections of the report in which exposure 
calculations are presented. Section 6.4 contains the results of the toxicity assessment for incremental 
lifetime cancer risk (ILCR) and toxic effects to @e hypothetical receptors identified above. Section 
6.4 also references sections of the report in which quantitative toxicity data for contaminants are 
located. Section 6.5 contains a summary of the risk assessment results, including a tabulation of the 
total and the maximum contaminant risks and Hazard Indices (HI) to each receptor under the land-use 
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scenarios and source-term scenarios described previously. Section 6.6 contains a discussion of the 
sources and magnitude of uncertainty in the baseline risk assessment. 

6.1 METHODS 
The baseline risk assessment was performed in accordance with available EPA guidance and the Risk 
Assessment Work Plan Addendum (DOE 1992a). In some instances, procedures employed for the 
baseline risk assessment deviated from the Risk Assessment Work Plan Addendum when it was 
necessary to incorporate new information and/or new guidance that was not available at the time the 
Risk Assessment Work Plan Addendum was developed. These deviations and their impacts are noted 
in Section D.l.O of Appendix D. 

6.2 CONSTITUENTS OF POTENTIAL CONCERN (CPC) 
The CPCs for Operable Unit 4 are identified using the statistical methods outlined in the Risk 
Assessment Work Plan Addendum (DOE 1992a). and are summarized in Appendix D. The analysis of 
the data that characterize Operable Unit 4 includes consideration of those data that characterize the silo 
wastes, the soil within the Operable Unit 4 Study Area, the berm fill material, and the background 
concentrations of constituents not attributable to the site. The raw data sets on which analyses are 
performed are discussed in Section 4.0 and are tabulated in Section 4.0 and Appendices A, B, and C. 
In summary, CPCs are selected by comparison of site-related data to background data. To conduct the 
comparison between the site-related measurements and the background data for a constituent, two tests 
were used in sequence: a "location" test (Student's t-test or Wilcoxon Rank Sum [WRS] test), 
followed by the "95th Percentile Test" (see below for details). If either of the test results rejects the 
null hypothesis, Le., the distribution of measurements at the site appears to be shifted to the right (to 
higher measurements) of the background distribution, the constituent is considered to be a CPC. The 
constituent is not included as a CPC only ifm test results indicate that there was not a "significant 
difference" between the two distributions. For cases where the location tests could not be performed 
due to small sample sizes or large portion of nondetects, and the 95th Percentile Test suggests that the 
site-related data are not different from the background data, professional judgement by risk assessors 
was used prior to the exclusion of any constituent as a CPC. Justifications for the determination are 
provided in the footnotes of Tables D.2-3 to D.2-7. The "location" test can be either the t-test, a 
traditional parametric method, or the WRS test (or the Mann-Whitney U-test, a direct corollary to the 
WRS), the counterpart of the t-test in a nonparametric approach. The t-test is used to compare the 
mean of the site-related data with the mean of the background data. The WRS test compares two 
distributions of rank ordered data (equivalent proportions of ranks would indicate similar distributions). 
Additional qualifiers used to remove or add CPCs are described in Appendix D.2.3.2. Constituents 
(radionuclides and nomdiochemicals) selected for quantitative evaluation in the risk assessment are 
S- * statistically in Appendix D. Section D.2.0 contains a list of the CPCs selected for 
quantitative evaluation in the risk assessment. Table D.2-3 6 - 6 5  silo contents), Table D.2-4 (Silo 3 
contents), Table D.2-5 (surface soil and berm fill data combined), Table D.2-6 (berm fill), and Table 
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D.2-7 (surface soil) are the tabulated statistical summaries and reflect selection of the CPCs as 
described previously. 

6.3 EXPOSURE ASSESSMENT 
The exposure assessment and baseline risk assessment follow the methodology described in the Risk 
Assessment Work Plan Addendum (DOE 1992a), with the exception of those items idenwied in 
Section D.l.O of Appendix D. Baseline risks are calculated under a number of contaminant release 
mechanisms for transport to hypothetical receptors under three separate land-use scenarios. The two 
primary source terms include the contents of Silos 1, 2, and 3, and the surface soil, berm soil, and 
subsurface soil within the Operable Unit 4 Study Area. 

Land-use scenarios include (1) current land use without access controls, (2) current land use with 
access controls, and (3) future land use without access controls. Under the first scenario, the FEW 
site is assumed to be managed by an industrial concern other than DOE. Access restrictions currently 
provided by DOE are assumed to be discontinued. In addition, no remedial actions are assumed to 
have been taken, and no members of the public establish residence within the boundaries of Operable 
Unit 4. Thus, potential receptors include an off-property resident farmer, a trespassing child, an . 
on-property worker (groundskeeper), and an off-property user of surface water from the Great Miami 
River. 

Under the second scenario, the site access restrictions historically provided by DOE are assumed to be 
maintained, and no remedial actions are assumed to have been taken. ,The scenario further assumes 
that no members of the public have established residence in the Operable Unit 4 Study Area, and that 
DOE maintains a site-specific health and safety program to ensure that nonremediation workers and 
visitors are properly protected. Potential receptors under this scenario include an off-property resident 
farmer, a trespassing child, and an off-property user of surface water from the Great Miami River. 

The third land-use scenario, future land use without access controls, includes exposure routes that 
require development time, such as establishing a home and farm within Operable Unit 4. Access 
controls are assumed to be absent and no remedial actions are assumed to have been taken. In 
addition, members of the public are assumed to have established a residence within the Operable Unit 
4 boundaries. Hypothetical receptors under this scenario are an RME on-property resident farmer, a 
CT on-property resident farmer, an on-property resident child, an off-property resident farmer, and an 
off-property user of surface water from the Great Miami River. 

In addition to the three land-use scenarios, there are two source-term scenarios: the current source- 
term scenario and the future source-term scenario. The current source-term scenario considers the silos 
as they exist today. The future source-term scenario considers complete structural failure of Silo 3, 
resulting in the spread of its contents to Operable Unit 4 surface soil, and dome collapse for Silos 1 
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and 2, consequently exposing their contents to the elements and increasing leaching of the contents 
through the interception of rainwater. 

Under the current land-use without access control and the future land-use scenarios, risks are 
calculated for both the current source-term scenario and the future source-term scenario. Under the 
current land-use with access control scenario, the future source-term scenario does not exist; if the site 
remains under the inStitUti0~1 control of DOE, the silos will not be allowed to fail. Thus, under the 
current land-use with access control scenario, risk was calculated only for the current source-term 
scenario. 

In summary, the five land-use/source-term scenario combinations evaluated included: 

Land-Use Scenario Source-Term Scenario 

1. Current Land Use Without Access Control Current Source Term 

2. Current Land Use Without Access Control Future Source Term 

3. Current Land Use With Access Control Current Source Term 

4. FutureLandUse Current Source Term 

5.  FutureLandUse Future Source Term 

The on-property resident farmer receptor was also evaluated using exposure and intake parameters, 
such as exposure duration, which represent the CT of risk. This was performed in response to new 
guidance from EPA, which suggests that all risk assessments provide an evaluation of the CT of the 
risk range, using the best information available to describe the average situation (EPA 1992a). This 
scenario is used to provide an estimate of risk closer to average for the resident adult scenario. This 
receptor scenario is currently being developed by EPA.and will require additional review as-guidance 
becomes available. The CT receptor for this scenario is located at the same location as the RME on- 
property resident farmer receptor. 

Exposure pathways quantified in the risk assessment for each scenario are shown in Figures D.3-1 and 
D.3-2 and are discussed in greater detail in Appendix D. Appendix D, Section D.3.0, contains a 
description of the calculation methodology for quanqing  receptor exposures, and a tabulation of the 
numerical parameter values (Tables D.3-11 and D.3-12) employed in exposure calculations. The 
conceptual model depicted in Figures D.3-1 and D.3-2 indicates which exposure routes are 
quantitatively evaluated in the risk assessment for each receptor and land-use scenario, and the basis 
for excluding other exposure routes. 
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Estimated receptor exposure point concentrations (Tables D.34 through D.3-10) used in exposure 
calculations are also tabulated. Exposure point concentrations for soil are based on sample analytical 
results. Exposure point concentrations for Silo 3 waste are based on sample analytical results, 
assuming that silo structural failure occurs and allows the metal oxide waste to spread unprotected in 
the Operable Unit 4 Study Area. Exposure point concentrations for sediment are calculated from the 
potential impact of the silo contents on perched water in the sand lens beneath the silos, assuming that 
this water seeps from the sand lens directly into Paddys Run. Exposure point concentrations in air, 
surface water in Paddys Run and the Great Miami River, sediment, and groundwater are based on 
environmental transport modeling from source-terms within Operable Unit 4. Exposures to the RME 
resident farmer due to ingestion of groundwater consider two scenarios, which include water obtained 
from the Great Miami Aquifer and water obtained from perched water beneath and west of Silos 1 and 
2. Section 5.0 and Appendix E of this RI Report address these modeling efforts in detail. The 
conceptual model described in Section D.3.0 of Appendix D contains the assumptions regarding 
source-term and potential release mechanisms on which the transport modeling is based. 

' 6.4 TOXICITYASSESSMENT 
The human health hazards identified in the toxicity assessment are cancer induction and chemical 
(noncancer) toxicity. Chemical toxicity includes numerous health effects such as kidney damage, liver 
disease, or eye irritation. For both types of health hazards, dose-response data from human and animal 
studies are used to determine the potency of the individual radionuclides and chemicals. For cancer 
induction, it is assumed that no dose threshold exists. Therefore, for any dose of a carcinogen, there 
exists a possibility, however small, of contracting cancer. Incremental cancer risks are expressed in 
terms of the probability that a given receptor (person) will contract cancer due to the calculated 
exposures. For example, if the receptor has an additional 1 chance in 10,OOO of contracting cancer due 
to the calculated exposures, the probability is expressed as a lo4 (1/10,000) risk. However, these risk 
factors should only be used to make a qualitative estimate of receptor impact because the risk 
coefficients are intended for predicting cancer in a large population. Intakes calculated in the exposure 
assessment are used in conjunction with the slope of the dose-response data to determine the ILCR. 
Toxicity data for the Operable Unit 4 risk assessment were taken from the Integrated Risk Information 
System (EPA 1992b) and the updated Health Effects Assessment Summary Table (EPA 1992~). 

For chemical toxicants, the data suggest a dose threshold exists below which no toxic effect is 
observed. This threshold is used as the basis for an acceptable intake level. To determine if the 
exposure levels of Operable Unit 4 constituents may cause adverse health effects, the estimated intake 
(calculated from the exposure assessment) is compared to the acceptable intake. If the ratio of 
estimated intake to the acceptable intake is greater than one, the site-related intake may cause toxic 
effects. This ratio is called the Hazard Quotient (HQ). When HQ's for multiple CPCs or pathways 
are summed, the resultant value is the HI. 
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Quantitative toxicity estimates are presented in Appendix D in Tables D.4-1, D.4-2, and D.4-3 for 
chemical toxicants, for carcinogens, and for radionuclides, respectively, for which toxicity values are 
available. 

6.5 RISK CHARACTERIZATION RESULTS 
Table 6-1 and 6-2 shows the baseline risks and hazard indices for each hypothetical receptor by land- 
use and source-term scenario. Risk values in Table 6-1 are reported in units of ILCX for radiological, 
chemical, and total risk. The chemical HI, which has no units, is presented in Table 6-2. 

6.5.1 Current Land-Use Without Access ControVCurrent Source-Term Scenario 
The dominant radiological risk (5 x 
plus progeny in soil and external radiation from the intact silos. The dominant chemical risk 
(1 x lo4) is to the off-property resident farmer due to ingestion of indeno(l,2,3cd)pyrene through 
meat and milk exposure routes. The maximum total risk (5 x 
scenario is to the trespassing child due primarily to external radiation from the intact silos. The 
highest HI is 3 to the trespassing child due primarily to antimony, chromium, and uranium in soil. 

under this scenario, is to the trespassing child from Ra-226 

from all sources under this 

6.5.2, Current Land-Use Without Access ControWuture Source-Term Scenario 
The dominant radiological risk (2 x lo-’), under this scenario, is to the groundskeeper from Ra-226 
and progeny in soil through the external radiation exposure route. The dominant chemical risk 
(6 x lo4) is to the groundskeeper due to arsenic and beryllium in soil. The origin of both of these 
materials is Silo 3, which is assumed to have collapsed and spread its contents to Operable Unit 4 
surface soil under the future source-term scenario. The highest total risk (2 x lo-*) from all sources 
under this scenario is to the groundskeeper and is due primarily to Ra-226 and Th-228 and their 
progeny in soil through the external radiation exposure route. 

The highest HI (80) under this scenario is to the trespassing child and is primarily due to uranium in 
soil through ingestion route. The origin of this CPC is the Silo 3 residues following hypothetical silo 
failure. 

6.5.3 Current Land-Use With Access Control/Current Source-Term Scenario 
This scenario most closely approximates current conditions at the FEMP site. However, as discussed 
in Appendix D, the risk and HI results for this scenario are numerically the same as the results for the 
current land-use scenario without access controls assuming the current, source term (Section 6.5.1). 
This is because the presence or absence of access controls does not change the numerical values of 
exposure parameter values for receptors. The trespassing child’s exposure parameter values reflect the 
standard scenario specified by EPA and the off-property resident farmer, and surface water use 
exposures are not impacted by the status of access controls. 
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The dominant radiological risk (5 x lU3), under this scenario, is to the trespassing child from Ra-226 
plus progeny in soil and external radiation from the intact silos. The dominant chemical risk 
(1 x lo") is to the off-property mident farmer due to ingestion of indeno(l,2,3-cd)pyrene through 
meat and milk exposure routes. The maximum total risk (5 x 
scenario is to the trespassing child due primarily to external radiation from the intact silos. The 
highest HI is 3 to the trespassing child due primarily to antimony, chromium, and uranium in soil. 

6.5.4 Future Land-Use/Cumnt Source-Term Scenario 
The dominant radiological risk (9 x lU3) under this scenario is to the on-property resident child and is 
due primarily to the direct radiation pathway of Ra-226 in soil and external radiation exposure from 
the intact silos. The dominant chemical risk (8 x is to the RME on-property resident fanner due 
to ingestion of carcinogenic PAHs through meat and milk exposure routes. The maximum total risk 
(8 x 1U2) is to the RME on-property resident fanner and is due primarily to the indeno(l,2,3cd)pyrene 
in soils. The maximum HI (100) under this scenario is to the on-property resident child and is due 
primarily to antimony and silver in soil. 

from al l  sources under this 

6.5.5 Future Land-UseFuture Source Term Scenario 
This represents the most conservative scenario considered under the baseline risk assessment Within 
this scenario, a family is assumed to have established a residence within the Operable Unit 4 
boundaries. Additionally, the domes of Silos 1 and 2 are assumed to have failed and Silo 3 is 
assumed to have suffered total structural failure, spreading its contents to the surface of Operable 
Unit 4. 

The dominant radiological risk under this scenario approaches unity (1). The highest risk is to the 
RME on-property resident farmer and is due to Ra-226 and Th-228 in soil through the external 
radiation exposure route. The dominant chemical risk (2 x lo-') is also to the Rh4E on-property 
resident farmer and is due primarily to arsenic and indeno( 1.2.3-cd)pyrene through the meat and milk 
ingestion exposure routes. The total risk to the RME on-property resident fanner exceeds unity and is 
due primarily to the radiological risk associated with external radiation exposure from Ra-226 and Th- 
228 in soil. 

The highest HI (2000) under this scenario is to the on-property resident child and is due primarily to 
ingestion of soil and foodstuffs and dermal contact with soil materials containing arsenic. Extremely 
high HI values for the on-property resident child exposed directly to Silo 3 contents (soil in the future 
source-ten scenario) raises concern that acute effects may arise from such an exposure, but the 
methodology does not exist to quantify the risk or predict the likelihood. 
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6.6 UNCERTAINTIES 
The uncertainties inherent in the risk assessment process are reviewed in detail in Appendix D.6.0. 
The uncertainties are summarized below to enable a better understanding of their impacts on the 
foregoing risk assessment. 

Uncertainty is a factor in each step of the exposure and toxicity assessment process. Such uncertainty 
can involve variations in sample analytical results, the values of variables used as input to a given 
model, the accuracy with which the model itself represents actual environmental or biological 
processes, the manner in which the exposure scenario is developed, and the high-to-low dose and 
interspecies extrapolations for dose-response relationships. 

Generally, risk assessments carry two types of uncertainty. First, measurement uncertainty refers to 
the usual variance that accompanies scientific measurements (such as the range of an exposure 
estimate) and reflects the accumulated variances of the individual measured values used to develop the 
estimate. The second form of uncertainty is due to the absence of information needed to complete the 
database for the assessment. In some instances, the impact is signtficant, such as the absence of 

information on the adverse effects or the biological mechanism of action of a chemical agent (EPA 
1992a). 

I 

6.6.1 Sources of Uncertainty 
As noted previously, uncertainties are associated with the information and data used in each phase of 
the Operable Unit 4 baseline risk assessment. The first source of uncertainty arises from data gaps or 
limitations in the data. For example, the data set for soil is limited, and virtually nothing is lmown 
regarding contaminants in the area of the former Drum-Handling Building. These limitations could 
result in failure to identify some CPCs which may result in underestimating risk. (This data limitation 
and its expected impact on the baseline risk assessment is further discussed in Section 7.5). Other 
sources of uncertainty include the conservative bias of parameters, parameter variability (random errors 
or natural variations), and the necessity of using computer models to predict complex environmental 
interactions. Uncertainties also arise from the use of animal data to predict the toxic effects and the 
toxic potency in humans. As EPA has pointed out in their guidance for human health risk 
assessments, "it is more important to identlfy the key site-related variables and assumptions that 
contribute most to the uncertainty than to precisely quantlfy the degree of uncertainty in the risk 
assessment" (EPA 1989a). Uncertainties associated with information and data are evaluated in this 
section to provide the spectrum of information in regard to the overall quality of the risk assessment 
results. The uncertainties are associated with exposure route selection, selection of CPCs, exposure 
point concentrations, and exposure factors. 

lTRPU4WIK12556/10-27-93/5 13pm 
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6.6.2 Toxicity Assessment 
Considerable uncertainty is associated with the qualitative (hazard assessment) and quantitative 
(dose-response) evaluations of a Superfund risk assessment. A hazard assessment deals with 
characterizing the nature and strength of the evidence of causation, or the likelihood that a chemical 
that induces adverse effects in animals will induce adverse effects in humans. Hazard assessment of 
carcinogenicity is evaluated as a weight-ofevidence determination, using either the International 
Agency for Research on Cancer (IARC) (1987) or EPA (1986~) schemes. Positive cancer test data in 
experimental animals suggest that a human exposed to the same agent may suffer adverse effects. 
However, animal data, may not accurately predict the same response or the same target organ tissue 

’ for cancer in humans. Also, biochemical repair mechanisms present in humans may inhibit or preclude 
an identical response. Accordingly the uncertainty of possible effects is sigmfkant. In assessing 
noncancer effects, however, positive experimental animal data from well designed studies in 
appropriate models suggest both the target tissues and type of effects that may be anticipated in 
humans (EPA 1989b). 

6.6.3 Uncertainty Analysis for Operable Unit 4 

Within the FEW risk assessment are uncertainties associated with each stage of the process. 
Uncertainties associated with calculations that occur in the early stages of the process are propagated 
as the calculations are used in the later stages of the process. It is not possible to eliminate all 

uncertainty from the analysis. Table 6-3 presents uncertainties in the Operable Unit 4 risk assessment. 
Each uncertainty is identifed, the potential impact on estimated risks is qualitatively estimated, and the 
direction of bias is specified. 

The emphasis on idenbfying potential uncertainties in each step of @e risk assessment is intended to 
highlight that risks are calculated for hypothetical receptors under a well-defmed and strict method 
rather than diminish the importance of calculation results. Although refinements of waste area 
characterization data, exposure assessment models and parameters, and risk characterization 
information could reduce these uncertainties, there would be no added benefit because the risk 
assessment has established an upper bound sufficient for risk managers to make remedial decisions. 
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TABLE 6-3 

UNCERTAINTIES ASSOCIATED WITH ESTIMATED RISKS 
FOR OPERABLE UNIT 4 

Potential Impact on 
Source of Uncertainty Estimated Risks Direction of Bias 

The applicability of the future resident farmer 
scenario. 

Bias in silo waste sampling 

Assumptions in geochemical and groundwater 
and air transport modeling - 

Impact of sand lens beneath Operable Unit 4 
on groundwater model 

Estimated volume of air released from silo 
head spaces 

Environmental transfer factors for 

Contaminant toxicity information 

The applicability of the trespassing child 
scenario under cment land use 

Determination of the Operable Unit 4 RME 
from all media and exposure routes 

Silo headspace radon concentration 
measurement data 

~ i g h  sample quantitation limits (SQLS) f0; 
"D"qualified radiological analytical results in 
silo waste samples 

Subsurface soils were! not included as a 
source-term in groundwater fate and transport 
modeling due to their expected small 
contribution to risk in comparison to the 
potential for migration from the waste in the 
silos 

' contaminants 

simultaneously 

High 

High for 
radionuclides 

Moderate to high 

Moderate to high 

Moderate to high 

Moderate to high 

Moderate to high 

Moderate 

Moderate 

LOW 

LOW for radionuclides 

LOW 

Increases conservatism 

Increases conservatism 

Increases conservatism 

Increases conservatism 

Increases conservatism 

Increases conservatism 

Increases conservatism 

Increases conservatism 

Increases conservatism 

Neutral 

Decreases conservatism 

Decreases conservatism 
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7.0 SUMMARY AND CONCLUSIONS 

This report documents the FU phase of the FEMP, Operable Unit 4 RIFS. The primary objective of 
this RI is to define the nature and extent of contamination in Operable Unit 4 in a manner sufficient to 
(1) perform a baseline risk assessment and (2) develop and evaluate viable remedial action alternatives. 
This objective has been achieved. 

This section provides an overall summary of the FU. Topics addressed include: 

Facility description and history of operations 
Contaminant source data 
Nature and extent of contamination 
Baseline risk assessment 
Data limitations . Recommended RAOs 

7.1 FACILITY DESCRIPTION AND HISTORY OF OPERATIONS 
The FEW is a DOE operated facility constructed in 1952 to produce high purity uranium metal in 
support of United States’ defense programs. Production at the facility was suspended in 1989 to focus 
on environmental restoration and waste management activities. One of these activities, the WS, is 
being conducted pursuant to the terms of a Consent Agreement under Section 120 and 106(a) of 
CERLCA, between DOE and EPA. The purpose of the RIPS is to identify effective cleanup actions 
to be undertaken at the FEMP site to address identified environmental concerns. OEPA is also 
participating in the RI/FS process through direct involvement in review meetings and technical review 
of project documentation. 

To promote a more structured and expeditious cleanup of the FEMP site, the facility and 
environmental issues associated with the site have been segmented into five operable units. An 
operable k t  is a term used to identify a logical grouping of environmental issues at a cleanup site. 
Separate RWS documentation, including RI and FS reports and Records of Decisions, are being issued 
for each of the five operable units at the FEW site. This report documents the RI phase for Operable 
Unit 4. 

Operable Unit 4 can be broadly defined as the facilities and environmental media residing within a 5.8 

acre area located in the southwest comer of the Waste Storage Area, on the western portion of the 
FEMP site. Operable Unit 4 consists of the following FEMP facilities and associated environmental 
media: 

7-1 
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FEMP Facilities 

Silos 1 and 2 and their contents 
A decant sump tank connected to Silos 1 and 2, contents and associated piping 
A RTS for Silos 1 and 2 
Silo 3 and its contents 
silo4 
A portion of concrete pipe trench and other concrete structures 

Environmental Media 

9 Soils beneath and immediately sumunding Silos 1, 2, 3 and 4 

An earthen benn sumunding Silos 1 and 2 

Perched groundwater within the Operable Unit 4 boundaries, which is encountered 
during remedial action. (Groundwater within the Great Miami Aquifer underlying the 
silo area is not within the scope of Operable Unit 4. Groundwater in the Great Miami 
Aquifer is within the scope of Operable Unit 5.) ': 

Silos 1 and 2, known as the K-65 silos, contain residues generated from processing high-grade 
uranium ores. This processing, which was conducted at both the FEMP site and the MCW in St. 
Louis, Missouri during the 195Os, was completed tD extract the uranium from the natural ores. The 
ores, termed pitchblende, were shipped to the United States primarily from one mine; the Shinkolobwe 
Mine in the Belgian Congo (an area now known as Zaire). Pursuant to the terms of an agreement 
between the AEC and the African Metals Corporation (owner of the mine), the United States was sold 
rights to the uranium in the ores. The African Metals Corporation retained ownership of the precious 
metals in the ore including radium, gold, and silver. The K-65 silos were constructed at the FEMP 
site in 1951 to provide interim storage of the residues pending return of the material to the country of 
origin., For more than 30 years these materials remained in storage at the FEMP site, under the terms 
of the original agreement, awaiting transfer. In 1984, ownership of the residues was transferred to the 
United States government. 

Silos 1 and 2 are equipped with a decant sump tank, which was first used to decant liquids from waste 
slumed into the silos. The system also serves to collect silo leachate that enters the Silos 1 and 2 
underdrain system. The tank is buried within the silo berm, between Silos 1 and 2, at a depth 
approximately 2 ft below the base of the silos. The decant sump tank is connected to the berm surface 
via a standpipe. In 1990, personnel noted liquid in the standpipe at a level above the decant sump 
tank. In 1991, then again in February 1993, the decant sump tank was emptied and sampled. 

Structural evaluations completed on Silos 1 and 2 identified a significant loss of the load-carrying 
capability at the center poltion of the domes on both structures. A protective barrier was placed over 
the deteriorated central portions of the silo domes in 1986 to minimize potential environmental impacts 
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in the event of a catastrophic dome collapse. The remaining structures, Silos 3 and 4 (like Silos 1 and 
2). are beyond their original design life and show signs of deterioration due to the effects of 
weathering. 

As a natural consequence of the decay of the Ra-226 present in the Silos 1 and 2 residues, a 
radioactive gas, Rn-222 is generated. Samples collected in 1987 from the unfilled, upper portion of 
the silos showed a maximum concentration of 30 million pCi/L. Average background concentrations 
of Rn-222 in ambient air are approximately 0.5 pCi/L. The presence of Rn-222 in the upper unfiied 
portions of Silos 1 and 2 resulted in direct radiation readings in excess of 200 mR/hr to personnel 
standing near the top of the silos. These direct radiation levels were too high to allow the long 
residence times on the top of the silos and required installation of protective barriers as discussed in 
the previous paragraph. Thus, a Radon Gas Treatment System (RTS) was installed, adjacent to Silo 2, 
to extract the Rn-222 from the unfilled volume in the upper portion of Silos 1 and 2. In 1991, a more 
permanent solution to the radon buildup, a layer of bentonite clay, was placed over the residues in 
Silos 1 and 2. This clay layer substantially reduced the levels of radon present in the silo domes, thus 
eliminating the need for the RTS. While the system is no longer in use, it remains present in Operable 
unit 4. 

Silo 3 contains waste residues, known as cold metal oxides, generated at the FEW site during 
uranium extraction operations in the 1950s involving the previously mentioned Belgian Congo ores 
and uranium concentrates received from a variety of uranium mills in the United States and abroad. 
The residues in Silo 3 are substantially different than those in Silos 1 and 2. First, Silo 3 residues are 
dry. Second, while the radiological constituents are similar to those in Silos 1 and 2, certain 
radionuclides, such as radium, are present in much lower concentrations. Thus, Silo 3 exhibits a 
significantly lower direct radiation field and radon emanation rate than Silos 1 and 2. Silo 4 was 
never used and remains empty. 

7.2 CONTAMINANT SOURCE DATA 
This section presents characterization data regarding the nature of contaminants, or sources, within the 
physical structures contained in Operable Unit 4. Contaminant sources considered in this section 

contamination within environmental media are addressed in Section 7.3. 
‘ include Silos 1 and 2, the decant sump tank, the RTS. Silo 3, and Silo 4. The nature and extent of 

The primary objective of the characterization effort performed as part of the RIPS is to collect data 
sufficient to (1) perfom a baseline risk assessment and (2) support the development and evaluation of 
remedial alternatives under the feasibility study. Characterization activities addressed in this report are 
focused on obtaining the quality and quantity of data necessary and sufficient to meet these RI 
objectives. 

’ 
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7.2.1 Silos 1 and 2 
As part of the RI, Silos 1 and 2 we- sampled in 1989 and again in 1990/1991 for a full range of 
analytes including radionuclides and organic and inorganic chemicals. 

Analytical results from these samples confirmed prior process knowledge and provided additional data 
regarding the distribution of contaminants within the silos and their specific concentrations. The 
analytical results also identified the presence of previously unknown organic constituents. 

Silos 1 and 2 contain 6120 m3 (216,300 ft3) of waste materials. The materials are primarily a silty 
clay with an average moisture content of 40 percent. Present within the waste volumes of the two 
silos are in excess of 3700 Curies of Ra-226, 600 Curies of Th-230, and 1900 Curies of Pb-210. It is 
also estimated that the silos contain more than 28 metric tons of uranium. Other significant metals 
include more than 118 metric tons of barium, 830 metric tons of lead, and 2.6 metric tons of arsenic. 
The silos also contain elevated concentrations of Aroclor-1248, Aroclor-1254, and Aroclor-1260 
(PCBs) and tributyl phosphate (a chelating agent for uranium). 

Radiological contaminants show a well-defined distribution pattern in the silos. Analytical results 
confrrm homogeneity in the horizontal direction and heterogeneity in the vertical direction. These 
results are consistent with the waste materials having been slumed into Silos 1 and 2 in 6-in. lifts. 
Concentrations of Ra-226, Th-230, Pb-210, and uranium generally increase in concentration with 
depth. This increase is consistent with the knowledge that higher assay ores were processed earlier in 
the project. The 1990/1991 sampling event, which provided analytical results from samples obtained 
near the bottom of Silos 1 and 2, allowed engineers to establish an upper bound on the waste contents 
of the silos. 

7.2.2 Decant Sump Tank 
Data available for the decant sump tank contents include radiological, general chemistry, metals, and 
organics samples collected during removal of the tank contents (approximately 8OOO gallons) in April 
1991. Radiological, general chemistry, metals and organic samples were also collected during removal 
of the decant sump tank contents (6550 gallons) in February 1993. The data from the 1993 sampling 
event are not yet avail able. 

Samples taken during the 1991 removal action reveal elevated concentrations of Pb-210 (8660 pCi/L), 
Po-210 (7080 pCi/L), Ra-226 (1380 pCi/L), and U-238 (23,200 pCi/L). Analytical results also 
revealed the presence of above background concentrations of Sr-90 and Tc-99. With the exception of 
these latter two constituents, radiological contaminants present in the decant sump tank are consistent 
with the relative concentrations of contaminants found in Silos 1 and 2. This confirms that the decant 

sump tank is continuing to collect leachate from Silos 1 and 2 underdrains, as it was designed to do. 

74 
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Strontium-90 and Tc-99 are produced inside a reactor and are not present in Silos 1 and 2. Their 
presence in the decant sump tank indicates possible anomalous analytical results. 

Metals found in the decant sump tank liquid samples include aluminum, antimony, arsenic, chromium, 
copper, lead. molybdenum, selenium, silver, vanadium, and zinc. These data are consistent 
with Extraction Procedure (EP) Tox test results and Toxicity Characteristic Leaching Procedure 
(TCLP) analyses performed on materials in Silos 1 and 2. 

Eighteen organic compounds were detected in the decant sump tank liquids at concentrations near the 
detection limits. With the exception of toluene, all semivolatile compounds detected were at or below 
the CRQL or were common laboratory contaminants. Toluene was also detected in similar 
concentrations in the Silo 2 residues. Toluene is present as a result of the residual kerosene present in 
the K-65 residues from the FEW refining process. 

7.2.3 Radon Treatment System 
The Silo RTS was sampled during a removal site evaluation in January 1992. The predominant 
contaminants present are Pb-210 and, progeny Po-210 and Bi-210 in secular equilibrium. The 
contaminants are located in the radon system calcium sulfate drier canisters, the charcoal canisters and, 
to a lesser extent, the system piping. 

Periodic surveys for direct radiation and removable fixed radioactive contamination reveal that only 
isolated contamination is present in accessible portions of the RTS. Only one accessible location 
yielded a measurement that was above the DOE and U.S. Nuclear Regulatory Commission (NRC) 
guidelines for unrestricted release. 

7.2.4 Silo 3 
As part of the RI, the contents of Silo 3 were sampled in 1989. The sampling event yielded eleven 
samples each for radiological and HSL inorganic analyses, four samples for HSL and organics 
analyses, and eleven samples for EP Tox testing. In addition, four samples were analyzed for physical 
characteristics and one sample for TCLP radiological analyses. 

Radionuclides identified in the residues included Ac-227, Pb-210, Pa-231, and isotopes of radium, 
thorium, and uranium. Thorium-230 had the highest activity concentration, ranging from 21,010 to 
71,650 pCi/g. These sample results are consistent with process knowledge. 

Of the 23 inorganic constituents detected, those which represent the highest relative hazard include 
arsenic at a mean concentration of 1950 mg/kg and vanadium at a mean concentration of 1820 mg/kg. 

9 
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The 1989 Silo 3 volatile organic analyses apd a portion of the semivolatile data were rejected during 
data validation. Additional sampling was deemed unwarranted based on process knowledge. Only 
two organic compounds, kerosene and tributyl phosphate, were used in the uranium extraction process 
at the FEMP facility . Silo 3 materials were generated as part of the same process that produced the 
materials in Silos 1 and 2. Before transfer to Silo 3, waste residues were dried and then calcined. The 
calcines operated in a temperature range from 510°C (950°F) to 820°C (1500°F). Following calcining, 
the residues were pneumatically conveyed to Silo 3. This process would have combusted or 
volatilized organics present in the metal oxides prior to their transfer to Silo 3. This conclusion is 
supported by the absence of ACB aroclors in Silo 3 samples in spite of their presence in Silos 1 and 2 
residues. 

7.2.5 Silo 4 
Production and waste disposal records show that Silo 4 was never used for production, waste storage, 
or waste disposal activities. Site records indicate that water, present through infiltration of rainfall, has 
been periodically removed from Silo 4. 

Samples collected from standing water in Silo 4 in 1989 revealed 121 g/L of uranium. Hazardous 
Substance List (HSL) metal results were consistent with water in contact with cement. Water samples 
collected in May 1991 revealed an average uranium concentration of 0.3 g/L. Thorium results for 
these water samples were at the lower quantitation limit, 0.4 g/L. HSL inorganic results were again 
consistent with water in contact with cement. 

7.3 NATURE AND EXTENT OF CONTAMINATION 
This section presents characterization data regarding the nature and extent of contamination in 
environmental media within Operable Unit 4. Environmental media considered include surface soil, 
berm soil, subsurface soil, perched groundwater, Great Miami Aquifer groundwater, air, and direct 
radiation. 

7.3.1 Surface Soil 
Surface soil in Operable Unit 4 was sampled and analyzed for radiological constituents during the 
Characterization Investigation Study (CIS), the Operable Unit 4 RI, and the Waste Pit Area Runoff 
Control Removal Action. In addition, the Waste Pit Area Runoff Control Removal Action included 10 
surface soil samples for inorganic constituents, 9 samples for HSL pesticides, and 8 samples for HSL 
semivolatile and volatile organics in the Operable Unit 4 Study Area. 

Radiological analytical data from the CIS focused on the upper 0 to 2 in. of soils. Radionuclide 
concentrations for U-238 ranged from 2.6 to 37.4 pCi/g with a mean of 9.04 pCi/g. Concentrations of 
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Ra-26 ranged from less than 0.5 pCi/g to 35.8 pCi/g with a mean of 5.54 pCi/g. In addition, two 
samples that were analyzed in an off-site laboratory yielded Th-230 concentrations of 14.0 and 
295 pCi/g. 

Results from the RI showed that U-238 concentrations ranged from 2.4 to 20.8 pCi/g with a mean of 
8.3 pCi/g. Ra-226 concentrations ranged from 0.6 to 2.3 pCi/g with a mean of 1.24 pCi/g. Th-230 
results ranged from 1.4 to 4.8 pCi/g with a mean of 3.1 pCi/g. 

Of the ten inorganic constituents tested for in the surface soil samples, only antimony, beryllium, 
chromium, copper, magnesium. nickel. silver, and sodium were above background. For organic 
analyses, the only detected volatile compounds consisted of common laboratory contaminants. All 

semivolatile compounds were at or only slightly above the contract required quantitation limit, with the 
exception of one sample that indicated elevated concentrations of a number of semivolatile compounds 
including benzo(a)pyrene. 

In general, the results of the studies are consistent with one another and show that surface soils across 
Operable Unit 4 are contaminated with U-238 and, to a lesser extent, Ra-226 and Th-230. 
Concentrations decrease rapidly with depth, to background below 6-inches. The results of these 
samples show no direct link between surface soil contamination and the silo contents. Instead, the 
data show uniform distribution of low-level radiological surface contamination throughout the 
Operable Unit 4 Study Area consistent with air deposition of contaminants from the waste pit area 
and/or the former Production Area. 

7.3.2 Berm Soil 
As part of the RI, four borings were installed in the berm around Silos 1 and 2. The borings were 
vertical, extending from the top of the berm to depths between 25 and 30 ft. Two of the borings were 
placed by Silo 1 and two by Silo 2. The borings were placed at a horizontal distance of 2 to 3 ft  from 
the silo walls at locations adjacent to the decant ports. Samples were collected from the borings at 5-  
ft intervals. Characterization included 23 samples for radiological analyses, 12 samples for inorganic 
analyses, 12 samples for HSL organics, and 4 samples for TCLP. With the exception of two locations, 
sample results revealed only background concentrations for all constituents. The first location was at a 
depth of 5 ft in the boring near the northeast manway of Silo 1. This sample revealed radionuclide 
concentrations of 3.38 pCi/g for U-238.4.01 pCi/g for Th-230, and 3.67 pCi/g for Ra-226. The 
sample is considered to be more consistent with general surface soil than berm soil. The second 
sample was collected at a depth of 30 ft from the boring located near the northwest manway of Silo 1. 
The sample yielded radionuclide concentrations of 24.7 pCi/g for U-238, 51.2 pCi/g for Th-230, 876 
pCi/g for Ra-226, and 417 pCi/g for Pb-210. At this depth, the borehole had penetrated the native 
soils that were present prior to installation of the berm. Thus, this contamination could be the result 
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of spillage during silo filling operations, leakage of the silo to surface soils prior to berm installation, 
or leakage of the silo underdrains to near subsurface soils immediately adjacent to the silos. 

7.3.3 Subsurface Soil 
Subsurface soil data consist of samples obtained from five slant brings installed beneath Silos 1 and 
2, soil samples obtained during RI well installation, and soil samples obtained during excavation of 
two venches west of Silos 1 and 3. 

Slant borings in the vicinity of and beneath Silos 1 and 2 yielded 16 radiological samples, 13 samples 
for HSL constituents, and 10 samples for TCLP analyses. RI well installation yielded 12 subsurface 
soil samples collected from 10 wells in or near Operable Unit 4. Further, 16 soil samples were 
collected from two trenches located 150 ft west of Silo 1 and 100 ft northwest of Silo 3. These 
samples were analyzed for radiological constituents. 

Radiological analyses on soils from the slant borings reported Pb-210, Po-210, Ra-226, Th-230, 
U-234, and U-238 at concenmtions significantly above background. Concentration ranges are Pb-210 
(0.46 to 101 pWg). Po-210 (0.938 to 86.5 pCi/g), Ra-226 (0.613 to 206 pCi/g), "3-230 (0.8 to 53.7 
pCi/g), U-234 (0.8 to 35.9 pCi/g), and U-238 (0.76 to 53.4 pCi/g). In general, elevated concentrations 
of radiological contaminants were found near the interface of the berm soil with the pre-existing 
surface soil and near the base of the silos at their perimeter. The data suggest potential spillage on 
pre-existing surface soils and potential leakage of the silo underdrains to the subsurface soils in the 
immediate vicinity of Silos 1 and 2. 

Metals analyses were performed on 13 samples from the slant borings. Aluminum, antimony, arsenic, 
barium, beryllium, cadmium, chromium, copper, cyanide, iron, lead, molybdenum, nickel, selenium, 
silver, sodium, thallium, and zinc were detected at concentrations above background. 

Only seven volatile and three semivolatile organic compounds were detected in the slant borings. Of 
13 samples, organics were detected in no more than four samples, in very low concentrations. Most 
organics detected are common laboratory constituents. 

As part of the RI, radiological analyses were performed on 12 subsurface soil samples collected from 
two borings within Operable Unit 4 and eight brings immediately adjacent to Operable Unit 4. 
Further, 16 subsurface soil samples were collected from six brings located in trenches to the west of 
Silos 1 and 3. 

In general, subsurface soils contained concentrations of uranium and progeny at levels less than 
4.0 pCi/g. The data indicate that soil contamination in Operable Unit 4, outside of the areas 
immediately adjacent to and under Silos 1 and 2, is limited primarily to the surface. There appears to 
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be no contamination from the surface through the vadose zone except in samples collected from 
trenches located west of the silos. Above background uranium concentrations at depths up to 15 ft 
below the surface indicate that this area may be contaminated with construction debris. 

7.3.4 Perched Groundwater 
Perched groundwater data consist of RI samples collected from the slant brings under Silos 1 and 2 
and both RI and FEMP Environmental Monitoring Program samples collected from five shallow wells 
located in or near the Operable Unit 4 Study Area. 

In general, the data show that perched groundwater contamination, whose constituents are consistent 
with those of silo leachate, is present directly beneath and to the west of Silos 1 and 2. Perched 
groundwater contamination, containing U-238 contamination in the range of 1.1 to 1313 pCi/L, is 
migrating to the west toward Paddys Run from the areas beneath Silos 1 and 2. 

7.3.5 Great Miami Aauifer Groundwater 
The concentration of total uranium in the upper portion of the Great Miami Aquifer, based on analysis 
of samples from the 2000-series wells, ranged from less than 1 to 40.3 v&. These data do not 
necessarily suggest that the silos are the source of the observed contamination because both upgradient 
and downgradient wells contain above background concentrations of total uranium. Well 2032, 
located 150 ft west of Silos 1 and 2, exhibited a concentration of total uranium at 39.0 pg/L. Well 
2033, located 150 ft east of Silos 1 and 2, exhibited a concentration of total uranium at 40.3 p a .  
Because groundwater flow in this region of the Great Miami Aquifer is from west to east, these two 
wells are located upgradient and downgradient of Operable Unit 4, respectively. The above data, as 
well as measurements taken from other vicinity wells, demonstrate that there is no apparent link 

between contamination in the Great Miami Aquifer and Operable Unit 4. 

The concentration of total uranium measured at deeper levels in the Great Miami Aquifer (3000-series 
wells) ranged from less than 1 to 4 p a ,  with the exception of 1 sample out of 16, which contained 
15 pg/L. Like the 2000-series wells, no conclusion could be drawn to link this contamination to the 
silos. 

7.3.6 Air 
Air data consist of FEMP Environmental Monitoring Program quarterly radon monitoring results 
obtained during the period 1989 through 1992. Monitoring results were obtained from 24 sampling 
stations along the FEMP perimeter, 4 sampling stations within the FEMP proper, 13 sampling stations 
along the fence surrounding Silos 1 and 2, and 8 sampling stations located along the perimeters of the 
domes in Silos 1 and 2. These data not only demonstrate the effectiveness of the K-65 Silos Removal 
Action conducted in November 1991, they also define the nature and extent of air contamination from 
radon emanating from Silos 1 and 2. 
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Fenceline monitoring for radon performed under the FEMP Environmental Monitoring Program shows 
small variations from year to year. For example, FEMP boundary fenceline monitoring stations 
recorded annual average concentration for 1990 ranging from 0.4 to 1.5 pCi/L as compared to 0.5 to 
1.0 p C i  in 1989. These concentrations are, however, in the range of background. 

The K-65 Silo Removal Action consisted of installing a layer of bentonite clay over the residues stored 
in Silos 1 and 2. Although the action resulted in a significant reduction in direct radiation at the 
FEMP boundary fenceline, changes in radon concentrations at the boundary fenceline were not 
discemable and remained at background levels. In the vicinity of Operable Unit 4, however, radon 
concentrations immediately outside Silos 1 and 2 were reduced by as much as a factor of 20. 

7.3.7 Direct Radiation 
Direct radiation data consist of quarterly direct radiation exposure data measured at 12 points along the 
FEW boundary line and at 2 points within the FEMP perimeter, northeast of the former Production 
Area. A comparison of the average quarterly direct radiation data for 1990 with those data from 1992, 
which represent the 1-year period before and after the K-65 Silos Removal Action, show a substantial 
reduction in direct radiation along the FEMP boundary line. 

Natural background radiation measurements for the areas surrounding the FEW site ranged from 6.1 
to 6.9 prem/hr during 1990. During 1990, the FEW boundary line monitoring station which 
exhibited the highest average radiation exposure rate, 12.6 prem/hr, was located 1100 ft directly west 
of Operable Unit 4. The 1992 monitoring data for this location, after the removal action, yielded an 
exposure rate of 5.2 prem/hr. Thus, along the FEMP boundary line, direct radiation from Operable 
Unit 4 is no longer discernable above background. 

- 

7.4 BASELINE RISK ASSESSMENT 
This section summarizes the Operable Unit 4 Baseline Risk Assessment. Included are discussions of 
exposure scenarios, CPCs, risk characterization results, and uncertainties. 

The baseline risk is that risk to hypothetical receptors, due to sources in Operable Unit 4, which may 
occur under various scenarios if no remedial actions were taken to correct noted environmental 
deficiencies. Thus, baseline provides a measure of risk against which the reduced risk associated with 
various remedial action alternatives may be compared. This baseline provides a measure of the 
relative effectiveness of different remedial action alternatives. 

7.4.1 Exmsure Scenarios 
Baseline risks are calculated under two source-term scenarios for transport to hypothetical receptors 
under three separate land-use scenarios. Primary source terms include the contents of Silos 1, 2 and 3. 
and the surface soil, berm soil, and subsurface soil within the Operable Unit 4 Study Area. Land-use 
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scenarios include (1) current land use without access controls, (2) current land use with access 
conuols. and (3) future land use without access controls. Under the first scenario, current land use' 
without access controls, the FEW is assumed to have been turned over to an industrial concern other 
than the DOE. Access restrictions currently provided by the DOE are assumed to be discontinued. In 
addition, no remedial actions are assumed to have been taken. The scenario further assumes that no 
members of the public establish residence within the boundaries of Operable Unit 4. Thus, potential 
receptors include an off-property resident farmer, a trespassing child, an on-site worker 
(groundskeeper), and an off-property user of surface water from the Great Miami River. 

Under the second scenario, current land use with access controls, the site is assumed to remain under 
federal ownership and access restrictions historically provided by the DOE are assumed to be 
maintained. No remedial actions are assumed to have been taken. The scenario assumes that no 
members of the public have established residence in the Operable Unit 4 Study Area. Further, the 
scenario assumes that DOE maintains a site-specific health and safety program to ensure that 
nonremediation workers and visitors are properly protected. Potential receptors under this scenario 
include an off-property resident farmer, a trespassing child and an off-property user of surface water 
from the Great Miami River. 

The third land-use scenario, future land use without access controls, includes exposure routes that 
require development time; such as, establishing a home and a farm within Operable Unit 4. Access 
controls are assumed to be absent and no remedial actions are assumed to have been taken. In 
addition, members of the public are assumed to have established residence within the Operable Unit 4 
boundaries. Hypothetical receptors under this scenario are a RME on-property resident farmer, a (T 
on-propeny resident farmer, an on-property resident child, an off-property resident farmer, and an off- 
property user of surface water from the Great Miami River. 

Risk calculations are performed for each of the above three land-use scenarios for each of two source- 
term scenarios. These are called (1) the current source-term scenario and (2) the future source-term 
scenario. Under the current source-term scenario, the silos are assumed to exist in their present 
configuration. Under the future source-term scenario, the domes of Silos 1 and 2 are assumed to have 
collapsed, exposing their contents to the elements and increasing leaching of the contents through the 
interception of rainwater. In addition, complete structural failure of Silo 3 is assumed. This structural 
failure would result in spreading Silo 3 contents to Operable Unit 4 surface soil. 

7.4.2 Constituents of Potential Concern 
Radionuclides and hazardous CPCs for Operable Unit 4 were identified using statistical methods and 
toxicological analyses. Constituent data utilized included characterization results for the contents of 
Silos 1 , 2  and 3, surface soil within the Operable Unit 4 Study Area, berm fill material, and 
background' concentrations of radionuclides and chemicals not attributable to Operable Unit 4. 
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In summary, Cpcs a~ selected by comparison of site-related data to background data. To conduct the 
comparison between the site-related measurements and the background data for a constituent, two tests 
were used in sequence: a "location" test (Student's t-test or Wilcoxon Rank Sum [WRS] test), 
followed by the "95th Percentile Test" (see below for details). If either of the test results rejects the 
null hypothesis, Le., the distribution of measurements at the site appears to be shifted to the right (to 
higher measurements) of the background distribution, the constituent is considered to be a CPC. The 
constituent is not included as a CPC only if test results indicate that there was not a "significant 
difference" between the two distributions. For cases where the location tests could not be performed 
due to' small sample sizes or large portion of nondetects, and the 95th Percentile Test suggests that the 
site-related data a~ not different from the background data, professional judgement by risk assesson 
was used to make the final CPC determination. Justifications for the determination are provided in the 
footnotes of Tables D.2-3 to D.2-7. The "location" test can be either the t-test, a traditional parametric 
method, or the Wilcoxon Rank Sum (WRS) test (or the Mann-Whitney U-test, a direct corollary to the 
WRS), the counterpart of the t-test in a nonparametric approach. The t-test is used to compare the 
mean of the site-related data with the mean of the background data. The WRS test compares two 
distributions of rank ordered data (equivalent proponions of ranks would indicate similar distributions). 

In accordance with EPA guidance (EPA 1989a), other criteria are applied after statistical analysis, to 
determine CPCs. Chemicals identified during chemical analysis may be omitted from the list of CPCs 
if they are (1) common laboratory contaminants found in the blanks at a concentration of less than 10 
times the blank; (2) essential elements (sodium, potassium, calcium, magnesium, iron, etc.) and are 
known to be nontoxic; (3) chemicals that are ubiquitous in nature (aluminum, silicon, and chloride, 
etc.) and inappropriate for hazard analysis; (4) chemicals found infrequently and in only one medium; 
(5) chemicals found at very low concentrations (~1 .0  parts per million [ppm]) and known to be 
nontoxic; (6) chemicals that are identified only as a chemical group (total organic carbon, polycyclic 
aromatic hydrocarbons, chlorinated hydrocarbons, etc.) and cannot be quantitatively addressed in a risk 
assessment; (7) and chemicals that are from off-site anthropogenic sources (autos, local factories, etc.) 
unless they present a significant risk. 

7.4.3 Risk Characterization Results 
Risks resulting from carcinogenic contaminants are assessed in terms of the ILCR they present to 
human populations over and above that to which humans are already exposed. Statistics show 
approximately a 1 in 3 probability (approximately 33 percent) that the average human will acquire 
cancer. As established by federal environmental regulation, risks from waste sites should generally not 
add greater than 1 in 10,OOO to 1 in 1,OOO,OOO probability of acquiring cancer over the average lifetime 
of a potentially exposed human. 

The results from the Operable Unit 4 baseline risk assessment are presented in Tables 7-1 and 7-2. 
Table 7-1 summarizes radiological and chemical risks, as well as cumulative risk, in terms of ILCR, 
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for each xceptor by exposure scenario. Table 7-1 provides risk estimates for the current and future 
land-use scenarios without access controls for both the current and future source-tern scenario, and for 
the current land-use scenario with access controls for the cumnt source-tern scenario. The largest 
reported radiological risk values are associated with the future land-use/future source-term scenario. 
Table 7-2 provides the HIS for noncarcinogenic constituents for each receptor by exposure scenario. 

Of the scenarios presented, the cumnt land use with access controls/cumnt source-term scenario most 
closely approximates current conditions at the FEW site. However, conservative assumptions were 
made, consistent with those made for other scenarios, to ensure that the calculated baseline risk 
represents an upper bound. Under this scenario, the dominant radiological risk (5 x la3) applies to the 
trespassing child. The maximum contributor to the calculated risk is external radiation exposure from 
the intact silos assuming exposure on top of the Silo 1 or 2 dome. The dominant chemical risk (4 x 
lo5) applies to the off-property resident fanner. The constituent providing the maximum contribution 
to this risk value is Indeno(l.2.3-cd)pyrene through meat and milk exposure routes from soil subject to 
deposition from air. The total radiological plus chemical calculated risk under this scenario for the 
off-property resident farmer is 4 x 10” and for the mspassing child is 5 x 10’. 

None of the HIS under this scenario exceeded 1.0. The highest was equal to 1 for the trespassing child 
and was due primarily to antimony in soil (Table 7-2). 

Of the remaining scenarios in Tables 7-1 and 7-2, the future land-use/fuhm source-term scenario 
represents the most conservative scenario considered under the risk assessment. Within this scenario, a 
family is assumed to have established a residence within the Operable Unit 4 boundaries. 
Additionally, the domes of Silos 1 and 2 are assumed to have failed and Silo 3 is assumed to have 
suffered total structural failure, spreading its contents to the surface of Operable Unit 4. 

The dominant radiological risk under this scenario approaches unity (1). The highest risk is to the 
RME on-property resident farmer and is primarily due to Ra-226 and Th-228 in soil through the 
external radiation exposure route (Table 7-1). The dominant chemical risk (2 x lo-’) is also to the 
RME on-property resident farmer and is due primarily to ingestion of arsenic and Indeno( 1,2,3- 
cd)pyrene through meat and milk exposure routes from soil (Table 7-1). The total risk to the RME 
on-property resident farmer is estimated to exceed unity and is due primarily to the radiological risk 
associated with external radiation exposure from Ra-226 and Th-228 in soil. 

The highest HI (2000) under this scenario is to the on-property resident child and is due primarily to 
ingestion of soil and foodstuffs and dermal contact with soil materials containing arsenic (Table 7-2). 
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7.5 DATA LIMITATIONS 
This section discusses limitations of the characterization data collected under the RI. The primary 
objective in characterizing the nature and extent of contamination in the RI was to collect data 
sufficient to (1) perform the baseline risk assessment and (2) support the development and evaluation 
of remedial alternatives under the FS for Operable Unit 4. Characterization activities performed under 
the Operable Unit 4 RI focused on obtaining the quality and quantity of data necessary to meet the 
stated RI objectives. 

During the c o m e  of collecting and evaluating data for the Operable Unit 4 RI, the absence or reduced 
quality of certain data sets imposed limits in meeting the stated RI objectives. Table 7-3 summarizes 
recognized data limitations, identifies their significance with respect to achieving the RI objectives, and 
provides recommended actions to resolve the data limitations. As apparent in Table 7-3, none of the 
data limitations m u l t  in a need for further action to support the Operable Unit 4 RI. Each of the data 
limitations is summarized, however, to demonstrate that it was recognized and addressed as pan of the 
RI. 

One recommendation is to proceed with the installation of shallow wells west of Silos 1 and 2, 
between Operable Unit 4 and Paddys Run. These wells will provide additional information relative to 
perched groundwater flow and its connection to the Great Miami Aquifer. The data will be used in 
evaluating potential remedial actions under Operable Unit 5 and will be utilized in the Operable Unit 4 

FS. 

This identification of data limitations and the recommended actions are not intended to discredit the RI 
results, but to highlight that the nature and extent of contamination are determined and the risks are 
calculated for hypothetical receptors using well-defined and strict methods. Refinements of Operable 
Unit 4 cfiaracterization data, exposure assessment models and risk characterization infoxmation could 
reduce uncertainties in the RI and in the baseline risk assessment methods; however, there is no 
benefit to be gained. 

Characterization activities performed as part of the RI and other site programs successfully 
characterized the properties of the stored waste inventories and the nature and extent of contamination 
associated with Operable Unit 4. These investigations confirmed prior process knowledge regarding 
the physical, chemical, and radiological characteristics of the stored wastes. 

The baseline risk assessment for FEMP Operable Unit 4 has succeeded in establishing an upper bound 
that is sufficient for risk managers to make decisions regarding the need for remedial actions. Based 
on the results of the site investigations and risk calculations, the risks associated with Operable Unit 4 
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exceed generally accepted regulatory thresholds, thereby necessitating the implementation of remedial 
actions. Viable remedial action alternatives will be evaluated in an FS Report to be issued for 
Operable Unit 4. 

7.6 RECOMMENDED REMEDIAL ACTION OBJECT'IVES 
Operable Unit 4 represents a potential source of contamination to groundwater and other environmental 
media. RAOs for source units such as the waste storage silos must be formulated to achieve the 
overall goal of protecting human health and the environment by isolating, removing, or treating the 
source of contamination. 

During the early stages of the RWS, as stated in the SWCR, preliminary remediation goals (PRG) 
were developed and used as action levels to determine if chemical and radiological constituents in the 
environment need to be addressed further. This RI Report identifies CPCs for each affected medium, 
and their associated baseline risks to human health and the environment, which along with the PRGs 
are factored into the establishment of RAOs for Operable Unit 4. Specific PRG values are currently 
under refinement and will be fully discussed and presented in the Operable Unit 4 FS Report. Table 
7-4 summarizes the rationale, to be presented in detail in the FS, used in the development of PRGs for 
each affected medium. 
The primary goals of the RAOs axe to ensure site-wide compliance with: 

Chemical-specific Applicable or Relevant and Appropriate Requirements (ARARs) and 
other TBC factors 

EPA guidance for risk to public health from hazardous chemicals 

Regulatory standards for control of radiation and radioactivity in the environment. 

In accordance with EPA guidance, RAOs are being used as the basis for developing detailed remedial 
alternatives in the FS. RAOs for each medium and material type are summarized in Table 7-5. 
number of response actions or remedial action alternatives are under consideration to achieve these 
RAOs. 
achieve these RAOs. These remedial action alternatives, in addition to the no-action alternative, 
include both waste removal and nonremoval actions. The nonremoval alternatives range from simple 
containment of the wastes to in situ stabilization coupled with containment technologies. The removal 
alternatives involve various combinations of waste removal technologies, postremoval actions, and 
waste disposal actions. The postremoval actions include an ex situ waste stabilization, contaminant 
separation, and on-property disposal in an engineered waste disposal facility or off-site disposal. 
These remedial action alternatives are being evaluated under the Operable Unit 4 FS where they will 
be fully developed to satisfy the established RAOs. 

A number of response actions or remedial action alternatives are under consideration to 
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TABLE 7-4 

DEVELOPMENT OF PRELIMINARY REMEDIATION GOALS 
OPERABLE UNIT 4 

Medium 
source of Preliminary 

Remediation Goals Comments 
~ ~~~~~~ ~ 

Waste Material Prehminary remediation goals are not relevant 
for waste material such as that contained in Silos 
1.2, and 3 because this material is heavily 
contaminated and would not be considered 
releasable. Residual material remaining after the 
potential removal of silo contained wastes will 
be addressed as part of structural materials and 
soil. 

Exposure mitigation measures (e.g.. 
containment, treatment, removal and 
disposal) will be considered as part of 
the Fs. 

SaUcnual 
Material 
and Equipment 

Radiological release criteria were previously 
developed for structural building material and 
equipment with superficial contamination (NRC). 
These criteria were adopted from guidelines 
established by the U.S. Nuclear Regulatory 
Commission (NRC) guidance and incorporated 
into DOE Order 5400.5. Therefore, no new 
radiological release criteria (or prelunrnary 
remediation goals) for structural material and 
equipment will be developed. 

Radiological release criteria have not 
been established by the DOE or the 
NRC for material with volumetric 
contamination, such as concrete. The 
criteria developed for soil in tbe FS 
will be adopted for conate rubble 
(e.g., silo structural concrete). 

soil Regulatory-based cbemical and radiological 
cleanup criteria are not available for most CPCs 
in soil. FEMP site soil cleanup criteria will be 
developed as part of Operable Unit 5,  which 
includes remediation of site-wide soils. Soil 
PRGs developed as part of Operable Unit 4 will 
be subject to modification on the basis of 
additional information developed through 
Operable Unit 5.  

available for all CPCs existing in residual liquids 
or that may be transported from Operable Unit 4 
sources to perched groundwater. FEh4P site- 
wide groundwater cleanup criteria will be 
finalized as part of Operable Unit 5 which 
includes remediation of groundwater. 
Groundwater cleanup levels developed as part of 
the FS may be modified through Operable 
unit 5. 

The criteria developed in the FS will 
also apply to volumetrically conram- 
inated media, such as conmte rubble. 

Residual Water Regulatory-based cleanup criteria are not No comments. 
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TABLE 7-4 
(Continued) 

Medium 
source of hllmlMly 

Remediatim Goals Comments 

Groundwater Regulatory-based chemical and radiological 
cleanup criteria are not available for all CPCs in 
groundwater. Final FEMP site groundwater 
cleanup criteria will be developed as part of 
Operable Unit 5,  which includes remediation of 
site-wide groundwater. Chemical and 
radiological cleanup criteria for groundwater 
developed herein represent target collcenoations 
of CPCs that may OCCUT as a d t  of residual 
contamination remaining in Operable Unit 4 
media following remedial actions. 

Decisions regarding remediation of 
groundwater will be addressed by 
DOE as a part of FEMP site 
Operable Unit 4. Separation of final 
groundwater cleanup decisions from 
those considered under Operable Unit 
4 allow further characterization of 
groundwater and consideration of 
remedial action for site groundwater 
as a whole. 
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TABLE 7-5 

REMEDIAL ACTION OBJECTIVES 
OPERABLE UNIT 4 

Environmental 
Media Remedial Action Objectives 

Waste Material For Human Health: 

Prevent &ct contact with or ingestion of waste material. 

Prevent release or migration of waste material, which would result in soil 
concentrations in excess of the PRGs to be identified in the FS. 

Prevent release or migration of waste material, which would result in groundwater 
concentrations in excess of the PRGs to be identified in the FS. 

Prevent exposures to waste material, which may cause an &vidual to exceed 
annual dose limits of 25 mrem/yr whole body, 75 mrem/yr to the thyroid or 25 
mm/yr  to any other organ. 

Prevent exposures to waste material, which may cause an individual to exceed a 
100 mredyr effective dose equivalent, above background, from all exposure routes. 

For Environmental Protection: 

Prevent release or migration of waste material, which would result in groundwater 
concentrations in excess of the PRGs to be identified in the FS. 

Struchual Material For Human Health: 
and Equipment 

Prevent direct contact with or release from the site of equipment with surface 
contamination in excess of the free release limits provided in DOE Order 5400.5. 

Prevent leaching or migration of surface contaminaton, which would result in soil 
concentrations in excess of the PRGs to be identified in the FS. 

Prevent leaching or migration of surface contamination, which would result in 
groundwater concentrations in excess of the PRGs to be identified in the FS. 

(For concrete structural material, see Remedial Action Objectives for soil.) 

For Environmental Protection: 

Prevent leaching or migration of surface contaminaton, which would result in 
groundwater concentrations in excess of the PRGs to be identiiied in the FS. 

(For concrete structural material, see Remedial Action Objectives for soil.) 
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TABLE 7-5 
(Continued) 

Environmental 
Media Remedial Action Objectives 

soil For Human Health: 

Prevent direct contau with, inhalation of, or ingestion of soil having constituent 
concentrations in excess of the PRGs to be identified in the FS. 

Prevent release or migration of soil constituents, which would result in groundwater 
concentrations in excess of the PRGs to be identified in the FS. 

Prevent exposures to soil materials, which may cause an individual to exceed annual 
dose limits of 25 mremJyr whole body, 75 mremjyr to the thyroid or 25 mmJyr to 
any other organ. 

Prevent exposures to soil materials, which may cause an individual to exceed a 100 
mrem/yr effective dose equivalent, above background, from all exposure routes. 

For Environmental Protection: 

Prevent Felease or migration of soil constituents, which would result in groundwater 
concentrations in excess of the PRGs to be identified in the FS. 

Residual Water For Human Health: 

Prevent direct contact with or ingestion of residual water having constituent 
COIlcentrations in excess of the PRGs to be identified in the FS. 

Prevent release or migration of residual water, which would result in groundwater 
concentrations in excess of the PRGs to be identified in the FS. 

For Environmental Protection: 

Prevent release or migration of residual water, which would result in groundwater 
concentrations in excess of the PRGs to be identified in the FS. 
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